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Abstract. - OBJECTIVE: Oxygen is essential
for living organisms that perform aerobic respi-
ration since cells begin to die when humans and
animals are deprived of oxygen. Oxygen satura-
tion decreases and shortness of breath occurs
in coronavirus (COVID-19) disease. Therefore, in
this study, we aimed to determine the changes
in hypoxia-inducible factor-1o (HIF-1a), subfatin,
asprosin, irisin, C-reactive protein (C-RP), Ma-
resin-1 (MaR-1), and diamine oxidase (DAO) mol-
ecules in diabetic patients with coronavirus ac-
cording to their oxygen saturations.

PATIENTS AND METHODS: Participants
were classified into 4 Groups of 22, including pa-
tients with oxygen saturation between 95% and
100% (Group I, control), between 80% and 85%
(Group Il), between 75% and 79% (Group lll), and
between 70% and 74% (Group IV). COVID-19 was
diagnosed with PCR testing and 5 mL of blood
was taken following the diagnosis. HIF-1a, sub-
fatin, asprosin, irisin, MaR-1, and DAO values
of the participants were measured with ELISA.
Other parameters used in the study were ob-
tained from the records of the patients.

RESULTS: When Group | was compared to
Groups Il, there was no significant change in
Group Il while HIF-1a, subfatin, asprosin, irisin,
C-RP, and DAO counts had increased signifi-
cantly in Groups lll and IV. When the MaR-1 val-
ues were examined, they were reported to have
decreased significantly in Groups Il and IV (p
< 0.05). Similarly, when Group Il and Group IV
were compared, HIF-1a, subfatin, asprosin, iri-
sin, C-RP, and DAO values of the participants in
Group IV had significantly increased while MaR-
1 values had significantly decreased (p < 0.05).
In the case of oxygen saturation decreasing be-
low the critical value (70-74%) in patients with
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coronavirus, the release of HIF-1HIF-1a, sub-
fatin, asprosin, irisin, C-RP, and DAO increased
while the MaR-1 values decreased (p < 0.05).

CONCLUSIONS: Changes in these molecules
in patients with coronavirus and diabetes ac-
cording to their oxygen saturation suggested
that they functioned as the “metabolic oxygen
sensors” of the metabolism. Therefore, accord-
ing to these data, it was predicted that these
molecules had the potential to be used in the di-
agnosis and follow-up of diseases related to ox-
ygen (such as asthma, and critical intensive care
patients) in clinics in the future.
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Introduction

The SARS-CoV-2 virus has been one of the
most fatal RNA viruses in the world since 2019.
This virus belongs to the Coronaviridae fam-
ily and the disease it causes has been named
COVID-19 (CO=corona + VI=virus + D=disease
+ 19=2019= COVID-19) since it was reported to
cause disease in humans in 20192, This virus
causes a wide range of infections including pneu-
monia in humans and causes decreased oxygen
saturation, inflammation, impaired energy me-
tabolism, and cytokine storm’. This study was
conducted to determine the changes in hypox-
ia-inducible factor-l1o. (HIF-1a), subfatin, aspros-
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in, irisin, C-reactive protein (C-RP), Maresin-1
(MaR-1), and diamine oxidase (DAO) in patients
with COVID-19 according to their oxygen satu-
rations.

HIF-la is a dimeric protein that plays a critical
role in oxygen homeostasis. It is responsible for
detecting and responding to changes in cellular
oxygen concentration*. Also, dexmedetomidine
promotes the recovery of renal function and
reduces the inflammatory level in renal isch-
emia-reperfusion injury in rats through the PI3K/
Akt/HIF-1a signaling pathway?.

Most pleiotropic events are regulated by HIF-1a,
and their levels increase at low oxygen concen-
trations®. It has been reported”® that the mortality
rate due to hypoxia increases in patients with
COVID-19, especially in obese patients, due to
the interaction between adipose tissue hypoxia
and obstructive sleep apnea. Hypoxia develops
due to severe lung injury and severe viral pneu-
monia in the majority of decompensated cases
with COVID-19°. HIF-la has been reported® to
increase inflammatory responses to COVID-19
by provoking SARS-CoV-2 infection. In addition,
HIF-la reduces mitochondrial oxygen depletion
and inhibits the tricarboxylic acid cycle (TCA) by
the activation of pyruvate dehydrogenase kinase
1 1". In a study” on COVID-19, serum HIF-la
values were reported to be higher compared to the
values of the control Group. Moreover, HIFs play
arole in the pathogenesis of B-cell dysfunction and
diabetes®. It has been reported" that the deletions
of HIF-1a increase the complications of diabetes
and worsen B cell functions. Improving glucose
management in people with diabetes has been re-
ported™ to increase HIF-1a protein. Therefore, it is
beneficial to determine whether HIF-1a values are
correlated with subfatin, which is the mediator in
glucose use, asprosin, and irisin, which is respon-
sible for the destruction of fat'>'c.

Subfatin (Metrnl Protein) hormone blocks the
release of inflammation-mediated molecules, and
it is an important key player in glucose metab-
olism, which improves the intracellular insulin
signal transduction!’. This hormone (molecular
weight -28 kDa) is also called adipokine (sub-
fatin), cytokine (interleukin 39), and neurotrophic
factor (cometin) depending on its function in dif-
ferent tissues'®. The tissues where subfatin is most
synthesized have been reported” to be the sub-
cutaneous white adipose tissues of organisms. In
addition to these tissues, it is also released from
the liver, spleen, muscle, heart, thymus, fore-
brain, midbrain, hindbrain, and omental, perivas-
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cular, and interscapular adipose tissues®’. There
is not a complete consensus on how the subfatin
changes due to diabetes. It increases due to dia-
betes according to a researcher?’ and decreases
according to a study?. COVID-19 affects almost
all biological systems®. As mentioned above,
subfatin is synthesized and released in almost
all biological tissues and it inhibits the release of
inflammation- mediated molecules®. Therefore,
there is a possible connection between the in-
flammation observed in COVID-19 and subfatin
which needs to be investigated.

Asprosin is another conductor of the metabo-
lism that acts together with the subfatin hormone.
Asprosin is synthesized from white adipose tissue
and controls the release of insulin and glucose®.
Asprosin is encoded by two exons of the Fibrillin
1 (FBNI) gene (exon 65 and exon 66) and white
adipose tissue is the main source of asprosin®.
In a study®, it was reported that the increase in
asprosin in diabetes was independent of fasting
glucose. FBNI mRNA is abundantly expressed
in various organs, including the lung, and heart,
and is a source of asprosin?. Since there is wide-
spread lung involvement in cases of COVID-19,
there may be a connection between asprosin and
COVID-19%. There is a recent study®® reporting
that the amount of asprosin has decreased in pa-
tients with COVID-19.

In patients with COVID-19, food intake de-
creases due to loss of appetite?”. Therefore, there
may be a connection between irisin, which is
responsible for fat destruction, and SARS-CoV-2
infection. Irisin is mainly synthesized from the
skeletal muscle. It turns white adipose tissue into
brown adipose tissue, causing fat destruction and
weakening by causing heat energy to be released
through couplings instead of ATP production.
Irisin is synthesized and released into the circu-
lation in almost all biological tissues except the
skeletal muscle'®. Studies®™?! investigating the re-
lationship between irisin, and diabetes are contra-
dictory. Irisin increases due to diabetes according
to a researcher®® and decreases according to one
other researcher’’.

C-reactive protein (“c” carbohydrate antibody
of the capsule of pneumococcus) is a protein that
increases in the blood during inflammatory re-
actions and is an acute phase reactant produced
by liver and fat cells. It was discovered by Tillett
and Francis®? in 1930. C-RP has both proin-
flammatory and anti-inflammatory properties®.
C-RP, which is a sensitive marker of systemic
inflammation, has been reported** to increase in
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patients with type 2 diabetes. C-RP could be used
as indicator in the early diagnosis and evaluation
of novel coronavirus pneumonia (COVID-19)*.

MaR-1 is a molecule that is endogenously syn-
thesized from docosahexaenoic acid (DHA)®. This
anti-inflammatory molecule has a role in the elim-
ination of acute inflammation of lung fibrosis,
sepsis, obesity, and brain ischemia®’. In addition,
the administration of MaR-1 to animals causes the
decrease of the proinflammatory cytokines secret-
ed by macrophages®. The levels of MaR-1 in cir-
culation also decrease due to diabetes”. Moreover,
MaR-1 has been reported” to improve insulin
resistance and reduce inflammation.

It may also be associated with the production
of excess histamine in the body (mast cell-as-
sociated inflammation, allergy) associated with
inflammation that causes the severe course of
COVID-19 since histamine is a biological amine
stored in mast cells and released when these cells
are activated”. DAO is an enzyme responsible
for the destruction of histamine*’. There is a link
between histamine intolerance and the develop-
ment of prediabetes and diabetes®. It has been
reported that histamine levels increase in diabetic
conditions*, and DAO levels decrease®. There
are studies* reporting an increase in histamine
levels in the circulation in cases with COVID-19.

Considering that the energy metabolism is af-
fected, oxygen saturation decreases, inflamma-
tion increases, diffuse lung fibrosis occurs, and
histamine release strongly increases according to
the current data on COVID-19. Testing HIF-la,
subfatin, asprosin, irisin, C-RP, MaR-1, and DAO
molecules together in patients with COVID-19
could be a guide for the course of COVID-19, and
no studies have been conducted in the literature on
this subject according to their oxygen saturations.
In addition, many current studies*’-* have indicat-
ed that it is not possible to diagnose and monitor
any disease with a single biomarker. This is almost
impossible in the case of SARS-CoV-2 infection,
which is a very complicated disease affecting bi-
ological systems. Therefore, this study aimed to
reveal the changes of HIF-la, subfatin, asprosin,
irisin, C-RP, MaR-1, and DAO molecules, which
are interrelated in SARS-CoV-2 infection accord-
ing to the oxygen saturation of the patients.

Patients and Methods

This study was conducted with the ap-
proval of Firat University Non-interventional

Ethical Board dated July 4™, 2022 upon the
meeting session (2022, 05/25) and numbered
E-13281952-929. All patients had written in-
formed consent and this prosses was performed
in accordance with the Declaration of Helsinki.
It included patients who presented to the Fethi
Sekin City Hospital with certain complaints
(cough, fever, respiratory distress, etc.) and
who had similar body mass indeces (BMIs) and
ages. Among the patients, 22 patients with an
oxygen saturation between 95% and 100% were
included in the healthy volunteer control Group
(Group I, this Group consisted of individuals
who came to our hospital for routine check-
up examinations and did not have any medi-
cal conditions). In addition, 22 patients with
COVID-19, whose oxygen saturations were be-
tween 80% and 85%, were included in Group 11
and 22 patients with COVID-19, whose oxygen
saturations were between 75% and 79%, were
included in Group III. Finally, 22 patients with
COVID-19 and oxygen saturations between
70% and 74% were included in Group IV. As
described before, 5 mL of blood samples were
obtained from all patients®.

Oxygen saturations of the participants were
measured with Aircase Pulse Oximeter (model
AC601, Hebei, China). They were centrifuged at
4,000 rpm and stored at -40 degrees Celsius until
testing. In addition, the biochemistry parameters
requested during the check-up or hospitalizations
of the participants were obtained from the patient
records. Type 2 diabetes was diagnosed accord-
ing to the American Diabetes Association (ADA)
criteria®’. Moreover, medical histories and phys-
ical examinations of all patients with COVID-19
were performed, their sputum and blood tests
were made for factor detection, and leukocyte,
C-RP, and blood counts were measured. Radio-
logical examinations (computed thoracic tomog-
raphy, thoracic ultrasound, and chest radiogra-
phy) were also performed. COVID-19 positivity
was diagnosed by microbiology experts with
Reverse-Transcriptase Polymerase Chain Reac-
tion (RT-PCR) (Rotor-Gene Q, Qiagen Hilden,
Germany) method®.

ELISA Measurements

HIF-la (Human HIF-lo ELISA Kit, catalog
No.: 201-12-0423; Shanghai Sunred Biologi-
cal Technology, Shanghai, China), DAO (Hu-
man DAO ELISA Kit, catalog No.: 201-12-0777,
Shanghai Sunred Biological Technology, Shang-
hai, China), irisin (Human Irisin ELISA Kit,
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catalog No.: 201-12-5328; Shanghai Sunred Bio-
logical Technology, Shanghai, China), Subfatin
levels (Meteorin-like Protein) (Bioassay Tech-
nology Laboratory, catalog No.: E3941Hu Shang-
hai, China), and Asprosin (ELISA kit; Bioassay
Technology Laboratory, catalog No.. E4095Hu
Shanghai, China) counts were tested using the
ELISA kit and ELISA method in accordance
with the procedures of the manufacturer. MaR-1
was measured using the Enzyme-Linked Immu-
nosorbent Assay, (SunRed, Biological Technol-
ogy Co., Shanghai, China). Absorbances were
read spectrophotometrically at 450 nm in the
ChroMate Microplate Reader P4300 (Awareness
Technology Instruments, Palm City, FL, USA)
ELISA reader. Bio-TEK ELX50 (BioTek Instru-
ments, Winooski, Vermont, USA) was used as
an automatic washer in washing plates. The kit
measurement range for subfatin was 0.05-15 ng/
mL, with a minimum measurable level of 0.023
ng/mL. The measurement range of the kit for as-
prosin was 0.5-100 ng/mL and its minimum mea-
surable level was 0.23 ng/mL. The measurement
range of irisin was 0.157 ng/mL, 0.2-60 ng/mL,
and the minimum measurable level was 0.157 ng/
mL ng/mL. The measurement range of the MaR-
1 kit was 0.10-1500 pg/mL. While the intra-assay
CV value of the kits was <8%, the inter-assay CV
value was <10%.

Statistical Analysis

Statistical analyses were performed on SPSS
(SPSS Statistics for Windows, version 22.0. IBM
Corp., Armonk, NY, USA) software. The Shap-
iro-Wilk test was used to evaluate the confor-
mity of the variables obtained as continuous
measurement values to normal distribution. Ac-
cording to the results of the test, the Student’s
t-test was used to compare the variables with
normal distribution between the two indepen-
dent Groups, and the Mann-Whitney U test was
used in cases where the normal distribution was
not achieved. Kruskal-Wallis’ variance Analysis
technique was used to compare multiple inde-
pendent Groups. In cases where the difference
between more than two independent Groups was
found to be significant, the determination of the
Groups that created the difference was deter-
mined by post-hoc multiple comparison tests.
Demographic characteristics and Group com-
parisons were summarized as mean + standard
deviation. In our study, the level of statistical
significance was taken as p < 0.05.
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Results

The most common complaints of the patients
admitted to our hospital at the time of admission
were fever (34%) followed by cough (23%), which
accounted for 57% of all admissions. There was
no statistically significant difference between the
age and body mass indices of all patients included
in the study compared to the control Group (p
> 0.05) (Table I). The comparison of biochem-
ical laboratory parameters of the study Groups
is presented in Table I. When the biochemical
parameters were compared between the patient
and control Groups, it was found that there was
a statistically significant increase in the platelet,
potassium, neutrophil, monocyte, iron, troponin,
urea, and D-dimer values of Groups III and IV
(p <0.05). Leukocytes were the lowest in Group
IV; however, monocyte levels had increased (p <
0.05). As the oxygen saturation of the Groups de-
creased, the levels of free iron, ferritin (contained
iron increased). In addition, when the HIF-la,
subfatin, asprosin, irisin, C-RP, DAO, and MaR-1
counts were compared, they demonstrated a neg-
ative correlation and were statistically significant
(r: -0.65, p = 0.001; r: -0.53, p = 0.002; - -0.62, p
=0.001; r: -0.49, p = 0.004; r: - 0.67, p = 0.001; r:
-0.48, p = 0.004, respectively).

When the HIF-1a values of Group I, Group II,
Group III and Group IV were compared to each
other, there was a statistically significant increase
in Group III and Group IV compared to Group
I and this increase was the highest in Group IV
while no statistical significance was determined
for Group II. When the HIF-1a values of Group
I, Group III, and Group IV were compared
among themselves, the HIF-la values of Group
IV were statistically significantly higher com-
pared to Group II (Figure 1).

When the subfatin values of Group I, Group
11, Group 111, and Group IV were compared with
each other, there was a statistically significant
increase in Group III and Group IV compared
to Group I, and this increase was the highest in
Group IV while no statistical significance was
determined for Group II. When the subfatin val-
ues of Group II, Group III, and Group IV were
compared among themselves, the subfatin values
of Group IV were statistically significantly higher
compared to Group II (Figure 2).

When the asprosin values of Group I, Group
11, Group II1, and Group IV were compared with
each other, Group III and Group IV demonstrat-
ed a statistically significant increase compared
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Table I. Comparison of the demographic characteristics and biochemical parameters of the Groups by their oxygen saturations.

Saturation (%)
Group | Group Il Group Il Group IV

Parameters (96.95) (84.13) (77.77) (72.22)
Female/Male 1/ 9/13 10/12 9/13
Age (year) 50.27 +£2.83 52.68 +3.35 50.09 +4.05 51.63 £3.06
BMI (kg/m?) 23.00+ 1.27 26.00+ 1.97* 28.00 + 3.320¢ 31.00 £ 3.97¢¢i
Glucose (mg/dL) 86.40 = 5.60 134.05+13.91 139.31 +16.35 144.59 + 19.95
D-dimer (pg/mL) 0.82+0.04 0.84+0.11 1.66 + 0.20°f 2.02+0.2148
Creatine (mg/dL) 0.78 £0.71 0.81 +0.64 0.84+0.51c 0.86 + 0.574"
Ferritin (ug/L) 139.22 +£7.69 183.90 + 12.21* 207.27 £ 19.18>f 269.22 +23.95%¢d
Troponin (ng/dL) 0.00 +0.00 7.26 £0.79* 8.39 £ 0.39"f 12.91 +0.70%¢
Urea (mmol/L) 36.93 +3.11 43.80+£2.73* 43.68 £2.38" 46.66 £ 2.24%¢
Total Bilirubin (mg/dL) 0.52+0.03 0.57 £ 0.05* 0.65 +0.03>" 0.67 +0.05%¢
WBC (x10° cells/uL) 6.57+0.34 8.61 +0.64* 8.95 +0.33% 10.80 + 1.35¢¢
Neutrophil (x10° cells/uL) 5.85+0.32 6.81 +0.51° 6.02 +£0.80° 6.11 +£0.27%¢9
Lymphocyte (x10° cells/uL) 1.34+0.19 1.28+0.23 1.26 +£0.26 1.26 +£0.24
Monocyte (x10° cells/uL) 0.41+0.07 0.58 £0.07* 0.65 + 0.06° 0.68 + 0.05%¢
Hemoglobin (g/dL) 13.90+0.34 12.96 + 0.76* 12.80 +0.58° 12.29 £ 0.42%¢
Na (mmol/L) 141.81 £ 13.73 140.23 £ 12.78 137.25 +13.78>f 132.04 £ 13.30%¢i
Cl (mmol/L) 103.56 + 14.72 101.58 + 13.38 104.62 + 14.57¢ 103.28 + 12.31"
K (mmol/L) 418+0.13 4.83+£043* 5.13£0.21%f 5.52 +£0.224¢
Fe (umol/L) 423+1.13 68.40 £ 1.99* 6791 +£2.75° 72.34 £ 1.90%¢

Group I: Control. BMI: Body mass index. WBC: White blood cells. *Group I vs. Group II (p < 0.01). °Group I vs. Group III (p <
0.01). “Group I vs. Group III (p < 0.05). !Group I vs. Group IV (p < 0.01). °Group II vs. Group III (p < 0.05). ‘Group II vs. Group
III (p < 0.01). Group IT vs. Group IV (p < 0.01). " Group II vs. Group IV (p < 0.05).'Group III vs. Group IV (p < 0.05). *Group

I vs. Group IV (p < 0.01).

to Group I and this increase was the highest in
Group IV while no statistical significance was
determined for Group II. When the asprosin val-
ues of Group II, Group III, and Group IV were
compared among themselves, the asprosin values
of Group IV were significantly higher compared
to Group II (Figure 3).

When the irisin values of Group I, Group II,
Group III, and Group IV were compared with
each other, there was a statistically significant
increase in Group III and Group IV compared
to Group I, and this increase was the highest in
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Figure 1. Comparison of HIF-1a values in Groups by their
oxygen saturations.

Group IV while no statistical significance was
determined for Group II. When the irisin val-
ues of Group II, Group III, and Group IV were
compared among themselves, the irisin values of
Group IV were reported to be significantly higher
compared to Group II (Figure 4).

When the C-RP values of Group I, Group II,
Group 111, and Group IV were compared among
each other, Group III and Group IV showed a
significant increase compared to Group I, and this
increase was the highest in Group IV. Group II
was not statistically significant. When the C-RP

Subfatin (ng/mL)
o

Group I Group IT Group III Group IV

Figure 2. Comparison of subfatin values in Groups by
their oxygen saturations.
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Figure 3. Comparison of asprosin values in Groups by
their oxygen saturations.

values of Group II, Group III, and Group IV were
compared among themselves, the C-RP values of
Group IV were significantly higher than Group 1
(Figure 5).

When the MaR-1 values of Group I, Group II,
Group III, and Group IV were compared with
each other, Group III and Group IV demonstrat-
ed a statistically significant decrease compared
to Group I, and this decrease was the highest in
Group IV while no statistical significance was
determined for Group II. When the MaR-1 val-
ues of Group II, Group III, and Group IV were
compared among themselves, the MaR-1 values
of Group IV were significantly lower compared
to Group II (Figure 6).

When the DAO values of Group I, Group II,
Group III, and Group IV were compared with
each other, there was a statistically significant
increase in Group III and Group IV compared
to Group I, and this increase was the highest
in Group IV while no statistical difference was
observed for Group II. When the DAO values of
Group II, Group III, and Group IV were com-

Irisin (ng/mL)

Group I

Group IIT

Figure 5. Comparison of C-RP values in Groups by their
oxygen saturations.

pared among themselves, the DAO values of
Group IV were statistically significantly higher
than Group II (Figure 7).

Discussion

SARS-CoV-2 has been on the agenda in the
health community for more than two years since
it affects many biological systems and organs,
causes deaths, and it has been reported* that
respiratory distress syndrome (shortness of
breath) has the most significant effect; however,
the metabolic molecules affected in biological
systems due to this syndrome have not yet been
fully revealed. Under hypoxic conditions, ener-
gy metabolism (glucose metabolism) in the cell
is regulated by HIF (oxygen sensitivity mech-
anism)*. The regulation of energy metabolism
in the organism is under strict control by a large
number of adipokine-derived peptide-structured
hormones (asprosin causes glucose release from
the liver, while subfatin mediates the regula-

600
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Group I Group II Group III

Group IV

Figure 4. Comparison of irisin values in Groups by their
oxygen saturations.
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Figure 6. Comparison of MaR-1 values in Groups by their
oxygen saturations.
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DAO (ng/mL)

Group I Group IT Group III Group IV

Figure 7. Comparison of DAO values in Groups by their
oxygen saturations.

tion of the physiological effects of insulin)'*%.
All infections, including SARS-CoV-2 infection,
cause inflammation®. The most important clas-
sical marker of inflammation due to infections
is the C-RP molecule’, and the MaR-1 molecule
has been reported® to be an important marker
of inflammation in recent years. In this study,
the changes of HIF-1a, asprosin, subfatin, irisin,
MaR-1, C-RP, and DAO molecules according to
oxygen saturations of patients with COVID-19
were investigated for the first time.

In oxygen-dependent organisms, oxygen de-
ficiency tends to reduce oxygen use and energy
need in tissues and leads to the synthesis of tran-
scriptional factors that enable its adaptation to
hypoxic conditions®. For example, HIFs are tran-
scriptional factors that respond to the decrease in
oxygen levels®. In this study, it was found that the
amount of HIF-1a increased as oxygen saturation
decreased in patients with diabetes. The levels
of HIF-la were reported to have increased in
studies' on patients with diabetes. In this study,
the increase in HIF-la levels in patients with
COVID-19 increased depending on the decrease
of oxygen saturations rather than high circulating
glucose because there was no significant differ-
ence between the glucose amounts of diabetic
Groups. In addition, it was previously reported®
that cellular HIF-1a levels increased in organisms
due to hypoxia caused by infection. When meta-
bolic hypoxia due to SARS-CoV-2 occurs, cells
might increase HIF-la synthesis to save them-
selves from oxygen starvation. Increased HIF-1a
reduces mitochondrial oxygen depletion and in-
hibits the TCA by activation of pyruvate dehydro-
genase kinase 1!'. At the end of these metabolic
events, tissues and cells adapt to low oxygen
levels (hypoxia) while activating a large number

of pathways, including iron and glucose metabo-
lism*. In short, these data indicate that HIFs play
an important regulatory role in inflammation. For
example, HIFs not only regulate glycolytic ener-
gy production in macrophages, but also optimize
innate immunity, control proinflammatory gene
expression, mediate the killing of pathogens, and
can affect cell migration®.

Moreover, it was found in the present study
that the subfatin values increased as the oxygen
saturation decreased in patients with diabetes
and coronavirus. Subfatin is produced by mono-
cytes, adipocytes, and skeletal muscle®. Severe
muscle damage occurs in COVID-19 disease®.
This muscle damage may have caused excessive
subfatin release and thus subfatin accumulation
in the circulation. In addition, subfatin may have
increased in circulation as a result of a compen-
satory mechanism to reduce inflammation that
occurred in the skeletal muscle due to COVID-19.
Another reason for the increase in subfatin values
due to the decrease in oxygen saturations may
have been the increase in monocyte values due
to COVID-19 infection since monocytes are an
important subfatin production factory®. Apart
from all these mechanisms, the subfatin values
may have increased in order to closely control the
changing energy molecules (such as glucose and
fats) due to COVID-19 as subfatin is a hormone
that plays a role in glucose homeostasis'”. Since
this is the first study to compare how subfatin
changes according to oxygen saturations, we can-
not compare our results. It needs to be confirmed
by an independent research laboratory in the
future.

In this study, asprosin values were found to in-
crease as oxygen saturation decreased in patients
with diabetes and coronavirus. In a study®® con-
ducted on patients with COVID-19, the asprosin
values were reported to have decreased, which
was contradictory to the results of the current
study. Asprosin is a peptide hormone. Since they
break down quickly when taken into biochemi-
cal tubes without a protease inhibitor®, they are
detected in low amounts when measured. We be-
lieve that this was the potential reason why the re-
sults of the current study and the previous study?
were contradictory. In addition, asprosin is also a
molecule that mediates glucose release from the
liver™. Asprosin levels may have increased in the
circulation to contribute to meeting the energy
demand of the organism. In studies* conducted
with diabetic patients, asprosin levels were re-
ported to have increased, and these results were
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consistent with the results of the current study. In
addition, as in the mechanisms mentioned above,
the increase in asprosin in this study was associ-
ated with a decrease in the oxygen saturation of
the patients since the asprosin values increased as
the oxygen saturation decreased.

In this study, irisin levels were found to in-
crease as oxygen saturation increased in diabetic
patients with coronavirus. The increased irisin in
the circulation in our study on COVID-19 may
be that the irisin found in the heart muscle may
have contributed to the serum pool when they
were released as a result of the damage to the
heart muscle®®. This may have also been due to
an increase in cardiac damage caused by viral
myocarditis®’. In addition, since irisin is a mole-
cule with anti-inflammatory activity, it may have
increased to eliminate inflammation in patients
with COVID-19%. In cases of infection, weight
loss due to loss of appetite may also be associated
with the destruction of fats of irisin, whose syn-
thesis increases due to infection.

As oxygen saturation decreased, the C-RP val-
ue increased in patients with diabetes and corona-
virus. Some studies***°7! show that C-RP increas-
es significantly in the first stage of COVID-19
infection. In this study, C-RP values increased
significantly as oxygen saturation decreased. It
was believed that this increase in C-RP values as
oxygen saturation decreased triggered inflamma-
tion due to metabolic oxygen deficit; and there-
fore, C-RP could increase in diabetic patients
with COVID-19.

MaR-1 is another molecule that plays a role
in inflammation. This molecule is a powerful
anti-inflammatory with the capacity to prevent
inflammation by reducing neutrophil infiltration
and increasing the phagocytic activity of mac-
rophages®’. In our study, MaR-1 levels were also
investigated for the first time in SARS-CoV-2
infection according to oxygen saturations. As ox-
ygen saturations decreased, a significant decrease
was observed gradually in the levels of MaR-1.
SARS-CoV-2 infection increases inflammation’.
In this study, it was theoretically expected that
endogenous production of MaR-1 in the organ-
ism would increase in the inflammatory process
since infection would cause an increase in mac-
rophages”. The increase of macrophages leads to
the production of MaR-1; and furthermore, the
human neutrophil may interact with platelets to
increase the production of endogenous MaR-1
upon the effect of 12-lipoxygenase 1. As in this
study, there is an increase in platelet counts due
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to COVID-19. Therefore, while it was expected
that the increase in platelet amounts would cause
an increase in MaR-1 production; on the contrary,
MaR-1 amounts were reported to have decreased.
We believed that the possible cause of the decrease
in MaR-1 values in this study was that it was met-
abolically consumed to eliminate inflammation.
Therefore, as the oxygen saturation of the patients
decreased, their inflammation increased (C-RP
increase was important evidence in our study);
and accordingly, this anti-inflammatory molecule
may have decreased to eliminate inflammation.
Previously, MaR-1 values were reported™ to have
decreased in cases of inflammation.

In this study, DAO levels were found to in-
crease as oxygen saturation decreased in patients
with diabetes and coronavirus. These data indi-
cated that the increase in DAO levels as oxygen
saturation decreased in COVID-19 was one of the
main parameters showing the metabolic oxygen
demand of the patient and inflammation. Mast
cells are histamine production factories”. His-
tamine increases in COVID-19 infection’. The
DAO levels may have increased to eliminate his-
tamine in COVID-19 infection as DAO is an en-
zyme that plays a role in the elimination of hista-
mine”’. DAO amounts were reported to decrease
due to diabetes, and these DAO data were not
consistent with the current study. Proliferation
has found lower levels of histamine-degrading
DAO enzymes in diabetic rats’. Nevertheless,
the increase in DAO in patients with diabetes and
COVID-19 observed in this study was associated
with the low oxygen saturation of the patients
rather than high circulating glucose. Histamine
levels could not be measured in this study. How-
ever, in a previous hypothesis and a study”, it
was reported that the use of antihistamine had a
role in the control of COVID-19 infection. Using
antihistamines in COVID-19 infection can con-
tribute to the prevention of shortness of breath in
patients as histamine is a molecule that also caus-
es shortness of breath”®. As viral diseases cause
histamine release by making mast cells sick, the
use of antihistamines in the treatment of these
diseases may be important in the future”.

In addition, when the patient and control
Groups were compared in terms of platelet, po-
tassium, monocyte, iron, troponin, and D-dimer
values in the study, the increase of these mole-
cules was significant, especially in Groups III
and IV. The increase in these molecules due to
the decrease in oxygen saturation was consistent
with the previously recorded results®® in pa-
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tients with COVID-19. These changes in patients
with COVID-19 in terms of platelet, potassium,
monocyte, iron, troponin, and D-dimer values in-
dicate that it is an important catastrophic disease
in which the general homodynamic structure of
the organism is impaired.

In this study, it was found that as the oxygen
saturation decreased in patients with COVID-19,
the free iron, ferritin (contained iron) levels in-
creased. High ferritin (stored iron) may be used to
eliminate free iron in circulation. It was reported
in previous studies®** that the level of free iron
and ferritin in the circulation of patients with
COVID-19 increased, and this is compatible with
the current study. In patients with COVID-19, the
possible reason for reporting high free iron and
ferritin may be that SARS-CoV-2 seizes the por-
phyrin by attacking the 1-beta chain of hemoglo-
bin, separating the iron molecule, and pumping
iron into the circulation®. In addition, this free
iron pumped into the circulation may be one of
the underlying mechanisms of inflammation of
lung macrophages; in other words, the ground-
glass image, in patients with COVID-19%*¢. More-
over, it is an indicator of hemoglobin (Hb), which
has lost its ability to carry excess iron and ox-
ygen in circulation. It is suggested that patients
with COVID-19 compensate this situation by
increasing the rate of Hb production. There-
fore, hyperferritinemic syndrome SARS-CoV-2
is an indicator of viral infection®’. In addition, the
monocytosis we reported in our patients may be
due to the tendency to produce macrophages by
surrounding the iron molecules of the body. The
decrease in circulating leukocytes and increased
neutrophils reported in this study may be due to
SARS-CoV-2 invasion as a result of bone mar-
row suppression or peripheral destruction in the
early stages of infection®®. Hence, this did not
exceed the lower limit to categorize as leukope-
nia or neutropenia, and these parameters were
studied in blood samples of patients with breath-
ing difficulties as soon as they were diagnosed
with COVID-19. Moreover, lymphopenia may be
caused by the differentiation of white blood cells
towards monocyte formation®.

As in all studies, there were some limitations
in this study. First of all, the number of par-
ticipants in our study was low. In addition, we
believe that it is important to measure histamine
in patients with COVID-19. Although DAO mea-
surement indirectly provides information about
histamine values, as in this study, we think that it
is beneficial to measure it together in the future.

Conclusions

As a result, this study had the limitations
mentioned above; however, the fact that HIF-1a,
subfatin, asprosin, irisin, C-RP, and DAO values
increased while MAR-1 decreased as the oxygen
saturations decreased was revealed for the first
time in this study. The changes observed in these
molecules as oxygen saturation decreased may be
an indicator of hyperinflammation. In addition,
the changes observed in these molecules were
independent of glucose concentrations and asso-
ciated with decreased oxygen saturations because
there was no significant difference between the
glucose amounts of diabetic Groups. Measuring
these molecules in the future can guide clinicians
on the course of viral infections. Moreover, the
administration of MaR-1, which has anti-inflam-
matory properties, in diabetes accompanied by
COVID-19 may contribute to the improvement of
the clinical course of patients.
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