Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 9 Number 12 April 26, 2021

MINIREVIEWS
2696  Standardization of critical care management of non-critically ill patients with COVID-19

Wang CS, Gao Y, Kang K, Fei DS, Meng XL, Liu HT, Luo YP, Yang W, Dai QQ, Gao Y, Zhao MY, Yu KJ

2703  Mediastinal lymphadenopathy in COVID-19: A review of literature
Taweesedt PT, Surani S

2711  Polycystic ovary syndrome: Pathways and mechanisms for possible increased susceptibility to COVID-19

Ilias I, Goulas S, Zabuliene L

ORIGINAL ARTICLE

Clinical and Translational Research

2721  Circulating tumor cells with epithelial-mesenchymal transition markers as potential biomarkers for the
diagnosis of lung cancer

Jiang SS, Mao CG, Feng YG, Jiang B, Tao SL, Tan QY, Deng B

Retrospective Study

2731  Management and implementation strategies of pre-screening triage in children during coronavirus disease
2019 pandemic in Guangzhou, China

Shi X, Cai YT, Cai X, Wen XL, Wang JY, Ma WC, Shen J, Wu JX, Liu HY, Sun J, He PQ, Lin Y, Zhao DY, Li PQ

2739  Clinicopathological features of superficial CD34-positive fibroblastic tumor

Ding L, Xu WJ, Tao XY, Zhang L, Cai ZG

2751  Application of a rapid exchange extension catheter technique in type B2/C nonocclusive coronary
intervention via a transradial approach

Wang HC, Lu W, Gao ZH, Xie YN, Hao J, Liu JM

SYSTEMATIC REVIEWS

2763  Paradoxical relationship between proton pump inhibitors and COVID-19: A systematic review and meta-
analysis

Zippi M, Fiorino S, Budriesi R, Micucci M, Corazza I, Pica R, de Biase D, Gallo CG, Hong W

META-ANALYSIS

2778  Predictive risk factors for recollapse of cemented vertebrae after percutaneous vertebroplasty: A meta-
analysis

Ma YH, Tian ZS, Liu HC, Zhang BY, Zhu YH, Meng CY, Liu XJ, Zhu QS

WJCC | https://www.wjgnet.com I April 26,2021 | Volume9 | Issuel2 |

Jaishideng®



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 12 April 26, 2021

CASE REPORT
2791  Malignant pheochromocytoma with cerebral and skull metastasis: A case report and literature review

Chen JC, Zhuang DZ, Luo C, Chen WQ

2801  Unresectable esophageal cancer treated with multiple chemotherapies in combination with
chemoradiotherapy: A case report

Yura M, Koyanagi K, Hara A, Hayashi K, Tajima Y, Kaneko Y, Fujisaki H, Hirata A, Takano K, Hongo K, Yo K, Yoneyama
K, Tamai Y, Dehari R, Nakagawa M

2811  Role of positron emission tomography in primary carcinoma ex pleomorphic adenoma of the bronchus: A
case report

Yang CH, Liu NT, Huang TW

2816  Positive reverse transcription-polymerase chain reaction assay results in patients recovered from COVID-
19: Report of two cases

Huang KX, He C, Yang YL, Huang D, Jiang ZX, Li BG, Liu H

2823  Laryngeal myxoma: A case report

Yu TT, Yu H, Cui Y, Liu W, Cui XY, Wang X

2830  Prostate stromal tumor with prostatic cysts after transurethral resection of the prostate: A case report

Zhao LW, Sun J, Wang YY, Hua RM, Tai SC, Wang K, Fan Y

2838  Intramuscular hematoma in rhabdomyolysis patients treated with low-molecular-weight heparin: Report
of two cases

Yuan SY, Xie KF, Yang J

2845  Partial response to Chinese patent medicine Kangliu pill for adult glioblastoma: A case report and review
of the literature

Sun G, Zhuang W, Lin QT, Wang LM, Zhen YH, Xi SY, Lin XL

2854  Behcet's disease manifesting as esophageal variceal bleeding: A case report
Xie WX, Jiang HT, Shi GO, Yang LN, Wang H

2862  Successful endoscopic surgery for emphysematous pyelonephritis in a non-diabetic patient with
autosomal dominant polycystic kidney disease: A case report

Jiang Y, Lo R, Lu ZQ, Cheng XB, Xiong L, Luo BF

2868  Robotically assisted removal of pelvic splenosis fifty-six years after splenectomy: A case report

Tognarelli A, Faggioni L, Erba AP, Faviana P, Durante J, Manassero F, Selli C

2874  Pulmonary alveolar proteinosis complicated with nocardiosis: A case report and review of the literature

Wu XK, Lin Q

2884  Detection of EGFR-SEPT14 fusion in cell-free DNA of a patient with advanced gastric cancer: A case report

Kim B, Kim Y, Park I, Cho JY, Lee KA

Guieidenge WICC | https://www.wjgnet.com I April 26,2021 | Volume9 | Issuel2 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 12 April 26, 2021

2890 Timing of convalescent plasma therapy-tips from curing a 100-year-old COVID-19 patient using
convalescent plasma treatment: A case report

Liu B, Ren KK, Wang N, Xu XP, Wu J

2899  Torsades de pointes episode in a woman with high-grade fever and inflammatory activation: A case report

Qiu H, Li HW, Zhang SH, Zhou XG, Li WP

2908  Salivary duct carcinoma of the submandibular gland presenting a diagnostic challenge: A case report

Uchihashi T, Kodama S, Sugauchi A, Hiraoka S, Hirose K, Usami Y, Tanaka S, Kogo M

2916  Allogeneic hematopoietic stem cell transplantation in a 3-year-old boy with congenital pyruvate kinase
deficiency: A case report

Ma ZY, Yang X

2923  Congenital bilateral cryptorchidism in an infant conceived after maternal breast cancer treatment: A case
report

Hu WK, Liu J, Liu RX, Liu XW, Yin CH

2930  Sclerosing polycystic adenosis of the submandibular gland: Two case reports

Wu L, Wang Y, Hu CY, Huang CM

2937  Budd-Chiari syndrome associated with liver cirrhosis: A case report

Ye OB, Huang QF, Luo YC, Wen YL, Chen ZK, Wei AL

2944  Separated root tip formation associated with a fractured tubercle of dens evaginatus: A case report

Wu ZF, Lu LJ, Zheng HY, Tu Y, Shi Y, Zhou ZH, Fang LX, Fu BP

Bishidenge WVJCC | https://www.wjgnet.com I April 26,2021 | Volume9 | Issuel2 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 12 April 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Jing Liu, MD, PhD, Chief Doctor, Professor, Department
of Neonatology and NICU, Beijing Chaoyang District Maternal and Child Healthcare Hospital, Beijing 100021,
China. liujingbj@live.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: J/-Hong Lin; Production Department Director: Xiang Ii; 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
April 26, 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 IX April 26,2021 | Volume9 | Issue12 |


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.i12.2711

World Journal of
Clinical Cases

World | Clin Cases 2021 April 26; 9(12): 2711-2720

ISSN 2307-8960 (online)

MINIREVIEWS

Polycystic ovary syndrome: Pathways and mechanisms for possible
increased susceptibility to COVID-19

Ioannis Ilias, Spyridon Goulas, Lina Zabuliene

ORCID number: Ioannis Ilias 0000-
0001-5718-7441; Spyridon Goulas
0000-0002-1936-9014; Lina Zabuliene
0000-0002-7889-0862.

Author contributions: Ilias I was
the guarantor and planned the
review; Ilias I and Zabuliene L
conceived and drew the figures;
Ilias I, Goulas S and Zabuliene L
reviewed the literature and wrote
the initial manuscript, critically
revised the article for important
intellectual content.

Conflict-of-interest statement: The
authors declare 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

Jaishideng®

WJCC | https://www.wjgnet.com

loannis llias, Department of Endocrinology, Elena Venizelou Hospital, Athens GR-11521,
Greece

Spyridon Goulas, Department of Gastroenterology Unit, Elena Venizelou Hospital, Athens GR-
11521, Greece

Lina Zabuliene, Institute of Clinical Medicine, Faculty of Medicine, Vilnius University, Vilnius
LT-03101, Lithuania

Corresponding author: Ioannis Ilias, MD, PhD, Consultant Physician-Scientist, Department of
Endocrinology, Elena Venizelou Hospital, 2 Elena Venizelou Sq, Athens GR-11521, Greece.
iiliasmd@yahoo.com

Abstract

In 75% of women with polycystic ovary syndrome (PCOS), insulin action is
impaired. In obesity, visceral adipose tissue becomes dysfunctional: Chronic
inflammation is favored over storage, contributing to the development of
metabolic complications. PCOS, metabolic syndrome (MetSy) and non-alcoholic
fatty liver disease (NAFLD) apparently share common pathogenic factors; these
include abdominal adiposity, excess body weight and insulin resistance.
Alterations in the gut microbiome have been noted in women with PCOS
compared to controls; these may lead to deterioration of the intestinal barrier,
increased gut mucosal permeability and immune system activation,
hyperinsulinemia and glucose intolerance, which hamper normal ovarian
function and follicular development (all being hallmarks of PCOS). It has been
proposed that PCOS may entail higher susceptibility to coronavirus disease 2019
(COVID-19) via its associated comorbidities (NAFLD, obesity, MetSy and
alterations in the gut microbiome). Studies have found an association between
acute respiratory distress syndrome (seen in severe cases of COVID-19) and the
intestinal microbiome. Furthermore, apparently, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) can gain entry to the gastrointestinal tract
via locally-expressed angiotensin converting enzyme type 2 receptors. Excess
body weight is associated with more severe COVID-19 and increased mortality.
Although robust links between SARS-CoV-2 infection and PCOS/NAFLD/ gut
microbiome/metabolic consequences are yet to be confirmed, it seems that
strategies for adapting the intestinal microbiome could help reduce the severity of
COVID-19 in women with PCOS with or without NAFLD, MetSy or obesity.
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Core Tip: Polycystic ovary syndrome (PCOS) may entail higher susceptibility to
coronavirus disease 2019 (COVID-19). Furthermore, PCOS may also increase
susceptibility to COVID-19 via its associated comorbidities (non-alcoholic fatty liver
disease, metabolic syndrome and alterations in the gut microbiome). In order to
determine whether the intestinal microbiome in women with PCOS has an effect on
their risk of COVID-19 or if severe acute respiratory syndrome coronavirus 2 is the
factor that changes the composition of their microbiome, more research will be needed.
Strategies for adapting the intestinal microbiome could help reduce the severity of
COVID-19 in women with PCOS.

Citation: Ilias I, Goulas S, Zabuliene L. Polycystic ovary syndrome: Pathways and mechanisms
for possible increased susceptibility to COVID-19. World J Clin Cases 2021; 9(12): 2711-2720
URL: https://www.wjgnet.com/2307-8960/full/v9/i12/2711 htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i12.2711

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common and heterogeneous endocrine
disorder that becomes symptomatic in adolescence and occurs in 5%-10% of women of
reproductive age!’; it is frequently associated with metabolic abnormalities. It is the
most common cause of androgen hypersecretion and accounts for more than a third of
menstrual disorders. PCOS is also the most common hormonal disorder that leads to
hair loss, appearance of acne, seborrhoea and male pattern baldness (symptoms may
be absent in patients with moderate hyperandrogenemia, as in most cases of PCOS!").

The definition of PCOS has shifted over the years, according to different diagnostic
criteria, which define an array of disease phenotypes (Figure 1), taking into account
signs of hyperandrogenemia and ovarian dysfunction and of ovarian morphology!-.
Currently, experts suggest the use of the Rotterdam criteria, as refined in 201871,

The current understanding of the pathogenesis of PCOS suggests that it is a
complex polygenic disorder!. Various studies have studied candidate genes that can
regulate the hypothalamic-pituitary-ovary axis as well as genes responsible for insulin
resistancel’.. There is a familial predisposition for high levels of dehydroepiandro-
sterone sulphate in siblings of women with PCOS, suggesting that this is a genetic
characteristic”. Additionally, first-degree relatives of patients with PCOS carry an
increased risk of cardiovascular disease, as do patients with PCOS!'-*l. Whether the
molecules involved in low-grade inflammation are involved in the pathogenesis of
hyperandrogenemia or, conversely, if excess androgens may-in some way-lead to the
promotion of inflammation, is still a controversial issue. Although direct involvement
of androgens in low-grade inflammation has not been shown, available evidence
suggests that androgens may be indirectly involved in the development of low-grade
inflammation, via an effect on adipose tissue and on resistance to insulin“*’l. In fact,
androgens stimulate adipocyte hypertrophy, affecting the expression of enzymes and
proteins involved in lipid and carbohydrate metabolism, oxidative stress and
differentiation of pre-adipocytes into mature adipocytes. Androgen excess can impair
insulin action, either directly at the insulin receptor level or indirectly via changes
effected at various tissues. In addition, androgens increase lipolysis, resulting in
increased release of free fatty acids!'*'"l.

Research on the relationship between adiponectin and testosterone has given
conflicting results. Similar results have been found for leptin. A strong negative
relationship between circulating levels of ghrelin with androgens, especially
androstenedione, has been found in women with PCOS!". The production of the latter
steroid results from endogenously malfunctioning ovaries and adrenal glands. The
high intra-ovarian concentration of androgens inhibits follicular maturation, leading to
the appearance of polycystic ovaries. The usual source of excess androgens is due to

2712 April 26,2021 | Volume9 | Issuel2 |


https://www.wjgnet.com/2307-8960/full/v9/i12/2711.htm
https://dx.doi.org/10.12998/wjcc.v9.i12.2711

Ilias I et al. PCOS, NAFLD and COVID-19

For Dx

Criteria/ NIH Rotterdam AE/PCOS S
Year 1990 2003 revised 2018 2006
HAl
S~
\
oDt oD M oD M
Minimum 2/3 2/3

Figure 1 Criteria for defining polycystic ovary syndrome and describing its phenotypes (summarized from®7). 'Sine qua non for diagnosis,
when excluding all similar/mimicking disorders after thorough laboratory and instrumental investigations. NIH: National Institutes of Health (United States) criteria;
Rotterdam: European Society of Human Reproduction and Embryology/American Society for Reproductive Medicine criteria; AE/PCOS S: Androgen Excess and
Polycystic Ovary Syndrome Society criteria; HA: Hyperandrogenism; OD: Ovulatory dysfunction; M: Polycystic ovary morphology: At least one ovary with volume > 10
cm® or at least 12-20 antral follicles (with a diameter of 5-9 mm) per ovary; Dx: Diagnosis.
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functional ovarian hyperandrogenism, which is characterized by increased 17-
hydroxyprogesterone after stimulation with luteinizing hormone releasing hormone or
human chorionic gonadotropin. Endogenous dysfunction of ovarian cells appears to
contribute to 50%-75% of cases of PCOS!"’.

PCOS, OBESITY AND INSULIN RESISTANCE

Obesity is present in about 50%-80% of women with PCOS, but this relationship also
depends on environmental factors”?'l. A lower prevalence of obesity in women with
PCOS has been reported in populations where severe obesity is less prevalent, such as
in Asians and in some Europeans™*l. Some argue that in the community there may
not be more obese women with PCOS than obese women without PCOS. With age,
there is also increase in body mass index (BMI), waist circumference and of the waist
to hip ratio™*). The annualized conversion rate from normal glucose tolerance to
impaired is higher in obese women with PCOS (16%) compared to the general obese
population (1%-5%); the annualized conversion rate of obese women with PCOS from
impaired glucose tolerance to diabetes at 2% is not different from the rate of the
general obese population™l. There is a synergistic effect of obesity on worsening
glucose intolerance in women with PCOS. We have to note that regarding obesity,
women with PCOS present a challenge for researchers, since BMI may not characterize
them adequately**!. Studies have evaluated the distribution of fat (subcutaneous and
visceral fat) in obese women with PCOS using magnetic resonance imaging and dual
energy X-ray with conflicting results. Women with PCOS have more central body fat
distribution and increased waist/hip circumference compared to women without
PCOS and similar BMI"! (central obesity is a risk factor for pre-diabetes and
cardiovascular disease). It is estimated that in about 75% of normal weight and
overweight women with PCOS insulin action is impaired. Hyperinsulinemia and
insulin resistance can induce both the endocrine and reproductive traits of PCOS, but
the mechanisms that underlie this remain elusive™. Furthermore, in obesity, visceral
adipose tissue becomes dysfunctional (with an increase in inflammatory molecules
and a decrease in the expression of lipogenic enzymes); in this way-via various
signaling pathways-chronic inflammation is favored over storage, contributing to the
development of metabolic complications!””. These obesity-associated signaling
pathways and mechanisms are not fully delineated. Various adipose tissue genes are
differentially expressed in subjects with obesity/insulin resistance; more in detail, in
these subjects genes which are associated with lipid uptake and processing are less
expressed compared to lean individuals™*l. Recent research indicates that in obesity,
adipokine imbalance (low adiponectin and high leptin) modulates the activation of
inflammasomes (receptors/sensors of the innate immune system that regulate
caspase-1 activation and promote inflammation)); thus the latter may be the
connectors between excess adiposity and obesity-associated complications.
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PCOS: NON-ALCOHOLIC FATTY LIVER DISEASE AND THE METABOLIC
SYNDROME

Various definitions by different authorities have been proposed for the definition of
the cluster of metabolic disturbances that comprise the metabolic syndrome (MetSy);
invariably they include central obesity, dyslipidemia, insulin resistance, and
hypertension®™. A diet rich in saturated fat and fructose may lead to non-alcoholic
fatty liver diseasel”**! (NAFLD; indicating hepatic steatosis which is not attributed to
alcohol or other specific etiologies and is found in at least 25% of the world
populationt”*l), metabolic endotoxinemia and increased resistance to the action of
insulin™. PCOS, MetSy and NAFLD apparently share common pathogenic factors;
these include abdominal adiposity, excess body weight and insulin resistance!**”l.
Women with PCOS-particularly with hyperadrogenemia-have a two-fold to four-fold
higher probability of having NAFLD compared to non-PCOS women!**4; 35%-70% of
women with PCOS have NAFLD™*! and 60% have insulin resistance!!. Insulin
resistance, via activation-among others-of the carbohydrate response element binding
protein and sterol response element binding protein 1c (both act as transcription
factors), leads to intra-hepatic lipid accumulation.

PCOS AND THE GUT MICROBIOME

Three main mechanisms have been put forth regarding the effect of intestinal
microbiome on glucose intolerance/insulin resistance and type 2 diabetes: The
promotion of metabolic inflammation, the modification of incretin secretion and the
modification of hydroxybutyric acid production!*l. Parabacteroides merdae, Bacteroides
fragilis, Catenibacterium and Kandleria genera and strains of Escherichia and Shigella are
more abundant in women with PCOS compared to controls”; the presence of specific
microbes in women with PCOS is positively correlated with BMI, high serum
testosterone and elevated luteinizing hormone 1. Women with PCOS have less
hydroxybutyric acid-producing genera™. Low levels of interleukin 22 (IL-22) are
noted in women with PCOSF. This interleukin helps to maintain the integrity of the
gut epithelial barrier®™. Thus, an altered gut microbiome may lead to deterioration of
the intestinal barrier, increased gut mucosal permeability and passage into the
circulation of lipopolysaccaride from Gram negative colonic bacteria. Lipopolysac-
caride in the circulation (attached to the glycoprotein L. barbarum polysaccharides) binds
to the CD14 toll-like receptor complex (TRL-4) on the surface of innate immune cells,
leads to activation of a downstream signaling pathway and immune system
activation®. The latter impedes insulin receptor function and leads to hyper-
insulinemia and glucose intolerance, which hamper normal ovarian function and
follicular development (all being hallmarks of PCOS)F**l. Modulation of the intestinal
(and of the vaginal) microbiome has been put forth as holding therapeutic potential for
PCOS ™,

PCOS VS SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS 2
INFECTION

To gain cell entry, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
uses the host’s angiotensin-converting enzyme 2 (ACE2), in synergy with the host’s
transmembrane protease, serine 2 (TMPRSS2); the latter’s expression is androgen-
regulated®l. It has been proposed that PCOS, given this condition’s hyperadrogen-
emic environment, may entail higher susceptibility to coronavirus disease 2019
(COVID-19)*%1, Furthermore, PCOS may also increase susceptibility to COVID-19 via
its associated comorbidities (NAFLD, obesity, MetSy and alterations in the gut
microbiome) (Figure 2). Obese patients with advanced NAFLD have been shown to
have increased hepatic mRNA expression of ACE2 and TMPRSS2, the critical
molecules for SARS-CoV-2 cellular entry (gender-specific differences may exist in the
expression of these molecules).
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Figure 2 Polycystic ovary syndrome may increase susceptibility to coronavirus disease 2019 via its associated comorbidities (non-
alcoholic fatty liver disease, metabolic syndrome, obesity, insulin resistance and alterations in the gut microbiome); the gut-lung axis is
apparently implicated. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; IL-22: Interleukin 22, IL-6: Interleukin 6; PCOS: Polycystic ovary
syndrome; NAFLD: Non-alcoholic fatty liver disease; COVID-19: Coronavirus disease 2019; MetSy: Metabolic syndrome.
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SARS-COV-2 AND THE GUT-LUNG AXIS

The term gut-lung axis describes the interaction between the intestinal microbiome
and the lungs!). This communication is, in fact, two-way®. Endotoxins and
metabolites produced by bacteria in the gut (due to systemic inflammation, IL-6-
induced vascular damage and increased intestinal permeability that may facilitate
bacterial translocation) can move through the bloodstream and reach the lungs®l.
Similarly, pulmonary inflammation can have an effect on intestinal integrity. This
raises the question of whether the SARS-CoV-2 virus can affect the intestinal
microbiome!®l. In fact, several studies have shown that respiratory infections are
associated with changes in the composition of the intestinal microbiome!”. Some
studies have found an association between acute respiratory distress syndrome (seen
in severe cases of COVID-19) and the intestinal microbiomel”*l. Furthermore,
apparently, SARS-CoV-2 can gain entry to the gastrointestinal tract via locally-
expressed ACE2 receptors!”'l.

SARS-COV-2 AND OBESITY/MET-SY/NAFLD

Regardless of the definition of obesity (in western countries it is defined as a BMI
higher than 30.0 kg/m? or in China over 27.5 kg/m?), excess body weight is associated
with more severe SARS-CoV-2 infection (COVID-19) and increased mortality”*”.. The
etiology for the latter is still obscure, although it is known that obesity is a state of low-
grade inflammation, which COVID-19 pushes to extremes (with a characteristic
“cytokine storm”""!). Of note, obesity may lead not only to more adipose tissue
accumulation but also to larger abdominal organ size”; we have speculated that
larger abdominal organs may provide a larger tissue reservoir for the pervasive SARS-
CoV-2 virus, since the latter has indeed been localized in abdominal organs™!.

The MetSy is characterized by hyperinsulinemia, which may be associated with
facets of COVID-19"", particularly regarding microvascular dysfunction”**’], systemic
hypercoagulability and extensive micro- and macrovascular thrombosis!*/*2.

As indicated above, ACE2 offers entry to SARS-CoV-2 for cell infection™l. This
enzyme normally shows low expression in cholangiocytes and hepatocytes, but its
expression increases-at least in cholangiocytes-in chronic liver disease and
experimental diet-induced NAFLD.. The virus is pervasive and is localized in
abdominal and extraabdominal organs, including the liver™l. There are conflicting
reports regarding NAFLD and COVID-19t%%1. Some researchers have shown increased
hospitalization!"], morbidity® ! and mortality from COVID-19 in patients with
NAFLD, whereas other researchers have shown that NAFLD per se in hospitalized
patients was not linked with worse prognosist (but NAFLD-associated inflammatory
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parameters were associated with prognosis!®).

CONCLUSION

Although robust links between SARS-CoV-2 infection and the chain of
PCOS/NAFLD/ gut microbiome/metabolic consequences have not been confirmed,
there is evidence that merits further investigation. No research to date has been able to
answer whether there is a cause-and-effect relationship. In order to determine whether
the intestinal microbiome-particularly in women with PCOS with or without NAFLD,
MetSy or obesity-affects the risk of COVID-19 or if SARS-CoV-2 is the factor that
changes the composition of the microbiome, more research will be needed.
Nevertheless, strategies for adapting the intestinal microbiome (probably in all
patients) could help reduce the severity of COVID-19 in women with PCOS with or
without NAFLD, MetSy or obesity.
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