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published maps and institutional affil-
iations. Abstract: Analysis of liver biopsy specimens showed that SARS-CoV-2 might have led to liver dam-
age. This study aimed to evaluate the role of selected hepatokines and myokines in the development
and progression of COVID-19. Seventy patients with laboratory-confirmed COVID-19 and 20 healthy
BY volunteers were enrolled in the study. Irisin, pentraxin 3, fetuin-A, and FGF-21 serum concentrations
Copyright: © 2021 by the authors.  and biochemical parameters were assessed using an immunoenzymatic method with commercially
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patients compared to overweight ones. Moreover, the FGF-21 level was higher in COVID-19 patients
diagnosed with metabolic syndrome than in patients without metabolic syndrome. PTX3 concentra-
tion was higher in COVID-19 patients with higher HOMA-IR values than those with lower HOMA-IR
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values. COVID-19 patients with HOMA-IR < 3 and >3 had significantly lower fetuin-A levels than
the control group. Irisin concentration was significantly decreased in the HOMA-IR < 3 COVID-19
subgroup when comparing with the control group. Lower levels of fetuin-A observed in COVID-19
patients despite higher HOMA-IR, CRP, and ferritin levels, pneumonia, patients requiring ICU
care suggests that fetuin-A deficiency predisposes to more severe COVID-19 course. Upregulated
pentraxin 3 may be used as a potential predictor of COVID-19 severity.

Keywords: coronavirus disease 2019 (COVID-19); fetuin-A; fibroblast growth factor 21 (FGF-21);
irisin; pentraxin 3 (PTX3); severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

1. Introduction

Coronavirus (CoV) is a highly diverse family of single-stranded RNA viruses causing
human and animal diseases [1]. Some human coronaviruses, such as HCoV-229E and HCoV-
OC43 or HCoV-NL63 and HCoV-HKU1, cause seasonal respiratory infections usually
associated with mild symptoms known as the ‘common cold’. On the contrary, other
human coronaviruses such as severe acute respiratory syndrome coronavirus (SARS-
CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) cause infections of
bronchial epithelial cells, pneumocytes, and upper respiratory tract cells leading to severe,
life-threatening respiratory pathologies and lung injuries. Lately, special attention is paid
to SARS-CoV-2 causing new CoV-induced disease (COVID-19) responsible for the most
recent ongoing pandemic [2].

The clinical spectrum of COVID-19 ranges from asymptomatic or subclinical forms to
acute disease (occurred in 5% of cases) characterized by respiratory failure, multiorgan and
systemic manifestations in terms of sepsis, septic shock, and multiple organ dysfunction
syndromes (MODS). Most frequently, COVID-19 presents as an uncomplicated (mild)
illness with symptoms of an upper respiratory tract viral infection, including mild fever,
cough, sore throat, nasal congestion, malaise, headache, muscle pain. Additionally, the new
loss of taste and smell, diarrhea, and vomiting usually are observed. The 14% of all cases
include severe pneumonia and respiratory symptoms such as fever, severe dyspnea, respira-
tory distress, tachypnea (>30 breaths/min), and hypoxia (SpO, < 90% on room air) [3]. The
main complications reported in patients with SARS-CoV-2, in addition to the respiratory
tract and lung pathologies, may include coagulopathy, cardiovascular complications, or
liver enzyme abnormalities [4]. Severe disease, higher risk of hospitalization, and a poorer
outcome are associated with risk factors such as advanced age and the presence of chronic
conditions, especially cardiovascular and metabolic diseases like hypertension, diabetes, or
obesity [5]. Recent evidence suggests that the common link between metabolic diseases
and SARS-CoV-2 is the inflammatory response. Whereas SARS-CoV-2 infection induces
activation of adaptive and innate immune responses, resulting in massive inflammation,
the metabolic diseases cause low-grade inflammation with chronically elevated lower
levels of inflammatory mediators that is impossible to resolve spontaneously. Low-grade
inflammation induces (through the release of inflammatory cytokines) inhibition of insulin
signaling, which, when associated with SARS-CoV-2 infection and the accompanying

‘cytokine storm’, starts a vicious cycle [4,5].

Recent studies showed that COVID-19 affects other organs. Some reports have indi-
cated that more than half of COVID-19 patients show varying levels of liver disease and
liver enzymes abnormalities [4]. Pathological study of liver biopsy specimens showed that
SARS-CoV-2 might have led to liver damage by inducing microvesicular steatosis and mild
lobular and portal activity [6]. Other studies found that the virus may bind to angiotensin-
converting enzyme 2 (ACE2) on cholangiocytes, leading to their dysfunction and inducing
a systemic inflammatory response causing liver injury. Consequently, local and systemic
effects of inflammatory responses in SARS-CoV-2 infection can induce dysregulation of
hetopokines and myokines production [6,7].
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The above-described abnormalities raise our concern. We hypothesize that hep-
atokines and myokines play an essential role in the development and progression of
COVID-19. We studied hepatokines (pentraxin 3 (PTX3), fibroblast growth factor 21 (FGF-
21), fetuin-A), and myokine (irisin) serum concentrations in patients with SARS-CoV-2
infection. We analyzed the relationships between PTX3, FGF-21, fetuin-A, and irisin levels
and COVID-19 severity, concomitant metabolic abnormalities, and liver injuries.

2. Materials and Methods
2.1. Study Population

Initially there were 100 patients recruited to the study; nevertheless, data of 70 pa-
tients were included into the analysis. Seventy patients (43 females and 27 males) with
laboratory-confirmed COVID-19 and 20 healthy volunteers (10 females and 10 males)
constituting the control group were enrolled in the study. The participants were tested for
SARS-CoV-2 infection using a reverse-transcriptase-polymerase-chain-reaction (RT-PCR)
assay done on material from a nasal or throat swab. Patients included in the study had
mean diastolic blood pressure of 135.0 (121.5-150.0); mean systolic blood pressure of 85.0
(75.0-95.0). Hypertension was diagnosed in 23 COVID-19 patients, coronary artery disease
in 10 patients. Seven patients were taking in proton pump inhibitors (PPIs); 6 patients,
antiplatelet drugs (acetylsalicylic acid, clopidogrel); 3 patients, rivaroxaban; and 12 were
treated with statin.

Information on present and past co-morbidities and current medication use was
collected. The following exclusion criteria were applied: hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection, human immunodeficiency virus (HIV) co-infection, drug
abuse, the neoplastic or thyroid disease, chronic renal failure, mental illnesses, chronic
liver disease, and cirrhosis based on primary sclerosing cholangitis (PSC), primary biliary
cholangitis (PBC), autoimmune hepatitis (AIH), and alcohol cirrhosis (AC).

The healthy volunteers (1 = 20) reported no complaints about their health at the time
of participation in the study, and no history of gastrointestinal or chronic liver diseases,
smoking and alcohol intake, and systemic diseases.

For further analysis, the patients were divided according to their BMI (<30 and
>30 kg/m?) or liver injury based on alanine aminotransferase (ALT) activity (<40 and
>40IU/L) and gamma-glutamyltransferase (GGT) activity (<50 and >50 IU/L). Insulin
resistance was calculated according to the homeostasis model assessment for IR (HOMA-
IR) based on the following formula: fasting insulin level (mUI/L) x fasting glucose level
(mg/dL)/405. Because HOMA-IR was upregulated in most analyzed patients, the analysis
was carried for patients divided into two subgroups: with HOMA-IR <3 and >3. The
analysis was also run according to the presence of infection symptoms (fever, cough, or
dyspnea) and gastrointestinal symptoms (diarrhea, nausea/vomiting, abdominal pain, or
dysgeusia). Another analysis criterium was the presence of pneumonia. Assessment of
COVID-19 severity was based on the necessity of ICU hospitalization.

2.2. Biochemical and Serological Assays

Serum samples were obtained from the peripheral blood collected at the hospital
admission before any treatment was applied. Irisin, PTX3, fetuin-A, and FGF-21 serum
concentrations were assessed in duplicate using an immunoenzymatic method with com-
mercially available enzyme immunoassay (EIA) or enzyme-linked immunosorbent as-
say (ELISA) kits (BioVendor Laboratorni Medicina a.s., Brno, Czech Republic): Human
Irisin ELISA Kit no RAGO18R (limit of detection: 1 ng/mL; intra-assay precision CV%:
4.863-8.193); inter-assay precision CV%: 8.027-9.719); PTX3 ELISA Kit no RD 191477200R
(limit of detection: 22 pg/mL,; intra-assay precision CV%: 2.9-3.9; inter-assay precision
CV%: 6.0-8.4); Fetuin-A ELISA Kit no RD 191037100 (limit of detection: 0.104 ng/mL;
intra-assay precision CV%: 2.2-3.6; inter-assay precision CV%: 3.1-6.3; FGF-21 ELISA Kit
no 19108200R (limit of detection: 7 pg/mL; intra-assay precision CV%: 1.6-2.9; inter-assay
precision CV%: 3.1-3.5). The remaining biochemical parameters (such as full blood count,
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renal function tests, serum ammonia, C-reactive protein (CRP) were measured using rou-
tine methods. The upper limit of normal ALT and AST activities was set at 40 IU/L and for
gamma-glutamyltransferase (GGT) activity at 50 IU/L.

2.3. Ethical Statements

This study was carried out according to the guidelines of the Declaration of Helsinki
of the World Medical Association and was approved by the Ethics Committee of the
Jagiellonian University in Cracow (no. 1072.6120.157.2020). The participants provided
written informed consent before the study started.

2.4. Statistical Analysis

The data were expressed as median with interquartile range (Me(IQR)). The Shapiro—
Wilk test was used to evaluate the data distribution. The statistical significance of the
difference in studied variables was tested using the Mann-Whitney U-test and ANOVA
rank Kruskal-Wallis tests for independent groups. Correlations were analyzed with the
Spearman rank correlation coefficient. Statistical significance was set at p-value < 0.05.
The statistical analysis was performed with STATISTICA 10.0 (StatSoft Polska Sp z o.0.,
Cracow, Poland).

3. Results

3.1. Baseline Characteristics and Biochemical Parameters Analyzed in the Serum of COVID-19
Patients and Control Group

The baseline characteristics and laboratory data of 70 COVID-19 patients and 20 healthy
volunteers are summarized in Table 1.

Table 1. The baseline characteristics and laboratory data of patients and healthy volunteers.

Parameters COVID-19 Patients (n =70)  Healthy Volunteers (1 = 20) P
Age [years] 58.5 (49.0-67.0) 50.0 (43.0-58.5) 0.02
BMI [kg/m?] 27.8 (25.6-31.4) 29.7 (25.3-32.4) 0.67
FGF-21 [pg/mlL] 261.3 (96.3-507.0) 276.3 (228.9-408.6) 0.90
PTX3 [pg/mL] 2337.7 (1935.1-3211.5) 2030.9 (1767.4-3499.5) 0.55
Fetuin-A [pg/mlL] 243.4 (195.0-275.8) 333.4 (302.9-371.3) <0.001
Irisin [ng/mL] 5.39 (3.85-6.69) 6.54 (5.53-7.83) 0.06
WBC [103/uL] 5.88 (4.51-6.43) 6.78 (5.14-7.49) 0.05
RBC [106/pL] 4.30 (4.07-4.51) 4.66 (4.51-4.99) 0.001
HCT [%] 38.2 (36.4-40.5) 41.5 (39.6-43.4) 0.002
HGB [mg/dL] 12.7 (12.3-13.3) 14.5 (13.2-14.6) 0.001
PLT [10°/uL] 246.5 (202.0-333.0) 223.5 (197.0-259.0) 0.17
CRP [mg/L] 5.53 (2.08-18.2) 0.80 (0.50-1.58) <0.001
Ferritin [ug/L] 210.0 (114.7-487.0) 16.5 (13.0-19.6) <0.001
ALT [IU/L] 34.0 (20.0-52.5) 21.0 (16.0-25.7) 0.02
AST [IU/L] 25.0 (17.5-43.0) 24.0 (20.0-26.5) 0.38
GGT [IU/L] 33.5(20.0-62.5) 14.0 (10.7-24.2) 0.003
Bilirubin [mol/L] 6.16 (4.57-8.17) 7.35 (5.40-9.70) 0.25
Fasting glucose [mmol /L] 5.27 (4.70-6.01) 5.50 (4.05-5.73) 0.59
Urea [mmol/L] 5.39 (4.20-6.21) 5.67 (5.45-6.94) 0.16
Creatinine [pmol /L] 66.3 (58.9-87.2) 85.2 (73.3-95.4) 0.01
Cholesterol [mmol /L] 4.80 (3.70-5.57) 5.26 (3.54-6.54) 0.49
Triglycerides [mmol/L] 1.53 (1.26-1.86) 1.83 (1.04-2.03) 0.97
HDL [mmol/L] 1.01 (0.84-1.15) 1.12 (1.06-1.32) 0.12
LDL [mmol/L] 2.48 (1.68-3.32) 2.65 (1.48-4.37) 0.76
INR 0.96 (0.92-1.00) 1.06 (1.00-1.12) 0.009
Total protein [g/L] 65.0 (62.0-71.0) 65.5 (63.0-71.0) 0.75
Albumin [g/L] 40.0 (34.2-43.0) 43.0 (40.0-45.0) 0.02
HOMA-IR 2.42 (1.85-2.85) 1.66 (0.61-2.67) 0.13
Saturation % 97 (95-98) 97 (96-97) 0.92

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,

LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.
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The median age of COVID-19 patients was 58.5 (49.0-67.0) years. The median BMI of
the COVID-19 patients was 27.8 kg/m? (25.6-31.4), which, according to the WHO obesity
scale, is classified as overweight. Among the COVID-19 group, 13 of COVID-19 patients
were obese, 57 patients with COVID-19 were non-obese and 19 were diagnosed with
metabolic syndrome.

Gastrointestinal symptoms such as diarrhea, nausea/vomiting, abdominal pain, and
dysgeusia were experienced by 15 patients. Forty-one patients had a cough, while 20 of
them complained of dyspnea during the cough. Twenty-three COVID-19 patients had
pneumonia, and 9 COVID-19 patients needed ICU hospitalization.

Serum fetuin-A concentrations were significantly decreased in COVID-19 patients
compared to healthy volunteers (p < 0.001). There was no significant difference in serum
irisin, FGF-21 and PTX3 level between COVID-19 patients and control group (p = 0.50;
p = 0.90; p = 0.55; respectively, Table 1).

When comparing inflammatory markers, no significant difference in white blood cells
(WBC) count was observed between these two groups (p = 0.06). However, when looking
at acute-phase proteins (APPs), the significant increase of C-reactive protein (CRP) and
ferritin in COVID-19 patients (p < 0.001 and p < 0.001, respectively) could be observed.
Moreover, ALT and GGT activities were significantly higher in COVID-19 patients than
in the control group (p = 0.02 and p = 0.003, respectively), while there were no significant
differences in AST activity or bilirubin level (p = 0.38 and p = 0.25, respectively). Moreover,
albumin levels were significantly decreased in COVID-19 patients (p = 0.02).

3.2. Comparison of Biochemical Parameters Analyzed in the Blood of Male and Female
COVID-19 Patients

Irisin, FGF-21, fetuin-A, and PTX3 serum levels did not differ significantly between
male and female COVID-19 patients. We also did not observe any significant differences
for inflammatory markers such as WBC, CRP, procalcitonin (PCT), or interleukin 6 (IL-
6). On the other hand, ferritin level was significantly lower in male COVID-19 patients
(p = 0.04). Surprisingly, female COVID-19 patients presented higher ALT levels (p = 0.01).
No significant differences were found for AST, GGT, alkaline phosphatase (ALP) activities,
albumin and iron levels, international normalized ratio (INR), and HOMA-IR values.
Detailed results of all biochemical parameters analyzed in the blood of male and female
COVID-19 patients are presented in Supplementary Table S1.

3.3. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients
According to BMI and Metabolic Syndrome Presence

COVID-19 patients were divided into two subgroups: overweight (BMI < 30 kg/m?)
and obese (>30 kg/m?). Serum concentration of FGF-21 was significantly increased in
obese COVID-19 patients compared to overweight ones (529.9 (379.3-708.3) vs. 157.6
(62.5-307.7) pg/mL; p = 0.001, respectively). There were no significant differences in fetuin-
A, PTX3, and irisin levels in the two subgroups of patients (p = 0.48, p = 0.63, and p = 0.61,
respectively). The levels of IL-6 and D-dimers were significantly higher in obese COVID-
19 patients, although levels of other APPs did not differ between these two subgroups.
Moreover, no significant differences between these two subgroups were noted for ALT, AST,
GGT, ALP activities, bilirubin, albumin and iron levels, and INR and HOMA-IR values.
Detailed results of biochemical parameters analyzed in the blood of overweight and obese
COVID-19 patients are presented in Table 2.

COVID-19 patients with diagnosed metabolic syndrome comprised 27.1% of the study
group. Similar to obese patients, there were no significant differences in the analyzed hepa-
tokines and liver functions compared to COVID-19 patients without metabolic syndrome,
except for FGF-21, which was higher in COVID-19 patients diagnosed with metabolic
syndrome. Moreover, these two subgroups showed no differences in APPs (including IL-6),
HOMA-IR, or serum iron levels (Table 3).
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Table 2. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients with and without obesity.

Parameters Non-Obese Patients (n = 57) Obese Patients (1 = 13) p
FGF-21 [pg/mL] 157.6 (62.5-307.7) 529.9 (379.3-708.3) 0.001
PTX3 [pg/mL] 2317.8 (1484.0-2983.6) 2258.4 (2028.7-3126.4) 0.63
Fetuin-A [ug/mL] 240.0 (202.9-270.6) 265.6 (205.6-321.9) 0.48

Irisin [ng/mL] 5.66 (4.57-6.74) 5.31 (3.35-6.69) 0.61
WBC [10%/uL] 5.93 (4.68-6.62) 6.24 (5.50-7.65) 0.21
HGB [mg/dL] 12.9 (12.4-13.2) 12.3 (11.3-13.8) 0.21
PLT [10%/uL] 283.0 (205.0-338.0) 253.0 (209.0-303.2) 0.62
CRP [mg/1] 5.96 (1.54-7.38) 4.39 (3.10-5.88) 1.00
IL-6 [pg/mL] 1.50 (1.50-3.72) 5.38 (2.79-9.03) 0.009
Ferritin [ug/L] 175.0 (121.2-258.2) 230.5 (92.6-779.5) 0.25
Iron [umol /L] 20.1 (12.8-23.6) 16.1 (13.2-20.4) 0.26
ALT [IU/L] 31.0 (15.0-56.0) 21.0 (19.7-43.0) 0.78
AST [TU/L] 22.5 (15.0-45.5) 23.0 (17.2-24.5) 0.92
GGT [IU/L] 33.0 (15.5-65.5) 26.0 (20.2-246.5) 0.50
ALP [IU/L] 64.0 (50.7-75.7) 57.0 (56.0-69.0) 1.00
Bilirubin [pmol /L] 6.09 (3.94-6.92) 6.80 (5.02-9.48) 0.17
INR 0.95 (0.93-0.95) 0.97 (0.92-0.98) 0.68
Albumin [g/L] 41.0 (37.0-43.0) 40.0 (33.5-43.2) 0.43
HOMA-IR 2.24 (1.80-2.65) 2.01 (1.17-3.54) 0.93
Saturation % 98 (95-98) 96 (87.5-97.25) 0.03

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.

Table 3. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients with and without
metabolic syndrome.

Parameters Patients with Metabolic Patients without Metabolic
Syndrome (1 = 19) Syndrome (1 = 51) P

FGF-21 [pg/mL] 408.6 (166.5-585.6) 187.0 (87.1-416.4) 0.03
PTX3 [pg/mL] 2375.8 (2112.25-3611.4) 2313.4 (1868.6-3199.0) 0.52
Fetuin-A [ug/mL] 238.8 (194.3-265.5) 249.1 (201.8-276.0) 0.64

Irisin [ng/mL] 5.33 (3.92-7.36) 5.39 (3.57-6.34) 0.55
WBC [103/uL] 6.16 (5.48-7.43) 5.65 (4.33-6.24) 0.04
HGB [mg/dL] 12,9 (12.4-13.0) 12.7 (12.2-13.7) 0.94
PLT [103/ L] 314.5 (227.0-403.0) 231.5 (188.0-292.0) 0.003
CRP [mg/L] 4.39 (2.13-5.78) 5.88 (1.99-29.8) 0.31
IL-6 [pg/mL] 3.42 (1.50-3.98) 2.89 (1.50-7.56) 0.79
Ferritin [pg/L] 307.0 (98.2-634.5) 183.5 (123.0-311.0) 0.17
Iron [umol /L] 16.4 (11.3-22.7) 17.4 (11.1-21.7) 0.93
ALT [TU/L] 43.0 (26.5-81.0) 32.5 (18.5-52.5) 0.11
AST [IU/L] 31.0 (20.2-50.0) 25.0 (17.0-40.2) 0.33
GGT [IU/L] 34.0 (18.7-65.0) 32.5 (20.5-63.0) 0.68
ALP [IU/1] 61.0 (55.2-79.5) 64.5 (54.0-85.0) 0.65
Bilirubin [pmol /L] 5.97 (4.32-7.03) 6.40 (4.70-8.62) 0.21
INR 0.97 (0.92-1.04) 0.96 (0.92-1.00) 0.80
Albumin [g/L] 40.0 (34.0-42.0) 40.0 (34.7-43.2) 0.44
HOMA-IR 3.59 (2.24-9.41) 2.16 (1.80-2.65) 0.007
Saturation % 96.5 (93.5-98) 97 (96-98) 0.54

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.
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3.4. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients
Presenting Different Infection Symptoms: Fever, Cough, and Dyspnea

Results of biochemical parameters analyzed in the blood of COVID-19 patients were
analyzed depending on the presence of fever (body temperature > 38 °C). The analysis
showed no significant differences in serum irisin, FGF-21, fetuin-A, or PTX3 levels between
patients with and without fever. Acute-phase proteins levels did not differ between these
two subgroups either. Moreover, no significant differences in tested liver function were
found for patients with and without fever except for ALP activity. ALP activity was higher
in COVID-19 patients showing no fever (56.0 (47.0-64.2) vs. 73.5 (57.0-91.0) IU/L; p = 0.001).
No significant differences were found between these two subgroups of patients for the
other analyzed parameters except for iron concentration, which was higher in COVID-19
patients that developed fever (19.1 (14.3-22.7) vs. 14.3 (8.80-19.7) umol/L; p = 0.04).

Cough was observed in 41 out of 70 (59.5%) COVID-19 patients at the time of hospital
admission, while concomitant dyspnea was presented in 20 (28.5%) of them. COVID-19
patients with a cough had significantly higher body temperature in comparison to the
patients without the cough.

Surprisingly, COVID-19 patients with intercurrent cough and dyspnea had, addi-
tionally, significantly lower ALT activity and significantly lower hemoglobin and fasting
glucose levels than those with isolated cough. A detailed comparison of biochemical
parameters analyzed in the blood of COVID-19 patients presenting cough and dyspnea or
isolated cough only is shown in Supplementary Table S2.

3.5. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with and
without Gastrointestinal (GI) Symptoms

When analyzing the study group according to the presence of GI symptoms, the
inclusion criteria assumed the presence of at least two out of four following symptoms:
diarrhea, nausea/vomiting, abdominal pain, dysgeusia. Fetuin-A, PTX3, FGF-21, and irisin
did not differ significantly between COVID-19 patients with and without GI symptoms.
However, symptomatic COVID-19 patients had significantly higher iron concentration
and lower CRP level in comparison to those without GI problems (22.9 (21.3-23.4) vs.
16.1 (11.7-19.7) pmol/L; p < 0.001 and 1.2 (0.77-6.61) vs. 5.6 (2.2-21.3) mg/L; p = 0.03;
respectively). There were no differences in other biochemical parameters analyzed in these
two subgroups of COVID-19 patients.

3.6. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with and
without Liver Injury Based on ALT and GGT Activities

The liver injury in COVID-19 patients was assessed based on ALT activity, and the
study group was divided accordingly (<40 and >40 IU/L). There were no significant
differences in irisin, FGF-21, fetuin-A, and PTX3 levels and other biochemical parameters
between the groups of COVID-19 patients with different ALT activity. COVID-19 patients
with higher ALT activity also presented a statistically significant increase in other hepatic
parameters and HOMA-IR value. No significant differences in APPs, iron, and lipid frac-
tions (total and LDL-cholesterol or triglycerides) were observed between these subgroups.
The detailed results of biochemical parameters analyzed in the blood of COVID-19 patients
in the distinguished subgroups are presented in Supplementary Table S3.

When dividing COVID-19 patients according to GGT activity level (<50 IU/L and
>50 IU/L), the patients with elevated GGT activity presented significantly decreased
concentrations of fetuin-A (221.9 (182.1-256.3) vs. 258.8 (219.9-310.9) ug/mL; p = 0.004,
respectively). There were no significant differences in irisin, FGF-21, and PTX3 levels in
the groups of COVID-19 patients with different GGT activity. The COVID-19 patients
with higher GGT activity presented statistically significantly higher levels of their hepatic
parameters, except for bilirubin concentration. COVID-19 patients with elevated GGT
activity also had significantly elevated HOMA-IR values. Contrary to COVID-19 patients
with increased ALT activity, COVID-19 patients with higher GGT activity had significantly
higher concentrations of APPs, such as CRP or ferritin, and higher D-dimers levels. On
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the other hand, this subgroup of COVID-19 patients presented significantly lower albumin
concentration Table 4.

Table 4. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients according to GGT activity.

Parameters GGT Activity <50 IU/L GGT Activity >50 IU/L p
(n = 36) (n=34)
FGF-21 [pg/mL] 163.9 (80.3-538.5) 275.5 (95.5-504.1) 0.65
PTX3 [pg/mL] 2272.7 (1876.3-2685.7) 2875.4 (2126.9-4034.5) 0.05
Fetuin-A [pig/mL] 258.8 (219.9-310.9) 221.9 (182.1-256.3) 0.004
Irisin [ng/mL] 5.35 (4.20-5.79) 5.31 (3.53-7.71) 0.98
WBC [103/uL] 5.98 (5.10-6.61) 4.97 (4.16-6.44) 0.21
HGB [mg/dL] 12.8 (12.3-13.2) 12.7 (11.9-13.5) 0.69
PLT [103/ L] 232.0 (202.2-307.7) 248.0 (199.7-334.2) 0.81
CRP [mg/1] 3.17 (1.75-5.60) 8.07 (3.17-46.8) 0.003
IL-6 [pg/mL] 1.60 (1.50-3.63) 4.79 (1.50-15.1) 0.07
Ferritin [ug/L] 158.0 (98.5-254.5) 351.0 (181.2-697.2) 0.002
Iron [umol /L] 17.4 (12.0-22.0) 14.3 (8.42-21.4) 0.16
ALT [IU/L] 25.0 (15.2-50.2) 43.0 (33.2-64.5) 0.01
AST [IU/L] 22.0 (15.7-27.7) 37.0 (24.5-49.5) 0.001
Bilirubin [umol /L] 6.24 (4.33-6.93) 6.13 (4.44-8.34) 0.89
ALP [IU/L] 57.0 (50.7-73.5) 82.0 (64.5-115.2) <0.001
INR 0.97 (0.92-0.99) 0.95 (0.92-1.02) 0.72
Albumin [g/L] 40.0 (37.0-44.2) 36.5 (33.0-42.0) 0.01
HOMA-IR 2.12 (1.90-2.60) 3.51 (2.45-4.55) 0.009
Saturation % 97 (96-98) 96 (93-98) 0.02

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.

3.7. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with and
without Pneumonia

All COVID-19 patients were assessed for clinical or radiological signs of pneumonia
at admission to the hospital. Pulmonary inflammation was diagnosed in 23 out of 70
(32.8%) COVID-19 patients. Serum fetuin-A concentrations were significantly decreased in
COVID-19 patients with pneumonia (217.4 (188.3-248.8) vs. 256.3 (218.9-285.7) ug/mL;
p <0.001, respectively). We did not observe any significant differences in serum irisin,
FGF-21, and PTX3 concentrations. COVID-19 patients with pneumonia had significantly
higher GGT activity (p = 0.003). However, the activities of other liver enzymes and bilirubin
levels remained unchanged. As expected, the markers of inflammation, such as CRP, IL-6,
or ferritin, were significantly higher in COVID-19 patients with pneumonia. These patients
also presented lower serum total protein and albumin concentrations. HOMA-IR values
did not differ significantly between these two groups of COVID-19 patients. The detailer
results for the two distinguished groups of COVID-19 patients are presented in Table 5.

Table 5. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients with and without pneumonia.

Parameters Patients with Pneumonia (n =23)  Patients without Pneumonia (n = 47) y
FGF-21 [pg/mL] 278.8 (132.0-485.7) 190.0 (84.5-557.9) 0.54
PTX3 [pg/mL] 2824.4 (2165.6-4035.2) 2278.2 (1816.4-3103.5) 0.05
Fetuin-A [ug/mL] 217.4 (188.2-248.7) 256.3 (218.8-285.6) 0.008
Irisin [ng/mL] 5.31 (3.13-7.81) 5.47 (4.01-6.37) 0.77
WBC [10%/uL] 6.18 (4.76-6.62) 5.70 (4.48-6.36) 0.31
HGB [mg/dL] 12.6 (11.9-13.7) 12.8 (12.3-13.2) 0.66
PLT [10%/uL] 301.0 (218.5-405.0) 232.0 (189.7-301.7) 0.02
CRP [mg/L] 6.32 (4.39-40.0) 3.75 (1.77-15.0) 0.04
IL-6 [pg/mL] 5.68 (1.50-17.4) 1.50 (1.50-3.69) 0.006

Ferritin [pg/L] 306.0 (197.0-654.0) 175.0 (91.0-315.0) 0.008
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Table 5. Cont.

Parameters Patients with Pneumonia (n =23)  Patients without Pneumonia (n = 47) p
Iron [pmol /L] 17.5 (9.30-22.0) 16.4 (11.7-21.2) 0.79
ALT [IU/L] 31.0 (17.7-45.2) 37.0 (20.7-58.2) 0.33
AST [IU/L] 24.0 (17.5-42.0) 25.5 (18.5-45.5) 0.69
GGT [TU/L] 64.0 (39.0-185.2) 33.0 (20.0-60.0) 0.009
ALP [IU/L] 70.5 (55.0-114.5) 64.0 (54.0-77.0) 0.12
Bilirubin [pmol /L] 6.51 (4.64-8.55) 6.13 (4.45-7.50) 0.51
INR 1.01 (0.95-1.07) 0.95 (0.92-0.99) 0.03
Albumin [g/L] 34.5 (32.0-41.0) 40.0 (37.0-43.7) 0.004
HOMA-IR 2.35 (1.55-4.51) 242 (1.85-2.71) 0.42
Saturation % 94.5 (89-96) 97 (96-98) 0.00005

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.

3.8. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients
Requiring and Nonrequiring Intensive Care Unit (ICU) Hospitalization

Among COVID-19 patients, 15% presented severe clinical condition, which required
treatment in ICU. COVID-19 patients admitted to ICU presented higher PTX3 and lower
fetuin-A concentration than patients not requiring hospitalization. COVID-19 patients
admitted to ICU had significantly elevated GGT activity and inflammatory markers levels
(WBC count, CRP, IL-6, ferritin) than the rest of COVID-19 patients. Additionally, they had
significantly higher triglycerides, D-dimer levels, lactate dehydrogenase (LDH) activity,
PLT count, HOMA-IR value, and decreased HDL-cholesterol and albumin concentrations.
A detailed comparison of biochemical parameters analyzed in the blood of COVID-19
patients requiring and nonrequiring ICU care is shown in Table 6.

Table 6. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients requiring
and nonrequiring ICU care.

Parameters ICU(n=9) Non-ICU (n = 61) p
FGF-21 [pg/mL] 408.6 (307.7-482.9) 216.6 (93.4-487.0) 0.30
PTX3 [pg/mL] 4768.9 (2896.8-8394.5) 2278.2 (1876.8-3106.2) <0.001
Fetuin-A [pug/mL] 193.9 (124.8-229.8) 252.3 (209.3-276.5) 0.01
Irisin [ng/mL] 3.92 (3.04-6.99) 5.59 (3.96-6.60) 0.27
WBC [103/uL] 8.53 (6.24-10.9) 5.70 (4.42-6.42) 0.003
HGB [mg/dL] 11.3 (10.1-12.6) 12.8 (12.3-13.5) 0.01
PLT [103/uL] 403.0 (273.7-461.2) 232.0 (189.2-308.0) 0.009
CRP [mg/L] 18.2 (5.81-101.0) 4.39 (1.98-11.9) 0.009
IL-6 [pg/mL] 13.5 (6.46-20.9) 1.60 (1.50-5.35) 0.001
Ferritin [pug/L] 765.5 (526.0-1235.0) 208.0 (110.5-381.7) 0.005
Iron [umol /L] 14.3 (7.55-18.8) 17.4 (11.5-21.8) 0.42
ALT [IU/L] 43.0 (13.2-46.0) 34.0 (20.7-54.2) 0.75
AST [IU/L] 31.0 (19.2-47.2) 25.0 (17.0-43.0) 0.56
GGT [TU/1] 253.0 (103.2-376.5) 33.0 (20.0-62.0) 0.001
ALP [IU/L] 92.0 (58.5-140.2) 64.0 (54.0-80.2) 0.10
Bilirubin [umol /L] 6.70 (4.89-11.5) 6.14 (4.59-7.77) 0.46
INR 1.03 (0.96-1.08) 0.95 (0.92-1.00) 0.09
Albumin [g/L] 33.0 (27.5-34.7) 40.0 (36.0-43.7) 0.005
HOMA-IR 4.48 (2.93-4.73) 2.16 (1.83-2.66) 0.03
Saturation % 92 (80-95,25) 97 (96-98) 0.001

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-
reactive protein, GGT—gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—
hemoglobin, INR—international normalized ratio, LDL—low-density lipoprotein, WBC—white blood cells,
PLT—platelet count, RBC—red blood cells.
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3.9. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with
Different Iron and Ferritin Levels

We also analyzed the results according to COVID-19 patients” serum iron (<16.8 and
>16.8 pmol/L) and ferritin (<250.0 and >250.0 pg/L) concentrations. The results form
64 patients were included in this analysis. The details of these analyses are presented in
Tables 7 and 8.

Table 7. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients with different ferritin levels.

o o
Parameters Ferrltg: = gz;) ug/L Ferrlt(l:: :ig()) pg/L p
FGF-21 [pg/mL] 133.3 (74.4-316.4) 375.0 (137.2-589.7) 0.01
PTX3 [pg/mL] 2246.3 (1699.8-2862.6) 2981.2 (2214.5-5079.4) 0.001
Fetuin-A [pug/mL] 257.7 (238.3-311.1) 220.5 (178.5-264.1) 0.001
Irisin [ng/mL] 5.47 (4.19-5.78) 5.23 (3.34-7.89) 0.92
WBC [10%/uL] 5.70 (4.48-6.68) 5.73 (4.30-6.03) 0.27
HGB [mg/dL] 12.7 (12.3-13.4) 12.9 (12.4-13.0) 0.95
PLT [103/uL] 253.0 (214.0-323.7) 231.0 (186.2-360.0) 0.43
CRP [mg/L] 2.63 (1.35-5.60) 6.04 (3.45-36.0) 0.001
IL-6 [pg/mL] 1.60 (1.50-3.91) 5.62 (1.50-16.7) 0.01
Iron [umol/L] 17.85 (11.9-21.7) 14.3 (6.05-22.5) 0.20
ALT [IU/L] 27.0 (16.2-50.0) 44.5 (31.0-66.0) 0.02
AST [IU/L] 20.5 (15.5-28.5) 36.0 (25.0-51.0) <0.001
GGT [IU/1] 26.0 (15.0-47.2) 62.5 (32.0-117.0) 0.001
ALP [TU/L] 64.0 (54.7-79.0) 64.0 (55.0-88.0) 0.89
Bilirubin [pmol /L] 6.60 (4.48-8.56) 5.99 (4.77-7.21) 0.59
INR 0.96 (0.92-0.99) 0.96 (0.92-1.05) 0.46
Albumin [g/L] 41.7 (38.5-44.2) 36.0 (32.5-41.0) 0.001
HOMA-IR 1.94 (1.15-2.37) 2.82(2.45-3.73) <0.001

Saturation % 97 (96-98) 96 (93-98) 0.03

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.

Table 8. Comparison of biochemical parameters analyzed in the blood of COVID-19 patients with and without
iron deficiency.

Parameters Iron < 16.8 umol/L Iron > 16.8 umol/L p
(n=32) (n=32)
FGF-21 [pg/mL] 355.0 (128.0-659.6) 163.9 (94.1-366.0) 0.09
PTX3 [pg/mL] 2910.7 (2268.3-3683.3) 2072.3 (1681.6-2324.5) <0.001
Fetuin-A [ug/mL] 232.1 (179.3-265.6) 256.4 (220.5-292.2) 0.04
Irisin [ng/mL] 4.05 (3.14-5.70) 5.80 (4.76-7.83) 0.002
WBC [10%/uL] 5.48 (4.76-6.06) 6.01 (4.30-6.68) 0.62
HGB [mg/dL] 12.7 (12.2-13.1) 12.8 (12.4-13.9) 0.31
PLT [10%/uL] 227.0 (202.2-265.2) 290.0 (203.5-347.7) 0.05
CRP [mg/L] 12.6 (4.21-38.7) 2.77 (1.21-5.13) <0.001
IL-6 [pg/mL] 5.42 (2.62-16.7) 1.50 (1.50-3.60) <0.001
Ferritin [ug/L] 267.0 (111.0-526.0) 175.0 (110.7-258.2) 0.15
ALT [IU/L] 37.0 (20.5-56.7) 28.0 (19.2-48.0) 0.44
AST [TU/L] 25.5 (21.0-41.0) 23.0 (16.2-44.7) 0.24
GGT [IU/L] 50.0 (30.5-175.7) 30.0 (18.7-67.2) 0.05
ALP [TU/L] 76.0 (56.0-103.2) 61.0 (54.0-72.0) 0.02
Bilirubin [umol /L] 6.00 (4.48-8.97) 6.32 (4.57-7.86) 0.74
INR 0.98 (0.91-1.02) 0.95 (0.93-0.97) 0.78
Albumin [g/L] 38.0 (33.2-42.7) 41.0 (35.0-44.0) 0.14
HOMA-IR 2.67 (1.68-4.25) 2.16 (1.90-2.58) 0.13
Saturation % 97 (95.5-98) 97 (95.75-98) 0.80

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.
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COVID-19 patients with non-elevated ferritin levels had significantly higher fetuin-A
concentrations. COVID-19 patients with higher ferritin levels showed increased FGF-21
and PTX3 concentrations. They also showed significantly higher APPs, hepatic parameters
(except for ALP activity), HOMA-IR values, and LDH activity with simultaneous decrease
in albumin, HDL- and LDL-cholesterol concentrations.

Patients with iron deficiency had significantly lower irisin and significantly lower
PTX3 concentration. We did not observe any differences in FGF-21 concentration between
COVID-19 patients with and without iron deficiency. The iron deficiency subgroup also
had a significantly higher concentration of APPs (CRP and IL-6), ALP activity, and total
and LDL-cholesterol levels.

3.10. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with
Different HOMA-IR Values

Analyzing serum concentrations of irisin, fetuin-A, and FGF-21 were the same in
COVID-19 patients with various insulin sensitivity, HOMA-IR value <3 and >3, (p = 0.80,
p=0.19 and p = 0.40, respectively), but PTX3 concentration was higher in COVID-19
patients with higher HOMA-IR value than these with lower HOMA-IR value (3038.6
(2310.2-4875.4) vs. 2097.7 (1825.2-3099.4) pg/mL; p = 0.02). COVID-19 patients with
HOMA-IR < 3 had significantly lower AST, GGT, and ALP activities than those with
HOMA-IR > 3 (22.0 (17.0-26.7) vs. 33.5 (20.5-51.0) IU/L, p = 0.02, 27.0 (14.0-35.0) vs.
71.0 (34.7-266.7) IU/L, p < 0.001 and 56.0 (52.2-64.2) vs. 67.5 (61.0-91.0) IU/L, p = 0.01;
respectively). Other parameters describing liver function (ALT, LDH, total bilirubin, INR,
albumin) did not differ between these two subgroups. We also observed significantly
lower levels of ferritin and IL-6 between COVID-19 patients with HOMA-IR < 3 (167.0
(105.0-526.0) vs. 474.0 (231.2-834.5) ng/L, p = 0.04 and 1.50 (1.50-3.26) vs. 5.19 (1.50-10.45)
pg/mL, p = 0.01; respectively), although levels of other APPs (CRP, PCT) did not differ
between these two subgroups. Moreover, no significant differences between COVID-19
patients with various insulin sensitivity were found for all analyzed lipid parameters.

Additional comparison of COVID-19 patients with different insulin sensitivity and
the control group demonstrated that COVID-19 patients with HOMA-IR <3 and >3 had
significantly lower fetuin-A levels than the control group (256.7 (230.6-314.0) vs. 333.5
(303.0-371.4) ug/mL; p = 0.001 and 231.2 (190.7-276.1) vs. 333.5 (303.0-371.4) ug/mL;
p < 0.001, respectively). Irisin concentration was significantly decreased in the HOMA-IR < 3
COVID-19 subgroup when comparing with the control group (5.2 (4.6-5.7) vs. 6.5
(5.5-7.8) umol/L; p = 0.008), while no difference was found between COVID-19 patients
with HOMA-IR > 3 and control group (4.9 (3.7-6.4) vs. 6.5 (5.5-7.8) umol/L; p = 0.07).

3.11. Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients
Depending on Their Lipid Disorders

We observed that irisin concentration was significantly increased in COVID-19 patients
with increased total cholesterol (5.94 (4.37-8.04) vs. 5.07 (3.63-5.77) umol/L; p = 0.03). There
were no significant differences in irisin levels between COVID-19 patients with increased
and normal LDL-cholesterol, HDL-cholesterol and triglycerides levels (p = 0.09, p = 0.09 and
p = 0.19). No such differences were found for FGF-21, fetuin-A, PTX3 concentrations. The
group of COVID-19 patients with higher total and LDL-cholesterol levels was characterized
by significantly lower CRP and IL-6 serum concentrations and significantly elevated PLT
count and iron level.

3.12. Correlations between Hepatokines Concentrations and Biochemical Parameters Analyzed in
the Blood of COVID-19 Patients

We observed significant positive correlations between irisin concentration and total,
LDL, and HDL cholesterol concentrations (r = 0.39, p = 0.001, r = 0.30, p = 0.01 and r = 0.33,
p = 0.01). We also found significant positive correlations between irisin concentration and
PLT count, iron (Table 9), and protein (r = 0.41, p < 0.001) concentrations. On the other
hand, it negatively correlated with CRP (Table 9), creatinine, and PT (prothrombin time)
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(r=-024, p =0.04 and r = —0.41, p = 0.04, respectively). FGF-21 serum concentration
positively correlated with BMI (r = 0.58, p < 0.001), LDH (r = 0.35, p = 0.006), fasting glucose
(r=0.32, p=0.01), ferritin and IL-6 concentrations. PTX3 concentrations correlated postively
with LDH activity (r = 0.39, p = 0.001) and APPs (CRP, IL-6, and ferritin) concentrations
(Table 9) and negatively with PLT count, iron, albumin (Table 9), and protein (r = —0.35,
p = 0.005) concentrations. Fetuin-A serum concentrations correlated negatively with LDH
(r=—0.43,p <0.001), GGT activities, CRP, IL-6, and ferritin concentration and positively
with iron, albumin (Table 9), protein (r = 0.52, p < 0.001), total (r = 0.34, p = 0.006) and
LDL-cholesterol (r = 0.31, p = 0.01) concentrations.

Table 9. Correlations between hepatokines concentration and biochemical parameters analyzed in the blood of COVID-19

patients.
FGF-21 PTX-3 Fetuin-A Irisin
r p r P r p r p
FGF-21 - - 0.32 0.008 —0.28 0.02 —0.08 0.48
PTX-3 0.32 0.008 - - —0.46 <0.001 —0.28 0.02
Fetuin-A —0.28 0.02 —0.46 <0.001 - - 0.44 <0.001
Irisin —0.08 0.48 —0.28 0.02 0.44 <0.001 - -
WBC 0.04 0.74 —0.21 0.09 0.03 0.76 0.13 0.32
HGB 0.05 0.67 —0.06 0.36 0.24 0.06 0.17 0.18
PLT —0.11 0.36 —0.25 0.04 0.13 0.28 0.31 0.01
CRP 0.22 0.10 0.52 <0.001 —0.45 <0.001 —0.41 0.002
IL-6 0.48 <0.001 0.48 <0.001 —0.37 0.005 —0.23 0.08
Ferritin 0.25 0.04 0.38 0.002 —0.44 <0.001 —0.06 0.64
Iron —0.16 0.21 —0.48 <0.001 0.26 0.03 0.47 <0.001
ALT 0.01 0.98 —0.002 0.98 —0.06 0.60 0.05 0.64
AST 0.17 0.17 0.20 0.11 —0.16 0.18 —0.08 0.53
GGT 0.20 0.15 0.13 0.34 —0.31 0.02 0.15 0.28
ALP —0.10 0.42 —0.05 0.65 0.07 0.56 0.03 0.77
Bilirubin —0.004 0.97 —0.21 0.10 —0.02 0.87 0.02 0.85
INR —0.42 0.05 0.03 0.88 —0.30 0.15 —0.41 0.04
Albumin -0.16 0.19 —0.46 <0.001 0.62 <0.001 0.24 0.05

Abbreviations: ALT—alanine transaminase, AST—aspartate transaminase, BMI—body mass index, CRP—C-reactive protein, GGT—
gamma-glutamyl-transferase, HCT—hematocrit, HDL—high-density lipoprotein, HGB—hemoglobin, INR—international normalized ratio,
LDL—low-density lipoprotein, WBC—white blood cells, PLT—platelet count, RBC—red blood cells.

We also observed significant correlations between the analyzed hepatokines. PTX3
correlated positively with FGF-21 and negatively with irisin and fetuin-A. At the same
time, fetuin-A was positively associated with irisin and negatively with FGF-21 (Table 9).

4. Discussion

Subjects suffering from COVID-19 express a range of similar symptoms such as
lymphopenia, hypercoagulability, and cytokine storm (elevation in IL-6, CRP, TNF, MCP1,
IL-1pB levels, and others) [8]. The cytokines storm can influence the pathophysiological
processes leading to septic shock and multiple organ failure. Elevated levels of IL-6 are a
good marker of poor outcomes in patients with severe COVID-19 with pneumonia and
acute respiratory distress syndrome (ARDS) [5]. That is why it is essential to identify
and combat hyperinflammation with accepted therapies to reduce organ damage and
mortality [5]. To date, several potential anti-inflammatory therapies are under scrutiny,
including glucocorticoids, IL-6 antagonists, and JAK inhibitors [5].

Obesity and insulin resistance are core components of metabolic syndrome and sig-
nificant risk factors for severe disease development, higher risk of hospitalization, and a
poorer outcome in patients with SARS-CoV-2 infection. Some studies attempted to reveal
the detailed mechanism linking metabolic abnormalities to their complications. It has been
reported that in patients with diagnosed metabolic syndrome, the abnormalities in the
circulating levels of irisin and its gene expression are related to BMI and markers of insulin
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sensitivity [9]. As mentioned above, overweightness and obesity are scientifically proven
risk factors of more severe course of COVID-19 and, in consequence, of its higher mortal-
ity [10,11]. Moreover, patients with T2DM are more prone to develop COVID-19 disease
and complications such as ARDS and death [12]. This information seems crucial as the same
chronic conditions are directly correlated with fluctuations in the analyzed hepatokines.

So far, only a few studies have analyzed the influence of hepatokines on the develop-
ment or the course of SARS-CoV-2 infection. Our study is the first to show significantly
lower fetuin-A levels in the serum of COVID-19 patients. It may indicate the crucial role
of this hepatokine in COVID-19 pathogenesis. In the literature, we can find mentions of
the pleiotropic role of fetuin-A in diverse biological processes, including immune response
regulation and inflammation [13,14]. Most of them characterized fetuin-A as a liver-derived
negative APP in systemic inflammatory diseases because its serum concentration decreases
during the acute inflammatory response and normalizes when the infection is successfully
treated. Previous publications presented that among patients with other inflammatory dis-
eases, such as pancreatitis [15], chronic kidney diseases [16], and rheumatoid arthritis [17],
serum fetuin-A levels decreased by 20-30%. Moreover, most of these studies suggested
negative correlations between circulating fetuin-A level and cytokines and inflammatory
markers, such as IL-6, CRP, procalcitonin, or WBC [18,19], which is consistent with results
presented in our study. Wang and Sama [15] tried to elucidate the direct mechanism of
fetuin-A downregulation. According to them, innate immune cells (such as macrophages)
sequentially release early (e.g., tumor necrotic factor, TNF, and interferon vy, IFN-y) and late
(e.g., high mobility group box 1, HMGB1) proinflammatory mediators. The hepatic expres-
sion of fetuin-A is negatively regulated by several early proinflammatory cytokines, such as
TNF, IL-1, IL-6, and IFN-y, consequently allowing propagation of a rigorous inflammatory
response manifested by excess accumulation of late proinflammatory mediators, such as
HMGBI. In contrast, HMGBI1 elevates hepatic fetuin-A expression levels by two to three
times, thereby restoring circulating fetuin-A levels during a late stage of the inflammation
process. We also hypothesize that lower fetuin-A levels could influence disease course and
be associated with the severity of COVID-19 because we observed a significant decrease
in its concentration among patients with confirmed pneumonia and these requiring ICU
care. What is interesting, according to another study, is that downregulation of fetuin-A is
associated with severity and exacerbation frequency of other respiratory diseases—chronic
obstructive pulmonary disease (COPD) [20]. Minas et al. assessed the levels of fetuin-A in
one hundred COPD patients in stable condition and on exacerbation. COPD patients pre-
sented lower levels of fetuin-A compared to the control group (p < 0.001). COPD patients
with GOLD stage IV had lower fetuin-A levels than with stages I, Il and III (p < 0.05). More-
over, according to them, fetuin-A may represent a potential biomarker for the prediction
and evaluation of exacerbations in patients with COPD because it is markedly reduced at
the onset of an ECOPD compared to baseline, and patients with low fetuin-A values had a
two-fold risk for a COPD exacerbation during the one-year follow-up period. Similarly,
decreased fetuin-A is associated with increased disease activity in Crohn’s disease and
ulcerative colitis [21]. Fetuin-A is believed to play a protective role in inflammatory bowel
disease (IBD) by acting as an endogenous inhibitor of meprin-«, which plays an essential
role in IBD pathogenesis by activating inflammatory cytokines [22] and protecting against
intestinal inflammation by inhibiting HMGBI release [23]. The above information implies
the possible role of fetuin-A decrease in the development of cytokine storm in SARS-CoV-2
infection. Subsequently, it suggests that fetuin-A deficiency predisposes to a more severe
COVID-19 course. Moreover, our results show that this reduction is independent of such
factors as sex, metabolic disorders, lipids level, BMI, respiratory symptoms, or liver injury,
implying a direct influence of COVID-19 infection on hepatokine secretion.

As mentioned above, our study, for the first time, showed significantly lower levels
of serum fetuin-A in COVID-19 patients. We did not find any significant differences for
the rest of the analyzed hepatokines concentrations, even though other studies presented
data proving that these molecules can modulate the course of SARS-CoV-2 infection. There
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is only one study analyzing the influence of irisin on COVID-19 [24]. According to de
Oliveira et al., irisin presented a very positive regulatory effect on diverse genes related
to the COVID-19 outcome in the adipose tissue. They reported that irisin reduced the
expression of genes implicated in elevated viral infection and increased the expression of
genes involved in blocking the virus—cell cleavage [24]. Unfortunately, it is not easy to
compare this data to our results because the study did not compare irisin concentrations.

Ajaz et al. performed a study analyzing the levels of FGE-21 among healthy control
(HC) (n =9), patients with COVID-19 (n = 7), and patients with a chest infection (n = 7) [25].
Contrary to our observations, they demonstrated an increase in FGF-21 levels in patients
with COVID-19 compared to HC (p < 0.001). They noticed a trend of high levels of FGF-21
and an increase in COVID-19 severity among patients who were admitted to ICU (p < 0.001)
and died due to COVID-19 (p = 0.001). Although, a relatively small number of patients in
Ajaz’s study is an essential factor that may affect the final results and explain the difference
compared to our study. Regarding a hypothetical relationship of FGF-21 with the severity
of COVID-19 course in our study, we could discern significantly positive correlation in this
hepatokine levels and such inflammation markers as ferritin or IL-6.

Up to this date, several studies analyzed PTX3 among patients with confirmed SARS-
CoV-2 infection. PTX3 plays a vital role in innate immunity and inflammation. It par-
ticipates in innate resistance to fungal, bacterial, and viral infections. PTX3 acts as an
opsonin for pathogens and regulates the inflammatory response by modulating comple-
ment activity, recruiting inflammatory cells through interacting with the adhesion molecule
P-selectin [26]. Brunetta et al. [27] reported increased PTX3 plasma concentrations in 96
patients with COVID-19. Similar to our study, they found a significant correlation of PTX3
with APPs: CRP, PCT, IL-6, or ferritin. Moreover, in multivariable analysis, PTX3 emerged
as a strong independent predictor, better than conventional markers of inflammation, of
28-day mortality in hospitalized COVID-19 patients [27]. The prognostic significance of
PTX3 abundance for mortality was confirmed in a second independent cohort (54 patients).
Moreover, other studies emphasize the prognostic role of PTX3 levels and its relation to
COVID-19 severity. Tong et al. [28] indicated a positive relationship between PTX3 and
intensification of lung lesions expressed as chest CT imaging score (r = 0.418, p = 0.008), and
length of hospital stay (r = 0.486, p = 0.002). Geng et al. [29] presented significantly increased
levels of this hepatokine in nonsurvivors than survivors with confirmed COVID-19, sug-
gesting that PTX3 is an indicator of inflammation and death due to COVID-19 pneumonia.
The above results seem consistent with our study, which showed that in COVID-19 patients
requiring ICU care, serum PTX3 concentration was significantly increased than patients not
requiring it. We also hypothesize that higher PTX3 levels could influence disease course
and be associated with the necessity of hospitalization due to SARS-CoV-2 virus infection,
even though we did not observe any differences in this hepatokine concentration between
patients with and without pneumonia. Increased concentrations of PTX3 in COVID-19
patients may reflect failed negative regulation of uncontrolled inflammation—cytokine
storm [27].

The onset of COVID-19 usually manifests by respiratory symptoms such as cough
or dyspnea and fever. Although other publications have indicated that more than half
of COVID-19 patients showed varying levels of liver disease [30], our study showed that
COVID-19 patients had significantly elevated ALT and GGT activities compared to the
control group. On the other hand, we found no significant differences in AST activity
or bilirubin level. Moreover, albumin levels were significantly decreased in infected
patients. Our results seem to be consistent with other reports indicating abnormal liver
function observed in cases of COVID-19, manifesting mainly as isolated elevated serum
transaminases, GGT, and LDH activities [31]. Meta-analysis performed by Rodriguez-
Morales et al. [32], investigating liver function test (LFT) abnormalities, pointed to an
accumulated elevation of AST in 33.3% and ALT in 24.1% of cases. Our study has also
been investigating the association between LFT abnormalities and the severity of infection.
GGT activity was significantly increased among patients with pneumonia. However other
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liver enzymes’ activities and bilirubin levels remained unchanged. Moreover, according
to our data, COVID-19 patients requiring ICU care had significantly elevated GGT and
LDH activity. Similarly, a study by Cai et al. [33] showed that patients with abnormal
LFT, especially in hepatocyte type or mixed type, presented a significantly higher risk of
developing severe pneumonia. Moreover, studies on Wuhan patients showed that liver
injury rates were higher in ICU patients and nonsurvivors, suggesting that liver injury is
most likely to occur in critically ill patients [34-36]. On the contrary, according to Vespa
etal. [37], markers of hepatocellular injury (AST or ALT), as well as GGT and total bilirubin,
cannot be used as predictors of death or admittance to the ICU. The only predictive factor
associated with health deterioration was ALP activity higher than 150 IU/L.

In our study, patients with fever presented significantly lower ALP activity than
patients with normal body temperature. Moreover, COVID-19 patients with intercur-
rent cough and dyspnea had significantly lower ALT activity than patients with isolated
cough. Contrarily, Cai et al. [33] and Wang et al. [4] presented a significantly higher fre-
quency of cough as COVID-19 initial symptom in patients with elevated liver enzymes
activities. As mentioned above, we divided COVID-19 patients according to liver injury
based on elevated ALT and GGT activity. In the group of patients with higher GGT lev-
els, we observed a statistically significant decrease in fetuin-A concentration. No other
significant differences in the analyzed hepatokines were found in patients with liver in-
jury. So far, studies investigating the circulating fetuin-A levels in patients with liver
diseases of various etiology presented inconsistent results. According to two recent meta-
analyses [38,39], the circulating levels of fetuin-A in patients with non-alcoholic fatty liver
disease (NAFLD) were significantly higher than in healthy controls. Moreover, one of
the meta-analyses showed that a higher level of fetuin-A was more pronounced in the
non-alcoholic steatohepatitis (NASH) group than in the NAFLD group [39]. Contrarily, Cui
et al. [40], which performed a study on patients with NAFLD in the Chinese population,
showed that serum fetuin-A concentration was significantly lower than that in the control
group (0.27 £ 0.17 vs. 0.32 £ 0.12 g/L, p < 0.05). In their study, 158 subjects were divided
into four groups (controls, mild, moderate, and severe NAFLD) according to serum ALT
level. Compared to controls (0.32 £ 0.12 g/L), mild NAFLD (0.24 £+ 0.16 g/L, p < 0.05)
and moderate NAFLD (0.25 £ 0.17 g/L, p < 0.05) patients had significantly lower levels of
fetuin-A. The study showed that serum fetuin-A levels tended to increase with the severity
of NAFLD.

Considering the above-presented data seems evident that LFTs alterations are common
in hospitalized COVID-19 patients. The etiology of liver injury is probably multifactorial
and associated with drug-induced liver injury, and the secondary liver injury might be
induced by systemic inflammatory response syndrome or hypoxia. It is still unclear if
laboratory LFTs abnormalities have any prognostic value for predicting the development
of the COVID-19 course.

To date, only a few studies have investigated the influence of insulin resistance on
the course of COVID-19 infection. The adverse impact of higher insulin resistance on the
severity and mortality of COVID-19 patients has been proved by most of them, suggesting
that chronic inflammation is a key risk factor in this group of patients [41,42]. Finucane and
Davenport [43] argue that the state of insulin resistance and elevated insulin levels that
are driving increased ACE2 expression in lung epithelial cells are responsible, at least in
part, for aggravating disease severity. On the other hand, COVID-19 can deteriorate insulin
resistance in people with T2DM and T1DM via inducing a proinflammatory milieu that can
further lead to lowering insulin sensitivity. In addition, Pal and Bhadada hypothesized that
one of the mechanisms leading to impaired insulin sensitivity in SARS-CoV-2 infection is
increased serum levels of fetuin-A [44]. However, our results indicated significant downreg-
ulation of fetuin-A in COVID-19 patients. Furthermore, we found no difference in fetuin-A
levels in patients with different HOMA-IR values. As mentioned above, COVID-19 pa-
tients with HOMA-IR > 3 had significantly elevated levels of IL-6 and ferritin, which could
be linked to a chronic inflammatory state in this group. We also observed significantly
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higher PTX3 concentration in COVID-19 patients with HOMA-IR > 3. Previous studies
presented inconsistent data on PTX3 connection to insulin resistance. Jylhava et al. [45],
who investigated the PTX3 relationship with cardiovascular risk factors, did not indicate
any statistically significant correlation between PTX3 and HOMA-IR values. Contrary to
our research, Chu et al. [46] presented negative association between circulating PTX3 levels
with fasting insulin (r = —0.336, p = 0.012) and homeostasis model assessment of insulin
resistance (HOMA-IR) (r = —0.334, p = 0.014) among 57 overweight or obese children.
The potential mechanism linking PTX3 levels and insulin resistance could be the phos-
phatidylinositol 3-kinase (PI3K) and downstream signaling pathways, including protein
kinase B. Recent studies have found PI3K/Akt activation-dependent expression of PTX3 in
endothelial cells [47], suggesting a possible link between PTX3 and insulin signaling.

Our research has several limitations, the first of them being the study group consisting
of a relatively small number of patients. The second limitation of the study is that it assesses
liver injury or cholestasis based on liver markers such as ALT, AST, or GGT. However, the
exact stage of liver injury was not evaluated. Furthermore, the study included a relatively
small number of obese patients. Another limitation of the presented study is the lack
of hepatokines and other laboratory parameters evaluation during subsequent days of
hospitalization. It prevents from analyzing hepatokines fluctuations and from assessing
their relationship with severity of infection. The last limitation study was the lack of
liver imaging.

5. Conclusions

Pointing to proinflammatory and insulin impairing the action of fetuin-A, its levels
were significantly lower in COVID-19 patients despite higher HOMA-IR, CRP, and ferritin
levels. Even more surprising was the significant reduction of fetuin-A level in COVID-19
patients with pneumonia, patients requiring ICU care, or those with higher ferritin levels
and HOMA-IR values. It suggests that fetuin-A deficiency predisposes to a more severe
COVID-19 course, and glucose metabolism abnormalities and their measurements may be
the additional marker of COVID-19 severity. Upregulated PTX3 may also predict COVID-
19 severity because COVID-19 patients with significantly elevated PTX3 concentrations
more frequently required ICU care. Impaired liver function, assessed with GGT activity,
was associated with serum fetuin-A depletion. GGT activity occurred as a predictive
factor of a more severe course of COVID-19, including pneumonia development and ICU
hospitalization. Pointing to all the results, the exact role of the analyzed hepatokines and
liver injury in SARS-CoV-2 infection requires additional studies.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biom11101422/s1, Supplementary Table S1: Comparison of biochemical parameters analyzed
in the blood of male and female COVID-19 patients, Supplementary Table S2: Comparison of
biochemical parameters analyzed in the blood of COVID-19 patients presenting different infection
symptoms, Supplementary Table S3: Comparison of biochemical parameters analyzed in the blood
of COVID-19 patients according to ALT activity.

Author Contributions: M.K. (Michat Kukla), Conceptualization, Data curation, Formal analysis,
Funding acquisition, Literature collection, Methodology, Project administration, Supervision, Valida-
tion, Visualization, Writing—original draft and editing; T.M., Formal analysis, Literature collection,
Software, Writing—original draft and editing; M.D., Data curation, Formal analysis, Software; M.W.,
Data curation, Investigation, Literature collection; A.G., Data curation, Investigation, Literature
collection; M.B.-]., Data curation, Investigation, Resources; M.S., Data curation, Literature collection;
D.H., Formal analysis, Statistical Analysis, Software; B.M., Investigation, Resources; B.K.-C., Investi-
gation, Resources; M.K. (Maria Kapusta), Investigation, Resources; L.S., Formal analysis, Supervision,
Literature collection; I.G., Formal analysis, Supervision, Literature collection; I.M.; Formal analysis,
Supervision, Literature collection; T.F.-K., Formal analysis, Supervision, Literature collection; M.W.-B.,
Investigation, Resources; T.G., Formal analysis, Supervision, Funding acquisition, Methodology;
T.R., Conceptualization, Data curation, Formal analysis, Writing—original draft and editing; D.S.,


https://www.mdpi.com/article/10.3390/biom11101422/s1
https://www.mdpi.com/article/10.3390/biom11101422/s1

Biomolecules 2021, 11, 1422 17 of 19

Visualization, Writing—original draft and editing, Resources. All authors have read and agreed to
the published version of the manuscript.

Funding: The University Hospital in Cracow and the Jagiellonian University Medical College are
supported by the National Center for Research and Development CRACoV-HHS project (Model
of multi-specialist hospital and nonhospital care for patients with SARS-CoV-2 infection) through
the initiative “Support for specialist hospitals in fighting the spread of SARS-CoV-2 infection and in
treating COVID-19” (contract number—SZPITALE-JEDNOIMIENNE/18/2020).

Institutional Review Board Statement: All subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted according to the guidelines of the Declaration
of Helsinki, and approved by the Ethics Committee of the Jagiellonian University in Cracow (protocol
code no. 1072.6120.157.2020, date of approval: January 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Derived data supporting the findings of this study are available from
the corresponding author (D.S.) on request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.  Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species Severe acute respiratory
syndrome-related coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536-544. [CrossRef]

2. Méry, G,; Epaulard, O.; Borel, A.L.; Toussaint, B.; Le Gouellec, A. COVID-19: Underlying adipokine storm and angiotensin 1-7
umbrella. Front. Immunol. 2020, 11, 1714. [CrossRef]

3. Cascella, M.; Rajnik, M.; Cuomo, A.; Dulebohn, S.C.; Di Napoli, R. Features, Evaluation, and Treatment of Coronavirus (COVID-19);
StatPearls Publishing: Treasure Island, FL, USA, 2021.

4. Wang, Y; Liu, S,; Liu, H.; Li, W,; Lin, F; Jiang, L.; Li, X.; Xu, P.; Zhang, L.; Zhao, L.; et al. SARS-CoV-2 infection of the liver directly
contributes to hepatic impairment in patients with COVID-19. |. Hepatol. 2020, 73, 807-816. [CrossRef]

5. Krause, M.; Gerchman, F,; Friedman, R. Coronavirus infection (SARS-CoV-2) in obesity and diabetes comorbidities: Is heat shock
response determinant for the disease complications? Diabetol. Metab. Syndr. 2020, 12, 63. [CrossRef]

6. Sua, T.-H.; Kao, J.-H. The clinical manifestations and management of COVID-19-related liver injury. . Formos. Med. Assoc. 2020,
119,1016-1018. [CrossRef] [PubMed]

7. Vinken, M. COVID-19 and the liver: An adverse outcome pathway perspective. Toxicology 2021, 455, 152765. [CrossRef] [PubMed]

8.  Zhang, W,; Zhao, Y.; Zhang, F.; Wang, Q.; Li, T,; Liu, Z.; Wang, J.; Qin, Y.; Zhang, X.; Yan, X; et al. The use of anti-inflammatory
drugs in the treatment of people with severe coronavirus disease 2019 (COVID-19): The perspectives of clinical immunologists
from China. Clin. Immunol. 2020, 214, 108393. [CrossRef] [PubMed]

9. Tang, L.; Tong, Y.; Zhang, F.; Chen, G.; Zhang, Y.C.; Jobin, ].; Tong, N. The association of circulating irisin with metabolic risk
factors in Chinese adults: A cross-sectional community-based study. BMC Endocr. Disord. 2019, 19, 147. [CrossRef]

10. Zheng, K.I; Gao, F; Wang, X.B.; Sun, Q.-F; Pan, K.-H.; Wang, T.-Y.; Ma, H.-L.; Chen, Y.-P; Liu, W.-Y.; George, J.; et al. Letter to
the Editor: Obesity as a risk factor for greater severity of COVID-19 in patients with metabolic associated fatty liver disease.
Metabolism 2020, 108, 154244. [CrossRef]

11. Huang, J.E; Wang, X.B.; Zheng, K.I.; Liu, W.-Y.; Chen, J.-].; George, ].; Zheng, M.-H. Letter to the Editor: Obesity hypoventilation
syndrome and severe COVID-19. Metabolism 2020, 108, 154249. [CrossRef]

12. Favre, G.; Legueult, K.; Pradier, C.; Raffaelli, C.; Ichai, C.; Iannelli, A.; Redheuil, A.; Lucidarme, O.; Esnault, V. Visceral fat is
associated to the severity of COVID-19. Metabolism 2021, 115, 154440. [CrossRef]

13. Li, W,; Zhu, S.; Li, ].; Huang, Y.; Rongrong, Z.; Fan, X.; Yang, H.; Gong, X.; Eissa, N.T.; Jahnen-Dechent, W.; et al. A hepatic protein,
fetuin-A, occupies a protective role in lethal systemic inflammation. PLoS ONE 2011, 6, e16945. [CrossRef]

14. El-Shehaby, A.M.; Zakaria, A.; El-Khatib, M.; Mostafa, N. Association of fetuin-A and cardiac calcification and inflammation
levels in hemodialysis patients. Scand. J. Clin. Lab. Investig. 2010, 70, 575-582. [CrossRef] [PubMed]

15. Wang, H.; Sama, A.E. Anti-inflammatory role of fetuin-A in injury and infection. Curr. Mol. Med. 2012, 12, 625-633. [CrossRef]

16. Kus$nierz-Cabala, B.; Gurda-Duda, A.; Panek, J.; Fedak, D.; Dumnicka, P,; Solnica, B.; Kulig, J. Serum fetuin A concentrations in
patients with acute pancreatitis. Clin. Lab. 2010, 56, 191-195. [PubMed]

17. Sato, H.; Kazama, J.J.; Wada, Y.; Kuroda, T.; Narita, I.; Gejyo, E; Gao, P.; Yamashita, H. Decreased levels of circulating alpha2-
Heremans-Schmid glycoprotein/Fetuin-A (AHSG) in patients with rheumatoid arthritis. Intern. Med. 2007, 46, 1685-1691.
[CrossRef] [PubMed]

18. Pappa, E.; Perrea, D.S.; Pneumaticos, S.; Nikolaou, V.S. Role of fetuin A in the diagnosis and treatment of joint arthritis. World J.

Orthoped. 2017, 8, 461-464. [CrossRef] [PubMed]


http://doi.org/10.1038/s41564-020-0695-z
http://doi.org/10.3389/fimmu.2020.01714
http://doi.org/10.1016/j.jhep.2020.05.002
http://doi.org/10.1186/s13098-020-00572-w
http://doi.org/10.1016/j.jfma.2020.04.020
http://www.ncbi.nlm.nih.gov/pubmed/32345544
http://doi.org/10.1016/j.tox.2021.152765
http://www.ncbi.nlm.nih.gov/pubmed/33771662
http://doi.org/10.1016/j.clim.2020.108393
http://www.ncbi.nlm.nih.gov/pubmed/32222466
http://doi.org/10.1186/s12902-019-0479-8
http://doi.org/10.1016/j.metabol.2020.154244
http://doi.org/10.1016/j.metabol.2020.154249
http://doi.org/10.1016/j.metabol.2020.154440
http://doi.org/10.1371/journal.pone.0016945
http://doi.org/10.3109/00365513.2010.528445
http://www.ncbi.nlm.nih.gov/pubmed/20964498
http://doi.org/10.2174/156652412800620039
http://www.ncbi.nlm.nih.gov/pubmed/20575466
http://doi.org/10.2169/internalmedicine.46.6269
http://www.ncbi.nlm.nih.gov/pubmed/17938521
http://doi.org/10.5312/wjo.v8.i6.461
http://www.ncbi.nlm.nih.gov/pubmed/28660137

Biomolecules 2021, 11, 1422 18 of 19

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Altinisik, H.B.; Altinisik, U.; Uysal, S.; Sacar, S.; Simsek, T.; Demiraran, Y. Are Fetuin-A levels beneficial for estimating timing of
sepsis occurrence? Saudi. Med. |. 2018, 39, 679-684. [CrossRef] [PubMed]

Minas, M.; Mystridou, P.; Georgoulias, P.; Pournaras, S.; Kostikas, K.; Gourgoulianis, K.I. Fetuin-A is associated with disease
severity and exacerbation frequency in patients with COPD. J. COPD 2013, 10, 28-34. [CrossRef] [PubMed]

Ma, P.; Feng, Y.C. Decreased serum fetuin-A levels and active inflammatory bowel disease. Am. J. Med. Sci. 2014, 348, 47-51.
[CrossRef]

Hedrich, J.; Lottaz, D.; Meyer, K.; Yiallouros, I.; Jahnen-Dechent, W.; Stocker, W.; Becker-Pauly, C. Fetuin-A and cystatin C are
endogenous inhibitors of human meprin metalloproteases. Biochemistry 2010, 49, 8599-8607. [CrossRef]

Brightbill, H.D.; Libraty, D.H.; Krutzik, S.R.; Yang, R.B.; Belisle, ].T.; Bleharski, J.R.; Maitland, M.; Norgard, M.; Plevy, S.E.; Smale,
S.T.; et al. Host defense mechanisms triggered by microbial lipoproteins through toll-like receptors. Science 1999, 285, 732-736.
[CrossRef] [PubMed]

de Oliveira, M.; De Sibio, M.T.; Mathias, L.S.; Rodrigues, B.M.; Sakalem, M.E.; Nogueira, C.R. Irisin modulates genes associated
with severe coronavirus disease (COVID-19) outcome in human subcutaneous adipocytes cell culture. Mol. Cell. Endocrinol. 2020,
515,110917. [CrossRef]

Ajaz, S.; McPhail, M.].; Singh, K.K.; Trovato, EM.; Napoli, S.; Agarwal, K. Mitochondrial metabolic manipulation by SARS-CoV-2
in peripheral blood mononuclear cells of patients with COVID-19. Am. | Physiol. Cell Physiol. 2021, 320, C57-C65. [CrossRef]
[PubMed]

Garlanda, C.; Bottazzi, B.; Magrini, E.; Inforzato, A.; Mantovani, A. PTX3, a humoral pattern recognition molecule, in innate
immunity, tissue repair, and cancer. Physiol. Rev. 2018, 98, 623-639. [CrossRef] [PubMed]

Brunetta, E.; Folci, M.; Bottazzi, B.; De Santis, M.; Gritti, G.; Protti, A.; Mapelli, S.N.; Bonovas, S.; Piovani, D.; Leone, R ; et al.
Macrophage expression and prognostic significance of the long pentraxin PTX3 in COVID-19. Nat. Immunol. 2021, 22, 19-24.
[CrossRef] [PubMed]

Tong, M.; Xiong, Y.; Zhu, C.; Xu, H.; Zheng, Q.; Hu, C,; Jiang, Y.; Zou, L.; Xiao, X.; Chen, F; et al. Elevated serum pentraxin-3
levels is positively correlated to disease severity and coagulopathy in COVID-19 patients. Mediterr. |. Hematol. Infect. Dis. 2021,
13, €2021015.

Geng, A.B.; Yaylaci, S.; Dheir, H.; Issever, K.; Cekig, D.; Kocayigit, H.; Cokluk, E.; Karacan, A.; Sekeroglu, M.R.; Cakar, H.T,;
et al. The predictive and diagnostic accuracy of long pentraxin-3 in COVID-19 pneumonia. Turk. J. Med. Sci. 2021, 51, 448-453.
[CrossRef]

Kukla, M.; Skonieczna—Zydecka, K.; Kotfis, K.; Maciejewska, D.; Loniewski, I.; Lara, L.F.; Pazgan-Simon, M.; Stachowska, E.;
Kaczmarczyk, M.; Koulaouzidis, A ; et al. COVID-19, MERS and SARS with concomitant liver injury-systematic review of the
existing literature. J. Clin. Med. 2020, 9, 1420. [CrossRef]

Yang, R.X.; Zheng, R.D.; Fan, J.G. Etiology and management of liver injury in patients with COVID-19. World |. Gastroenterol.
2020, 26, 4753-4762. [CrossRef]

Rodriguez-Morales, A.].; Cardona-Ospina, J.A.; Gutiérrez-Ocampo, E.; Villamizar-Pena, R.; Hoguin-Rivera, Y.; Escalera-Antezana,
J.P; Alvarado-Arnez, L.E.; Bonilla-Aldana, D.K.; Franco-Paredes, C.; Henao-Martinez, A.F; et al. Clinical, laboratory and imaging
features of COVID-19: A systematic review and meta-analysis. Travel Med. Infect. Dis. 2020, 34, 101623. [CrossRef]

Cai, Q.; Huang, D.; Yu, H.; Zhu, Z,; Xia, Z.; Su, Y.; Li, Z.; Zhou, G.; Gou, J.; Qu, J.; et al. COVID-19: Abnormal liver function tests.
J. Hepatol. 2020, 73, 566-574. [CrossRef] [PubMed]

Wang, D.; Hu, B.; Hu, C.; Zhu, F; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA 2020, 323, 1061-1069. [CrossRef]
Zhou, E; Yu, T.; Du, R; Fan, G,; Liu, Y.; Liu, Z,; Xiang, ]J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, J.; Hu, Y,; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

Vespa, E.; Pugliese, N.; Piovani, D.; Capogreco, A.; Danese, S.; Aghemo, A. Liver tests abnormalities in COVID-19: Trick or treat?
J. Hepatol. 2020, 73, 1275-1276. [CrossRef] [PubMed]

Liu, S.; Xiao, J.; Zhao, Z.; Wang, M.; Wang, Y.; Xin, Y. Systematic review and meta-analysis of circulating fetuin-A levels in
nonalcoholic fatty liver disease. . Clin. Transl. Hepatol. 2021, 9, 3-14. [PubMed]

Pan, X.; Kaminga, A.C.; Chen, J.; Luo, M.; Luo, J. Fetuin-A and fetuin-B in non-alcoholic fatty liver disease: A meta-analysis and
meta-regression. Int. |. Environ. Res. Public Health 2020, 17, 2735. [CrossRef] [PubMed]

Cui, Z,; Xuan, R; Yang, Y. Serum fetuin A level is associated with nonalcoholic fatty liver disease in Chinese population.
Oncotarget 2017, 8, 107149-107156. [CrossRef]

Ilias, I.; Diamantopoulos, A.; Pratikaki, M.; Botoula, E.; Jahaj, E.; Athanasiou, N.; Tsipilis, S.; Zacharis, A.; Vassiliou, A.G.;
Vassiliadi, D.A.; et al. Glycemia, beta-cell function and sensitivity to insulin in mildly to critically ill Covid-19 patients. Medicina
2021, 57, 68. [CrossRef]

Rajpal, A.; Rahimi, L.; Ismail-Beigi, F. Factors leading to high morbidity and mortality of COVID-19 in patients with type 2
diabetes. J. Diabetes 2020, 12, 895-908. [CrossRef]


http://doi.org/10.15537/smj.2018.7.22418
http://www.ncbi.nlm.nih.gov/pubmed/29968890
http://doi.org/10.3109/15412555.2012.727922
http://www.ncbi.nlm.nih.gov/pubmed/23272665
http://doi.org/10.1097/MAJ.0000000000000195
http://doi.org/10.1021/bi1004238
http://doi.org/10.1126/science.285.5428.732
http://www.ncbi.nlm.nih.gov/pubmed/10426995
http://doi.org/10.1016/j.mce.2020.110917
http://doi.org/10.1152/ajpcell.00426.2020
http://www.ncbi.nlm.nih.gov/pubmed/33151090
http://doi.org/10.1152/physrev.00016.2017
http://www.ncbi.nlm.nih.gov/pubmed/29412047
http://doi.org/10.1038/s41590-020-00832-x
http://www.ncbi.nlm.nih.gov/pubmed/33208929
http://doi.org/10.3906/sag-2011-32
http://doi.org/10.3390/jcm9051420
http://doi.org/10.3748/wjg.v26.i32.4753
http://doi.org/10.1016/j.tmaid.2020.101623
http://doi.org/10.1016/j.jhep.2020.04.006
http://www.ncbi.nlm.nih.gov/pubmed/32298767
http://doi.org/10.1001/jama.2020.1585
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1016/j.jhep.2020.05.033
http://www.ncbi.nlm.nih.gov/pubmed/32473194
http://www.ncbi.nlm.nih.gov/pubmed/33604250
http://doi.org/10.3390/ijerph17082735
http://www.ncbi.nlm.nih.gov/pubmed/32326594
http://doi.org/10.18632/oncotarget.22361
http://doi.org/10.3390/medicina57010068
http://doi.org/10.1111/1753-0407.13085

Biomolecules 2021, 11, 1422 19 of 19

43.

44.

45.

46.

47.

Finucane, FM.; Davenport, C. Coronavirus and obesity: Could insulin resistance mediate the severity of Covid-19 infection?
Front. Public Health 2020, 8, 184. [CrossRef] [PubMed]

Pal, R.; Bhadada, S.K. COVID-19 and diabetes mellitus: An unholy interaction of two pandemics. Diabetes Metab. Syndr. 2020,
14, 513-517. [CrossRef] [PubMed]

Jylhéva, J.; Haarala, A.; Kédhonen, M.; Lehtimaki, T.; Jula, A.; Molianen, L.; Kesédniemi, Y.A.; Nieminen, M.S.; Hurme, M. Pentraxin
3 (PTX3) is associated with cardiovascular risk factors: The Health 2000 Survey. Clin. Exp. Immunol. 2011, 164, 211-217. [CrossRef]
[PubMed]

Chu, S.H.; Park, ].H.; Lee, M.K,; Jekal, Y.; Ahn, K.Y.; Chung, ].Y.; Lee, D.H.; Kim, E.S.; Naruse, M.; Im, J.-A; et al. The association
between pentraxin 3 and insulin resistance in obese children at baseline and after physical activity intervention. Clin. Chim. Acta
2012, 413, 1430-1437. [CrossRef]

Norata, G.D.; Marchesi, P; Pirillo, A.; Uboldi, P.; Chiesa, G.; Maina, V.; Garlanda, C.; Mantovani, A.; Catapano, A.L. Long
pentraxin 3, a key component of innate immunity, is modulated by high-density lipoproteins in endothelial cells. Arter. Thromb.
Vasc. Biol. 2008, 28, 925-931. [CrossRef]


http://doi.org/10.3389/fpubh.2020.00184
http://www.ncbi.nlm.nih.gov/pubmed/32574288
http://doi.org/10.1016/j.dsx.2020.04.049
http://www.ncbi.nlm.nih.gov/pubmed/32388331
http://doi.org/10.1111/j.1365-2249.2011.04354.x
http://www.ncbi.nlm.nih.gov/pubmed/21391986
http://doi.org/10.1016/j.cca.2012.06.002
http://doi.org/10.1161/ATVBAHA.107.160606

	Introduction 
	Materials and Methods 
	Study Population 
	Biochemical and Serological Assays 
	Ethical Statements 
	Statistical Analysis 

	Results 
	Baseline Characteristics and Biochemical Parameters Analyzed in the Serum of COVID-19 Patients and Control Group 
	Comparison of Biochemical Parameters Analyzed in the Blood of Male and Female COVID-19 Patients 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients According to BMI and Metabolic Syndrome Presence 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients Presenting Different Infection Symptoms: Fever, Cough, and Dyspnea 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with and without Gastrointestinal (GI) Symptoms 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with and without Liver Injury Based on ALT and GGT Activities 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with and without Pneumonia 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients Requiring and Nonrequiring Intensive Care Unit (ICU) Hospitalization 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with Different Iron and Ferritin Levels 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients with Different HOMA-IR Values 
	Comparison of Biochemical Parameters Analyzed in the Blood of COVID-19 Patients Depending on Their Lipid Disorders 
	Correlations between Hepatokines Concentrations and Biochemical Parameters Analyzed in the Blood of COVID-19 Patients 

	Discussion 
	Conclusions 
	References

