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Abstract 

Introduction: In recent years a clear link between diet and atherosclerosis, as well as 

cardiovascular diseases (CVDs), has been established. A plant based diet contains several 

chemical compounds such as polyphenols, plant sterols and fibres, all of which have been 

shown to reduce the development and progression of atherosclerosis and thereby also the risk 

for CVDs.  

Objective: To summarize the main molecular events resulting from a plant based diet in 

relation to reduction of atherosclerosis.  

Method: The systematic literature research was performed in two steps; firstly by identifying 

the objective based on a free pre-search, i.e. without any criteria, and secondly by searching in 

PubMed using different search terms suitable for this subject. Twelve articles matched the 

inclusion and exclusion criteria and were included in this review.  

Result: Eight of the articles described the molecular mechanisms of polyphenols while four, 

two respectively, presented data about plant sterols and fibres. All publications were 

unanimous, concerning the beneficial effects of the physiological consequences resulting from 

the molecular mechanisms, in reduction of atherosclerosis. The main effects are antioxidative, 

anti-inflammatory and reduction of LDL cholesterol in the blood. 

Conclusion: A plant based diet contains multiple chemical compounds that, via molecular 

events, reduce the development and progression of atherosclerosis thereby minimizing the 

risk of CVDs.  
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1. Introduction  

1.1 Pathogenesis of atherosclerosis  

Atherosclerosis, i.e. a thickening of tunica intima and accumulation of fat [1], is a 

multifactorial disease in the vessel wall [2] characterized by a chronic inflammatory response 

[3]. It is a major underlying cause of cardiovascular diseases (CVDs) which worldwide is the 

number one cause of death [4]. The initial phase of atherosclerosis is formation of fatty 

streaks [1] which is induced by a dysfunctional endothelium [3]. Normally, the endothelium is 

in homeostasis with its surrounding environment, including cells in the vessel wall and cells 

in the blood stream, and is thus said to be in an inactive state. Characteristic properties of this 

state is to prevent an inflammatory response, inhibit the initiation of thrombosis and the 

coagulation cascade as well as to regulate the vessel tone and angiogenesis [5].Main factors 

involved in this state are vasodilation mediators, such as nitric oxide (NO) and prostacyclins 

(PGIs) [5]. Due to predisposing factors of atherosclerosis such as hypercholesterolemia, 

hypertension, smoking and/or diabetes, the endothelium may become active thus expressing a 

proinflammatory and a prothrombotic state [5]. This active state, mediated via 

vasoconstriction factors such as endothelin-1 (ET-1) and thromboxan-A2 (TxA2), includes 

up-regulation of leukocyte adhesion molecules [1], migration of smooth muscle cells (SMCs) 

from the tunica media to tunica intima, proliferation of both migrated and resident SMCs in 

tunica intima [2] and exposure of proteoglycans [3]. Due to the latter, LDL-particles may be 

internalized from the blood stream to the subendothelial space [1] where they will be exposed 

to reactive oxygen species (ROS) [3]. Oxidation of LDL results in modified LDL particles 

that cannot be recognized by regular LDL receptors and will therefore bind to scavenger 

receptors (SRs) instead [6]. SRs, mainly SRA and CD36, are present on differentiated tissue 

macrophages [3] and their function is for instance to identify and mediate clearance of 

unwanted self ligands [6], oxidized LDL and cell debris  [2]. However, during the 

development and progression of atherosclerosis, this elimination system does not function 

properly [6] whereby oxidized LDL will accumulate in the macrophages resulting in 

generation of foam cells [3]. 

Due to the endothelial dysfunction and structural alterations, e.g. proliferation and migration 

of SMCs and lipid accumulation, a chronic inflammation will occur in the vessel wall [3]. The 

process is initiated by up-regulation of VCAM-1 and ICAM-1 and recruitment and migration 
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of inflammatory cells being mainly monocytes, T-cells and neutrophils [3]. These 

inflammatory cells secrete several pro-inflammatory cytokines, e.g. IL-1β, IL-6 and TNF-α 

[2,7], and generates pro-inflammatory mediators [8], such as arachidonic acid (AA), 

prostaglandins (PGIs) and leukotrienes, which further enhance the inflammatory response. 

The net result of the foam cell formation, the migration and proliferation of SMCs and the 

overall inflammatory response is development of fatty streaks. As the pathological process 

continues, atherosclerotic plaques will develop [2]. The plaques are built up of a lipid core 

surrounded by a fibrous cap. The lipid core contains SMCs, foam cells and extracellular lipids 

derived from dead cells (foam cells and SMCs may die due to their uncontrolled proliferation 

and lipid accumulation, respectively) [1-3] while the cap is formed by collagen, SMCs, 

macrophages and T-cells [1].  

1.2 Atherosclerosis and diet   

One of the major underlying factors to some of the traditional risk factors 

(hypercholesterolemia, hypertension and diabetes) for atherosclerosis is an unhealthy diet, i.e. 

a diet rich in saturated fat, cholesterol and salt as well as a low intake of fruit, vegetables and 

fish (9). Furthermore, an adequate consumption of fruit and vegetables reduces the risk of 

CVD (9), and studies have shown that a plant based diet may reduce some of the negative 

effects of risk factors such as hypertension and hypercholesterolemia [9]. A plant based diet 

promotes whole, plant based foods such as vegetables, fruits, legumes, seeds and nuts, while 

limiting animal products, including eggs and dairy products, as well as all refined and 

processed foods [9]. In general, this diet aims to maximize the intake of the health benefit 

components found in these foods, e.g. polyphenols, fibers, and plant sterols, while minimizing 

the intake of foods that contribute to an increased risk for cardiovascular problems.  

Polyphenols are a group of bioactive compounds [7] generated as secondary metabolites [10] 

from a great variety of plants including fruits, vegetables, legumes and cereals [10]. They may 

also be found in tea, coffee and wine as well as in cocoa, seeds and nuts [11], but they are not 

synthesized by animals [11]. Polyphenols represent a large group of molecules all having a 

polyphenolic structure, however, they differ in their individual chemical structure and are 

therefore classified into different subgroups [7]. Several reports have shown a strong 

association between polyphenols and beneficial effects on cardiovascular health [10-12] due 

to their property to act as antioxidants [11] as well as being anti-inflammatory, preventing 

platelet activation and improving endothelial dysfunction [10]. Fibers have been described to 
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have multiple positive effects against hypercholesterolemia, hypertension and oxidative stress 

[13]. Plant sterols, also known as phytosterols, are a type of phytochemical found in lipid-rich 

food such as nuts, seeds and legumes [14]. Structurally, they are similar to cholesterol and are 

essential components of cell membranes [14], however, since they cannot be synthesized by 

humans, their presence always origins from the diet [15]. In relation to atherosclerosis and 

CVD, studies have shown that plant sterol rich products reduce serum total cholesterol level 

and LDL-cholesterol level [14,15]. 

2. Objective  

Recent studies within the last year have presented a positive association between different 

types of plant based diets and reduced risk for CVDs [16-18]. However, many of these studies 

are of an epidemiological nature and thus proved correlations without presenting any 

underlying molecular mechanisms. On the other hand, there are several studies describing 

molecular mechanisms underlying the beneficial effects of individual substances in food 

products, or individual food, e.g. nuts, grapes and legumes, included in a plant based diet [25]. 

In order to get an overall picture of the molecular events underlying the positive effects of a 

plant based diet on cardiovascular health, this systematic literature analysis summarizes some 

of the main effects of individual components in relation to development of CVDs. Thus, the 

aim of this study and the major question to be answered is: what are the molecular 

mechanisms underlying the beneficial effects of a plant based diet on reduction of 

atherosclerosis? 

3. Method  

3.1 Literature research 

In order to get an overview over the subject, the literature research was initiated with an 

unbiased research using several databases and without any inclusion or exclusion criteria. 

Based on this pre-search, the focus of the main research was formulated. However, a “plant 

based diet” is a very broad term and include multiple subclasses, such as particular food 

products or plant compounds. Three major categories were selected to constitute the focus of 

the main research: polyphenols, plant sterols and fibers. The research was performed using  

five MeSH-terms (“polyphenols”, “phytosterols”, “dietary fiber”, “atherosclerosis”, 

“cardiovascular disease”) in combination with additional terms, both MeSH-terms and non-
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MeSH-terms, related to the aim of the literature analysis (table 1). Also, due to the great 

number of publications within this field, i.e. the effects of polyphenols, plant sterols and fibers 

in relation to atherosclerosis and cardiovascular health, as revealed by the pre-search, the 

main research was limited to the database PubMed as well as to the following inclusion 

criteria:  

 The publication had to be a review article. 

 The publication should be written in the English language. 

 The publication should be published within the past ten years. 

 The publication had to be published as a “free full text”.  

Table 1. Method for the literature research.  

Search 

number 

Aim of research Search terms MeSH terms Total 

number 

of hits 

Number 

of hits 

read in 

full text 

Notes 

1 Overview of the effects 

of polyphenols on 

cardiovascular disease 

and/or atherosclerosis 

Role of 

polyphenols in 

cardiovascular 

disease 

Role 

Polyphenols 

Cardiovascular disease 

30 3+1* * Found at 

“Titles with 

your search 

terms” 

2 Antioxidant effects of 

polyphenols 

Plant polyphenols 

as antioxidants 

Plants 

Polyphenols 

Antioxidants 

67 1  

3 Anti-inflammatory 

effects of polyphenols 

Polyphenols, 

inflammation 

Polyphenols 

Inflammation 

51 2+1* * Found at 

“Titles with 

your search 

terms” 

4 Association between 

dietary fiber and 

CVD/atherosclerosis 

Dietary fiber, 

cardiovascular 

health 

Dietary fiber 

Cardiovascular system 

Health 

36 2  

5 Association between 

plant sterols and 

CVD/atherosclerosis 

Plant sterols, 

cholesterol 

metabolism 

Phytosterols 

Cholesterol 

Metabolism 

Metabolic networks 

and pathways 

33 1  

6 Association between 

plant sterols and 

CVD/atherosclerosis 

Plant sterols, 

cholesterol 

metabolism,  

molecular 

Phytosterols 

Cholesterol 

Metabolism 

Metabolic networks 

and pathways 

5 1 Found by 

title 

matching 

your search. 

 

 

3.2 Quality assessment 

The quality of the publications included in this literature research was analyzed on basis of 

three hallmarks: if the article was cited by other articles in PubMed Central (PMC), the 
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academic title of the senior author of each publication, and the ranking of the university where 

the first author of the article was located. In the latter, the QS World University Rankings 

2014/15 was used [19].  

3.3 Ethic perspective 

This paper does not in itself bring about any ethical controversies since no experimental 

studies are made. However, the published articles that were selected and read present several 

original studies where ethical issues probably were of importance, animal experiments for 

example. Nonetheless, they are all reviews whereby the ethical approval for each individual 

study presented is not provided.  

4. Results 

4.1 Literature research 

Despite the limitation to PubMed and the inclusion criteria some parts of the research resulted 

in a very high number of total hits, whereby further restriction was needed. To limit the 

research field, publications matching the following criteria were excluded from the total 

number of hits:  

 The publication was focusing on individual polyphenols, plant sterols or fibers as well 

as singular plant based food product/s, i.e. grapes, avocado, legumes etc.  

 The publication was focusing on another disease or diagnosis than atherosclerosis or 

cardiovascular diseases.  

 If several articles presented similar information those published earliest in time were 

excluded.  

In total, the research resulted in twelve publications (table 2) read in full text. All the literature 

matched the four inclusion criteria, however, the reviews were based on material of different 

character: some described previously made epidemiological data and/or meta-analyses, while 

others presented the results from different in vivo and in vitro experimental studies. Out of 

these twelve, eight of them were mainly about polyphenols while two described the role of 

plant sterols and two the role of fibres. Nevertheless, they all presented information about the 

beneficial effects of the molecular events of a plant based diet in relation to atherosclerosis 

and/or CVDs.    
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Table 2. The result of the literature research, all of the twelve publications included.  

Search 

number 

Database  Author [reference no.] Year of 

publication  

Titel 

1 PubMed Vauzour, D. [11] 2010 Polyphenols and human health: prevention of disease 

and mechanisms of action. 

1 PubMed  Khurana, S. [12] 2013 Polyphenols: benefits to the cardiovascular system in 

health and in aging. 

1 PubMed Zern, T.L. [20] 2005 Cardioprotective effects of dietary polyphenols. 

1* PubMed Michalska, M. [21] 2010 The role of polyphenols in cardiovascular disease. 

2 PubMed Pandey, K.B. [10] 2009 Plant polyphenols as dietary antioxidants in human 

health and disease. 

3 PubMed Santangelo, C. [8] 2007 Polyphenols, intracellular signaling and inflammation. 

3 PubMed Tagney, C.C. [22] 2013 Polyphenols, inflammation, and cardiovascular disease. 

3* PubMed Gonzalez, R. [7] 2011 Effects of flavonoids and other polyphenols on 

inflammation. 

4 PubMed Threapleton, D.E. [23] 2013 Dietary fibre intake and risk of cardiovascular disease: 

systematic review and meta-analysis. 

4 PubMed Sanchez-Muniz, F.J. [13] 2012 Dietary fibre and cardiovascular health. 

5 PubMed Patch, C.S. [15] 2006 Plant sterols as dietary adjuvants in the reduction of 

cardiovascular risk: theory and evidence. 

6 PubMed Calpe-Berdiel, L. [14]  2009 New insights into the molecular actions of plant sterols 

and stanols in cholesterol metabolism. 

* Found at “Titles with your search terms” 

4.2 Quality assessment  

As seen in table 3, all of the twelve publications have been cited by other articles in PMC 

which shows that the publication has been noticed and is relevant within the field. The 

academic title of the senior author is in the majority of the cases of high status which indicates 

that the article should be of good quality. The university ranking varies from top hundred to 

some that are not even listed, while two of the publications are written at a hospital and a 

federal institution, respectively.  

Table 3. Result of the quality assessment.  

Author [reference no.] Title  Number of citations 

in PMC 

Title of last 

author 

University 

Ranking 

Vauzour, D. [11] Polyphenols and human health: prevention of 

disease and mechanisms of action. 

21 DR 202 

Khurana, S. [12] Polyphenols: benefits to the cardiovascular 

system in health and in aging. 

9 PhD Not listed.  

Zern, T.L. [20] Cardioprotective effects of dietary 

polyphenols. 

20 PhD 401 

Michalska, M. [21] The role of polyphenols in cardiovascular 

disease. 

6 MD, PhD 701 

Pandey, K.B. [10] Plant polyphenols as dietary antioxidants in 

human health and disease. 

56 Professor Not listed. 

Santangelo, C. [8] Polyphenols, intracellular signaling and 

inflammation. 

10 Senior 

Researcher  

National 

Institute of 

Health 

Tagney, C.C. [22] Polyphenols, inflammation, and 

cardiovascular disease. 

2 PhD Not listed.  

Gonzalez, R. [7] Effects of flavonoids and other polyphenols 24 PhD 461 
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on inflammation. 

Threapleton, D.E. [23] Dietary fibre intake and risk of cardiovascular 

disease: systematic review and meta-analysis. 

5 Professor 97 

Sanchez-Muniz, F.J. [13] Dietary fibre and cardiovascular health. 2 PhD 212 

Patch, C.S. [15] Plant sterols as dietary adjuvants in the 

reduction of cardiovascular risk: theory and 

evidence. 

6 Professor 283 

Calpe-Berdiel, L. [14]  New insights into the molecular actions of 

plant sterols and stanols in cholesterol 

metabolism. 

11 MD, PhD Hospital 

 

4.3 Role of polyphenols 

All of the eight publications concerning polyphenols described a positive link between a high 

consumption of polyphenols and the decreased risk of CVDs [7,8,10-12,20-22]. The 

mechanisms of action are multiple. To begin with, polyphenols (figure 1) act as potent 

antioxidants and may interact directly with free radicals or may block several enzymes 

involved in the production of ROS [21]. Polyphenols also have multiple anti-inflammatory 

effects such as reducing the expression of vasoconstrictors [10,11], increasing the production 

of vasodilators [11], blocking the NF-Kβ signaling pathway thereby reducing the production 

and secretion of proinflammatory cytokines [7,12,22], down-regulating the expression of SRs 

[21] and inhibiting the release of proinflammatory mediators [8]. Other effects of polyphenols 

are inhibition of platelet activation [10], lowered expression of adhesion molecules [7,22] and 

inhibition of SMC proliferation [7]. 
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4.4 Role of plant sterols and fibres  

Two of the publications consider the effects of plant sterols and also in these there is a link of 

positive effects on the atherosclerotic process due to the dietary intake [14,15]. Both of the 

reviews state that plant sterol rich products reduce serum total cholesterol level and LDL 

cholesterol level [14,15]. The effect is due to several mechanisms such as reducing the 

micellar solubility of cholesterol in the gut thereby lowering the amount of cholesterol 

available for absorption [15] and interference with proteins involved in cholesterol 

Figure 1. The protective effects of polyphenols in the development and progress of 

atherosclerosis [30]. a) Promotion of vasodilation by increasing the production of NO and PGIs 

as well as reducing the expression of ET-1 [10,11]. b) Inhibition of platelet activation thereby 

preventing activation of a prothrombotic state [10]. c) Reduced production of proinflammatory 

cytokines such as IL-6, IL-1β and TNF-α as well as proinflammatory mediators, e.g. arachidonic 

acid (AA), prostaglandins (PGIs) and leukotrienes [7,8,12,22]. d) Down regulation of adhesion 

molecules, mainly ICAM-1 and VCAM-1 [7,22]. e) Down regulation of scavenger receptor 

CD36 and SRA [21]. f) Blockade of myeloperoxidase (MPO), an enzyme, when released by 

leukocytes, generates ROS [21]. g) and h) Antioxidant effects include mainly blockade of ROS-

mediated mechanisms such as proliferation of SMCs [7], vasoconstriction and oxidation of LDL 

in the subendothelial space [21]. 
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metabolism with enterocytes and hepatocytes [14]. Plant sterols also influence processes such 

as esterification and synthesis of cholesterol [14]. 

Two other publications describe the positive effects of fibers due to their properties to alter 

individual risk factors, e.g. hypercholesterolemia, hypertension and oxidative stress [13]. One 

mechanism is to increase the production of bile acids as well as lowering the amount of 

cholesterol available for inclusion in lipoproteins by acting as bile salt sequestrates [13], 

another is to influence the absorption of cholesterol in the small intestine due to the formation 

of gels [23]. Fibers may also be fermented by the microbiota thereby generating short chain 

fatty acids that help reducing plasma cholesterol levels [23]. 

5. Discussion 

5.1 Summary of the results 

The results of this study are unequivocal and describe the molecular mechanisms of how 

different chemical compounds in a plant based diet may contribute to reduction of the 

atherosclerotic process. In addition, the results also show that a high intake of dietary foods, 

such as fruits, vegetables, legumes, cereals, nuts etc. is associated with preventing the risk of 

developing CVDs. Interestingly, the results also conform to other conclusions reached in the 

field of a plant based diet and atherosclerosis/CVDs. As an example, a study published in 

2013 described that a Mediterranean diet, i.e. high intake of a whole plant based diet and a 

low intake of animal products, reduced the incidence of major cardiovascular events with 

approximately 30 % among individuals with a high risk of developing CVD [24]. Another 

publication from 2014 summarized the results of several studies which showed the benefits of 

a plant based diet in relation to, among other things, hyperlipidemia, diabetes, hypertension 

and heart disease [25].  

An interesting observation in this study is the result of the quality assessment concerning the 

university ranking. It seems as if this field of research is not a major focus at the highest 

ranked universities, but instead is located to lower ranked institutions, a fact that may be due 

to several reasons. Firstly, the current prevention and therapy of atherosclerosis and CVDs are 

mainly based on pharmaceuticals. Higher ranked universities may focus on this type of 

research since that makes them more attractive as collaboration partners for the 

pharmaceutical industry. This in turn provides economic income to the university which may 

be used to recruit top researchers. Secondly, the top ranked universities are mainly located in 
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the western world [19] where, by tradition, alternative medicine such as the traditional 

Chinese medicine and Ayurvedic medicine, both based on plants and herbs [26,27], are not 

considered as important.  

5.2 Limitations of the study 

A major limitation of this study is the method being used for the quality assessment. Usually, 

specific templates, such as AMSTAR [28] or an SBU-questionnaire [29], are used in order to 

evaluate the publications included. However, usage of these templates were not possible since 

none of them are adapted to review articles, the type of publications used in this study, 

whereby the method of quality assessment used here is developed specifically  for this study. 

The criteria used, i.e. citations in PMC, the title of the senior author of each publication and 

the ranking of the university where the first author was located, are not, in comparison to the 

specific templates, objective and possible to examine whereby they do not meet the 

requirements for a systematic review-study. In addition, high quality publications might be 

published from less known universities and/or authors, in the same way as low quality 

publications might be published from top universities, although this is usually not the case. 

Nonetheless, due to the large amount of publications within this field as well as the time limit 

for the study, the type of quality assessment used in this study may be motivated and 

practicable.  

There are two other limitations of this study. Firstly, the literature research was restricted to 

the database PubMed and secondly, the choice to only use reviews as the source of 

publications. Although PubMed is covering a very large amount of medical publications, 

articles that might be of high importance to this study may be published in other databases 

and main facts might therefore not be accounted for here. The character of review articles 

implies that the original methodological information is not available whereby there might be 

missing information and/or incorrect facts. Missing information could, for example, be in 

terms of publication bias where the author has left out negative or unclear results. In general, 

there are only a few of the publications included in this study that mention any contradictions. 

Also, as far as I have understood, many of the original studies published are performed using 

higher concentrations of substances, polyphenols for example, than are usually present in the 

normal diet as well as in animals or cells prepared under a specialized condition, e.g. 

hypercholesterolemia. A follow up question is therefore whether the results would be just as 
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positive using regular dietary concentrations of substances during normal physiological 

conditions.  

5.3 Strengths of the study  

The major strength of this study is the unanimous result of the publications included; all of 

them state the positive health effects of a plant based diet. For example, all eight publications 

concerning polyphenols describe a positive link between these chemical compounds and 

prevention of CVDs. Also, both articles describing plant sterols and fibres, respectively, refer 

to the association between these compounds and a lower risk of CVDs, especially the major 

risk factor hypercholesterolemia. The research teams and authors of the publications are 

spread worldwide, including northern America, Europe, Asia and Africa, which strengthens 

the reliability of the interpretations of the data published. Finally, although a limitation, the 

principle of using only PubMed may also strengthen this study since most of the articles 

published are peer reviewed.  

6. Conclusion  

In this systematic review of the literature, the molecular mechanisms following intake of a 

plant based diet on reduction of atherosclerosis have been evaluated. It is clear that they are 

multiple, varying between the different chemical compounds as well as the target, and impede 

the atherosclerotic process in many ways. As a practical implication, the benefits of eating 

fruits, vegetables, legumes, nuts, etc. as well as reducing the intake of animal products are 

substantial for cardiovascular health thereby lowering the risk for CVDs. In the future, 

changing our eating habits towards a plant based diet might be a useful alternative to 

pharmacological medication in order to prevent the generation of atherosclerosis and/or 

CVDs. However, further research is needed, as well as improvement regarding the 

dissemination of the information to the general public. 
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