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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-1α (HIF-1α), 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 II), between 75% and 79% (Group III), 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-1α, 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 I was compared to 
Groups II, there was no significant change in 
Group II while HIF-1α, subfatin, asprosin, irisin, 
C-RP, and DAO counts had increased signifi-
cantly in Groups III and IV. When the MaR-1 val-
ues were examined, they were reported to have 
decreased significantly in Groups III and IV (p 
< 0.05). Similarly, when Group II and Group IV 
were compared, HIF-1α, 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 

coronavirus, the release of HIF-1HIF-1α, 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 20191,2. 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 storm3. This study was 
conducted to determine the changes in hypox-
ia-inducible factor-1α (HIF-1α), 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-1α is a dimeric protein that plays a critical 
role in oxygen homeostasis. It is responsible for 
detecting and responding to changes in cellular 
oxygen concentration4. 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-1α signaling pathway5.

Most pleiotropic events are regulated by HIF-1α, 
and their levels increase at low oxygen concen-
trations6. It has been reported7,8 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-199. HIF-1α has been reported10 to 
increase inflammatory responses to COVID-19 
by provoking SARS-CoV-2 infection. In addition, 
HIF-1α reduces mitochondrial oxygen depletion 
and inhibits the tricarboxylic acid cycle (TCA) by 
the activation of pyruvate dehydrogenase kinase 
I 111. In a study12 on COVID-19, serum HIF-1α 
values were reported to be higher compared to the 
values of the control Group. Moreover, HIFs play 
a role in the pathogenesis of β-cell dysfunction and 
diabetes4. It has been reported13 that the deletions 
of HIF-1α increase the complications of diabetes 
and worsen β cell functions. Improving glucose 
management in people with diabetes has been re-
ported14 to increase HIF-1α protein. Therefore, it is 
beneficial to determine whether HIF-1α values are 
correlated with subfatin, which is the mediator in 
glucose use, asprosin, and irisin, which is respon-
sible for the destruction of fat15,16.

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 transduction17. 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 tissues18. The tissues where subfatin is most 
synthesized have been reported19 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-

cular, and interscapular adipose tissues20. There 
is not a complete consensus on how the subfatin 
changes due to diabetes. It increases due to dia-
betes according to a researcher21 and decreases 
according to a study22. COVID-19 affects almost 
all biological systems23. As mentioned above, 
subfatin is synthesized and released in almost 
all biological tissues and it inhibits the release of 
inflammation- mediated molecules20. 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 glucose15. 
Asprosin is encoded by two exons of the Fibrillin 
1 (FBN1) gene (exon 65 and exon 66) and white 
adipose tissue is the main source of asprosin24. 
In a study25, it was reported that the increase in 
asprosin in diabetes was independent of fasting 
glucose. FBN1 mRNA is abundantly expressed 
in various organs, including the lung, and heart, 
and is a source of asprosin26. Since there is wide-
spread lung involvement in cases of COVID-19, 
there may be a connection between asprosin and 
COVID-1927. There is a recent study28 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 appetite29. 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 muscle16. Studies30,31 investigating the re-
lationship between irisin, and diabetes are contra-
dictory. Irisin increases due to diabetes according 
to a researcher30 and decreases according to one 
other researcher31.

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 Francis32 in 1930. C-RP has both proin-
flammatory and anti-inflammatory properties33. 
C-RP, which is a sensitive marker of systemic 
inflammation, has been reported34 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)35.

MaR-1 is a molecule that is endogenously syn-
thesized from docosahexaenoic acid (DHA)36. This 
anti-inflammatory molecule has a role in the elim-
ination of acute inflammation of lung fibrosis, 
sepsis, obesity, and brain ischemia37. In addition, 
the administration of MaR-1 to animals causes the 
decrease of the proinflammatory cytokines secret-
ed by macrophages38. The levels of MaR-1 in cir-
culation also decrease due to diabetes39. Moreover, 
MaR-1 has been reported40 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 activated41. DAO is an enzyme responsible 
for the destruction of histamine42. There is a link 
between histamine intolerance and the develop-
ment of prediabetes and diabetes43. It has been 
reported that histamine levels increase in diabetic 
conditions44, and DAO levels decrease45. There 
are studies46 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-1α, 
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 studies47-49 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-1α, 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 4th, 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 II 
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 patients50.

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) 
criteria51. 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) method52.

ELISA Measurements 
HIF-1α (Human HIF-1α 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.

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-1α, 
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; r: -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-1α 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-1α values of Group 
II, Group III, and Group IV were compared 
among themselves, the HIF-1α values of Group 
IV were statistically significantly higher com-
pared to Group II (Figure 1).

When the subfatin 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 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 
II, Group III, and Group IV were compared with 
each other, Group III and Group IV demonstrat-
ed a statistically significant increase compared 



Oxygen saturation, inflammation and adipocytokines in diabetes with COVID-19

9493

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 

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 III, 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 

Table I. Comparison of the demographic characteristics and biochemical parameters of the Groups by their oxygen saturations.

			                               Saturation (%)

		  Group I	 Group II	 Group III	 Group IV
	 Parameters	 (96.95)	 (84.13)	 (77.77)	 (72.22)

Female/Male	 11/11	 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/m2)	 23.00 ± 1.27	 26.00 ± 1.97a	 28.00 ± 3.32b,e	 31.00 ± 3.97d,g,i

Glucose (mg/dL)	 86.40 ± 5.60	 134.05 ± 13.91 	 139.31 ± 16.35	 144.59 ± 19.95 
D-dimer (μg/mL) 	 0.82 ± 0.04	 0.84 ± 0.11	 1.66 ± 0.20b,f	 2.02 ± 0.21d,g,j

Creatine (mg/dL)	 0.78 ± 0.71	 0.81 ± 0.64	 0.84 ± 0.51c	 0.86 ± 0.57d,h

Ferritin (μg/L)	 139.22 ± 7.69	 183.90 ± 12.21a	 207.27 ± 19.18b,f	 269.22 ± 23.95d,g,j

Troponin (ng/dL)	 0.00 ± 0.00	 7.26 ± 0.79a	 8.39 ± 0.39b,f	 12.91 ± 0.70d,g,j

Urea (mmol/L)	 36.93 ± 3.11	 43.80 ± 2.73a	 43.68 ± 2.38b	 46.66 ± 2.24d,g,j

Total Bilirubin (mg/dL)	 0.52 ± 0.03	 0.57 ± 0.05a	 0.65 ± 0.03b,f	 0.67 ± 0.05d,g

WBC (×103 cells/µL)	 6.57 ± 0.34	 8.61 ± 0.64a	 8.95 ± 0.33b,e	 10.80 ± 1.35d,g,j

Neutrophil (×103 cells/µL)	 5.85 ± 0.32	 6.81 ± 0.51a	 6.02 ± 0.80b	 6.11 ± 0.27d,g,j

Lymphocyte (×103 cells/µL)	 1.34 ± 0.19	 1.28 ± 0.23	 1.26 ± 0.26	 1.26 ± 0.24
Monocyte (×103 cells/µL)	 0.41 ± 0.07	 0.58 ± 0.07a	 0.65 ± 0.06b,f	 0.68 ± 0.05d,g

Hemoglobin (g/dL)	 13.90 ± 0.34	 12.96 ± 0.76a	 12.80 ± 0.58b	 12.29 ± 0.42d,g,j

Na (mmol/L)	 141.81 ± 13.73	 140.23 ± 12.78	 137.25 ± 13.78b,f	 132.04 ± 13.30d,g,j

Cl (mmol/L)	 103.56 ± 14.72	 101.58 ± 13.38	 104.62 ± 14.57e	 103.28 ± 12.31h

K (mmol/L)	 4.18 ± 0.13	 4.83 ± 0.43a	 5.13 ± 0.21b,f	 5.52 ± 0.22d,g,j

Fe (µmol/L)	 42.3 ± 1.13	 68.40 ± 1.99a	 67.91 ± 2.75b	 72.34 ± 1.90d,g,j

Group I: Control. BMI: Body mass index. WBC: White blood cells. aGroup I vs. Group II (p < 0.01). bGroup I vs. Group III (p < 
0.01). cGroup I vs. Group III (p < 0.05). dGroup I vs. Group IV (p < 0.01). eGroup II vs. Group III (p < 0.05). fGroup II vs. Group 
III (p < 0.01). gGroup II vs. Group IV (p < 0.01). h Group II vs. Group IV (p < 0.05).iGroup III vs. Group IV (p < 0.05). j:Group 
III vs. Group IV (p < 0.01).

Figure 1. Comparison of HIF-1α values in Groups by their 
oxygen saturations.

Figure 2. Comparison of subfatin values in Groups by 
their oxygen saturations.
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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 II 
(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-

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 reported53 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)54. 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-

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

Figure 4. Comparison of irisin values in Groups by their 
oxygen saturations.

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

Figure 6. Comparison of MaR-1 values in Groups by their 
oxygen saturations.
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tion of the physiological effects of insulin)19,55. 
All infections, including SARS-CoV-2 infection, 
cause inflammation56. The most important clas-
sical marker of inflammation due to infections 
is the C-RP molecule57, and the MaR-1 molecule 
has been reported58 to be an important marker 
of inflammation in recent years. In this study, 
the changes of HIF-1α, 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 conditions59. For example, HIFs are tran-
scriptional factors that respond to the decrease in 
oxygen levels60. In this study, it was found that the 
amount of HIF-1α increased as oxygen saturation 
decreased in patients with diabetes. The levels 
of HIF-1α were reported to have increased in 
studies14 on patients with diabetes. In this study, 
the increase in HIF-1α 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 reported61 
that cellular HIF-1α levels increased in organisms 
due to hypoxia caused by infection. When meta-
bolic hypoxia due to SARS-CoV-2 occurs, cells 
might increase HIF-1α synthesis to save them-
selves from oxygen starvation. Increased HIF-1α 
reduces mitochondrial oxygen depletion and in-
hibits the TCA by activation of pyruvate dehydro-
genase kinase 111. 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-
lism59. 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 migration62.

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 muscle63. Severe 
muscle damage occurs in COVID-19 disease64. 
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 factory63. 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 homeostasis17. 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 study28 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 inhibitor65, 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 study28 
were contradictory. In addition, asprosin is also a 
molecule that mediates glucose release from the 
liver55. Asprosin levels may have increased in the 
circulation to contribute to meeting the energy 
demand of the organism. In studies25 conducted 
with diabetic patients, asprosin levels were re-
ported to have increased, and these results were 

Figure 7. Comparison of DAO values in Groups by their 
oxygen saturations.
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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 muscle66. This may have also been due to 
an increase in cardiac damage caused by viral 
myocarditis67. In addition, since irisin is a mole-
cule with anti-inflammatory activity, it may have 
increased to eliminate inflammation in patients 
with COVID-1968. 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 studies34,69-71 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-
rophages37. 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 inflammation72. 
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-
rophages73. 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 

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 reported74 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 factories75. His-
tamine increases in COVID-19 infection76. 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-
mine77. 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 rats78. 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 study79, 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 breath79,80. 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 future79.

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 results81,82 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 studies83,84 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 circulation85. 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-1986. 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 infection87. 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 infection88. 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 formation89.

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-1α, 
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.  

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval
This study was approved by the Firat University Non-inter-
ventional Ethical Board.

Informed Consent
All patients provided written informed consent.

Authors’ Contribution
Zuhal Karaca Karagoz, Suleyman Aydin: contributed to 
study conception, design, collect to data, data interpreta-
tion, preparing the draft manuscript, and final approval of 
the version to be published. Suleyman Aydin, Zuhal Kara-
ca Karagoz: contributed to study conception, design, to da-
ta analysis, data interpretation, preparing the draft man-
uscript, and final approval of the version to be published.

Funding
No funding was requested for this study.

Availability of Data and Materials
Data are available upon request to the corresponding author.

ORCID ID
Zuhal Karaca Karagoz: 0000-0001-7405-1650; Suleyman 
Aydin: 0000-0001-6162-3250.



Z. Karaca Karagoz, S. Aydin

9498

References

  1)	 Naming the coronavirus disease (COVID-19) and 
the virus that causes it. Available at: https://www.
who.int/emergencies/diseases/novel-coronavi-
rus-2019/technical-guidance/naming-the-coro-
navirus-disease-(covid-2019)-and-the-virus-that-
causes-it.

  2)	 Aydin S, Ugur K, Yalcin H, Sahin İ, Akkoc RF, Ya-
kar B, Yucel D, Aydin S. Overview of COVID-19’s 
relationship with thrombophilia proteins. Turk J 
Biochem 2021; 46: 609-622.

  3)	 Hirawat R, Saifi MA, Godugu C. Targeting inflam-
matory cytokine storm to fight against COVID-19 
associated severe complications. Life Sci 2021; 
267: 118923.

  4)	 Gunton JE. Hypoxia-inducible factors and diabe-
tes. J Clin Invest 2020; 130: 5063-5073.

  5)	 Li BY, Liu Y, Li ZH, An XL, Xiao SS, Liu GK, 
Zhang J. Dexmedetomidine promotes the recov-
ery of renal function and reduces the inflammato-
ry level in renal ischemia-reperfusion injury rats 
through PI3K/Akt/HIF-1α signaling pathway. Eur 
Rev Med Pharmacol Sci 2020; 24: 12400-12407.

  6)	 Chen S, Sang N. Hypoxia-Inducible Factor-1: A 
Critical Player in the Survival Strategy of Stressed 
Cells. J Cell Biochem 2016; 117: 267-278.  

  7)	 Asleh R, Asher E, Yagel O, Samuel T, El-
baz-Greener G, Wolak A, Durst R, Ben-Chetrit 
E, Nir-Paz R, Helviz Y, Rubin L, Tvito A, Glikson 
M, Amir O. Predictors of Hypoxemia and Related 
Adverse Outcomes in Patients Hospitalized with 
COVID-19: A Double-Center Retrospective Study. 
J Clin Med 2021; 10: 3581.

  8)	 Tufik S. Obstructive Sleep Apnea as a comorbid-
ity to Covid-19. Sleep Sci 2020; 13: 181-182.

  9)	 Swenson KE, Ruoss SJ, Swenson ER. The 
Pathophysiology and Dangers of Silent Hypox-
emia in COVID-19 Lung Injury. Ann. Am. Thorac 
Soc 2021; 18: 1098-1105.

10)	 Tian M, Liu W, Li X, Zhao P, Shereen MA, Zhu C, 
Huang S, Liu S, Yu X, Yue M, Pan P, Wang W, 
Li Y, Chen X, Wu K, Luo Z, Zhang Q, Wu J. HIF-
1α promotes SARS-CoV-2 infection and aggra-
vates inflammatory responses to COVID-19. Sig-
nal Transduct Target Ther 2021; 6: 308.

11)	 Semenza GL. Hypoxia-inducible factor 1: regula-
tor of mitochondrial metabolism and mediator of 
ischemic preconditioning. Biochim Biophys Acta 
2011; 1813: 1263-1268.

12)	 Yucel K, Fuat Gurbuz A. Hypoxia-inducible fac-
tor-1α and ischemia-modified albumin levels in in-
tensive care COVID-19 Patients. Horm Mol Biol 
Clin Investig 2022; doi: 10.1515/hmbci-2022-0024.

13)	 Catrina SB, Zheng X. Hypoxia and hypoxia-in-
ducible factors in diabetes and its complications. 
Diabetologia 2021; 64: 709-716.

14)	 Lim S, Bae JH, Kwon HS, Nauck M. A. COVID-19 
and diabetes mellitus: from pathophysiology to 
clinical management. Nat Rev Endocrinol 2021; 
17: 11-30.

15)	 Deniz R. Yavuzkir S, Ugur K, Ulker Ustebay D, 
Baykus Y, Ustebay S, Aydin S. Subfatin and aspros-
in, two new metabolic players of polycystic ovary 
syndrome. J Obstet Gynaecol 2021; 41: 279-284.

16)	 Aydin S. Three new players in energy regulation: 
preptin, adropin and irisin. Peptides 2014; 56: 94-
110.

17)	 Huang S, Cao L, Cheng H, Li D, Li Y, Wu Z. The 
blooming intersection of subfatin and metabolic 
syndrome. Rev Cardiovasc Med 2021; 22: 799-
805.

18)	 Jørgensen JR, Fransson A, Fjord-Larsen L, 
Thompson LH, Houchins JP, Andrade N, Torp M, 
Kalkkinen N, Andersson E, Lindvall O, Ulfendahl 
M, Brunak S, Johansen TE, Wahlberg LU. Com-
etin is a novel neurotrophic factor that promotes 
neurite outgrowth and neuroblast migration in vi-
tro and supports survival of spiral ganglion neu-
rons in vivo. Exp Neurol 2012; 233: 172-181.

19)	 Li ZY, Zheng SL, Wang P, Xu TY, Guan YF, Zhang 
YJ, Miao CY. Subfatin is a novel adipokine and 
unlike Meteorin in adipose and brain expression. 
CNS Neurosci Ther 2014; 20: 344-354.

20)	 Zheng SL, Li ZY, Song J, Liu JM, Miao CY. Metrnl: 
a secreted protein with new emerging functions. 
Acta Pharmacol Sin 2016; 37: 571-579.

21)	 Fadaei R, Dadmanesh M, Moradi N, Ahmadi R, 
Nahrkhalaji AS, Aghajani H, Ghorban K. Serum 
levels of subfatin in patients with type 2 diabetes 
mellitus and its association with vascular adhe-
sion molecules. Arch Physiol Biochem 2020; 126: 
335-340.

22)	 Onalan E, Cavlı C, Dogan Y, Onalan E, Gozel N, 
Buran I, Yakar B, Donder E. Low serum levels of 
meteorin-like/subfatin: an indicator of diabetes 
mellitus and insulin resistance? Endokrynol Pol 
2020; 71: 397-403.

23)	 Jain U. Effect of COVID-19 on the Organs. Cu-
reus 2020; 12: e9540.

24)	 Muthu ML, Reinhardt DP. Fibrillin-1 and fibril-
lin-1-derived asprosin in adipose tissue function 
and metabolic disorders. J Cell Commun Signal 
2020; 14: 159-173.

25)	 Zhang L, Chen C, Zhou N, Fu Y, Cheng X. Circu-
lating asprosin concentrations are increased in 
type 2 diabetes mellitus and independently asso-
ciated with fasting glucose and triglyceride. Clin 
Chim Acta 2019; 489: 183-188.

26)	 Schrenk S, Cenzi C, Bertalot T, Conconi MT, Di 
Liddo R. Structural and functional failure of fibril-
lin 1 in human diseases (Review). Int J Mol Med 
2018; 41: 1213-1223.

27)	 Bösmüller H, Matter M, Fend F, Tzankov A. 
The pulmonary pathology of COVID-19. Virchows 
Arch 2021; 478: 137-150.

28)	 Seyhanli ES, Koyuncu I, Yasak IH, Demir HA, 
Temiz E. Asprosin and Oxidative Stress Level in 
COVID-19 Patients. Clin Lab 2022; 68: 1.

29)	 Høier ATZB, Chaaban N, Andersen BV. Possi-
bilities for Maintaining Appetite in Recovering 
COVID-19 Patients. Foods 2021; 10: 464.



Oxygen saturation, inflammation and adipocytokines in diabetes with COVID-19

9499

30)	 He X, Zhang Q, Peng N, Hu Y, Li H, Chen Z, Liu 
R, Xu S, Zhang M, He J, Shi L. Irisin plays an im-
portant role in the outcomes of newly diagnosed 
prediabetes in adults in Guiyang, China. J Diabe-
tes Investig 2021; 12: 747-755.

31)	 Song R, Zhao X, Zhang DQ, Wang R, Feng Y. 
Lower levels of irisin in patients with type 2 diabe-
tes mellitus: A meta-analysis. Diabetes Res Clin 
Pract 2021; 175: 108788.

32)	 Tillett WS, Francis T. SEROLOGICAL REAC-
TIONS IN PNEUMONIA WITH A NON-PROTEIN 
SOMATIC FRACTION OF PNEUMOCOCCUS. J 
Exp Med 1930; 52: 561-571.

33)	 Nehring SM, Goyal A, Patel BC. C Reactive Pro-
tein. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing (2022). 

34)	 Rodriguez-Moran M, Guerrero-Romero F. In-
creased levels of C-reactive protein in noncon-
trolled type II diabetic subjects. J Diabetes Com-
plications 1999; 13: 211-215.

35)	 Zhou YZ, Teng XB, Han MF, Shi JF, Li CX, Zhang 
XH, Hou DY, Yang LL. The value of PCT, IL-6, 
and CRP in the early diagnosis and evaluation of 
COVID-19. Eur Rev Med Pharmacol Sci 2021; 25: 
1097-1100.

36)	 Serhan CN, Yang R, Martinod K, Kasuga K, Pil-
lai PS, Porter TF, Oh SF, Spite M. Maresins: novel 
macrophage mediators with potent antiinflamma-
tory and proresolving actions. J Exp Med 2009; 
206: 15-23.  

37)	 Saito-Sasaki N, Sawada Y, Nakamura M. Ma-
resin-1 and Inflammatory Disease. Int J Mol Sci 
2022; 23: 1367.

38)	 Yang T, Xu G, Newton PT, Chagin AS, Mkrtchian 
S, Carlström M, Zhang XM, Harris RA, Cooter M, 
Berger M, Maddipati KR, Akassoglou K, Terran-
do N. Maresin 1 attenuates neuroinflammation in 
a mouse model of perioperative neurocognitive 
disorders. Br J Anaesth 2019; 122: 350-360.

39)	 Miao T, Huang B, He N, Sun L, Du G, Gong X, Xu 
Y, Zheng Y, Zheng H, Qu H. Decreased Plasma 
Maresin 1 Concentration Is Associated with Dia-
betic Foot Ulcer. Mediators Inflamm 2020; 2020: 
4539035.

40)	 Martínez-Fernández L, González-Muniesa P, 
Laiglesia LM, Sáinz N, Prieto-Hontoria PL, Es-
coté X, Odriozola L, Corrales FJ, Arbones-Main-
ar JM, Martínez JA, Moreno-Aliaga MJ. Maresin 
1 improves insulin sensitivity and attenuates ad-
ipose tissue inflammation in ob/ob and diet-in-
duced obese mice. FASEB J 2017; 31: 2135-2145.

41)	 Borriello F, Iannone R, Marone G. Histamine Re-
lease from Mast Cells and Basophils. Handb Exp 
Pharmacol 2017; 241: 121-139.

42)	 Schnedl WJ, Schenk M, Lackner S, Enko D, 
Mangge H, Forster F. Diamine oxidase supple-
mentation improves symptoms in patients with 
histamine intolerance. Food Sci Biotechnol 2019; 
28: 1779-1784.

43)	 Wang KY, Tanimoto A, Yamada S, Guo X, Ding 
Y, Watanabe T, Watanabe T, Kohno K, Hirano 

KI, Tsukada H, Sasaguri Y. Histamine regulation 
in glucose and lipid metabolism via histamine re-
ceptors: model for nonalcoholic steatohepatitis in 
mice. Am J Pathol 2010; 177: 713-723.

44)	 Pini A, Obara I, Battell E, Chazot PL, Rosa AC. 
Histamine in diabetes: Is it time to reconsider? 
Pharmacol Res 2016; 111: 316-324.

45)	 Fogel WA, Chmielecki C, Grałek M, Maslinski C. 
Histamine metabolism in diabetic rats. Agents Ac-
tions 1990; 30: 243-246.

46)	 Malone RW, Tisdall P, Fremont-Smith P, Liu Y, 
Huang XP, White KM, Miorin L, Del Olmo EM, 
Alon A, Delaforge E, Hennecker CD, Wang G, 
Pottel J, Smith N, Hall JM, Shapiro G, Mittermai-
er A, Kruse AC, García-Sastre A, Roth BL, Glass-
pool-Malone J, Ricke DO. COVID-19: Famotidine, 
Histamine, Mast Cells, and Mechanisms. Front 
Pharmacol 2021; 12: 633680.

47)	 Zemans RL, Jacobson S, Keene J, Kechris K, 
Miller BE, Tal-Singer R, Bowler RP. Multiple bio-
markers predict disease severity, progression 
and mortality in COPD. Respir Res 2017; 18: 117.

48)	 Yang MT, Chang WH, Kuo TF, Shen MY, Yang 
CW, Tien YJ, Lai BY, Chen YR, Chang YC, 
Yang WC. Identification of Novel Biomarkers for 
Pre-diabetic Diagnosis Using a Combinational 
Approach. Front Endocrinol (Lausanne) 2021; 12: 
641336.

49)	 Battaglini D, Lopes-Pacheco M, Castro-Faria-Ne-
to HC, Pelosi P, Rocco PRM. Laboratory Biomark-
ers for Diagnosis and Prognosis in COVID-19. 
Front Immunol 2022; 13: 857573.

50)	 Aydin S. A short history, principles, and types 
of ELISA, and our laboratory experience with 
peptide/protein analyses using ELISA. Peptides 
2015; 72: 4-15.

51)	 Chamberlain JJ, Rhinehart AS, Shaefer CF Jr, 
Neuman A. Diagnosis and Management of Dia-
betes: Synopsis of the 2016 American Diabetes 
Association Standards of Medical Care in Diabe-
tes. Ann Intern Med 2016; 164: 542-552.

52)	 Oruc Y, Aydin S, Akkoc RF, Aydin S, Gul FC, Ugur 
K, Sahin İ, Hanbeyoglu O, Kilic SS, Aksoy A. As-
sessment of the frequency and biochemical pa-
rameters of conjunctivitis in COVID-19 and other 
viral and bacterial conditions. TJB 2020; 45: 443-
449.

53)	 Gibson PG, Qin L, Puah SH. COVID-19 acute re-
spiratory distress syndrome (ARDS): clinical fea-
tures and differences from typical pre-COVID-19 
ARDS. Med J Aust 2020; 213: 54-56.

54)	 Kierans SJ, Taylor CT. Regulation of glycolysis by 
the hypoxia-inducible factor (HIF): implications for 
cellular physiology. J Physiol 2021; 599: 23-37.

55)	 Romere C, Duerrschmid C, Bournat J, Consta-
ble P, Jain M, Xia F, Saha PK, Del Solar M, Zhu 
B, York B, Sarkar P, Rendon DA, Gaber MW, Le-
Maire SA, Coselli JS, Milewicz DM, Sutton VR, 
Butte NF, Moore DD, Chopra AR. Asprosin, a 
Fasting-Induced Glucogenic Protein Hormone. 
Cell 2016; 165: 566-579.



Z. Karaca Karagoz, S. Aydin

9500

56)	 Aguirre García MM, Mancilla-Galindo J, Pare-
des-Paredes M, Tiburcio ÁZ, Ávila-Vanzzini N. 
Mechanisms of infection by SARS-CoV-2, inflam-
mation and potential links with the microbiome. 
Future Virol 2021; 16: 43-57.

57)	 Sproston NR, Ashworth JJ. Role of C-Reactive 
Protein at Sites of Inflammation and Infection. 
Front Immunol 2018; 9: 754.

58)	 Jung TW, Park HS, Choi GH, Kim D, Ahn SH, 
Kim DS, Lee T, Jeong JH. Maresin 1 attenuates 
pro-inflammatory reactions and ER stress in HU-
VECs via PPARα-mediated pathway. Mol Cell 
Biochem 2018; 448: 335-347.

59)	 Lee P, Chandel NS, Simon MC. Cellular adapta-
tion to hypoxia through hypoxia inducible factors 
and beyond. Nat Rev Mol Cell Biol 2020; 21: 268-
283.

60)	 Dengler VL, Galbraith M, Espinosa JM. Transcrip-
tional regulation by hypoxia inducible factors. Crit 
Rev Biochem Mol Biol 2014; 49: 1-15.

61)	 Peyssonnaux C, Datta V, Cramer T, Doedens 
A, Theodorakis EA, Gallo RL, Hurtado-Ziola N, 
Nizet V, Johnson RS. HIF-1alpha expression reg-
ulates the bactericidal capacity of phagocytes. J 
Clin Invest 2005; 115: 1806-1815.

62)	 Palazon A, Goldrath AW, Nizet V, Johnson RS. 
HIF transcription factors, inflammation, and im-
munity. Immunity 2014; 41: 518-528.

63)	 Jung TW, Lee SH, Kim HC, Bang JS, Abd El-
Aty AM, Hacımüftüoğlu A, Shin YK, Jeong JH. 
METRNL attenuates lipid-induced inflammation 
and insulin resistance via AMPK or PPARδ-de-
pendent pathways in skeletal muscle of mice. Exp 
Mol Med 2018; 50: 1-11.

64)	 Ali AM, Kunugi H. Skeletal Muscle Damage in 
COVID-19: A Call for Action. Medicina (Kaunas) 
2021; 57: 372.

65)	 Böttger R, Hoffmann R, Knappe D. Differential 
stability of therapeutic peptides with different pro-
teolytic cleavage sites in blood, plasma and se-
rum. PLoS One 2017; 12: e0178943. 

66)	 Kuloglu T, Aydin S, Eren MN, Yilmaz M, Sahin İ, 
Kalayci M, Sarman E, Kaya N, Yilmaz OF, Turk A, 
Aydin Y, Yalcin MH, Uras N, Gurel A, Ilhan S, Gul 
E, Aydin S. Irisin: a potentially candidate marker 
for myocardial infarction. Peptides 2014; 55: 85-
91.

67)	 Hanson PJ, Liu-Fei F, Ng C, Minato TA, Lai C, 
Hossain AR, Chan R, Grewal B, Singhera G, 
Rai H, Hirota J, Anderson DR, Radio SJ, McMa-
nus BM. Characterization of COVID-19-associat-
ed cardiac injury: evidence for a multifactorial dis-
ease in an autopsy cohort. Lab Invest 2022; 102: 
814-825.

68)	 Mazur-Bialy AI, Pocheć E, Zarawski M. Anti-In-
flammatory Properties of Irisin, Mediator of Phys-
ical Activity, Are Connected with TLR4/MyD88 
Signaling Pathway Activation. Int J Mol Sci 2017; 
18: 701.

69)	 Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, 
Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, 

Zhang L. Epidemiological and clinical character-
istics of 99 cases of 2019 novel coronavirus pneu-
monia in Wuhan, China: a descriptive study. Lan-
cet 2020; 395: 507-513.

70)	 Chen, T, Wu D, Chen H, Yan W, Yang D, Chen 
G, Ma K, Xu D, Yu H, Wang H, Wang T, Guo W, 
Chen J, Ding C, Zhang X, Huang J, Han M, Li S, 
Luo X, Zhao J, Ning Q. Clinical characteristics 
of 113 deceased patients with coronavirus dis-
ease 2019: retrospective study. BMJ 2020; 368: 
m1091.

71)	 Gao Y, Li T, Han M, Li X, Wu D, Xu Y, Zhu Y, Liu Y, 
Wang X, Wang L. Diagnostic utility of clinical lab-
oratory data determinations for patients with the 
severe COVID-19. J Med Virol 2020; 92: 791-796.

72)	 Deinhardt-Emmer S, Böttcher S, Häring C, Gie-
beler L, Henke A, Zell R, Jungwirth J, Jordan PM, 
Werz O, Hornung F, Brandt C, Marquet M, Mo-
sig AS, Pletz MW, Schacke M, Rödel J, Heller R, 
Nietzsche S, Löffler B, Ehrhardt C. SARS-CoV-2 
causes severe epithelial inflammation and barrier 
dysfunction. J Virol 2021; 95: e00110-e00121.  

73)	 Su Y, Gao J, Kaur P, Wang Z. Neutrophils and 
Macrophages as Targets for Development of Nan-
otherapeutics in Inflammatory Diseases. Pharma-
ceutics 2020; 12: 1222.

74)	 Saito-Sasaki N, Sawada Y, Mashima E, Yamagu-
chi T, Ohmori S, Yoshioka H, Haruyama S, Okada 
E, Nakamura M. Maresin-1 suppresses imiquim-
od-induced skin inflammation by regulating IL-23 
receptor expression. Sci Rep 2018; 8: 5522.

75)	 Krystel-Whittemore M, Dileepan KN, Wood JG. 
Mast Cell: A Multi-Functional Master Cell. Front 
Immunol 2016; 6: 620.

76)	 Conti P, Caraffa A, Tetè G, Gallenga CE, Ross R, 
Kritas SK, Frydas I, Younes A, Di Emidio P, Ron-
coni G. Mast cells activated by SARS-CoV-2 re-
lease histamine which increases IL-1 levels caus-
ing cytokine storm and inflammatory reaction in 
COVID-19. J Biol Regul Homeost Agents 2020; 
34: 1629-1632.

77)	 Boehm T, Pils S, Gludovacz E, Szoelloesi H, Pet-
roczi K, Majdic O, Quaroni A, Borth N, Valent P, 
Jilma B. Quantification of human diamine oxi-
dase. Clin Biochem 2017; 50: 444-451.

78)	 Fogel WA, Chmielecki C, Grałek M, Maslinski C. 
Histamine metabolism in diabetic rats. Agents Ac-
tions 1990; 30: 243-246.

79)	 Aydin S, Aydin S. Could Antihistamines Help in the 
Treatment and Spread of COVID-19 Via Re-Mod-
ulating Cytokines and by Reducing Sneezing? 
Acta Scientific Nutritional Health 2020; 4: 172-
173.

80)	 Morán Blanco JI, Alvarenga Bonilla JA, Hom-
ma S, Suzuki K, Fremont-Smith P, de Las Heras 
KVG. Antihistamines and azithromycin as a treat-
ment for COVID-19 on primary health care - A ret-
rospective observational study in elderly patients. 
Pulm Pharmacol Ther 2021; 67: 101989.

81)	 Gajendra S. Spectrum of hematological changes 
in COVID-19. Am J Blood Res 2022; 12: 43-53.



Oxygen saturation, inflammation and adipocytokines in diabetes with COVID-19

9501

82)	 Samprathi M, Jayashree M. Biomarkers in 
COVID-19: An Up-To-Date Review. Front Pediatr 
2021; 8: 607647.

83)	 Sonnweber T, Boehm A, Sahanic S, Pizzini A, 
Aichner M, Sonnweber B, Kurz K, Koppelstätter 
S, Haschka D, Petzer V, Hilbe R, Theurl M, Leh-
ner D, Nairz M, Puchner B, Luger A, Schwabl C, 
Bellmann-Weiler R, Wöll E, Widmann G, Tancev-
ski I, Judith-Löffler-Ragg, Weiss G. Persisting al-
terations of iron homeostasis in COVID-19 are as-
sociated with non-resolving lung pathologies and 
poor patients’ performance: a prospective obser-
vational cohort study. Respir Res 2020; 21: 276.

84)	 Suriawinata E, Mehta KJ. Iron and iron-related 
proteins in COVID-19. Clin Exp Med 2022; 18: 
1-23.

85)	 Liu W, Li H. COVID-19: attacks the 1-beta chain of 
hemoglobin and captures the porphyrin to inhib-
it human heme metabolism. ChemRxiv 2020; doi: 
10.26434/chemrxiv.11938173.v8.

86)	 Saha M, Amin SB, Sharma A, Kumar TKS, Ka-
lia RK. AI-driven quantification of ground glass 
opacities in lungs of COVID-19 patients using 3D 
computed tomography imaging. PLoS One 2022; 
17: e0263916.

87)	 Perricone C, Bartoloni E, Bursi R, Cafaro G, 
Guidelli GM, Shoenfeld Y, Gerli R. COVID-19 as 
part of the hyperferritinemic syndromes: the role 
of iron depletion therapy. Immunol Res 2020; 68: 
213-224.

88)	 King AH, Mehkri O, Rajendram P, Wang X, Vach-
harajani V, Duggal A. A High Neutrophil-Lym-
phocyte Ratio Is Associated With Increased 
Morbidity and Mortality in Patients With Coro-
navirus Disease 2019. Crit Care Explor 2021; 3: 
e0444.

89)	 Burger D, Dayer JM. The role of human T-lym-
phocyte-monocyte contact in inflammation and 
tissue destruction. Arthritis Res 2002; 4 Suppl 3: 
S169- S176.


