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Obstructive Sleep Apnea Hypoapnea Syndrome (OSAHS) is a 
systemic disease often involving the eyes. Given that coagulation 
and fibrinolysis are central to its pathogenesis, the ocular mani-
festations should be related, resulting from the ongoing patho-
genesis involving hemostatic alterations, inflammation, oxidative 
stress and endothelial dysfunction. The pathogenesis of  ocular 
manifestations should be evaluated from a focused view through 
the ‘Hemostasis” lens. OSAHS affects approximately 1 in 15 
Americans or 6.62% of  the United States Population and interest-
ingly, a significant majority (1 in 50 individuals) do not even realize 
that they suffer from it. These growing numbers either manifest 
as significant morbidity and mortalityin the hospitals ordrowsy 
driving on roads accounting to100,000 car accidents, 40,000 in-
juries and 1,550 deaths annually, as per National Highway Traffic 
Safety Administration. Untreated patients may succumb to po-
tential consequences including excessive daytime sleepiness, loss 
of  productivity, metabolic dysfunction and an increased risk of  
cardiovascular, ocular and cerebrovascular diseases. Even children 
are affected, as nearly 263,000 children undergo tonsillectomies, 
mostly due to sleep apnea.A recent study reported that intermit-
tent hypoxia and sleep fragmentation due to obstructive sleep 
apnea may contribute to oxidative tissue damage and apoptotic 
neuronal death, intracellular edema in the brainresulting in corti-
cal thinness and enlarged hippocampal volume in adolescent chil-
dren with obstructive sleep apnea [1]. According to the National 
Commission on Sleep Disorders Research, approximately 38,000 
deaths annually are related to cardiovascular problems connected 
to sleep apnea. Given that OSAHS is a systemic disease, it may 
result in cardiovascular and neurovascular [2], neuropsychiatric, 
metabolic and endocrine disorders [3]. Frost and Sullivan calculat-
ed that the annual economic burden of  undiagnosed sleep apnea 
among US adults is approximately $149.6 Billion. The estimated 
costs include $86.9 Billion in lost productivity, $26.2 Billion in 
motor vehicular accidents and $6.5 Billion in workplace accidents 
(www. frost.com). Despite significant research,the pathogenesis 
of  OSAHS is not completely understood. Albeit endothelium is 
by far the largest endocrine, paracrine and autocrine gland ever 
known to man, oxidative stress, inflammation and endothelial 
dysfunction play a central role in the pathophysiology of  OSAHS 

and deserve absolute attention and consideration in its effective 
management. 

Ocular manifestations of  OSAS may result from mechanical, and 
vascular events of  the syndrome [4]. A recent study evaluated the 
effect of  OSAS on the ocular surface and conjunctival cytology 
and the relationship between the findings and disease severity and 
concluded that in addition to decreased tear production and Tear 
Break Up Time (TBUT), cytological changes including squamous 
metaplasia were detected between patients with OSAS and the 
control group [5]. Mechanical and vascular events due to sleep 
apnea may lead to other ocular complications such as Floppy 
Eyelid Syndrome, papilledema leading to permanent vision loss, 
Non-arteritic anterior ischemic optic neuropathy (NAION), cen-
tral serous retinopathy, retinal vein occlusion and glaucoma [4, 6], 
palpebral hypermobility syndrome [7], keratoconus [8] and other 
ocular surface abnormalities [9].

OSAHS results in hypercoagulable state which may result in in-
creased risk of  vascular events [10, 11]. Several studies report in-
creased fibrinogen, other prothrombotic factorsand endothelial 
dysfunction [12]. Tissue plasminogen activator (tPA) is released 
by thrombin, proinflammatory cytokines, and Vascular Endothe-
lial Growth Factor (VEGF) from the storage granules in the en-
dothelium [13]. Markers of  systemic inflammation [14], thrombin 
[15, 16] and Vascular Endothelial Growth Factor (VEGF) levels 
are reported to be increased in OSA, contributing to high tPA 
levels. Although, the levels of  tPA were reported to be variable 
ranging from, no difference in tPA levels [17] and activity [18, 19], 
higher tPA levels [20], and lower tPA activity [18], but that they 
were consistently reported in Obstructive Sleep Apnea. It would 
be interesting to study the net increase in the circulatory levels 
of  tPA over time in patients with OSA, and its seepage and entry 
into the aqueous humor of  the eye and its potential fibrinolytic 
effects on the corneal endothelial glycocalyx. The glycocalyx is 
connected to the endothelium via proteoglycans and glycopro-
teins [21]. The glycocalyx composed of  a mixture of  proteogly-
cans, glycosaminoglycans and glycoproteins, is reported to be a 
central regulator of  vascular function and is known to participate 
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in many vascular processes, including but not limited to vascular 
permeability, inflammation, thrombosis, mechanotransduction 
and cytokine signaling [22]. The glycocalyx is seen in all blood 
vessels , ranging from small capillaries [23] to large arteries and 
veins [24]. The endothelial glycocalyx is reported to be a possi-
ble therapeutic target in cardiovascular diseases [25]. The human 
corneal endothelial cells are arrested in G1 phase in vivo and do 
not normally replicate to replace dead or injured cells. This lack 
of  cell division results in a physiological reduction of  cell density 
of  about 0.3-0.5% per year [26]. It would be interesting to see al-
terations of  cell density due to effects of  tPA, oxidative stress and 
endothelial dysfunction in patients with sleep apnea. 

Recent articles have addressed the effects of  OSAHS on Corneal 
Morphological Characteristics and Thickness Alterations. Bojarun 
et al reportedthat the severity of  hypoxemia and the increase in 
Apnea Hypopnea Index (AHI) in patients with OSAHS reduces 
Central Corneal Thickness (CCT) and Endothelial Cell Density 
(ECD) when compared to the controls [27]. Koseuglu et al [28] 
and Ekinci et al [29] also concluded that CCT is significantly low-
er in patients with OSAHS when compared with control groups. 
However, Chalkiadaki et al concluded from their study that low 
percentage of  REM sleep, usually found in patients with OSAHS 
may cause an increase in corneal thickness [30]. Hypoxia is re-
ported to induce stromal acidosis and may be a cause of  corneal 
thinning [31]. These contrasting resultswarrant future controlled 
studies to confirm the relationship between REM sleep and CCT 
and determine its clinical significance. 

Given that the pathophysiology of  OSAHS is incompletely under-
stood, the role of  coagulation and fibrinolysis in OSAHS should 
be carefully evaluated. The central mechanism involving proco-
agulation, inflammation, cytokines and endothelial dysfunction 
should be explored further. Endothelin-1 is also overexpressed 
by the endothelial cells in OSA which may cause increased ex-
pression of  von Willebrand Factor (vWF) and tissue factor (TF) 
[32, 33]. Beyond hemostasis, the role of  vWF in innate immunity 
has recently been reported, demonstrating that vWF binding to 
macrophages (either THP-1-derived or blood-borne monocyte-
derived) inducing p38MAP signaling, forcing a change in gene 
expression, with 1334 genes displaying modified expression and 
upregulating proinflammatory cytokines and chemokines and in-
creasing production of  tumor necrosis factor, interleukin (IL)-6, 
IL-1β, chemokine C-C ligand (CCL)-2, CCL-3, and CCL-4 [34]. 
Lower levels of  vWF were reported to be associated with lower 
risk of  cardiovascular disease [35]. The effects of  increased levels 
of  tPA in patients with OSA on the corneal endothelial glycocalyx 
disruption may have a probable answer as a causefor alterations 
of  Central Corneal Thickness(CCT) in these patients and war-
rant future studies. Further studies focused on corneal endothelial 
glycocalyx disruption, protection and regeneration, designed to 
address coagulation and fibrinolysis in patients with OSAHS may 
hold the key to better understanding of  the pathogenesis and its 
effective management. Better understanding of  the potential role 
of  coagulation and fibrinolysis in OSAHS, effective pharmaco-
logical intervention to manage endothelial dysfunction in addi-
tion to CPAP may be necessary to realistically control, the heavy 
disease burden of  cardiovascular, cerebrovascular, metabolic and 
ocular diseases. 

References

[1]. Lee MH, Sin S, Lee S, Wagshul ME, Zimmerman ME, Arens R. Cortical 
thickness and hippocampal volume in adolescent children with obstructive 
sleep apnea. Sleep. 2023 Mar 9;46(3):zsac201. PubMed PMID: 36006869. 

[2]. Guilleminault C, Van den Hoed J, Mittler MM. Clinical overview of  the sleep 
apnea syndrome. Sleep apnea syndrome. 1978:1-12. 

[3]. Zamarron C, García Paz V, Riveiro A. Obstructive sleep apnea syndrome is a 
systemic disease. Current evidence. Eur J Intern Med. 2008 Oct;19(6):390-8. 
PubMed PMID: 18848171. 

[4]. Santos M, Hofmann RJ. Ocular Manifestations of  Obstructive Sleep Ap-
nea. J Clin Sleep Med. 2017 Nov 15;13(11):1345-1348. PubMed PMID: 
28942764.

[5]. Gunes I, Oltulu R, Oltulu P, Turk N, Yosunkaya S. Ocular Surface in Patients 
With Obstructive Sleep Apnea Syndrome: Evaluation of  Clinical Parameters 
and Impression Cytology. Eye Contact Lens. 2023 Jan 1;49(1):14-18. Pub-
Med PMID: 36138005.

[6]. Dhillon S, Shapiro CM, Flanagan J. Sleep-disordered breathing and ef-
fects on ocular health. Can J Ophthalmol. 2007 Apr;42(2):238-43. PubMed 
PMID: 17392846.

[7]. Woog JJ. Obstructive sleep apnea and the floppy eyelid syndrome. Am J 
Ophthalmol. 1990;110:314-315.

[8]. Gupta PK, Stinnett SS, Carlson AN. Prevalence of  sleep apnea in patients 
with keratoconus. Cornea. 2012 Jun;31(6):595-9. PubMed PMID: 22333661.

[9]. Mojon DS, Goldblum D, Fleischhauer J, Chiou AG, Frueh BE, Hess CW, et 
al. Eyelid, conjunctival, and corneal findings in sleep apnea syndrome. Oph-
thalmology. 1999 Jun;106(6):1182-5. PubMed PMID: 10366090.

[10]. Sánchez-de-la-Torre M, Campos-Rodriguez F, Barbé F. Obstructive sleep 
apnoea and cardiovascular disease. Lancet Respir Med. 2013 Mar;1(1):61-72. 
PubMed PMID: 24321805.

[11]. vonKänel R, Dimsdale JE. Hemostatic alterations in patients with obstruc-
tive sleep apnea and the implications for cardiovascular disease. Chest. 2003 
Nov;124(5):1956-67. PubMed PMID: 14605073.

[12]. Qiu Y, Li X, Zhang X, Wang W, Chen J, Liu Y, et al. Prothrombotic Factors 
in Obstructive Sleep Apnea: A Systematic Review With Meta-Analysis. Ear 
Nose Throat J. 2022 Nov;101(9):NP412-NP421. PubMed PMID: 33167693.

[13]. Kruithof  EK, Dunoyer-Geindre S. Human tissue-type plasminogen activa-
tor. ThrombHaemost. 2014 Aug;112(2):243-54. PubMed PMID: 24718307.

[14]. Kent BD, Ryan S, McNicholas WT. Obstructive sleep apnea and inflamma-
tion: relationship to cardiovascular co-morbidity. RespirPhysiolNeurobiol. 
2011 Sep 30;178(3):475-81. PubMed PMID: 21439407.

[15]. Robinson GV, Pepperell JC, Segal HC, Davies RJ, Stradling JR. Circulat-
ing cardiovascular risk factors in obstructive sleep apnoea: data from ran-
domised controlled trials. Thorax. 2004 Sep;59(9):777-82. PubMed PMID: 
15333855.

[16]. Takagi T, Morser J, Gabazza EC, Qin L, Fujiwara A, Naito M, et al. The 
coagulation and protein C pathways in patients with sleep apnea. Lung. 2009 
Aug;187(4):209-13. PubMed PMID: 19506951.

[17]. Zhang XB, Jiang XT, Cai FR, Zeng HQ, Du YP. Vascular endothelial 
growth factor levels in patients with obstructive sleep apnea: a meta-analysis. 
Eur Arch Otorhinolaryngol. 2017 Feb;274(2):661-670. PubMed PMID: 
27236786.

[18]. Bagai K, Muldowney JA 3rd, Song Y, Wang L, Bagai J, Artibee KJ, et al. 
Circadian variability of  fibrinolytic markers and endothelial function in pa-
tients with obstructive sleep apnea. Sleep. 2014 Feb 1;37(2):359-67. PubMed 
PMID: 24497664.

[19]. Rångemark C, Hedner JA, Carlson JT, Gleerup G, Winther K. Platelet func-
tion and fibrinolytic activity in hypertensive and normotensive sleep apnea 
patients. Sleep. 1995 Apr;18(3):188-94. PubMed PMID: 7610315.

[20]. Steffanina A, Proietti L, Antonaglia C, Palange P, Angelici E, Canipari R. 
The Plasminogen System and Transforming Growth Factor-β in Subjects 
With Obstructive Sleep Apnea Syndrome: Effects of  CPAP Treatment. 
Respir Care. 2015 Nov;60(11):1643-51. PubMed PMID: 26286733.

[21]. Schött U, Solomon C, Fries D, Bentzer P. The endothelial glycocalyx and its 
disruption, protection and regeneration: a narrative review. Scand J Trauma 
ResuscEmerg Med. 2016 Apr 12;24:48. PubMed PMID: 27068016.

[22]. Moore KH, Murphy HA, George EM. The glycocalyx: a central regulator 
of  vascular function. Am J PhysiolRegulIntegr Comp Physiol. 2021 Apr 
1;320(4):R508-R518. PubMed PMID: 33501896.

[23]. Okada H, Takemura G, Suzuki K, Oda K, Takada C, Hotta Y, et al. Three-
dimensional ultrastructure of  capillary endothelial glycocalyx under normal 
and experimental endotoxemic conditions. Crit Care. 2017 Oct 23;21(1):261. 
PubMed PMID: 29058634.

[24]. Megens RT, Reitsma S, Schiffers PH, Hilgers RH, De Mey JG, Slaaf  DW, 
et al. Two-photon microscopy of  vital murine elastic and muscular arteries. 

http://scidoc.org/IJDOS.php
https://pubmed.ncbi.nlm.nih.gov/36006869/
https://pubmed.ncbi.nlm.nih.gov/36006869/
https://pubmed.ncbi.nlm.nih.gov/36006869/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clinical+overview+of+the+sleep+apnea+syndrome&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clinical+overview+of+the+sleep+apnea+syndrome&btnG=
https://pubmed.ncbi.nlm.nih.gov/18848171/
https://pubmed.ncbi.nlm.nih.gov/18848171/
https://pubmed.ncbi.nlm.nih.gov/18848171/
https://pubmed.ncbi.nlm.nih.gov/28942764/
https://pubmed.ncbi.nlm.nih.gov/28942764/
https://pubmed.ncbi.nlm.nih.gov/28942764/
https://pubmed.ncbi.nlm.nih.gov/36138005/
https://pubmed.ncbi.nlm.nih.gov/36138005/
https://pubmed.ncbi.nlm.nih.gov/36138005/
https://pubmed.ncbi.nlm.nih.gov/36138005/
https://pubmed.ncbi.nlm.nih.gov/17392846/
https://pubmed.ncbi.nlm.nih.gov/17392846/
https://pubmed.ncbi.nlm.nih.gov/17392846/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Obstructive+sleep+apnea+and+the+floppy+eyelid+syndrome.++&btnG=#d=gs_cit&t=1683110541523&u=%2Fscholar%3Fq%3Dinfo%3AKUrACIL8-MwJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Obstructive+sleep+apnea+and+the+floppy+eyelid+syndrome.++&btnG=#d=gs_cit&t=1683110541523&u=%2Fscholar%3Fq%3Dinfo%3AKUrACIL8-MwJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/22333661/
https://pubmed.ncbi.nlm.nih.gov/22333661/
https://pubmed.ncbi.nlm.nih.gov/10366090/
https://pubmed.ncbi.nlm.nih.gov/10366090/
https://pubmed.ncbi.nlm.nih.gov/10366090/
https://pubmed.ncbi.nlm.nih.gov/24321805/
https://pubmed.ncbi.nlm.nih.gov/24321805/
https://pubmed.ncbi.nlm.nih.gov/24321805/
https://pubmed.ncbi.nlm.nih.gov/14605073/
https://pubmed.ncbi.nlm.nih.gov/14605073/
https://pubmed.ncbi.nlm.nih.gov/14605073/
https://pubmed.ncbi.nlm.nih.gov/33167693/
https://pubmed.ncbi.nlm.nih.gov/33167693/
https://pubmed.ncbi.nlm.nih.gov/33167693/
https://pubmed.ncbi.nlm.nih.gov/24718307/
https://pubmed.ncbi.nlm.nih.gov/24718307/
https://pubmed.ncbi.nlm.nih.gov/21439407/
https://pubmed.ncbi.nlm.nih.gov/21439407/
https://pubmed.ncbi.nlm.nih.gov/21439407/
https://pubmed.ncbi.nlm.nih.gov/15333855/
https://pubmed.ncbi.nlm.nih.gov/15333855/
https://pubmed.ncbi.nlm.nih.gov/15333855/
https://pubmed.ncbi.nlm.nih.gov/15333855/
https://pubmed.ncbi.nlm.nih.gov/19506951/
https://pubmed.ncbi.nlm.nih.gov/19506951/
https://pubmed.ncbi.nlm.nih.gov/19506951/
https://pubmed.ncbi.nlm.nih.gov/27236786/
https://pubmed.ncbi.nlm.nih.gov/27236786/
https://pubmed.ncbi.nlm.nih.gov/27236786/
https://pubmed.ncbi.nlm.nih.gov/27236786/
https://pubmed.ncbi.nlm.nih.gov/24497664/
https://pubmed.ncbi.nlm.nih.gov/24497664/
https://pubmed.ncbi.nlm.nih.gov/24497664/
https://pubmed.ncbi.nlm.nih.gov/24497664/
https://pubmed.ncbi.nlm.nih.gov/7610315/
https://pubmed.ncbi.nlm.nih.gov/7610315/
https://pubmed.ncbi.nlm.nih.gov/7610315/
https://pubmed.ncbi.nlm.nih.gov/26286733/
https://pubmed.ncbi.nlm.nih.gov/26286733/
https://pubmed.ncbi.nlm.nih.gov/26286733/
https://pubmed.ncbi.nlm.nih.gov/26286733/
https://pubmed.ncbi.nlm.nih.gov/27068016/
https://pubmed.ncbi.nlm.nih.gov/27068016/
https://pubmed.ncbi.nlm.nih.gov/27068016/
https://pubmed.ncbi.nlm.nih.gov/33501896/
https://pubmed.ncbi.nlm.nih.gov/33501896/
https://pubmed.ncbi.nlm.nih.gov/33501896/
https://pubmed.ncbi.nlm.nih.gov/29058634/
https://pubmed.ncbi.nlm.nih.gov/29058634/
https://pubmed.ncbi.nlm.nih.gov/29058634/
https://pubmed.ncbi.nlm.nih.gov/29058634/
https://pubmed.ncbi.nlm.nih.gov/17192719/
https://pubmed.ncbi.nlm.nih.gov/17192719/


Omer M. Iqbal. Protection of  Endothelium critical in the management of  Obstructive Sleep Apnea Syndrome. Int J Ophthalmol Eye Res. 2023;11(1e):1-3

486

 OPEN ACCESS                                                                                                                                                                               https://scidoc.org/IJOES.php

Combined structural and functional imaging with subcellular resolution. J 
Vasc Res. 2007;44(2):87-98. PubMed PMID: 17192719.

[25]. Milusev A, Rieben R, Sorvillo N. The Endothelial Glycocalyx: A Possible 
Therapeutic Target in Cardiovascular Disorders. Front Cardiovasc Med. 
2022 May 13;9:897087. PubMed PMID: 35647072.

[26]. Du Y, Funderburgh JL. Stem Cells of  the Ocular Surface. 2010.
[27]. Bojarun A, Vieversyte Z, Jaruseviciene R, Galgauskas S, Asoklis R, Zablock-

is R. Effect of  Obstructive Sleep Apnea on Corneal Morphological Char-
acteristics. Cornea. 2019 Dec;38(12):1576-1581. PubMed PMID: 31356414.

[28]. Koseoglu HI, Kanbay A, Ortak H, Karadağ R, Demir O, Demir S, et al. 
Effect of  obstructive sleep apnea syndrome on corneal thickness. IntOph-
thalmol. 2016 Jun;36(3):327-33. PubMed PMID: 26292644.

[29]. Ekinci M, Huseyinoglu N, Cagatay HH, Ceylan E, Keles S, Gokce G. Is 
there a relationship between sleep apnea and central corneal thickness? Curr 
Eye Res. 2013 Nov;38(11):1104-9. PubMed PMID: 23721251.

[30]. Chalkiadaki E, Andreanos K, Florou C, Droutsas K, Maniou C, Amfilochiou 
A, et al. Corneal Endothelial Morphology and Thickness Alterations in Pa-
tients With Severe Obstructive Sleep Apnea-Hypopnea Syndrome. Cornea. 
2021 Jan;40(1):73-77. PubMed PMID: 32541190.

[31]. Ang JH, Efron N. Corneal hypoxia and hypercapnia during contact lens 
wear. Optom Vis Sci. 1990 Jul;67(7):512-21. PubMed PMID: 2119489.

[32]. Halim A, Kanayama N, el Maradny E, Maehara K, Masahiko H, Terao T. 
Endothelin-1 increased immunoreactive von Willebrand factor in endothe-
lial cells and induced micro thrombosis in rats. Thromb Res. 1994 Oct 
1;76(1):71-8. PubMed PMID: 7817362.

[33]. Kambas K, Chrysanthopoulou A, Kourtzelis I, Skordala M, Mitroulis I, 
Rafail S, et al. Endothelin-1 signaling promotes fibrosis in vitro in a bron-
chopulmonary dysplasia model by activating the extrinsic coagulation cas-
cade. J Immunol. 2011 Jun 1;186(11):6568-75. PubMed PMID: 21531894.

[34]. Drakeford C, Aguila S, Roche F, Hokamp K, Fazavana J, Cervantes MP, et 
al. von Willebrand factor links primary hemostasis to innate immunity. Nat 
Commun. 2022 Nov 3;13(1):6320. PubMed PMID: 36329021.

[35]. vanParidon PCS, Panova-Noeva M, van Oerle R, Schulz A, Prochaska JH, 
Arnold N, et al. Lower levels of  vWF are associated with lower risk of  car-
diovascular disease. Res PractThrombHaemost. 2022 Nov 6;6(7):e12797. 
PubMed PMID: 36381288.

http://scidoc.org/IJDOS.php
https://pubmed.ncbi.nlm.nih.gov/17192719/
https://pubmed.ncbi.nlm.nih.gov/17192719/
https://pubmed.ncbi.nlm.nih.gov/35647072/
https://pubmed.ncbi.nlm.nih.gov/35647072/
https://pubmed.ncbi.nlm.nih.gov/35647072/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stem+Cells+of+the+Ocular+Surface&btnG=
https://pubmed.ncbi.nlm.nih.gov/31356414/
https://pubmed.ncbi.nlm.nih.gov/31356414/
https://pubmed.ncbi.nlm.nih.gov/31356414/
https://pubmed.ncbi.nlm.nih.gov/26292644/
https://pubmed.ncbi.nlm.nih.gov/26292644/
https://pubmed.ncbi.nlm.nih.gov/26292644/
https://pubmed.ncbi.nlm.nih.gov/23721251/
https://pubmed.ncbi.nlm.nih.gov/23721251/
https://pubmed.ncbi.nlm.nih.gov/23721251/
https://pubmed.ncbi.nlm.nih.gov/32541190/
https://pubmed.ncbi.nlm.nih.gov/32541190/
https://pubmed.ncbi.nlm.nih.gov/32541190/
https://pubmed.ncbi.nlm.nih.gov/32541190/
https://pubmed.ncbi.nlm.nih.gov/2119489/
https://pubmed.ncbi.nlm.nih.gov/2119489/
https://pubmed.ncbi.nlm.nih.gov/7817362/
https://pubmed.ncbi.nlm.nih.gov/7817362/
https://pubmed.ncbi.nlm.nih.gov/7817362/
https://pubmed.ncbi.nlm.nih.gov/7817362/
https://pubmed.ncbi.nlm.nih.gov/21531894/
https://pubmed.ncbi.nlm.nih.gov/21531894/
https://pubmed.ncbi.nlm.nih.gov/21531894/
https://pubmed.ncbi.nlm.nih.gov/21531894/
https://pubmed.ncbi.nlm.nih.gov/36329021/
https://pubmed.ncbi.nlm.nih.gov/36329021/
https://pubmed.ncbi.nlm.nih.gov/36329021/
https://pubmed.ncbi.nlm.nih.gov/36381288/
https://pubmed.ncbi.nlm.nih.gov/36381288/
https://pubmed.ncbi.nlm.nih.gov/36381288/
https://pubmed.ncbi.nlm.nih.gov/36381288/

	References

