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Abstract 

In this review, insight is given on the effect of wall shear stress (WSS) on the 
initiation and progression of plaque growth in micro-circulation by using 
mathematical models. The understanding of the trigger for the initiation and 
progression of the disease has improved over the years and has led to better 
models for describing the process. Models have been developed and tested in 
order to describe haemodynamic properties in blood vessels to accurately 
simulate the process. The Navier-Stokes equation is the backbone model for 
all computational fluid dynamic simulation and applications, which has found 
foundational importance in simulations related to atherosclerosis studies. The 
risk factors associated with the disease are discussed. The rheological models 
associated with blood are analyzed and compared with studies that have been 
carried out in the past. A systematic review of the major findings of the 
simulation results has been brought afore, with a focus on wall shear stress 
(WSS), degrees of stenosis and plaque growth. It was concluded that the 
current studies are not holistic enough to give insight into the 
pathophysiology of the disease. Recommendations on how further studies 
should be done to improve the knowledge gap in this subject matter were 
proposed. 

Keywords 

 Atherosclerosis 

 Blood rheology 

 Cardiovascular diseases 

 Micro-circulation 

 Newtonian fluid 



 Plaque initiation 
This is a preview of subscription content, access via your institution. 

References 

 Baskurt OK, Meiselman HJ. (2003). Blood Rheology and Hemodynamics. 
Seminars in Thrombosis and Hemostasis. Vol. 29. No. 05. 

Google Scholar  

 Bonow RO, Smaha LA, Smith SC, Mensah GA, Lenfant C. (2002). World 
Heart Day 2002: The Intl. burden of cardiovascular disease: Responding 
to the emerging global epidemic. Circulation, 106(13), 1602-1605 

CrossRef Google Scholar  

 Chan WY, Ding Y, Tu JY. (2007). Modeling of non-Newtonian blood flow 
through a stenosed artery incorporating fluid-structure interaction. 
Anziam J., 47, C507-C523. 

CrossRef Google Scholar  

 Chhabra RP. (2020). Introduction: Bubbles, Drops, and Particles in Non-
Newtonian Fluids. 2nd Edition. CRC Press 

Google Scholar  

 Chinedu SN, Emiloju OC, Iheagwam FN, Rotimi SO, Popoola JO. (2018). 
Phylogenetic relationship and genetic variation among thaumatococcus 
daniellii and megaphrynium macrostachyum ecotypes in Southwest 
Nigeria. Asian J. of Plant Sciences. 17(1), 27-36 

CrossRef Google Scholar  

 Cho YI, Kensey KR. (1991). Effects of the non-Newtonian viscosity of 
blood on flows in a diseased arterial vessel. Part 1: Steady flows. 
Biorheology, 28(3-4), 241-262. 



CrossRef Google Scholar  

 Cowan AQ, Cho DJ, Rosenson RS. (2012). Importance of blood rheology 
in the pathophysiology of atherothrombosis. Cardiovascular Drugs and 
Therapy, 26(4), 339-348. 

CrossRef Google Scholar  

 Crowley TA, Pizziconi V. (2005). Isolation of plasma from whole blood 
using planar microfilters for lab-on-a-chip applications. Lab on a 
Chip, 5(9), 922-929. 

CrossRef Google Scholar  

 Curtis AB, Karki R, Hattoum A, Sharma UC. (2018). Arrhythmias in 
Patients ≥80 Years of Age: Pathophysiology, Management, and 
Outcomes. J. of the American College of Cardiology, 71(18), 2041-2057. 

Google Scholar  

 De Gruttola S, Boomsma K, Poulikakos D. (2005). Computational 
simulation of a non-Newtonian model of the blood separation process. 
Artificial Organs, 29(12), 949-959. 

CrossRef Google Scholar  

 Douglas G, Channon KM. (2014). The pathogenesis of atherosclerosis. 
Medicine, Medicine, 42(9), 480–484 

Google Scholar  

 Elizabeth OO, Nonso IF, Adebola NI, John OJ. (2018). Comparative study 
on chemical composition and antioxidant activity of Annona Muricata 
plant parts cultivated in covenant university, Ota, Ogun state, Nigeria. 
Current Research in Nutrition and Food Science, 6(3), 807-815. 



CrossRef Google Scholar  

 Filipovic N, Teng Z, Radovic M, Saveljic I, Fotiadis D, Parodi O. (2013). 
Computer simulation of three-dimensional plaque formation and 
progression in the carotid artery. Medical and Biological Engineering 
and Computing, 51(6), 607-616. 

CrossRef Google Scholar  

 Galban CJ, Locke BR. (1997). Analysis of cell growth in a polymer scaffold 
using a moving boundary approach. Biotechnology and 
Bioengineering, 56(4), 422-432. 

CrossRef Google Scholar  

 Galban CJ, Locke BR. (1999). Analysis of cell growth kinetics and 
substrate diffusion in a polymer scaffold. Biotechnology and 
Bioengineering, 65(2), 121-132. 

CrossRef Google Scholar  

 Grundy SM, Benjamin IJ, Burke GL, Chait A, Eckel RH, Howard BV, Mitch 
W, Smith SC, Sowers JR. (1999). Diabetes and cardiovascular disease: A 
statement for healthcare professionals from the american heart 
association. Circulation, 100(10), 1134-1146. 

CrossRef Google Scholar  

 International Diabetes Federation (2015). IDF Diabetes Atlas, 6th 
edn. http://www.idf.org/diabetesatlas 

 Johnston BM, Johnston PR, Corney S, Kilpatrick D. (2006). Non-
Newtonian blood flow in human right coronary arteries: Transient 
simulations. J. of Biomechanics, 39(6), 1116-11128. 

CrossRef Google Scholar  



 Joris I, Majno G. (1978). Atherosclerosis and Inflammation. The 
thrombotic process in atherogenesis, 104, 227–233. 

CrossRef Google Scholar  

 Khaled ARA, Vafai K. (2003). The role of porous media in modeling flow 
and heat transfer in biological tissues. Intl J. of Heat and Mass 
Transfer, 46(26), 4989-5003. 

CrossRef MATH Google Scholar  

 Libby P, Lichtman AH, Hansson GK. (2013). Immune Effector Mechanisms 
Implicated in Atherosclerosis: From Mice to Humans. Immunity, 38(6), 
1092-1104 

CrossRef Google Scholar  

 Liu B, Tang D. (2010). Computer simulations of atherosclerotic plaque 
growth in coronary arteries. MCB, 7(4), 193–202. 

Google Scholar  

 Long Q, Xu XY, Ramnarine KV, Hoskins P. (2001). Numerical investigation 
of physiologically realistic pulsatile flow through arterial stenosis. J. of 
Biomechanics, 34(10), 1229-1242. 

CrossRef Google Scholar  

 Lusis AJ. (2000). Atherosclerosis. Nature, 407, 233-241. 

Google Scholar  

 Motayo BO, Oluwasemowo OO, Olusola BA, Aworunse OS, Oranusi SU. 
(2021). Evolution and genetic diversity of SARS-CoV-2 in Africa using 
whole genome sequences. Intl. J. of Infectious Diseeases, 103, 282-287 



CrossRef Google Scholar  

 Mozaffarian D, Benjamin EJ, Go AS, Arnett DK., Blaha MJ, Cushman M, 
Das SR, de Ferranti S, Després JP, Fullerton HJ, Howard VJ, Huffman MD, 
Isasi CR., Jiménez MC, Judd SE, Kissela BM, Lichtman JH, Lisabeth LD, Liu 
S, … Turner MB. (2016). Heart Disease and Stroke Statistics-2016 Update: 
A Report From the American Heart Association. Circulation, 133(4), e38-
e60. 

Google Scholar  

 Nichols M, Townsend N, Scarborough P, Rayner M. (2013). 
Cardiovascular disease in Europe: Epidemiological update. European 
Heart J., 34(39), 3028-3034. 

CrossRef Google Scholar  

 North BJ, Sinclair DA. (2012). The intersection between aging and 
cardiovascular disease. In Circulation Research, 110(8), 1097-1108. 

CrossRef Google Scholar  

 Pal R. (2003). Rheology of concentrated suspensions of deformable 
elastic particles such as human erythrocytes. J. of Biomechanics, 36(7), 
981-989. 

CrossRef Google Scholar  

 Pralhad RN, Schultz DH. (2004). Modeling of arterial stenosis and its 
applications to blood diseases. Mathematical Biosciences, 190(2), 203–
220. 

CrossRef MathSciNet MATH Google Scholar  

 Rocha VZ, Libby P. (2009). Obesity, inflammation, and atherosclerosis. 
Nature Reviews Cardiology, 6(6), 399–409. 



CrossRef Google Scholar  

 Rosamond. (2010). Erratum: Heart disease and stroke statistics-2008 
update: A report from the American Heart Association statistics 
committee and stroke statistics subcommittee Circulation, 122(1), e25-
e1460. 

Google Scholar  

 Saveljic I, Nikolic D, Milosevic Z, Isailovic V, Nikolic M, Parodi O, Filipovic 
N. (2018). 3D Modeling of Plaque Progression in the Human Coronary 
Artery. Multidisciplinary Digital Publishing Institute Proceedings, 2(8), 
388. 

Google Scholar  

 Thumala, D., Kennedy, B. K., Calvo, E., Gonzalez-Billault, C., Zitko, P., Lillo, 
P., ... & Slachevsky, A. (2017). Aging and health policies in Chile: new 
agendas for research. Health Systems & Reform, 3(4), 253-260. 

CrossRef Google Scholar  

 Turan Y, Kozan A, Başkaya MK. (2017). Management of Lipid 
Metabolism. Primer on Cerebrovascular Diseases, 870–873. 

Google Scholar  

 Wang X, Gao M, Zhou S, Wang J, Liu F., Tian F, Jin J, Ma Q, Xue X, Liu J, 
Liu Y, Chen Y. (2017). Trend in young coronary artery disease in China 
from 2010 to 2014: A retrospective study of young patients≤45. BMC 
Cardiovascular Disorders, 17(1), 1-8. 

CrossRef Google Scholar  

 Weber C, Noels H. (2011). Atherosclerosis: Current pathogenesis and 
therapeutic options. In Nature Medicine, 17(11), 1410-1422. 



CrossRef Google Scholar  

 World Health Organization (2015). Facts about 
aging. http://www.who.int/ageing/about/facts/en/ 

 Yilmaz F, Gundogdu MY. (2008). A critical review on blood flow in large 
arteries; relevance to blood rheology, viscosity models, and physiologic 
conditions. Korea-Australia Rheology J., 20(4), 197-211. 

Google Scholar  

 Young DF. (1968). Effect of a time-dependent stenosis on flow through a 
tube. J. of Manufacturing Science and Engineering. 

Google Scholar  

Download references 
Acknowledgement 

The authors are appreciative of the financial support of Covenant University, 
Ota, Nigeria, in the publication of this manuscript. 

Declaration of Conflict of Interest 
The authors declare no conflict of interest in the contents of this manuscript. 
Author information 

Authors and Affiliations 
1. Department of Chemical Engineering, Covenant University, Ota, 

Nigeria 
E. E. Alagbe, T. E. Amoo, A. O. Ayeni, A. A. Ayoola & O. Agboola 

2. Department of Chemical Engineering, University of Uyo, Uyo, 
Nigeria 
I. O. Oboh 

Corresponding author 
Correspondence to E. E. Alagbe . 



Editor information 

Editors and Affiliations 
1. Chemical Engineering, Covenant University, Ota, Nigeria 

Dr. Augustine O. Ayeni 
2. Chemical Engineering, Covenant University, Ota, Nigeria 

Dr. Samuel Eshorame Sanni 
3. Biological Sciences, Covenant University, Ota, Nigeria 

Prof. Solomon U. Oranusi 
Rights and permissions 

Reprints and Permissions 
Copyright information 

© 2022 The Author(s), under exclusive license to Springer Nature Switzerland 
AG 
About this chapter 

Cite this chapter 
Alagbe, E.E., Amoo, T.E., Oboh, I.O., Ayeni, A.O., Ayoola, A.A., Agboola, O. 
(2022). Atherosclerosis and Scientific Interventions: A Review. In: Ayeni, A.O., 
Sanni, S.E., Oranusi, S.U. (eds) Bioenergy and Biochemical Processing 
Technologies. Green Energy and Technology. Springer, Cham. 
https://doi.org/10.1007/978-3-030-96721-5_16 

Download citation 

 .RIS 
 .ENW 
 .BIB 

 DOIhttps://doi.org/10.1007/978-3-030-96721-5_16 
 Published01 July 2022 
 Publisher NameSpringer, Cham 
 Print ISBN978-3-030-96720-8 
 Online ISBN978-3-030-96721-5 



 eBook PackagesEnergyEnergy (R0) 
Access via your institution 
Buying options 

Chapter 
EUR   29.95 

Price includes VAT (Nigeria) 

 DOI: 10.1007/978-3-030-96721-5_16 
 Chapter length: 10 pages 
 Instant PDF download 
 Readable on all devices 
 Own it forever 
 Exclusive offer for individuals only 
 Tax calculation will be finalised during checkout 

Buy Chapter 
eBook 

EUR   117.69 
Hardcover Book 

EUR   149.99 
Learn about institutional subscriptions 

 Sections 
 References 

 Abstract 
 References 
 Acknowledgement 
 Author information 
 Editor information 
 Rights and permissions 
 Copyright information 
 About this chapter 

Over 10 million scientific documents at your fingertips 



Switch Edition 

 Academic Edition 

  

 Corporate Edition 

 Home 

  

 Impressum 

  

 Legal information 

  

 Privacy statement 

  

 California Privacy Statement 

  

 How we use cookies 

  

 Manage cookies/Do not sell my data 

  

 Accessibility 

  



 FAQ 

  

 Contact us 

  

 Affiliate program 

Not logged in - 165.73.192.253 
Not affiliated 
Springer Nature 
© 2022 Springer Nature Switzerland AG. Part of Springer Nature. 
 


