Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 9 Number 19 July 6, 2021

OPINION REVIEW

4881  Fear of missing out: A brief overview of origin, theoretical underpinnings and relationship with mental
health

Gupta M, Sharma A

REVIEW
4890  Molecular pathways in viral hepatitis-associated liver carcinogenesis: An update

Elpek GO

4918  Gastroenterology and liver disease during COVID-19 and in anticipation of post-COVID-19 era: Current
practice and future directions

Oikonomou KG, Papamichalis P, Zafeiridis T, Xanthoudaki M, Papapostolou E, Valsamaki A, Bouliaris K, Papamichalis M,
Karvouniaris M, Vlachostergios PJ, Skoura AL, Komnos A

4939  Enhancing oxygenation of patients with coronavirus disease 2019: Effects on immunity and other health-
related conditions

Mohamed A, Alawna M

MINIREVIEWS
4959  Clinical potentials of ginseng polysaccharide for treating gestational diabetes mellitus

Zhao XY, Zhang F, Pan W, Yang YF, Jiang XY

4969  Remarkable gastrointestinal and liver manifestations of COVID-19: A clinical and radiologic overview

Fang LG, Zhou Q

4980  Liver injury in COVID-19: Known and unknown
Zhou F, Xia J, Yuan HX, Sun Y, Zhang Y

4990 COVID-19 and gastroenteric manifestations
Chen ZR, Liu J, Liao ZG, Zhou J, Peng HW, Gong F, Hu JF, Zhou Y

4998  Role of epithelial-mesenchymal transition in chemoresistance in pancreatic ductal adenocarcinoma

Hu X, Chen W

5007  Insights into the virologic and immunologic features of SARS-COV-2

Polat C, Ergunay K

WJCC | https://www.wjgnet.com I July 6,2021 | Volume9 | Issuel9 |

Jaishideng®



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 19 July 6, 2021

ORIGINAL ARTICLE

Basic Study

5019 SMAC exhibits anti-tumor effects in ECA109 cells by regulating expression of inhibitor of apoptosis
protein family

Jiang N, Zhang WQ, Dong H, Hao YT, Zhang LM, Shan L, Yang XD, Peng CL

Case Control Study

5028  Efficacy of Solitaire AB stent-release angioplasty in acute middle cerebral artery atherosclerosis obliterative
cerebral infarction

Wang XF, Wang M, Li G, Xu XY, Shen W, Liu J, Xiao SS, Zhou JH

Retrospective Study
5037  Diagnostic value of different color ultrasound diagnostic method in endometrial lesions

Lin XL, Zhang DS, Ju ZY, Li XM, Zhang YZ

5046  Clinical and pathological features and risk factors for primary breast cancer patients

Lei YY, Bai S, Chen QQ, Luo XJ, Li DM

5054  Outcomes of high-grade aneurysmal subarachnoid hemorrhage patients treated with coiling and
ventricular intracranial pressure monitoring

Wen LL, Zhou XM, Lv SY, Shao J, Wang HD, Zhang X

5064  Microwave ablation combined with hepatectomy for treatment of neuroendocrine tumor liver metastases

Zhang JZ, Li S, Zhu WH, Zhang DF

5073  Clinical application of individualized total arterial coronary artery bypass grafting in coronary artery
surgery
Chen WG, Wang BC, Jiang YR, Wang YY, Lou Y

Observational Study
5082  Early diagnosis, treatment, and outcomes of five patients with acute thallium poisoning

Wang TT, Wen B, Yu XN, Ji ZG, Sun YY, Li Y, Zhu SL, Cao YL, Wang M, Jian XD, Wang T

5092  Sarcopenia in geriatric patients from the plateau region of Qinghai-Tibet: A cross-sectional study
Pan SQ, Li YM, Li XF, Xiong R

5102  Medium-term efficacy of arthroscopic debridement vs conservative treatment for knee osteoarthritis of
Kellgren-Lawrence grades I-III

Lv B, Huang K, Chen J, Wu ZY, Wang H

Prospective Study

5112  Impact of continuous positive airway pressure therapy for nonalcoholic fatty liver disease in patients with
obstructive sleep apnea

Hirono H, Watanabe K, Hasegawa K, Kohno M, Terai S, Ohkoshi S

Bishidenge WVJCC | https://www.wjgnet.com I July 6,2021 | Volume9 | Issuel9 |



Contents

World Journal of Clinical Cases

Thrice Monthly Volume 9 Number 19 July 6, 2021

5126

Randomized Controlled Trial

Erector spinae plane block at lower thoracic level for analgesia in lumbar spine surgery: A randomized
controlled trial

Zhang JJ, Zhang TJ, Qu ZY, Qiu Y, Hua Z

5135

5179

SYSTEMATIC REVIEWS

Controversies’ clarification regarding ribavirin efficacy in measles and coronaviruses: Comprehensive
therapeutic approach strictly tailored to COVID-19 disease stages

Liatsos GD

Systematic review and meta-analysis of trans-jugular intrahepatic portosystemic shunt for cirrhotic
patients with portal vein thrombosis

Zhang JB, Chen J, Zhou J, Wang XM, Chen S, Chu JG, Liu P, Ye ZD

5191

5197

5203

5211

5217

5226

5232

5238

5245

CASE REPORT
Myelodysplastic syndrome transformed into B-lineage acute lymphoblastic leukemia: A case report

Zhu YJ, Ma XY, Hao YL, Guan Y

Imaging presentation and postoperative recurrence of peliosis hepatis: A case report

Ren SX, Li PP, Shi HP, Chen JH, Deng ZP, Zhang XE

Delayed retroperitoneal hemorrhage during extracorporeal membrane oxygenation in COVID-19 patients:
A case report and literature review

Zhang JC, Li T

Autologous tenon capsule packing to treat posterior exit wound of penetrating injury: A case report

Yi QY, Wang SS, Gui Q, Chen LS, Li WD

Treatment of leiomyomatosis peritonealis disseminata with goserelin acetate: A case report and review of
the literature

Yang JW, Hua Y, Xu H, He L, Huo HZ, Zhu CF

Homozygous deletion, c. 1114-1116del, in exon 8 of the CRPPA gene causes congenital muscular
dystrophy in Chinese family: A case report

Yang M, Xing RX
Successful diagnosis and treatment of jejunal diverticular haemorrhage by full-thickness enterotomy: A
case report

Ma HC, Xiao H, Qu H, Wang ZJ

Liver metastasis as the initial clinical manifestation of sublingual gland adenoid cystic carcinoma: A case
report

Li XH, Zhang YT, Feng H

Severe hyperbilirubinemia in a neonate with hereditary spherocytosis due to a de novo ankyrin mutation: A
case report

Wang JF, Ma L, Gong XH, Cai C, Sun JJ

JBaishideng®

WJCC | https://www.wjgnet.com 111 July 6,2021 | Volume9 | Issuel9 |



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 9 Number 19 July 6, 2021
5252  Long-term outcome of indwelling colon observed seven years after radical resection for rectosigmoid
cancer: A case report
Zhuang ZX, Wei MT, Yang XY, Zhang Y, Zhuang W, Wang ZQ
5259  Diffuse xanthoma in early esophageal cancer: A case report
Yang XY, Fu KI, Chen YP, Chen ZW, Ding J
5266  COVID-19 or treatment associated immunosuppression may trigger hepatitis B virus reactivation: A case
report
Wu YF, Yu WJ, Jiang YH, Chen Y, Zhang B, Zhen RB, Zhang JT, Wang YP, Li Q, Xu F, Shi YJ, Li XP
5270  Maintenance treatment with infliximab for ulcerative ileitis after intestinal transplantation: A case report
Fujimura T, Yamada Y, Umeyama T, Kudo Y, Kanamori H, Mori T, Shimizu T, Kato M, Kawaida M, Hosoe N, Hasegawa Y,
Matsubara K, Shimojima N, Shinoda M, Obara H, Naganuma M, Kitagawa Y, Hoshino K, Kuroda T
5280  Infliximab treatment of glycogenosis Ib with Crohn's-like enterocolitis: A case report
Gong YZ, Zhong XM, Zou JZ
5287  Hemichorea due to ipsilateral thalamic infarction: A case report
Li ZS, Fang JJ, Xiang XH, Zhao GH
5294  Intestinal gangrene secondary to congenital transmesenteric hernia in a child misdiagnosed with
gastrointestinal bleeding: A case report
Zheng XX, Wang KP, Xiang CM, Jin C, Zhu PF, Jiang T, Li SH, Lin YZ
5302  Collagen VI-related myopathy with scoliosis alone: A case report and literature review
Li JY, Liu SZ, Zheng DF, Zhang YS, Yu M
5313  Neuromuscular electrical stimulation for a dysphagic stroke patient with cardiac pacemaker using magnet
mode change: A case report
Kim M, Park JK, Lee JY, Kim MJ
5319  Four-year-old anti-N-methyl-D-aspartate receptor encephalitis patient with ovarian teratoma: A case
report
Xue CY, Dong H, Yang HX, Jiang YW, Yin L
5325  Glutamic acid decarboxylase 65-positive autoimmune encephalitis presenting with gelastic seizure,
responsive to steroid: A case report
Yang CY, Tsai ST
5332 Ectopic opening of the common bile duct into the duodenal bulb with recurrent choledocholithiasis: A case
report
Xu H, Li X, Zhu KX, Zhou WC
5339  Small bowel obstruction caused by secondary jejunal tumor from renal cell carcinoma: A case report
Bai GC, Mi Y, Song Y, Hao JR, He ZS, Jin J
5345  Brugada syndrome associated with out-of-hospital cardiac arrest: A case report
Ni GH, Jiang H, Men L, Wei YY, A D, Ma X
Guieidenge WICC | https://www.wjgnet.com X July 6,2021 | Volume9 | Issuel9 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 19 July 6, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Fan-Bo Meng, MD, PhD, Chief Doctor, Deputy Director,
Professor, Department of Cardiology, China-Japan Union Hospital of Jilin University, Changchun 130000, Jilin
Province, China. mengfb@jlu.edu.cn

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports®
cites the 2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165
journals in medicine, general and internal; and Quartile category: Q3. The WJCC's CiteScore for 2019 is 0.3 and
Scopus CiteScore rank 2019: General Medicine is 394/529.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing, Production Department Director: Yun-Xiagjian Wn, Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16, 2013 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
July 6, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com X July 6,2021 | Volume9 | Issuel9 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v9.119.4939

World Journal of
Clinical Cases

World | Clin Cases 2021 July 6; 9(19): 4939-4958

ISSN 2307-8960 (online)

REVIEW

Enhancing oxygenation of patients with coronavirus disease 2019:
Effects on immunity and other health-related conditions

Ayman Mohamed, Motaz Alawna

ORCID number: Ayman Mohamed
0000-0001-5092-3549; Motaz Alawna
0000-0002-4936-373X.

Author contributions: Mohamed A
and Alwana M wrote the review
together; Mohamed A revised the
review and made it ready for
publication.

Conflict-of-interest statement: The
authors confirm that there is no
conflict-of-interest.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Medicine, research
and experimental

Country/Territory of origin: Turkey

Peer-review report’s scientific

Jaishideng®

WJCC | https://www.wjgnet.com

Ayman Mohamed, Motaz Alawna, Department of Physiotherapy and Rehabilitation, Istanbul
Gelisim University, Istanbul 34522, Turkey

Ayman Mohamed, Department of Basic Science and Biomechanics, Faculty of Physical
Therapy, Beni Suef University, Beni Suef 62521, Egypt

Motaz Alawna, Department of Physiotherapy and Rehabilitation, Faculty of Allied Medical
Sciences, Arab American University, Jenin 24013, Palestine

Corresponding author: Ayman Mohamed, BSc, PhD, Assistant Professor, Department of
Physiotherapy and Rehabilitation, Istanbul Gelisim University, Kristal, Block A, Room 507,
Istanbul 34522, Turkey. amohamed@gelisim.edu.tr

Abstract

Coronavirus disease 2019 (COVID-19) distresses the pulmonary system causing
acute respiratory distress syndrome, which might lead to death. There is no cure
for COVID-19 infection. COVID-19 is a self-limited infection, and the methods
that can enhance immunity are strongly required. Enhancing oxygenation is one
safe and effective intervention to enhance immunity and pulmonary functions.
This review deliberates the probable influences of enhancing oxygenation on
immunity and other health-connected conditions in patients with COVID-19. An
extensive search was conducted through Web of Science, Scopus, Medline
databases, and EBSCO for the influence of enhancing oxygenation on immunity,
pulmonary functions, psycho-immune hormones, and COVID-19 risk factors. This
search included clinical trials and literature and systematic reviews. This search
revealed that enhancing oxygenation has a strong effect on improving immunity
and pulmonary functions and psycho-immune hormones. Also, enhancing
oxygenation has a self-protective role counter to COVID-19 risk factors. Lastly,
this search revealed the recommended safe and effective exercise protocol to
enhance oxygenation in patients with COVID-19. Enhancing oxygenation should
be involved in managing patients with COVID-19 because of its significant effects
on immunity, pulmonary functions, and COVID-19 risk factors. A mild to
moderate cycling or walking with 60%-80% Vo,,,, for 20-60 min performed 2-3
times per week could be a safe and effective aerobic exercise program in patients
with COVID-19 to enhance their immunity and pulmonary functions.

Key Words: Oxygenation; COVID-19; Immunity; Pulmonary functions; Psycho-immune
hormones; COVID-19 risk factors
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Core Tip: Coronavirus disease 2019 is a self-limited infection, and interventions that
can increase immunity are strongly recommended. Thus, enhancing oxygenation is one
of the safe and effective interventions in enhancing immunity and pulmonary
functions. This review discusses the possible effects of enhancing oxygenation of
patients with coronavirus disease 2019 on immunity and other health-related condi-
tions.

Citation: Mohamed A, Alawna M. Enhancing oxygenation of patients with coronavirus disease
2019: Effects on immunity and other health-related conditions. Worild J Clin Cases 2021; 9(19):
4939-4958

URL: https://www.wjgnet.com/2307-8960/full/v9/i19/4939.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i19.4939

INTRODUCTION

The coronavirus or coronavirus disease 2019 (COVID-19) is defined by the World
Health Organization as a world disaster. The World Health Organization has
announced that through February 11, 2021 that there were 106797721 confirmed cases,
among them 2341145 deaths[1]. COVID-19 is recognized as a surrounded RNA beta-
coronavirus commonly identified as the severe acute respiratory syndrome
coronavirus 2[2]. Communal signs of COVID-19 include cough and fever[3]. Fever
presents in 43.8% of patients with COVID-19 on early admission; though, it rises to
88.7% throughout hospitalization. The next communal symptom is cough, which
happens in approximately 67.8%[2]. Other symptoms contain fatigue, dyspnea, and
myalgia.

COVID-19 has been demonstrated to be self-limited where the host’s immune
strength plays a key role in decreasing its associated disorders and death rates[4].
Thus, interventions that increase immune functions are strongly needed to either
people in lockdown or people with COVID-19. Enhancing oxygenation has been
demonstrated as a safe and effective intervention to increase immune functions. The
advantage of enhancing oxygenation over other interventions is that it causes an
autonomic modulation; this autonomic modulation increases pulmonary functions and
controls pyscho-immune changes that occur due to high stressors (such as COVID-19).
Thus, this review highlights the influence of enhancing oxygenation on immunity,
pulmonary functions, psycho-immune hormones, and obesity. Also, this review
highlights the defensive role of enhancing oxygenation on COVID-19 risk factors.

THE INFLUENCE OF ENHANCING OXYGENATION ON IMMUNITY AMONG
PATIENTS WITH COVID-19

The strength of immunity plays a fundamental role in the treatment of any infection.
COVID-19 is a self-limited infection; thus, strengthening immunity might have a
significant role in lessening its associated disorders and death rates[5]. However, the
existence of some vaccines, the development of specific drugs to treat patients with
COVID-19 could continue for about 1 year. Thus, the need for a fast and safe
intervention for COVID-19 is a necessity to decreasing its associated disorders and
death rates. Enhancing oxygenation can afford a safe and immediate enhancement in
immunity strength[5]. This subtopic discusses the vital role of enhancing oxygenation
on enhancing COVID-19 specified immunity components vital for decreasing
associated disorders and death rates. Immunity mainly divides into two components,
including immune cells and humoral immunity. The effects of increasing the
oxygenation on immunity are illustrated in Figure 1.

The influence of enhancing oxygenation on immune cells
The first immunity component that fights COVID-19 infection is immune cells.
COVID-19, severe acute respiratory syndrome coronavirus, and Middle East respir-
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Figure 1 Effect of increasing the aerobic capacity on immunity. This diagram illustrates possible mechanisms of increasing oxygenation capacity in
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Coronavirus disease 2019; Ig: Immunoglobulin; IL: Interleukin; NK: Natural killer; TNF-a: Tumor necrosis factor-alpha.
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atory syndrome coronavirus are -coronavirus subtypes, which could lead to severe
lower respiratory tract and extrapulmonary symptoms[6,7]. T-lymphocytes, among all
immune cells, have a principal antiviral role in fighting infection and pathogens[7];
this is attributed to the ability of T-lymphocytes to persist into infected lungs engulfing
infecting viruses[8]. Thus, the T-lymphocytes have an imperative role in fighting
coronaviruses. B-coronaviruses highly decrease the number of T-lymphocytes through
extrinsic and intrinsic apoptosis pathways[9], which causes a significant decrease in
the number of T-lymphocytes that prolongs the infection time and eases viral survival
[10].

Pascal et al[11] stated that the response of T-lymphocytes is substantial to minimize
the number of Middle East respiratory syndrome coronaviruses[11]. Chen et al[12]
reported that the reduction of serum T-lymphocytes causes a decline in the respiratory
T-lymphocyte cytokine production and neutralizing antibody, which can result in an
extensive immune-intermediated interstitial pneumonia and delayed washing out of
severe acute respiratory syndrome coronaviruses from infected lungs[12]. Also, T-
helper cells, the most significant cells in adaptive immunity, activate the production of

July 6,2021 | Volume9 | Issuel9 |
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proinflammatory cytokines via triggering the nuclear factor kappa B pathways[13];
these proinflammatory cytokines activate the secretion and relocation of neutrophils
and monocytes to the region of infection to start other chemokine and cytokine
cascades, such as tumor necrosis factor 3, interleukin (IL)-1, IL-10, IL-6, IL-12, IL-8, and
monocyte chemotactic protein-1[14,15].

Enhancing oxygenation causes a short-term enhancement in the function and
number of T-lymphocytes. Gongalves et al[16] conducted a recent systematic review to
investigate the influence of enhancing oxygenation on the function and number of
immune markers. They established that enhancing oxygenation causes fast and short-
term enhancements in the function and number of T-lymphocytes, B-lymphocytes,
immunoglobulins, leukocytes, and interleukins. Previous studies showed that only
one session of aerobic exercise causes a significant increase in almost all immune
markers, including T-lymphocytes, immunoglobulins, and leukocytes in humans[17-
20]. Lippi et al[17,18] demonstrated that mild aerobic exercise (running for 21.1 km)
significantly increases the number of monocytes, leukocytes, and neutrophils among
amateur runners. Lira ef al[20] showed that a single session of moderate aerobic
exercise (5 km running) significantly increases the number of cytokines, IL-10 and IL-6,
for 60 min. Li et al[19] showed that one session of extended aerobic exercise increases
the number of serum neutrophils, monocytes, and leukocytes for 9 h. Gongalves et al
[21] investigated the defensive role of enhancing oxygenation on artificially-produced
acute lung inflammations in rats. They detected that 5 wk of low aerobic exercise
significantly increased the number of neutrophils in bronchoalveolar lavage fluid,
pulmonary resistance and pliability, protein leakage, tumor necrosis factor-a, serum
IL-10, IL-6, IL-1beta, and KC (murine homolog to IL-8) levels.

The influence of enhancing oxygenation on humoral imnmunity

The second immunity component essential against COVID-19 infection is humoral
immunity. Humoral immunity consists mainly of B-cell subdivisions; these
subdivisions present with phenotype features of modest and un-isotype interchanged
method. They consist of antibody-secreting and memory cells, which rise during
coronavirus infection[7,22]. The antigen stimulation of coronavirus is detected via
employing a particular 9-mer peptide “CYSSLILDY” that lies in the zone from 437-445
of the S-glycoprotein region[7,22]. This construction has the supreme B-cell
antigenicity outline to form high connections to major histocompatibility complex class
I alleles into a computerized model[23]. Several reports mentioned the important role
of humoral immunity in controlling the exitance period of coronavirus infection[24-
26].

The normal humoral immunity involves numerous elements, such as serum
complements (C3-C9), pentraxins [C-reactive proteins (CRPs)], immunoglobulins
[IgM, IgE, IgG, and IgA and contact cascades (FXIIa)][27]. The serum complements
primarily act in the antiviral defense, and they are strongly regulated by specific
proteins produced into the bloodstream. Viruses regularly include encrypted proteins
that aid them to evade their discover by serum complement[7,28]. Thus, increasing the
function of the serum complement system might aid in recognizing these encrypted
proteins.

To the best of our knowledge, infrequent human articles examined the influence of
enhancing oxygenation on role of complements in respiratory infections. These
infrequent studies concentrated more on athletes than normal subjects to examine the
influence of overtraining syndrome in weakening immunity among athletes. In these
studies, there were conflicts among their results[29-32]. These high conflicts might
have occurred because of athletes” highly strenuous and repeated activities, which can
cause negative effects on immunity (overtraining syndrome)[33].

The influence of enhancing oxygenation on the function and level of serum
immunoglobins has been extensively documented in the literature. Immunoglobulins
play a chief role in fighting COVID-19 infection and decreasing the severity of its
associated disorders. Immunoglobulins chiefly are IgA, IgG, IgE, and IgM. The IgA
and IgG are the predominant Ig in the mucosal fluid, and they have a vibrant role in
inhibiting upper and lower respiratory tract infection[34-36]. The influence of
enhancing oxygenation on increasing the function and activity of immunoglobulins
has been documented in the literature. Karacabey et al[30] showed that the
performance of continual moderate aerobic exercise significantly increased the
secretion of immunoglobulins IgM, IgA, and IgG. Mohamed et al[37] examined the
long influence of aerobic vs anaerobic exercise on serum immunoglobulins amid obese
females. They observed that unlike anaerobic exercise, aerobic exercise significantly
increased serum Ig, predominantly IgG and IgM.
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The second subdivision of humoral immunity is CRPs. CRPs in the body principally
act in inflammatory mechanisms and responses to viral infection by encouraging the
production of serum complements, nitric oxide secretion, phagocytosis, apoptosis, and
cytokines[38]. Increasing CRPs levels is a natural body defense mechanism to counter
viral infection. Conversely, persistent high serum CRPs can cause considerably fast
lung destruction because high serum CRPs lead to a resultant decrease in lung
function[39]. The serum CRPs are considered a chief laboratory test to detect COVID-
19 infection. Patients who suffer from COVID-19 have elevated serum CRPs[40,41].
Enhancing oxygenation plays an exciting role in controlling serum CRPs by creating a
temporary slight rise in serum CRPs[42-44] to counter lung infection and a lasting
reduction in serum CRPs[45,46] to inhibit the decline in lung functions.

THE INFLUENCE OF ENHANCING OXYGENATION ON PULMONARY
FUNCTIONS AMID PATIENTS WITH COVID-19

COVID-19 negatively disturbs respiratory functions leading to respiratory disorders,
particularly pneumonia and acute respiratory distress syndrome (ARDS)[47-51]. The
respiratory symptoms that commonly arise amid patients with COVID-19 are fever
and cough. The subtopic discusses in-depth the important role of enhancing
oxygenation in improving COVID-19-associated respiratory disorders and symptoms.
The effects of enhancing oxygenation on pulmonary functions are shown in Figure 2.

The influence of enhancing oxygenation on COVID-19-associated disorders
Enhancing oxygenation can inhibit pneumonia or reduce its development from
moderate to severe. Baumann et al[52] stated that the performance of aerobic exercise
for a short time can inhibit the incidence of fever and pneumonia in patients with
malignancy. Williams[53] has shown that mild aerobic exercise, like walking and
running, significantly declines the peril of pneumonia and aspiration pneumonia
death. Stravinskas Durigon et al[54] showed that the performance of aerobic exercise
for 8 wk averts Pseudomonas aeruginosa prompted bacterial settlement and lung inflam-
mation among older mice. Neuman et al[55] demonstrated that enhancing oxygenation
plays a key role in reducing the incidence of pneumonia in United States women.
Olivo et al[56] reported that the performance of mild aerobic exercise has an important
anti-inflammatory influence in patients with Streptococcus pneumonia, which aids in
offsetting pulmonary inflammations.

Also, enhancing oxygenation can limit the development of ARDS or reduce its
advance from moderate to severe. Rigonato-Oliveira et al[57] showed that enhancing
oxygenation prevents acute lung inflammation by diminishing oxidative stress signs
and inflammatory cytokines in rats and people. Vieira et al[58] stated that enhancing
oxygenation significantly rises serum IL-10, which has an indispensable role in
immunity strength to decline recent lung injuries. A very fresh study conducted by Shi
et al[59] has revealed that the performance of mild aerobic exercise for 5 wk prevents
the occurrence of acute lung injuries in rats via forming neutrophil extracellular traps
(NETs), which play a key role in limiting recent lung inflammation. Neutrophil
extracellular traps are structures that have an extracellular web-like shape and partic-
ularly are comprised of neutrophil elastase, DNA, histones, and myeloperoxidase.
These formed neutrophil extracellular traps can proficiently trap attacking pathogens
by using high local amounts of antimicrobial peptides to destruct virulence elements.
Interestingly, enhancing oxygenation has a superior role in COVID-19 respiratory-
related symptoms than breathing exercise[5]. The influence of enhancing oxygenation
on COVID-19 respiratory-related symptoms can be summarized in four mechanisms.

The influence of enhancing oxygenation on respiratory immunity

Enhancing oxygenation acts as antimycotic or antibiotic prophylaxis. It was previously
mentioned in the section of “the influence of enhancing oxygenation on immunity”
that enhancing oxygenation improves respiratory and bodily immunity through: (1)
Enhancing the level and function of immune cells, such as T-lymphocytes,
macrophages, monocytes, and neutrophils, which are necessary cells in the body’s
resistance to infection; (2) Enhancing serum immunoglobulins “IgA, IgM, 1gG,”
predominantly IgA as a result of its chief function to counter lung infection; and (3)
Adjusting serum CRP levels, by producing a transient rise in them to counter lung
infection and a latent reduction to prevent falling of lung functions.

WJCC | https://www.wjgnet.com 4943 July 6,2021 | Volume9 | Issuel9 |



Mohamed A et al. Enhancing oxygenation of patients with COVID-19

( Enhancing the aerobic capacity "

L 7
Increases respiratory immunity Restoring normal lung tissues Decreases dry coughing
elasticity and strength (Autonomic regulation)

Immunoglobulins

@ Cg s Pneumonia Weak muscles

(& ~=

Macrophage Tl Ne#{‘m IgM a 77
e IL-10 IL-1a Y 4/
Il-1a 16 1L1p Short D27/
I;_L--lsB TNF-a L8 pentraxins N Y/ 777
110 TNF-a )

|

Pentraxins

T Tidal volume

NK cell Monocyte B cell
TNFa IL-1a 1L-10 I

1L-10 }Hg -6 N 4
-8 - TNF-a IgA
-8 >? !=~§  /
TNF-a

Normal
1L-6

7
= f )
n. (/; { J&) IgE Long pentraxins
)
L Yg
-

Epithelial cell  Dendritic cell  Endothelial cell
Il-1a TNF-a IL-1a

1L-1B 1L-6 IL-1p

-6 IL-10 IL-6 IgD
TNF-a IL-1a TNF-a

1-33 1-18 133 |

A

ﬂ Enhance pulmonary functions against COVID-19

Figure 2 Effect of increasing the aerobic capacity on pulmonary functions. This diagram illustrates possible mechanisms of increasing oxygenation
capacity in improving pulmonary functions. These possible mechanisms include increasing the function of pulmonary immunity, restoring normal lung elasticity and
strength, and decreasing coughing through autoimmune regulations. COVID-19: Coronavirus disease 2019; Ig: Immunoglobulin; IL: Interleukin; NK: Natural killer;
TNF-a: Tumor necrosis factor-alpha.

The influence of enhancing oxygenation on lung tissues elasticity and strength
Enhancing oxygenation can significantly enhance the pliability of lung tissues and
increase the strength and stamina of respiratory muscles. A short-term increase in
oxygenation can increase lung tissue elasticity and recoil properties. Guimaraes et al
[60] studied the influence of aerobic exercise on the incidence of an artificially created
emphysema in rats. They observed that the performance of mild aerobic exercise for 4
wk significantly increased lung biomechanics and flow acceleration ratio by
decreasing lung hyperinflation and increasing elasticity and strength of lung tissues.
Park and Han[61] examined the effect of performing regular aerobic exercise on peak
expiratory lung capacity in elderly females. They observed that the performance of
mild aerobic exercise for 20 min and lasting for 12 wk significantly increased alveoli
functions and lung pliability. Taskin et al[62] examined the influence of aerobic
exercise on respiratory muscle strength in people with ankylosing spondylitis. They
observed that the performance of mild aerobic exercise for 40 min/d and lasting for 12
wk significantly augmented the end maximal exercise capacity, respiratory muscle
strength, and inspiratory muscle performance and lessened dyspnea perception.

The influence of enhancing oxygenation as an antioxidant

Enhancing oxygenation has an antioxidant role to diminish free radicals and oxidative
stress in the blood. Free radicals, like reactive oxygen species, are formed during
ordinary cellular functions as one of the normal physiological mechanisms in all living
creatures. Free radicals play both useful and poisonous effects. Once serum-free
radicals extremely raise and can no longer be handled, they lead to an oxidative stress
[63]. Oxidative stress can significantly help in the development of numerous diseases,
amid them lung infection and diseases[63,64]. Mild aerobic exercise can aid in the
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removal of these increased serum free radicals and decrease the incidence of lung
infection and disorders such as pneumonia and ARDS.

Also, enhancing oxygenation increases the body’s resistance to consequential
oxidative challenges by enhancing the mitochondrial function and permitting
enhanced oxygenation of body and lung tissues[63,65]. Toledo et al[66] studied the
influence of aerobic exercise on the incidence of pulmonary disorders in rats. They
assessed the reactive oxygen species as a biomarker of the beginning of lung disorders.
They observed that mild aerobic exercise implemented for 24 wk significantly
decreased serum reactive oxygen species in the bronchoalveolar lavage fluid in rats.
They concluded that increasing oxygenation is vital to inhibit or reduce the worsening
of ARDS and pneumonia. Da Cunha et al[67] studied the consequence of performing
aerobic exercise on induced oxidative stress by an artificially occurring lung injury in
rats. They observed that the performance of mild aerobic exercise for 20 min
significantly inhibited the accumulation of nuclear factor kappa B/ p65, reactive
species, and nitrite amounts. They proposed that mild aerobic exercise may have a
major function as a protector to counter the development of recent lung inflammation.

The influence of enhancing oxygenation on the cough mechanism

Enhancing oxygenation can decrease coughing in patients with COVID-19; this mainly
occurs through modulating the autonomic nervous system over mucociliary clearance
[68,69]. Borghi-Silva et al[69] examined the consequence of routine aerobic exercise on
the function of lungs in patients with chronic obstructive pulmonary disease. They
observed that performing mild aerobic exercise for 6 wk significantly reduced
respiratory rate and elevated the tidal volume during exercise; these changes mainly
occurred due to autonomic modulations, which caused a decrease in the heart rate.
Recently, Leite et al[68] explored the influence of aerobic exercise on the cough and
function of autonomic nervous system in patients with chronic obstructive pulmonary
disease. They observed that performing 12 wk of mild aerobic exercise significantly
reduced the cough and heart rate. The influence of enhancing oxygenation on
reducing heart rate might be valuable in lessening dyspnea observed in patients with
COVID-19[69]. Thus, performing mild aerobic exercise might significantly reduce both
cough and dyspnea, which often arise in patients with COVID-19 over breathing
exercise as they significantly control the parasympathetic nervous system leading to a
major drop in these two signs.

THE INFLUENCE OF ENHANCING OXYGENATION ON PYSCHO-IMMUNE
HORMONES AMONG PATIENTS WITH COVID-19

Psychological problems usually occur in both healthy people throughout the
lockdown (who have difficulty going to psychiatrists) and patients with COVID-19
(who are waiting for the death to come at any moment)[70]. These psychological
problems can significantly decrease immunity and cause the development of several
disorders including diabetes and hypertension. Thus, controlling these psychological
problems is a must to either decrease COVID-19 associated disorders and death rates
or prevent the development of other disorders (diabetes and hypertension). This
subtopic discusses the influence of enhancing oxygenation on renormalizing the
psycho-immune hormones, mostly those involved in the fight or flight reaction,
including glucocorticoids (GCs), oxytocin, thyroid (THs), and insulin hormones
through clarifying the impact of regulation of these hormones on enhancing immune
functions essential to counter COVID-19. The effects of increasing the oxygenation on
psycho-immune hormones are illustrated in Figure 3.

The influence of enhancing oxygenation on decreasing serum glucocorticoids

GC release starts by stimulating the hypothalamus to secret corticotropin-releasing
hormone (CRH) and arginine vasopressin. CRH-containing neurons, present in the
hypothalamus (paraventricular nucleus), attach to the noradrenergic areas in the
spinal cord and brainstem. The locus coeruleus of the brainstem directly connects with
the autonomic nervous system neurons in the brainstem and spinal cord[71]. Stress
activates the locus coeruleus to stimulate the sympathetic activity through triggering
al-adrenoceptors and inhibit the parasympathetic activity through activation of a2-
adrenoceptors[71]. The sympathetic nervous system activation increases the secretion
of CRH from the paraventricular nucleus of the hypothalamus causing a stimulation of
the hypothalamic-pituitary-adrenal axis to secrete adrenocorticotropic hormone
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(ACTH) from the anterior pituitary gland[71].

Adrenocorticotropic hormone, in turn, activates the release of GCs from the adrenal
cortex[72]. These GCs act as transcript factors to control cell functions, even after the
stoppage of acute stresses. GCs can overwhelm immunity and avert the central
secretion of inflammation mediators (leukotrienes and prostaglandins); this happens
as a result of the decreasing effect of GCs on the action and function of immune cells
(T-lymphocytes, B-lymphocytes, macrophages, neutrophils, basophils, eosinophils,
and mast cells)[73,74].

Short periods of aerobic exercise can significantly decrease serum GCs, arginine
vasopressin, and CRH. Lu et al[75] studied the influence of aerobic exercise on GC
receptor message on blood leukocytes in healthy and asthmatic young persons[75].
They detected that regular mild aerobic exercise performed for 8 wk significantly
declined the GC receptor message on blood leukocytes. Hill et al[76] investigated the
influence of aerobic exercise on serum GCs in moderately skilled athletes[76]. They
observed that the performance of low aerobic exercise for 30 min significantly reduced
serum GCs. Silva et al[77] examined the influence of aerobic exercise on GC receptor
communication in rats[77]. They observed that the performance of mild aerobic
exercise for 60 min with 50% of maximal exercise capacity significantly reduced the
communication of the GC receptors in rats. Fediuc et al[78] investigated the influence
of aerobic exercise on sensitivity of the hypothalamic-pituitary-adrenal axis and serum
GCs in Sprague-Dawley rats[78]. They found that the performance of mild intensity
aerobic exercise for 5 wk significantly declined both serum GCs and sensitivity of the
hypothalamic-pituitary-adrenal axis.

The influence of enhancing oxygenation on increasing serum OX hormone

OX hormone is produced from magnocellular and parvocellular neurons inside the
paraventricular nucleus and the supraoptic nucleus of the hypothalamus and then is
transmitted by axonal transport to the posterior pituitary where it deposits until its
secretion into the blood. OX hormone receptors exist in many regions of the brain,
including the cerebral cortex, hypothalamus, hippocampus, amygdala, and nucleus
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accumbens[79].

The increase in serum OT levels can help in decreasing stress, anxiety, and
depression; however, the actual mechanisms by which the OT system decreases these
disorders are still unclear[79]. However, the importance of increasing oxygenation on
enhancing OT function still needs more investigations particularly on humans.

Numerous studies have shown that OT has a significant antidepressant function in
diminishing anxiety and stress[80-84]. The antidepressant function of OT may occur
due to enhancing the mitogen-activated protein/extracellular signal-regulated kinase
signaling path and intensifying brain-derived neurotrophic factor communications
within the hippocampus; this enhancing the neural plasticity function in the
hippocampus[79]. Also, OT plays an important role in diminishing immunological
disturbances and returning the standard homeostasis because its relationship with
several usual immune cytokines, such as IL-1f, in addition to prostaglandins,
endocannabinoids, nitric oxide, and nitric oxide[85].

Short periods of aerobic exercise can increase blood OT, which promotes both
decreasing stress, anxiety, and depression and increasing immune functions. Yiiksel ef
al[86] examined the influence of aerobic exercise on serum OT in female mice[86]. They
observed that the performance of mild aerobic exercise for 6 wk significantly elevated
serum OT and this helped in reducing anxiety. Arabaci Tamer et al[87] studied the
influence of aerobic exercise on oxytocinergic motion in rats[87]. They detected that
the daily repetitive moderate aerobic exercise for 30 min for 5 d significantly reversed
the artificially produced negative-regulated oxytocinergic motion. Martins et al[88]
studied the influence of aerobic exercise on serum OT in mice[88]. They detected that
the performance of mild-aerobic exercise for 3 mo significantly elevated serum OT.

The influence of enhancing oxygenation on increasing serum TH hormones

The TH gland activity usually decreases in stressful circumstances. In stress, serum
3,5,3',5'-tetraiodothyronine thyroxine (T4) and 3,5,3'- triiodothyronine (T3) decay, and
the TH-stimulating hormone (TSH) release ceases as a consequence of the rise of
serum GCs[89,90]. TH hormones, principally T3 and T4, are indispensable hormones
in controlling numerous functions in human bodies, such as oxygen utilization,
protein, lipid, and carbohydrate absorptions, adolescence, intermittent bleeding, and
stress lessening[90].

In humans, various neurons in the paraventricular nucleus of the hypothalamus,
mainly parvocellular zone, stabilize the hypothalamic-pituitary-TH axis activity. The
hypothalamic-pituitary-TH axis triggers the release of thyrotropin-releasing hormone
into the median eminence. The thyrotropin-releasing hormone triggers the frontal
pituitary gland to release TSH. TSH voyages throughout peripheral vessels to activate
the release of T3 and T4 from the TH gland. T4 generally transmutes into T3 by
deiodinase enzymes present in the utmost body tissues. TH hormones have adverse
feedback function by exciting T hormone receptors present in the pituitary and
hypothalamus to stop the release of TSH[89,91].

The decrease in serum TH hormones, mainly T3 and T4, can decrease the function of
various immune cells (e.g., lymphocytes, monocytes, natural killer cells, and
macrophages), consequently decreasing the activity of various infection-related
processes, including chemotaxis, phagocytosis, cytokines release, and reactive oxygen
species production. The real mechanisms behind this relationship are still unclear[92,
93]. Preceding studies have demonstrated that patients with hyperthyroidism usually
have a rise in the activity of macrophages, leukocytes, and lymphocytes[94,95]. Other
studies have demonstrated opposite outcomes in patients with hypothyroidism[96,97].

Short periods of aerobic exercise can significantly increase serum T3. Altaye ef al[98]
investigated the influence of continued aerobic exercise on the alteration in serum TH
hormones in teenagers with intelligence debilities[98]. They detected that routine mild
aerobic exercise for 3 mo significantly raised serum T3, T4, and TSH. Fathi et al[99]
examined the influence of aerobic exercise on TH hormones in obese postmenopausal
females[99]. They observed that mild aerobic exercise implemented for 8 wk
significantly increased serum T3, T4, and TSH levels. Rone et al[100] studied the
influence of serum T3 in males[100]. They observed that athletes had greater serum T3
than sedentary controls during kinetic analysis.

The influence of enhancing oxygenation on decreasing insulin resistance

Insulin is considered a peptide hormone released by the B-cells present in the
pancreatic islets of Langerhans. Insulin maintains normal serum glucose by facilitating
the digesting of cellular glucose to facilitate carbohydrate, protein, and lipid
metabolism and promote cell splitting by its mitogenic characteristics[101]. Stress
causes an increase in serum insulin; if the stress continues for longer periods, it causes
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insulin exhaustion, serum glucose elevation, and diabetes mellitus (DM) occurrence
[101,102]. Insulin resistance upsurge is a compensatory mechanism to sustain ordinary
serum glucose. The dysfunction of this compensatory mechanism causes an increase in
serum glucose and the development of DM. Insulin also has a direct connection with
numerous hormones, such as growth hormone, GCs, glucagon, norepinephrine, and
epinephrine because all these hormones participate in the control of glucose and
carbohydrate digestion and undergoes the same neural control[103]. Several studies
have revealed there is a direct relationship between prolonged psychological stress
and the depletion of insulin and the development of DM[104-106]. Also, several
studies have reported that DM leads to a decline in immunity strength, though the
actual mechanisms by which low insulin level or increased insulin resistance causes a
decrease in immunity strength are not clear yet[107-109]. It might be that insulin has a
crucial role in glucose metabolism, which is vital in delivering vitality to immune cells
against viral infection.

Enhancing oxygenation can increase insulin levels and enhance glucose metabolism.
The increase in insulin production might be caused by the influence of increasing the
oxygenation on lowering serum GCs. There is strong evidence in the literature to
support the beneficial role of implementing aerobic exercise on increasing glucose
metabolism and insulin sensitivity[110-114]. Winnick et al[110] studied the influence of
aerobic exercise on the sensitivity of insulin in overweight persons having type II
diabetes[110]. They observed that the performance of aerobic exercise for a week
significantly elevated insulin sensitivity. Schwaab et al[111] compared the influence of
anaerobic and aerobic training on glucose tolerance in persons with type II diabetes
and coronary artery illnesses[111]. They observed that aerobic exercise implemented
for 16 wk, unlike anaerobic exercise, significantly reduced glucose tolerance. Karstoft
et al[112] examined the influence of mild aerobic exercise on physical fitness, glycemic
control, and body structures in persons with type II diabetes[112]. They observed that
alternating mild and high aerobic exercise implemented for 4 mo significantly elevated
insulin sensitivity and reduced glycemic control. Nassis et al[113] investigated the
influence of aerobic exercise on insulin sensitivity between overweight girls[113]. They
observed that the performance of mild aerobic exercise for 12 wk significantly reduced
insulin sensitivity.

THE DEFENSIVE ROLE OF ENHANCING OXYGENATION ON COVID-19
RISK FACTORS

Brief periods of aerobic exercise can significantly regulate COVID-19 risk factors.
Interestingly, this effect in some studies occurred after a single session only. Thus, this
subtopic mainly focuses on the instantaneous and short-term influence of enhancing
oxygenation on COVID-19 risk factors as these risk factors can increase spread and
progress rates[47]. The communal risk factors occurring with COVID-19 are
hypertension, aging, heart problems, and diabetes[115]. The defensive role of
enhancing oxygenation on risk factors of COVID-19 is illustrated in Figure 4.

DM

DM negatively affects numerous body structures[116], including immunity[117] and
pulmonary functions[118]. Enhancing oxygenation can cause an immediate decline in
serum glucose in both types of DM. Yardley ef al[119] studied the immediate influence
of aerobic vs anaerobic exercise on serum glucose in individuals with type I DM[119].
They observed that 45 min of mild aerobic exercise significantly reduced serum
glucose more than resistance exercise. However, this reduction quickly returned to the
pre-exercise level following the session. Bacchi et al[120] studied the immediate
influence of aerobic vs anaerobic exercise on serum glucose in individuals with type II
DM][120]. They observed that, unlike anaerobic exercise, mild aerobic exercise
significantly reduced serum glucose during the session and for the following entire
night. Yokoyama et al[121] studied the temporary influence of aerobic exercise on
stiffness of arteries in peoples with type II DM[121]. They observed that 45 min of mild
aerobic exercise implemented for 3 wk significantly reduced the stiffness of common
carotid and femoral arteries, and this decrease was accompanied with an improvement
in tissue resistance to insulin.

Hypertension

Short periods of aerobic exercise can yield an acute substantial decrease in high blood
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pressure (BP)[122]. Ciolac et al[123] inspected the influence of aerobic exercise on BP in
persons with lasting untreated hypertension[123]. They observed that just a seldom
session of aerobic exercise significantly declined ambulatory BP. Lund et al[124]
inspected the influence of aerobic exercise on ambulatory BP amid woman cleaners
[124]. They observed that one session of aerobic exercise significantly reduced
ambulatory BP, and this reduction continued for 25 h after the session. Guimaraes et al
[125] studied the influence of immediate aerobic exercise in warm water on general BP
in people with resistant hypertension[125]. They detected that performing mild
aerobic exercise for 2 wk significantly declined systolic BP and diastolic BP and
cardiovascular size either subsequent the exercise or through the subsequent 24 h.
Nascimento et al[126] studied the instant and extended influence of aerobic exercise on
BP in people with resilient hypertension[126]. They detected that mild aerobic exercise
implemented for 8 wk significantly decreased BP.

Aging
Aging significantly reduces bodily function and activity exposing these structures to
dysfunction and failure. Older patients with COVID-19 commonly have greater death
rates than younger patients. Thus, reducing the influence of aging on body structures
could assist in reducing these death rates. Giallauria ef al[127] studied the influence of
mild aerobic exercise on recovery of normal heart rate in older adults. They observed
that the performance of mild aerobic exercise for 8 wk significantly elevated peak
oxygen uptake, heart rate recovery, and ventilatory aerobic threshold and reduced the
rate of rising in ventilation/unit of carbon dioxide release anticipating that mild
aerobic exercise can modify the autonomic nervous system activity by raising the
vagal/sympathetic balance. Chapman et al[128] studied the acute influence of mild
aerobic exercise on cardiovascular fitness in older adults. They observed that a routine
of mild aerobic exercise for 6 wk significantly enhanced both perceived exertion rate
and VO

2max*
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Heart problems

Heart and pulmonary problems usually come with together. Thus, heart problems
could increase the declined rate in lung function and disorders (heart-lung interaction)
[129-131]. Enhancing oxygenation can cause significant short-term enhancements in
heart disorders. The immediate and chronic enhancements in heart, functions, rates,
and volumes were demonstrated in the preceding paragraph[54,127,128]. Animal
studies have demonstrated that the performance of mild aerobic exercise significantly
improves heart functions. Wisleff et al[132] studied the short-term influence of aerobic
exercise on cardiac muscle contractility, cardiomyocyte hypertrophy, and Ca*
sensitivity in rats after an artificially-induced myocardial infarction. This study
detected that a routine of mild aerobic exercise performed for 8 wk significantly
enhanced cardiac contractility and Ca* sensitivity and reduced the hypertrophy of
cardiomyocytes. Tao et al[133] studied the impact of aerobic exercise in ending the
artificially-produced acute myocardial infarction in mice. They observed that the
performance of mild aerobic exercise for 3 wk significantly protected rats from acute
myocardial infarction by enhancing myocardium driven metabolism and inducing
premature adaptive modifications in mitochondrial biogenesis.

AEROBIC EXERCISE PRESCRIPTIONS IN PATIENTS WITH COVID-19

This subtopic intends to scrutinize the previous studies that examined the influences
of aerobic exercise on immunity amid healthy individuals as an effort to afford aerobic
exercise prescriptions for patients with COVID-19. In this section, we analyzed eleven
studies[19,20,37,46,134-140] performed on healthy subjects and accomplished an
increase in immunological markers[141]. The recommendations and prescriptions of
aerobic exercise for patients with COVID-19 are shown in Table 1.

The type of aerobic exercise

The type of aerobic exercise implemented in the discussed studies were chiefly
running and cycling. Most of the included studies implemented pedaling[19,134-138,
140], while the other studies implemented either running[37,139] or both pedaling and
running[20,46]. Based on these findings, treadmill biking or running would be the
appropriate type of aerobic exercise in patients with COVID-19, Also for older patients

or patients who have balance problems, the bicycle may be a decent selection for them
[142].

The intensity of aerobic exercise

The intensity of aerobic exercise performed in the previous studies was measured by
maximum heart rate (MHR) or VO,,,,. In the studies that were implemented for short
times, most of them implemented aerobic exercise using VO,,,, as the main indicator
to determine its intensity, and mostly the intensity ranged from 55% to 85% VO,
including two studies used 55% VO,,,[19,134], two studies used 55%-85% VO,,,,[136,
140], one study used 60% VO,,,[137], and one study used MHR instead of VO, at
60%-70% MHR[139]. In the studies that were implemented for prolonged times, most
of them implemented aerobic exercise using MHR the main indicator to determine its
intensity, and mostly the intensity ranged from 60%-80% MHR including one study
used 60%-75% MHR[37], one study used 70%-80% MHR[135], one study used 70%
VO,,..[20], and one study used 75% VO,,,[138]. Based on the aforementioned
intensities, implementing aerobic exercise at an intensity range from 55% to 85%
VO,,..x would be the recommended intensity in patients with COVID-19. The starting
intensity should be determined personally to avoid the development of exhaustion
[143] because exhaustion can adversely affect immunity[144]. Thus, aerobic exercise
should be graded starting from light activity through performing extended warming-
up and cooling-down, then a rise in the intensity should followed.

The duration of aerobic exercise

The duration of aerobic exercise performed in the earlier studies fluctuated from 18-80
min. In the studies that studied the immediate effects of aerobic exercise, the time of
the session fluctuated from 18 to 60 min[136,140], two studies implemented exercise
for 45 min[134,139], and two studies implemented exercise for 60 min[19,137]. In the
studies that tested the long-term effect of aerobic exercise, the duration of the session
ranged from 30 to 80 min, including one study implemented exercise for 30 min[138],
one study implemented exercise for 45 min[135], one study implemented exercise for
50 min[37], one study implemented exercise for 60 min[46], and one study used a
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Table 1 This table shows the recommended aerobic exercise settings in patients with coronavirus disease 2019, including type,

intensity, duration, and frequency of aerobic exercise

Type of exercise Intensity of exercise  Duration of exercise ~ Frequency of exercise
Aerobic exercise recommendation and Cycling 55%-85% VO,..x 18-60 min 2-3 sessions/wk
prescriptions

Light running 60%-80% MHR

MHR: Maximum heart rate.

specific distance (5 km) instead of a duration[20]. Therefore, 20-60 min of aerobic
exercise can be a fitting time of the aerobic exercise session for patients with COVID-
19. If the patient is sedentary and cannot perform the session time without exhaustion,
day-to-day several short bursts of aerobic exercise could be used.

The frequency of aerobic exercise

The frequency of aerobic exercise performed in the earlier studies fluctuated from 1
session/wk to 3 sessions/wk. In the studies that studied the short-term effects of
aerobic exercise, exercise frequencies included: 4 studies implemented aerobic exercise
for only 1 session[136], 1 study implemented aerobic exercise for 2 sessions (one
session/wk)[19], and 1 study implemented aerobic exercise for 3 sessions for only a
week[134]. In the studies that studied the long-term effect of aerobic exercise, exercise
frequencies included: 1 study implemented aerobic exercise for 2 sessions/wk for 8 wk
[46], one study implemented aerobic exercise for 3 sessions/wk for 5 wk[20], one
study implemented aerobic exercise for 3 sessions/wk for 9 wk[138], one study
implemented aerobic exercise for 3 sessions/wk for 10 wk[135], and one study
implemented aerobic exercise for 3 sessions/wk for 12 wk[37]. Based on the aforemen-
tioned findings, the frequency of 3 sessions/wk can be helpful and safe in patients
with COVID-19.

Limitations of this review include that most comprised studies were conducted on
animals as a result of the deficiency of human studies addressing these intended
effects, predominantly infection-related ones. Also, the searched databases were the
most cited ones to ensure the quality of the included studies.

CONCLUSION

Improving oxygenation in patients with COVID-19 is crucial because it has a
significant role in improving immune and pulmonary functions. In addition, it helps in
decreasing COVID-19 risk factors that increase the severity of symptoms. Finally, it
helps in controlling hormones that are involved in bodily infection-fighting
mechanisms. To increase immunity, particularly immunological markers, patients
with COVID-19 should implement a continuous aerobic exercise session at an intensity
of 55%-80% of VO,,,,.or 60%-80% of MHR for 2-3 sessions/wk with a duration of 18-60
min/session and using cycling ergometer or light running because these specifications
could enhance immunity without developing fatigue or exhaustion.
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