
 

Nutrients 2020, 12, 2671; doi:10.3390/nu12092671 www.mdpi.com/journal/nutrients 

Review 

The Role of Specific Components of a Plant-Based 
Diet in Management of Dyslipidemia and the Impact 
on Cardiovascular Risk 

Elke A. Trautwein 1,* and Sue McKay 2 

1 Trautwein Consulting, 58097 Hagen, Germany 
2 Upfield Research & Development, 3071 JL Rotterdam, The Netherlands; Sue.Mckay@Upfield.com 

* Correspondence: et@trautwein-consulting.com 

Received: 4 August 2020: Accepted: 31 August 2020; Published: 1 September 2020 

Abstract: Convincing evidence supports the intake of specific food components, food groups, or 

whole dietary patterns to positively influence dyslipidemia and to lower risk of cardiovascular 

diseases (CVD). Specific macro- and micro-components of a predominantly plant-based dietary 

pattern are vegetable fats, dietary fibers, and phytonutrients such as phytosterols. This review 

summarizes the current knowledge regarding effects of these components on lowering blood lipids, 

i.e., low-density lipoprotein cholesterol (LDL-C) and on reducing CVD risk. The beneficial role of a 

plant-based diet on cardiovascular (CV) health has increasingly been recognized. Plant-based 

dietary patterns include a Mediterranean and Nordic diet pattern, the dietary approaches to stop 

hypertension (DASH), and Portfolio diet, as well as vegetarian- or vegan-type diet patterns. These 

diets have all been found to lower CVD-related risk factors like blood LDL-C, and observational 

study evidence supports their role in lowering CVD risk. These diet patterns are not only beneficial 

for dyslipidemia management and prevention of CVD but further contribute to reducing the impact 

of food choices on environmental degradation. Hence, the CV health benefits of a predominantly 

plant-based diet as a healthy and environmentally sustainable eating pattern are today 

recommended by many food-based dietary as well as clinical practice guidelines. 
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1. Introduction 

Cardiovascular diseases (CVD), which include coronary heart disease (CHD), cerebrovascular 

disease (stroke), and peripheral vascular disease, are the most common non-communicable diseases 

globally, accounting for an estimated 31% of all deaths worldwide [1]. The underlying cause of CVD 

is atherosclerosis which is a progressive (and reversible) disease of the blood vessels. By managing 

risk factors associated with atherosclerosis it is possible to slow down (or reverse) the development 

of the disease and ultimately reduce the risk of CVD [2]. Underlying risk factors include elevated 

blood pressure, dyslipidemia, overweight/obesity, and type 2 diabetes mellitus (T2DM), as well as 

behavioral risk factors such as smoking, unhealthy diet, and physical inactivity [2]. Dyslipidemia is 

a metabolic abnormality leading to an increase in circulating concentrations of blood cholesterol (C) 

and triglycerides (TG). It is characterized by elevated low-density lipoprotein cholesterol (LDL-C), 

also known as hypercholesterolemia, and often combined with low concentrations of high-density 

lipoprotein cholesterol (HDL-C) and elevated TG, mainly as TG-rich lipoproteins (TRL) such as 

chylomicrons and very-low-density lipoprotein (VLDL). 
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Elevated LDL-C is a causal risk factor for CVD [3] and lowering LDL-C concentrations is the 

primary target for treatment and prevention of CVD [2]. Elevated TG, and especially TRL, are also 

treatment targets recommended in guidelines for the management of dyslipidemia [2]. 

Adopting a healthy diet and lifestyle should always be the cornerstone when seeking to lower 

LDL-C (and TG) concentrations [2]. Based on the severity of dyslipidemia and the total CVD risk 

score, additional pharmacological therapy may be recommended. With adequate changes in diet and 

lifestyle, about 80% of (premature) CVD mortality may be prevented [4]. 

The role of a healthy dietary pattern in the prevention of CVD has well been recognized [5–7]. 

Evidence supports the intake of specific nutrients, food groups, or certain dietary patterns to 

positively influence dyslipidemia and promote the prevention of CVD. A healthy dietary pattern is 

also a major determinant of environmental sustainability. Current food production practices 

contribute to environmental degradation in several ways, e.g., through greenhouse-gas emissions, 

fresh-water withdrawal, and land use [8]. Consequently, authorities are starting to adapt their food-

based dietary guidelines to reflect a shift towards a predominantly plant-based diet. These 

recommendations aim to reduce the intake of animal-based foods for both health and environmental 

reasons [9,10]. 

Predominantly plant-based dietary patterns emphasize a higher intake of fruits, vegetables, 

legumes, whole-grain products, nuts, seeds, and vegetable oils and limited intake of foods from 

animal origin such as low- or non-fat dairy, lean meat, and fish [7]. Plant-based dietary patterns vary 

from flexitarian (with low consumption of meat) to pescatarian or lacto/ovo-vegetarian to vegan, 

where plant-based foods represent most or all the food in the diet. 

In view of macronutrients, specific for a plant-based diet are the intake of more complex 

carbohydrates and plant-based proteins next to a lower total fat intake, especially fewer saturated 

and trans fats and more unsaturated fatty acids. Plant-based diets are also higher in dietary fiber 

(DF). In addition, they contain modest amount of phytosterols (PS) next to other bioactive plant-

derived compounds often called phytonutrients, which are associated with positive health effects. 

This review focuses on PS because of their proven cholesterol-lowering effect which allows them to 

carry an authorized health claim. Other phytonutrients, such as polyphenols, lignans, and 

carotenoids, as well as vitamins like folic acid, are out of scope for this review. 

This narrative review, based on evidence from reviews, systematic reviews, meta-analyses, and 

randomized controlled trials (RCTs) on CVD risk factors (LDL-C and on clinical endpoints) focuses 

on the beneficial effects of specific macro- and micro-components of a plant-based diet (vegetable 

fats, DF, and PS) in the management of dyslipidemia and the role of plant-based dietary patterns in 

cardiovascular (CV) health and briefly discusses aspects of environmental sustainability. Dietary 

fatty acids, DF, and PS have been reviewed in detail because of the proven evidence for cholesterol-

lowering and CVD risk benefits and because they are specifically referred to in dietary 

recommendations for CVD prevention [2]. Literature databases like MEDLINE were used as the main 

sources for searching relevant literature. 

While health benefits of these individual dietary components have been addressed in specific 

reviews and meta-analyses, the information provided in this review addresses them in the context of 

a plant-based diet/dietary pattern and contributes to a better understanding of the increasingly 

important role of a plant-based diet in the prevention of CVD. In the following sections, specific 

components of a plant-based diet in the management of dyslipidemia and prevention of CVD are 

discussed in detail. 

2. Dietary Fats 

2.1. Dietary Sources and Fat Quality 

There is general consensus that fat quality, i.e., the fatty acid composition of dietary fat, is more 

important than fat quantity (total amount of fat) in the management of dyslipidemia and the 

prevention of CVD. The fat quality of foods is determined by the content of different fatty acids. Fat 

from animal origin such as fatty meat, butter, full-fat dairy, as well as the tropical oils coconut and 
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palm oil, are typically rich in saturated fatty acids (SAFA). Meat and dairy foods are the main food 

sources of SAFA in Western diets [11]. In contrast, plant-based fats, i.e., vegetable oils, are generally 

rich in unsaturated fatty acids. Unsaturated fatty acids can be monounsaturated (MUFA), such as 

oleic acid and polyunsaturated (PUFA). Plant-based sources of PUFA are predominately n-6 (omega-

6) fatty acids such as linoleic acid and some n-3 (omega-3) fatty acids such as α-linoleic acid. Very 

long-chain n-3 fatty acids such as eicosapentaenoic (EPA) and docosahexaenoic acid (DHA) come 

from marine sources (fish, fish oil, and algae). Trans fatty acids (TFA), unsaturated fatty acids with 

double bonds in the trans configuration, are naturally found in butter, full-fat dairy, and meat from 

ruminants like beef, sheep, and goat. Other sources of TFA are partially hydrogenated vegetable oils. 

TFA are commonly found in commercial baked goods like pastries, convenience foods, and battered 

or deep-fried foods. TFA from partially hydrogenated oils have been removed from many foods 

because of their adverse effects on blood lipids and CVD risk [12], leading to a substantial decrease 

in TFA intake, which is typically now less than 1% of energy [13]. TFA and SAFA raise LDL-C but 

TFA also lowers HDL-C concentrations and therefore has the most unfavorable effects amongst 

dietary fatty acids [12.] 

Based on dietary intake data, SAFA consumption is still higher and PUFA consumption lower 

than recommended [11,14]. For CVD prevention, it is recommended that a decrease in SAFA intake 

should be accompanied by an increase in PUFA intake, but this is not always achieved at a population 

level [14]. 

2.2. The Role of Saturated, Monounsaturated, and Polyunsaturated Fatty Acids on Blood Lipids and CVD 

Risk 

Replacing SAFA with unsaturated fatty acids in the diet lowers LDL-C without affecting HDL-

C and TG. The LDL-C lowering effect is larger when SAFA is replaced by PUFA compared to MUFA 

[15–17]. Replacing SAFA with carbohydrates, i.e., consuming a low-fat, high carbohydrate diet, 

lowers both LDL-C and HDL-C and raises fasting TG, and therefore does not improve the overall 

blood lipid profile [15,17]. The most beneficial effect on blood lipids is therefore achieved by replacing 

SAFA with unsaturated fats. Supplemental intake of the very long-chain n-3 PUFA (EPA and DHA), 

from fish oil have no substantial effect on LDL-C but dose-dependently lower TG concentrations [13]. 

In view of effects on CVD risk and clinical endpoints, both observational, i.e. prospective cohort 

studies and RCTs with clinical endpoints, have shown that reducing SAFA intake lowers the risk of 

CVD and CHD events. There is clear evidence that partial replacement of SAFA with unsaturated 

fatty acids, especially vegetable oil PUFA (mainly n-6 linoleic acid and the plant-based n-3 fatty acid 

α-linolenic acid) lowers the risk of CVD, mainly the risk of CHD [13,17]. There is insufficient or 

limited evidence for effects on CVD or CHD risk when SAFA is replaced by MUFA, carbohydrates, 

or proteins, and when the replacement nutrient is not specified [13]. Replacing 5% of total energy 

intake (% TE) of SAFA with PUFA was found to lower the risk of CHD by about 10%, while evidence 

is inconclusive due to lack of adequate studies to quantify the CHD risk benefit of MUFA [13,17]. 

More recently, data from two large cohort studies found a significantly lower CHD risk when 5% TE 

intake from SAFA, TFA, and refined carbohydrates was replaced by MUFA from plant sources 

(vegetable oils, nuts, and seeds), while replacement with MUFA from animal sources (red and 

processed meats and dairy foods) was not associated with lower CHD risk [18]. In addition, data 

from two other cohort studies has shown that replacing 5 g/day of dietary fats like margarine, 

mayonnaise, butter or dairy fat with a higher intake of olive oil, which is rich in MUFA, was 

associated with a 5–7% lower risk of CHD and total CVD [19]. The Prevención con Dieta Mediterránea 

(PREDIMED) trial also studied the effect of consuming MUFA, in the form of olive oil, as part of a 

Mediterranean (MED)-type diet on CVD outcomes. The MED-type diet supplemented with either 

extra-virgin olive oil or with nuts significantly lowered major CVD events by around 30% compared 

to a low-fat diet [20]. It should, however, be noted that these dietary patterns differ in more aspects 

than just dietary fat and fatty acid intake. 

Even though marine n-3 PUFA are not the focus of this review, observational studies have 

consistently shown that higher intakes of fish, fish oil, and EPA and DHA is associated with lower 
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risk of CVD, especially CHD risk, in the general population [13,21]. While evidence from RCTs for 

the primary prevention of CVD is weak, higher intakes of EPA and DHA have been shown to lower 

CVD risk in RCTs in secondary prevention [13,21]. 

An analysis based on prospective cohort studies has further shown that replacing SAFA with 

PUFA, MUFA, or whole-grain (high-quality) carbohydrates was associated with a lower CHD risk, 

while replacing SAFA with refined carbohydrates and sugars (low-quality carbohydrates) was not 

associated with CHD risk [22]. Furthermore, a higher PUFA intake was associated with a lower CHD 

risk compared to higher intakes of refined carbohydrate and sugar. These data support that PUFA-

rich plant-based fats as well as whole grain products as part of a predominantly plant-based diet are 

beneficial for CV health. 

For management of dyslipidemia not all plant-based fats are beneficial, especially not those that 

are rich in SAFA such as coconut oil. Despite the widespread popularity of coconut oil and its alleged 

health benefits, its consumption significantly raises LDL-C compared with other vegetable oils as 

summarized in a recent meta-analysis [23]. Thus, coconut oil should not be recommended as a 

healthy vegetable oil for CVD risk reduction, despite its HDL-C-raising effect [23,24]. 

In addition to the beneficial effects on dyslipidemia, emerging data also show that unsaturated 

fatty acids, especially n-6 PUFA, favorably affect blood glucose and insulin resistance, therefore 

helping to reduce the risk of T2DM, a risk factor for CVD [13,17]. 

2.3. Recommendations for Dietary Fat Intake 

Quality of dietary fat intake is key for the prevention of CVD more so than quantity. 

Recommendations for total fat intake typically range from 20 to 35% TE; intakes exceeding 35–40%TE 

should be avoided as they are usually associated with an increased intake of SAFA [25,26]. Reducing 

SAFA intake to <10% TE and replacing SAFA with unsaturated fatty acids (MUFA and PUFA) is the 

recommendation in most food-based dietary guidelines aiming to prevent CVD [2,27,28]. Some 

guidelines advise SFA intake <7% TE, especially in the presence of hypercholesterolemia (Table 1) 

[2]. TFA increases the risk of CVD [2,28,29], and intake should be avoided (Table 1). Intake of n-3 

PUFA, especially EPA and DHA, is not part of dietary recommendations to lower TC and LDL-C 

concentrations. Nevertheless, some guidelines do recommend an intake of 200–500 mg/day of EPA 

and DHA as part of a heart healthy diet [21] or advise 1 to 2 portions of fatty fish per week [30]. For 

specific TG-lowering, high doses (2–4 g/day) of n-3 fatty acid supplements are recommended either 

alone or as an adjunct to other lipid-lowering therapy [2,21,30]. 

2.4. Food-Based Dietary Guidelines and how a Plant-Based Diet can Improve the Quality of Dietary Fat 

Intake 

Food-based dietary guidelines advise a more plant-based diet and recommend eating less foods 

of animal origin such as meat, butter, and full-fat milk and cheese [9]. They also advise switching to 

leaner meat and low-fat dairy products and replacing animal fats with vegetable oils and vegetable 

oil-based fats. As a result, pre-dominantly plant-based diets typically deliver less total fat, especially 

less SAFA and TFA, more unsaturated fats, and more plant-based proteins, DF, micronutrients 

(vitamins and minerals), and phytonutrients. Regular fish consumption, especially fatty fish, is also 

advised as a part of a plant-based, heart-healthy dietary pattern.
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Table 1. Impact of specific dietary changes in the management of dyslipidemia with focus on lowering low-density lipoprotein cholesterol (LDL-C) concentration. 

Dietary component Specific recommendation 
Magnitude of 

effect 1 

Strength 

(level) of 

evidence 2 

Dietary fat    

Reduce intake of 

saturated fatty acids 

(SAFA) 

<10% of total energy intake (TE) 

<7% TE in the presence of 

hypercholesterolemia 

++ *** 

Exchange SAFA with 

unsaturated fatty acids 

Lower SAFA and increase intake of mono- 

(MUFA) and polyunsaturated fatty acids 

(PUFA) 

++ *** 

Avoid intake of dietary 

trans fat 
Reduce to <1%TE ++ *** 

Reduce intake of dietary 

cholesterol 
<300 mg/day + ** 

Dietary fiber (DF)    

Increase total DF intake 25–40 g/day ++ *** 

Increase intake of 

soluble fibers, e.g., beta-

glucan 

≥7–13 g/day as part of total DF intake ++ *** 

Phytosterols ≥2 g/day ++ *** 

Modified based on the 2019 ESC/EAS guidelines for the management of dyslipidaemias [2]. 1,2 Magnitude of effect and strength of evidence refer to the impact of 

each dietary change on lowering TC and LDL-C concentrations. 1Magnitude of effect: ++ = 5–10% reduction; + = <5% reduction. 2 Level of evidence: *** Data derived 

from multiple randomized clinical trials (RCTs) or meta-analyses; ** Data derived from a single RCT trial or from large non-randomized studies. 
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3. Dietary Fibers (DF) 

3.1. Types of DF and Dietary Sources 

DF consists of a wide range of plant-based compounds (carbohydrate polymers with ≤10 

monomeric units) that vary in their physical and chemical properties. They have no nutritional value 

as such but play an important role in the regulation of different physiological functions in the body. 

DF are typically categorized into (water) soluble (SF) and insoluble fibers (IF) and are not hydrolyzed 

by digestive enzymes and hence not fully digested in the human gut [31]. IF include cellulose, hemi-

celluloses, and lignin. They affect gut function by facilitating transit time of foods, normalizing bowel 

movements, increasing stool bulk, and preventing constipation. SF include pectin, beta-glucans, 

gums such as guar or konjac mannan, and mucilages like psyllium. They dissolve in water and form 

viscous gels in the gut lumen and so partially delay or reduce the absorption of carbohydrates, dietary 

fats, and cholesterol. IF are found mainly in vegetables, potatoes, nuts, and whole grain products 

such as wheat bran; sources of SF are vegetables, legumes, fruits such as apples, pears, citrus fruits, 

and cereals like oat and barley. 

In addition to gut health, DF intake provides several health benefits and observational evidence 

has shown that a higher DF intake is associated with lower risk of CVD, T2DM, obesity, and certain 

forms of cancer [32,33]. 

Commonly, Western populations do not reach the recommended DF daily intakes. Grain-based 

foods contribute most to dietary DF intake with bread being by far the largest grain source followed 

by breakfast cereals. Vegetables, potatoes, and fruits also contribute substantially to DF intake [34]. 

In the context of this review, the beneficial effects of DF, and more specifically selected SF, on 

the risk of CVD and underlying risk factors such as dyslipidemia are detailed. 

3.2. Effect of Specific DF on Blood Lipids and CVD Risk and Underlying Mechanism of Action 

The first meta-analysis by Brown et al. [35] summarized the cholesterol-lowering effects of SF, 

i.e., oat products, psyllium, pectin, and guar gum. SF intake between 2–10 g/day was associated with 

modest but statistically significant decreases in TC and LDL-C, with no significant difference between 

the SF. Since then, several meta-analyses as discussed below have summarized the cholesterol-

lowering effects of specific SF such as beta-glucan from oats and barley, psyllium, and glucomannan. 

A recent review found that increased DF intake significantly lowered TC and LDL-C, modestly but 

significantly decreased HDL-C, and had no effect on TG concentrations [36]. Further, there was no 

evidence that the type of DF, i.e., SF or IF or the way DF are administered, i.e., via supplements or 

foods, influenced the cholesterol-lowering effect [36]. 

Beta-glucan: Beta-glucan is a viscous SF found in oats, barley, edible mushrooms, and (baker’s) 

yeast. A recent meta-analysis found that a median intake of 3.5 g/day of oat beta-glucan modestly 

lowered LDL-C by −0.19 mmol-L (95% CI: −0.23 to −0.14) or 4.2% and non-HDL-C by −0.20 mmol/L 

(95% CI: −0.26 to −0.15) or 4.8% compared with control diets [37]. An earlier meta-analysis found an 

LDL-C reduction of −0.25 mmol/L or 6% with a median daily intake of 5.1 g beta-glucan from oats 

[38]. 

Barley beta-glucan was also shown to lower blood cholesterol. A median intake of 6.5 and 6.9 

g/day of barley beta-glucan, respectively, lowered LDL-C by −0.25 mmol/L (95% CI: −0.30 to −0.20) or 

7% and non-HDL-C by −0.31 mmol/L (95% CI: −0.39 to −0.23) or 7% compared with control diets [39]. 

Similar effects were reported in a previous meta-analysis [39]. There was no clear dose–response 

relationship for barely beta-glucan [39], while a significant inverse association between dose and 

LDL-C lowering was found for oat-beta-glucan [37]. The established LDL-C lowering effect of beta-

glucan, especially from oats, has resulted in approval of health claims for oat beta-glucan and its 

LDL-C lowering effect or CVD risk reduction benefit in Europe, USA, Canada, and Australia/New 

Zealand referring to an intake of at least 3 g/day of oat beta-glucan. 

Psyllium: Psyllium is a viscous SF from the husk of the Plantago ovata seed and is a common fiber 

supplement. Two recent meta-analyses [40,41] found that daily intake of 10.2 g psyllium significantly 
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lowered LDL-C by −0.28 mmol/L (95% CI: −0.21 to −0.31) [39] and -0.33 mmol/L (95% CI: −0.38 to 

−0.27) [40]; non-HDL-C was found to be lowered by −0.39 mmol/L (95% CI: −0.50 to −0.27) [41]. No 

clear dose–response relationship was observed, suggesting that the cholesterol-lowering benefit of 

psyllium intakes of ≥10 g/day will not result in bigger LDL-C lowering [41]. The recommended intake 

of psyllium for an optimal cholesterol-lowering and heart health benefit is 7 g/day SF from 10.2 g 

psyllium husk, based on the approved US FDA health claim. 

Glucomannan: Glucomannan, also known as konjac mannan, is one of the most viscous DF. Its 

main source is the tuberous root of the konjac plant. Typically, glucomannan is consumed in the form 

of capsules next to some food formats like bars or biscuits. A recent meta-analysis found that daily 

intake of ~3 g glucomannan significantly lowered LDL-C by −0.35 mmol/L (95% CI: −0.46 to −0.25) or 

10% and non-HDL-C by −0.32 mmol/L (95% CI: −0.46 to −0.19) or 7% [42]. There was no indication of 

a dose–response effect with glucomannan intakes between 2.0–15.1 g/day. An intake of 4 g/day 

glucomannan is the minimal dose of an approved health claim in Europe for maintaining a healthy 

blood cholesterol concentration. 

Summarizing, an intake of 4–10 g/day of different types of SF is required to achieve a 5–10% 

reduction in LDL-C without substantially affecting HDL-C and TG concentrations. 

SF with high viscosity and water-binding capacity form viscous gels in the intestinal lumen 

which decrease absorption of macronutrients as well as of cholesterol and bile acids and subsequent 

increased fecal excretion [32]. An impaired reabsorption and increased excretion of bile acids 

stimulates bile acids synthesis in the liver which consequently lowers circulating cholesterol 

concentrations in the blood. Furthermore, colonic fermentation of SF by gut bacteria produces short-

chain fatty acids, and increased concentrations of circulating propionate may contribute to cholesterol 

lowering by decreasing cholesterol synthesis in the liver [32,43]. 

In view of the effects on CVD risk and clinical endpoints, observational studies have consistently 

shown that higher intakes of DF and dietary patterns high in DF are associated with a reduced risk 

of CVD as well as T2DM and obesity, also risk factors for CVD [32]. Meta-analyses of prospective 

cohort studies have shown a significant association between DF intake and lower risk of all-cause 

mortality [44] and mortality from CVD and CHD [43,44]. An additional DF intake of 7–10 g/day was 

inversely linked to a reduction in CVD mortality by 9% and CHD by 9–11% [44,45]. A recent umbrella 

review of systematic reviews and meta-analyses of observational studies concluded that there is 

convincing evidence that higher DF intake is associated with a lower risk of CVD, and particularly of 

coronary artery disease (CAD) and CVD-related death [33]. 

DF intake from cereals was significantly associated with lower CVD risk [43,44], while results 

for other fiber sources seem less conclusive. Kim and Je found that DF intake from legumes also 

showed an inverse association with CVD risk, while DF intake from vegetables and fruits failed to 

show an association [44]. Conversely, Threapleton et al. report an inverse association of vegetable 

fiber intake and CVD risk [44]. In particular, IF intake seems to be linked with lower risk of CVD 

while such a benefit was not convincingly seen for SF intake [44,45]. A recent prospective French 

cohort study supports that a higher intake of DF is associated with a decrease in CVD incidence and 

mortality. Both SFs and IFs were associated with lower risk of T2DM, while SFs were also associated 

with lower CVD risk. Amongst different DF sources, DFs from fruits were inversely associated with 

CVD risk [46]. Noteworthy, there are no RCTs on the effects of specific DF such as beta-glucan that 

have been shown that lowering LDL-C affects CVD outcomes. 

3.3. Food-Based Dietary Guideline Recommendations for DF Intake 

Recommendations for DF intake typically refer to total fiber intake. A healthy diet should 

contain more than 25 g/day of DF and most European countries recommend 25 and 30 g/day [34]. In 

the EFSA scientific opinion on dietary reference values, a DF intake of 25 g/day would be adequate 

for normal laxation in adults while intakes higher than 25 g/day would be necessary to reduce risk of 

CHD, T2DM, and to improve weight maintenance [34]. 

Usually, no recommendations are made for intakes of specific fiber types such as SF. 

Nevertheless, in view of approved health claims for maintaining or lowering blood cholesterol 
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concentrations, daily intakes of 3 g beta-glucan from oats, oat bran, barley, or barley bran, 6 g pectin, 

10 g guar gum, and 4 g glucomannan could be recommended. The 2019 ESC/EAS guidelines for the 

management of dyslipidemia recommend a DF intake of 25–40 g/day, including ≥7–13 g of SF, 

preferably from wholegrain products, e.g., oats and barley (Table 1) [2]. 

Adopting a predominantly plant-based diet helps to achieve the daily recommended intake of 

DF; in particular, vegan and vegetarian-type diets are rich in DF from various plant-based sources 

such as whole grains and seeds, legumes, vegetables and fruits, and nuts. 

4. Phytosterols 

4.1. Dietary Sources 

Phytosterols (PS), comprising plant sterols and stanols, are compounds similar in structure and 

function to cholesterol. Principal PS are sitosterol, campesterol, and stigmasterol and their saturated 

counterparts sitostanol and campestanol. They occur naturally in all plant-based foods and are found 

in vegetable oils (especially unrefined oils), vegetable oil-based margarines, seeds, nuts, cereal grains, 

legumes, vegetables and fruits next to various foods and food supplements with added PS [47]. Daily 

intakes of PS with habitual diets typically range between 200 and 400 mg [48]. Consuming diets that 

emphasise plant-based foods results in higher PS intakes. With vegetarian- or vegan-type diets, PS 

intake can increase up to 600 mg/day [49]. With a MED-type diet such as the PREDIMED diet [20] or 

the dietary approaches to stop hypertension (DASH) diet [50], PS intakes of 500–550 mg/day can be 

achieved. Higher PS intakes such as a recommended intake of 2 g/day for LDL-C lowering [2] can 

only be achieved by consuming food products enriched with PS such as fat-based spreads and 

margarines, dairy-type foods like milk, yogurt, and yogurt drinks, or food supplements with added 

PS. A PS intake of about 2 g/day can be realized with the Portfolio diet through the consumption of 

a daily serving of a PS-added margarine next to consuming SF, soy, and other vegetable proteins and 

nuts, i.e., almonds [51]. 

4.2. Cholesterol-Lowering Efficacy and Underlying Mechanisms of Action 

The TC and especially LDL-C lowering properties of PS in humans were discovered in the early 

1950s [52]. Several meta-analyses have summarized their LDL-C lowering efficacy based on 

numerous RCTs [53–56]. The most recent meta-analysis including 124 clinical studies (with 201 study 

arms) concluded that PS intake significantly lowers LDL-C in a dose-dependent manner by 6–12% 

with intakes of 0.6–3.3 g/day without affecting HDL-C. [56]. PS intakes exceeding 3 g/day have only 

little additional benefit as the LDL-C lowering effect is expected to taper off because the underlying 

mechanism of action—inhibition of cholesterol absorption—is a saturable process. Nevertheless, 

RCTs with PS intakes greater than 4 g/day are limited; thus, it remains speculative whether the dose-

response relationship would continue with higher PS intakes [56]. PS intake was also found to lower 

atherogenic apo-lipoproteins (apo) such as apo-B and apo-E and to increase anti-atherogenic apo-

lipoproteins like apo-AI and apo-CII as summarized in a recent meta-analysis [57]. 

PS are effective in both healthy and diseased individuals and their LDL-C lowering benefit has 

been demonstrated in adults and children with familial hypercholesterolemia, in patients with 

T2DM, and individuals with the metabolic syndrome [58]. Furthermore, PS are shown to be effective 

in various types of food formats such as fat-based foods like spreads and margarines, dairy-type 

foods, and food supplements including capsules and tablets, thereby offering a variety of choices to 

achieve the recommended daily PS intake for a cholesterol-lowering benefit [47]. Intake occasion and 

frequency are critical factors for an optimal LDL-C lowering efficacy. Thus, PS should be consumed 

with a (main) meal and twice daily [47]. 

Meta-analyses have also found a significant TG-lowering effect whereby the effect was more 

pronounced in individuals with higher baseline TG concentrations [59]. Hence, PS offer a dual blood 

lipid benefit especially in individuals with dyslipidemia such as patients with T2DM or the metabolic 

syndrome [59]. 
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Partial inhibition of intestinal absorption of (dietary and biliary) cholesterol is the key 

mechanism for the cholesterol-lowering effect of PS, with several underlying mechanisms including 

displacing cholesterol from mixed micelles due to limited capacity to embody sterols, interfering with 

transport-mediated processes of sterol uptake and stimulating cholesterol excretion via the 

transintestinal excretion [60]. An intake of 2 g/day of PS reduces cholesterol absorption by 30–40%, 

resulting in a subsequent 10% lowering of circulating LDL-C [61]. 

PS intake can also be a useful adjunct to lipid-lowering medication. Statins inhibit hepatic 

cholesterol synthesis and PS inhibit intestinal cholesterol absorption; thus, combining PS and statins 

leads to an additive LDL-C lowering effect [61,62]. Additional effects on LDL-C lowering have also 

been reported when combining PS with fibrates or with ezetimibe [61,63]. 

Although there are no RCTs showing the effects of long-term PS intake on CVD outcomes, e.g., 

CV events; it seems reasonable that PS intake may lower CVD risk based on the established LDL-C 

lowering effect. 

4.3. Recommendations for PS Intake 

Based on the proven plasma LDL-C lowering effect and the absence of adverse effects, 

consumption of 2 g/day PS as an adjunct to a healthy diet is one of the recommended dietary 

interventions for the management of dyslipidemia (Table 1) [2,64,65]. Foods with added PS may be 

considered i) for individuals with high serum cholesterol at intermediate or low global CVD risk who 

do not (yet) qualify for drug treatment, ii) as adjunct to drug (statin) therapy, in high- to very high-

risk patients who fail to achieve LDL-C target goals or could not be treated with statins, and iii) in 

adults and children (>6 years) with familial hypercholesterolaemia, in line with current guidelines 

[2,61]. 

5. Combinations of Natural Lipid-Lowering Compounds as Part of a Heart-Healthy Diet 

Combining PS (2 g/day) with different types of SF, e.g., 3 g/day oat beta-glucan has been shown 

to lead to additional LDL-C lowering when combined in a single food [66]. Further, a combination of 

10 g/day psyllium and 2.6 g/day PS added to cookies leads to a substantial reduction in LDL-C [67]. 

In addition, the combination of 3.3 g/day PS with a healthy diet (low in total and saturated fat) 

shows an additive effect of PS to that of the diet alone [68]. By combining PS with other plant-based, 

cholesterol-lowering compounds or foods, further reductions in LDL-C can be achieved as observed 

with the Portfolio diet. This plant-based dietary pattern combines (per 2000 kcal energy intake) 20 

g/day of viscous DF from oats, barley, psyllium, eggplant, okra, apples, oranges, or berries, about 50 

g/day of plant protein from soy products or pulses (beans, peas, chickpeas, and lentils), 42 g/day of 

nuts (tree nuts such as almonds and peanuts), and 2 g/day PS in the form of a PS-enriched margarine 

[51,69]. Under controlled settings, an LDL-C lowering effect of 30% could be achieved with the 

Portfolio diet, an effect comparable to that achievable with a low-dose statin [51]. Based on a meta-

analysis, the Portfolio dietary pattern significantly lowers LDL-C by -0.73 mmol/L (95% CI: -0.89 to -

0.56) or by ~17%. Non-HDL-C, apo B, TC, TG, as well as systolic and diastolic blood pressure, were 

also significantly lowered [69]. 

A dual blood lipid lowering benefit of lowering both LDL-C and TG concentrations was 

achieved with the intake of 2 g/day PS and a minimum of 1 g/day EPA/DHA from fish oil [70]. 

6. The Impact of Plant-based Dietary Patterns on CV and Planetary Health  

6.1. Dietary Patterns and CV Health 

Historically, dietary recommendations for CVD prevention focused on single nutrients like 

lowering SAFA or increasing DF intake, or on specific foods like eating more fish, whole grains, nuts, 

fruits, and vegetables, and less meat. Today, the focus is on the role of dietary patterns for the 

management of dyslipidemia and lowering CVD risk [71,72]. A healthy dietary pattern is typically 

described as a predominantly plant-based diet. Observational study evidence supports the beneficial 

effect of single plant-based foods as well as fatty fish, and the adverse effects of animal-based foods, 
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on CVD risk [73,74]. Since foods are typically consumed in combinations, it is more reasonable to 

look at health benefits of a complete dietary pattern. 

Several dietary patterns have been found to lower CVD outcomes and risk factors such as blood 

lipids, i.e., TC and LDL-C or blood pressure. These include traditional diets prevailing in the MED 

and in Nordic countries [75–79], dietary patterns intended to control CVD risk factors like the DASH 

diet [50] and Portfolio diet [51] as well as vegetarian- or vegan-type dietary patterns. A common 

characteristic of these dietary patterns is that they emphasize plant-based foods with reduced animal 

food consumption. 

The MED dietary pattern refers to the traditional diet of Greece, Crete, and Southern Italy with 

(virgin) olive oil as the main dietary fat source as a key characteristic [72,75,78]. Further characteristics 

are summarized in Table 2. The Nordic diet emphasizes the intake of locally grown vegetables like 

cabbage and potatoes, whole grains and cereals such as oats, rye, and barley, locally grown seasonal 

fruits such as berries, next to rapeseed oil and fatty fish (Table 2) [72,77,78]. The DASH diet 

emphasizes amongst others higher intakes of vegetables, fruits and fat-free or low-fat dairy foods 

(Table 2) [50,79]. The Portfolio diet is a plant-based diet that emphasises the intake of four known 

cholesterol-lowering foods, i.e., viscous DF, plant proteins from soy and legumes, nuts, and PS (Table 

2) [51,69]. The healthy vegetarian dietary pattern is based on a variety of vegetables, legumes, soy 

products, fruits, and whole grains, occasionally dairy foods, eggs, and fish, but no meat and poultry. 

A strict vegan dietary pattern excludes all animal-based foods (Table 2) [72,73,80].
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Table 2. Healthy dietary patterns for the management of dyslipidemia and the prevention of cardiovascular diseases (CVD). 

Healthy dietary pattern Background/definition Key characteristics 

Mediterranean (MED) 

diet  

Traditionally based on dietary patterns typical of Crete, Greece, and 

Southern Italy in the early 1960s. No uniform definition of a MED diet, but 

MED dietary patterns emphasize plant-based foods and olive oil as main 

dietary fat source. Modified versions were studied in the PREDIMED trial 
1. 

Eating plenty of fruits, vegetables, legumes, (whole) grains, nuts; olive oils as main oil for daily use; moderate 

intake of fish; poultry and dairy foods like yogurt and cheese; eating less red meat, meat products and sweets; 

allows wine (in moderation) with meals. 

The MED diet is high in dietary fat and especially monounsaturated fatty acids but low in saturated fat. 

Nordic diet 

A dietary pattern comparable to the MED diet that emphasises traditional, 

locally grown, and seasonal foods of the Nordic countries. 

Developed as a diet to address health concerns such as obesity and taking 

local food culture, environmental aspects, and sustainability into account 2. 

Emphasizes locally grown, seasonal foods; eating plenty of fruits, e.g., berries, vegetables, e.g., cabbage, 

legumes, potatoes, whole grains, e.g., oats and rye breads, nuts, seeds, fish and seafood, low-fat dairy, rapeseed 

oil, and, in moderation, game meats, free-range eggs, cheese, and yogurt; rarely eating red meats and animal 

fats; avoiding sugar-sweetened beverages, added sugars, processed meats. 

The Nordic diet is especially rich in dietary fiber and low in sugar and sodium. 

Dietary approaches to 

stop hypertension 

(DASH) diet 

A prescribed dietary pattern originally developed to lower blood pressure 

as studied in the DASH clinical trials 3. 

Eating plenty of fruits, vegetables, legumes, whole grains; including fat-free or low-fat dairy products, fish, 

poultry, nuts, seeds, and vegetable oils; limiting fatty meats, tropical oils, sweets, sugar-sweetened beverages. 

The DASH diet is low in saturated fat, dietary cholesterol, salt (sodium), 

and high in dietary fiber, potassium, and calcium. 

Portfolio diet 

A predominately plant-based, vegan-type diet developed to further 

include a portfolio of foods/food components that are known to lower total 

and LDL-cholesterol 4. 

Eating a diet low in fat (≤30% of energy), especially saturated fat (<7% of energy), and high in fruits and 

vegetables with the addition of four plant-based, cholesterol-lowering foods: 50 g/day plant protein from 

various soy foods, legumes like beans, chickpeas, lentils; 45 g/day (about a handful) nuts such as peanuts, 

almonds; 20 g/day viscous soluble fiber from oats, barley, eggplant, okra, apples, berries, oranges, and psyllium; 

2 g/day plant sterols from enriched foods such as spreads, dairy-type foods, or from supplements. 

Vegetarian/vegan diet 

pattern 

Dietary patterns of specific population groups that were adapted based on 

observational studies and randomized controlled trials. 

Eating plenty of fruits, vegetables, legumes, whole grains, nuts and seeds, specific foods, e.g., soy products and 

excluding meat and poultry and partly also dairy foods, eggs, and fish; lacto/ovo-vegetarians eat eggs and dairy 

products; lacto-vegetarians consume dairy products, ovo-vegetarians eat eggs, and pesco-vegetarians eat fish 

and seafood; vegans completely refrain of all animal-based foods including meat, poultry, eggs, dairy foods, 

and fish. 

Vegetarian/vegan diets are high in dietary fiber, and typically low in total and saturated fat, intake of n-3 fatty, 

acids, iron, and vitamin B12. 

Adapted in parts from Hemler and Hu, 2019 [74], Zampelas and Magriplis, 2019 [72], Magkos et al. 2020 [78]. 1 Estruch et al. [20], 2 Bere and Brug [76], 3 Appel et al. 

[50], 4 Jenkins et al. [51].
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6.2. Effect on Blood Lipids 

Both observational studies and RCTs have found that dietary patterns emphasizing 

consumption of plant-based foods have beneficial effects on blood lipids, especially on TC and LDL-

C. 

Next to lowering systolic and diastolic blood pressure, for which the DASH diet was originally 

designed, the DASH diet was also found to lower TC and LDL-C. An umbrella review of systematic 

reviews and meta-analyses concluded that TC was lowered by −0.20 mmol/L (95% CI: −0.31, −0.10) 

and LDL-C by −0.10 mmol/L (95% CI: −0.20 to −0.01) without affecting HDL-C and TG [79,81]. The 

observed cholesterol-lowering benefit of the DASH diet may be attributable to the high intake of DF 

from the consumption of fruits, nuts, legumes, and whole grains, and the lower intake of saturated 

fat. 

The Portfolio diet combining four recognized cholesterol-lowering foods/food components with 

a background diet low in total fat (≤30% TE) and saturated fat (<7% TE) and low in dietary cholesterol 

(<200 mg/day) led to clinically relevant benefits in lowering cholesterol and other CVD risk factors. 

A meta-analysis of RCTs has shown that TC was lowered by −0.81 mmol/L (95% CI: −0.98 to −0.64) or 

12% and LDL-C by -0.73 mmol/L (95% CI: -0.89 to -0.56) or 17% [69]. Non-HDL-C was lowered by -

0.83 mmol/L (95% CI: −1.03 to −0.64) or 14% and TG by −0.28 mmol/L (95% CI: −0.42 to −0.14 mmol/L) 

or 16%; all compared to a low total fat, low saturated fat, and low cholesterol diet. The LDL-C 

lowering effect of the Portfolio diet was found to be 21% in efficacy trials and 12% in effectiveness 

trials. Other CVD risk factors like systolic and diastolic blood pressure and C-reactive protein were 

also lowered [69]. 

Following a MED or a Nordic dietary pattern is also associated with beneficial blood lipid effects. 

Based on a meta-analysis of RCTs, the Nordic diet lowered TC by −0.39 mmol/L (95% CI: −0.76 to 

−0.01) and LDL-C by −0.30 mmol/L (95% CI: −0.54 to −0.06) with no significant changes in HDL-C and 

TG [82,83]. Beneficial effects on reducing systolic and diastolic blood pressure were also seen [83]. 

The beneficial effects of the Nordic dietary pattern can be attributed to the high DF intake and the 

low intake of saturated fat. Likewise, the MED dietary pattern was found to significantly lower LDL-

C by −0.07 mmol/L (95% CI: −0.13 to−0.01) and TG by −0.46 mmol/L (95%CI: −0.72 to −0.21) [83]. Small 

or no reductions in TC and/or LDL-C were reported in a recent review that compared a MED diet 

intervention vs. either no intervention or another dietary intervention in primary prevention of CVD 

[84]. Blood pressure is also modestly reduced by the MED diet, but effects are less than those observed 

with the Nordic diet [83]. 

Several meta-analyses addressed the effects of a vegetarian dietary pattern on blood lipids. Two 

meta-analyses of RCTs found that vegetarian diets significantly lowered TC by −0.32 to −0.36 mmol/L 

and LDL-C by −0.32 to −0.34 mmol/L [85,86]. HDL-C was also significantly lowered by −0.09 to −0.10 

mmol/L while TG were not significantly altered [85,86]. Another recent meta-analysis of RCTs 

studying vegetarian diet patterns and lipid risk factors in T2DM found a reduction in LDL-C of −0.12 

mmol/L (95% CI: −0.20 to 0.04) with no significant effects on HDL-C and TG [83]. Taken together, 

vegetarian diet patterns, particularly vegan diets, are associated with lower blood cholesterol 

concentrations. That vegetarian diets are low in total and especially saturated fat, low in dietary 

cholesterol, and particularly high in DF intake may explain their cholesterol-lowering effect. The 

higher intake of phytochemicals such as PS, phenolics compounds, and carotenoids with 

vegetarian/vegan diet patterns may further contribute to this effect. 

6.3. Effects on CVD Risk and Outcomes 

Evidence for beneficial effects of dietary patterns on CVD risk and related outcomes derives 

mostly from observational studies; RCTs that studied the effect of dietary patterns on CVD-related 

endpoints are rare or non-existent. 

There is no direct evidence from observational studies for a CVD risk benefit, e.g., on CVD 

incidence or mortality of the Portfolio diet. Nevertheless, the combined effects of that dietary pattern 
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on CVD risk factors such as LDL-C and blood pressure as observed in RCTs was assumed to decrease 

the estimated 10-year CHD risk by ~13% [69]. 

The DASH diet that is well-accepted for its blood pressure lowering effect was found to reduce 

CVD incidence by 20%, CHD incidence by 21%, and stroke incidence by 19% [79,83]. These CVD risk-

related benefits are attributable to the substantial reductions in blood pressure and in other CVD risk 

factors, i.e., TC and LDL-C. 

The effects of the MED diet on CVD risk have been assessed in several meta-analyses of 

observational studies. Rosato et al. [87] found in their meta-analysis of prospective studies a 19% 

lower risk for unspecified CVD, a 30% lower risk for CHD/acute myocardial infarction, a 27% lower 

risk for unspecified stroke, and 18% lower risk for ischemic stroke when comparing the highest vs. 

the lowest adherence to this dietary pattern based on a MED diet score [72,87]. Another meta-analysis 

of prospective studies reports a risk reduction (RR) in total CVD, CHD, and stroke mortality of 0.79 

(95% CI: 0.77, 0.82), 0.83 (95% CI: 0.75, 0.92), and 0.87 (95% CI: 0.80, 0.96), respectively, next to a lower 

CHD incidence (RR: 0.73; 95% CI: 0.62, 0.86) and stroke incidence (RR: 0.80; 95% CI: 0.71, 0.90), 

comparing the highest vs. lowest categories of MED diet adherence [88]. A meta-analysis of three 

RCTs revealed that the MED diet is associated with a 38% lower risk of total CVD and a 35% lower 

risk of total myocardial infarction (MI) but a nonsignificant reduction in CVD mortality [83,88]. 

Especially the PREDIMED trial, a primary prevention RCT that investigated a modified MED diet 

supplemented with either extra virgin olive oil or nuts compared to a reduced-fat control diet, 

revealed an approximately 30% lower incidence of a composite of CVD endpoints (MI, stroke, and 

death from CV causes) with these MED diet patterns [20]. A re-analysis of the original outcome data 

assessing individual endpoints revealed a reduction in stroke incidence but little or no effect on total 

and CVD mortality or MI [20, 84]. In their review, Rees et al. [84] concluded that there is still some 

uncertainty regarding the effects of a MED-style diet on clinical endpoints and CVD risk factors for 

both primary and secondary prevention. 

Less, though more conflicting, evidence for CVD risk-related effects are reported for the Nordic 

diet. Adhering to a healthy Nordic diet was associated with a lower risk of CVD in men and women 

from the Danish Diet, Cancer and Health cohort [89,90] but not in women of the Swedish Women’s 

Lifestyle and Health cohort [91]. A recent systematic review and meta-analysis of prospective studies 

assessing the Nordic diet reports a modest reduction in CVD risk (RR: 0.93; 95% CI, 0.88, 0.99) and 

stroke risk (RR: 0.87 95% CI, 0.77, 0.97) but not in CVD mortality [83]. 

Meta-analyses of observational study evidence support that a vegetarian diet pattern is 

associated with a 22% lower CHD mortality while no association was found for CVD or stroke 

mortality. Furthermore, vegetarian diets are associated with a 28% reduced risk of CHD [80,83]. These 

results are comparable to a previous meta-analysis reporting a 25% risk reduction in CHD incidence 

and mortality but no significant effects for CVD and stroke and all-cause mortality [92]. 

7. Dietary Patterns and Environmental Aspects 

Dietary choices clearly contribute to the risk for developing CVD. Evidence supports the intake 

of specific nutrients, food groups, or certain dietary patterns to positively influence dyslipidemia and 

to promote the prevention of CVD. Next to their impact on CV health, dietary patterns also impact 

the environment in various ways. Plant-based dietary patterns have been shown to have a smaller 

impact on climate change (greenhouse-gas emissions), fresh-water use, cropland use (deforestation), 

and biodiversity loss [8,93] than consumption of animal-based foods such as (red and processed) 

meat. A recent global modeling study combined analyses of nutrient level, diet-related, and weight-

related chronic disease mortality, and environmental impact in different sets of diet scenarios for 

more than 150 countries [94]. Four different energy-balanced diets were found to reduce 

environmental impact, nutrient deficiencies, and diet-related mortality. All four dietary patterns 

were predominately plant-based diets with limited red and processed meat intake. These patterns 

were described as flexitarian, pescatarian, vegetarian, and vegan diets [94]. 

It must be noted that not all plant-based diets are necessarily beneficial in view of diet-related 

chronic diseases such as CVD risk [74]. Observational evidence from cohort studies found that plant-
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based diets containing higher amounts of refined grains, juices/sugar-sweetened beverages, sweets, 

potatoes/fries were associated with an increased CHD risk, while plant-based diets including higher 

amounts of whole grains, fruits, vegetables, legumes, nuts, and vegetable oils were associated with 

lower risk of CHD [74,95]. While predominately plant-based diets have beneficial effects on CV risk, 

their impact on body weight and prevention or treatment of obesity are less clear [78]. Hence, 

consuming an energy-balanced diet in view of avoiding weight gain and obesity seems crucial. 

There are several possibilities for adopting a predominately plant-based dietary pattern based 

on personal food taste and preference as well as individual needs. Characteristics for choosing a 

predominantly plant-based healthy diet are summarized in Table 3. 

Table 3. Characteristics of a predominantly plant-based healthy diet for management of dyslipidemia 

and CVD prevention. 

Foods and food group-related recommendations 

Eat more  

Vegetables Eat plenty of vegetables * including a wide variety from all colors 

Legumes Choose from a variety of legumes and pulses 

Fruits 
Eat plenty of (fresh or frozen) fruits * including berries; limit intake of 

fruit juices 

Nuts and seeds Choose from a variety of unsalted tree nuts and peanuts 

Whole grain 
Eat a variety of whole grains such as whole grain bread, pasta, brown 

rice 

Eat adequately/moderately  

Healthy fats 

Limit saturated fats like butter, full-fat cheese, and cream; avoid trans 

fats; choose vegetable oils and fats (margarine) rich in unsaturated 

fatty acids 

Milk and dairy foods Choose no- or low-fat over full-fat milk, cheese, and other dairy foods 

Fish and seafood Choose sustainable varieties of fish and seafood 

Poultry and eggs 
Eat occasionally and choose products from welfare-oriented animal 

husbandry 

Limit eating  

Meat Eat less red and processed meats 

Sweets and sugar-sweetened beverages Limit intake of sweets and sugar-sweetened beverages 

Nutrient-specific recommendations 

Reduce saturated fats by replacing them with 

mono- and polyunsaturated fats 
SAFA should be replaced with MUFA or PUFA to reduce LDL-C.  

Increase total dietary fiber (DF) intake 

and esp. intake of soluble DF 

Consume 25-45 g of DF per day of which 5–15 g of soluble fibers from 

foods rich in these fibers for an LDL-C lowering effect  

Limit salt intake Limit salt intake of less than 5 g/day  

Specific advice to further lower LDL-C  

Consider phytosterols as an adjunct to a 

healthy diet 

Consume about 2 g/day phytosterols through foods/foods supplements 

with added phytosterols  

Increase intake of soluble fiber such as beta-

glucan from oat and barley 

Consume about 3 g/day beta-glucan from foods like oat bran, oatmeal, 

barley flakes, pearl barley 

  

Complied based on dietary recommendations described in Mach et al. [2], the UK Eat Well guide 

(https://www.gov.uk/government/publications/the-eatwell-guide), the 2015–2020 dietary guidelines 

for Americans [96]. * Plenty refers to 5 portions of fruits and vegetables per day. 

8. Current Recommendations for a Healthy Dietary Pattern 

The CV health benefits of certain dietary patterns have been recognized by numerous dietary 

and clinical practice guidelines. For instance, the DASH dietary pattern is recognized by the 2015–

2020 dietary guidelines for Americans [96], the AHA/ACC guideline on lifestyle management to 

reduce cardiovascular risk [27], the Canadian Cardiovascular Society guidelines for the management 

of dyslipidemia [64], and by the ESC/EAS 2019 guidelines for the management of dyslipidaemias [2]. 

The Canadian Cardiovascular Society [64] also mentions the Portfolio diet as a healthy dietary 

pattern. Adopting a healthy MED diet pattern for the promotion of healthy eating and the prevention 

of CVD is acknowledged by the 2015–2020 dietary guidelines for Americans [96], the 2019 ACC/AHA 

guideline on the primary prevention of CVD [27], and by the ESC/EAS 2019 guidelines for the 
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management of dyslipidaemias [2]. Eating a plant-based Nordic diet as a healthy alternative to the 

MED-dietary pattern is advocated by the Nordic nutrition recommendations [97]. A healthy 

vegetarian eating pattern is mentioned by the 2015–2020 dietary guidelines for Americans [96] and 

the Canadian Cardiovascular Society guidelines for the management of dyslipidemia [64]. 

Notably, the emphasis of eating a predominantly plant-based diet as a healthy eating pattern to 

prevent diet-related chronic diseases such as CVD is a common theme of many food-based dietary 

guidelines [9,96]. Another driving factor for recommending a more plant-based diet relates to 

environmental sustainability [8,9]. Nevertheless, the environmental aspects of dietary patterns are 

not yet widely addressed in food-based dietary guidelines, only a few countries have so far included 

environmental sustainability in their guidelines [78]. 

9. Conclusions 

This review describes the beneficial effects of specific macro- and micro-components of a plant-

based diet (vegetable fats, DF, and PS) in the management of dyslipidemia and CVD prevention. 

Moreover, the role of common plant-based dietary patterns in CV health is discussed. 

The protective effect of predominately plant-based dietary patterns such as the MED and Nordic 

diet or the DASH and Portfolio diet on CVD risk and related risk factors, e.g., LDL-C, is associated 

with specific plant-based foods which are known for their CV health benefits [72,74–76,79]. These 

foods include fruits, vegetables, legumes, whole grains, nuts, and seeds [73,74]. Plant-based foods are 

typically rich in unsaturated fatty acids, DF, plant proteins and various micronutrients like vitamins 

and phytonutrients such as PS and polyphenols; they are low in saturated fats and often low in energy 

density compared to foods from animal sources [74]. The beneficial effects of these plant-based food 

components are explained by different underlying mechanisms which influence the development of 

CVD either directly or indirectly by influencing risk factors such as dyslipidaemia. For instance, 

replacing saturated fats in the diet with unsaturated fatty acids like MUFA and PUFA is known to 

lower LDL-C [13,16]. Observational studies and RCTs with clinical endpoints have further shown 

that replacing SAFA with especially vegetable oil PUFA lowers the risk of CVD, mainly the risk of 

CHD [13,17] whereas evidence for effects on CVD or CHD risk when SAFA is replaced by MUFA, 

carbohydrates, or proteins is insufficient or limited [13]. DF, especially viscous SF like beta-glucan, 

reduce the intestinal absorption of cholesterol and re-absorption of bile acids and produce short-chain 

fatty acids in the colon which may affect hepatic cholesterol synthesis, all contributing to a LDL-C-

lowering effect [43]. Observational studies have shown a significant association between DF intake 

and lower risk of all-cause mortality [44] and mortality from CVD and CHD [43,44]. PS also inhibit 

intestinal cholesterol absorption resulting in lower circulating concentrations of LDL-C [61]. 

Although there are no RCTs showing the effects of long-term intake of specific DF like beta-glucan 

or PS on CVD outcomes, e.g., CV events, it seems reasonable that their intake may lower CVD risk 

based on the established LDL-C lowering effect. Replacing animal protein with plant protein has also 

been shown to lower LDL-C [98]. 

Noteworthy, not all plant-based dietary patterns are equally effective in lowering CVD risk as 

not all plant-based foods have beneficial CV effects [74,95]. Hence, the quality of plant-based foods 

and food components plays an important role. For instance, a dietary pattern with more refined 

grains than whole grains or more sugars-sweetened foods and beverages have been linked with a 

higher CVD risk. The same dietary patterns for which a positive impact on dyslipidemia and the 

prevention of CVD has been shown can also help reduce the impact of food choices on environmental 

degradation [8]. Hence, shifting to a more plant-based dietary pattern will not only improve CV 

health but will also be more environmentally sustainable. While plant-based, e.g., vegetarian, dietary 

patterns are generally perceived positively because of their benefits on health (CVD prevention) and 

the environment, there are also several barriers that hinder the switch to, and maintenance of a plant-

based diet. Common barriers include health concerns that a plant-based diet may lack specific 

nutrients, reluctance to change dietary behavior, and enjoyment of eating meat and animal-based 

foods [99,100]. 
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A limitation of this narrative review is that only selected macro- and micro components of a 

plant-based diet are described while other components such as vitamins and other phytonutrients 

like polyphenols with proposed CV benefits were not considered. Nevertheless, dietary fatty acids, 

DF, and PS were chosen because of their proven evidence for LDL-C-lowering and CVD risk benefits 

and because they are specifically referred to in dietary recommendations for CVD prevention [2]. 

While health benefits of these individual dietary components have been addressed before, this review 

addresses them in the context of a plant-based dietary pattern. As mostly observational study 

evidence is available on CVD risk and clinical endpoints, more evidence from RCTs demonstrating 

such benefits for these dietary components in the context of a plant-based diet would be desirable, 

despite the challenges of carrying out long-term, controlled dietary intervention studies. 

Author Contributions: E.A.T. was responsible for the conception of the review. E.A.T and S.M. contributed to 

the literature search, E.A.T. wrote the manuscript, and S.M provided critical input; both authors approved the 

final version for submission. 

Funding: This work received no external funding except that the publication costs were funded by Upfield. 

Conflicts of Interest: S.M. is employed by Upfield. Upfield markets plant-based consumer goods such as 

margarines and spreads including foods products with added phytosterols. E.A.T. works as a consultant for 

Upfield. The authors declare no further conflict of interest. 

References 

1. Cardiovascular diseases (CVDs). Available online: https://www.who.int/news-room/fact-

sheets/detail/cardiovascular-diseases-(cvds) (accessed on 29 June 2020). 

2. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, 

G.G.; Delgado, V.; Ference, B.A.; et al. ESC Scientific Document Group. 2019 ESC/EAS Guidelines for the 

management of dyslipidaemias: Lipid modification to reduce cardiovascular risk. Eur. Heart J. 2020, 41, 

111–188. 

3. Ference, B.A.; Ginsberg, H.N.; Graham, I.; Ray, K.K.; Packard, C.J.; Bruckert, E.; Hegele, R.A.; Krauss, R.M.; 

Raal, F.J.; Schunkert, H.; et al. Low density lipoproteins cause atherosclerotic cardiovascular disease. 1. 

Evidence from genetic, epidemiologic, and clinical studies. A consensus statement from the European 

Atherosclerosis Society Consensus Panel. Eur. Heart J. 2017, 38, 2459–2472. 

4. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corra, U.; 

Cosyns, B.; Deaton, C.; et al. Authors Task Force, M. 2016 European Guidelines on cardiovascular disease 

prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other 

Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 

societies and by invited experts) Developed with the special contribution of the European Association for 

Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. 

5. Hu, F.B.; Willet, W.C Optimal diets for prevention of coronary heart disease. JAMA 2002, 288, 2569–2578. 

6. Dalen, J-E.; Devries, S. Diets to Prevent Coronary Heart Disease 1957–2013: What Have We Learned? Am. 

J. Med. 2014, 127, 364–369. 

7. Yu, E.; Malik, V.S.; Hu, F.B. Cardiovascular Disease Prevention by Diet Modification. JACC Health 

Promotion Series. J. Am. Coll. Cardiol. 2018, 72, 914–926. 

8. Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; 

DeClerck, F.; Wood, A.; et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets 

from sustainable food systems. Lancet 2019, 393, 447–492. 

9. Bechthold, A.; Boeing, H.; Tetens, I.; Schwingshackl, L.; Nothlings, U. Perspective: Food-based dietary 

guidelines in Europe. Scientific concepts, current status, and perspectives. Adv. Nutr. 2018, 9, 544–560. 

10. Clark, M.A.; Springmann, M.; Hill, J.; Tilman, D. Multiple health and environmental impacts of foods. 

PNAS 2019, 116, 23357–23362. 

11. Eilander, A.; Harika, R.K.; Zock, P.L. Intake and sources of dietary fatty acids in Europe: Are current 

population intakes of fats aligned with dietary recommendations? Eur. J. Lipid Sci. Technol 2015, 117, 1370–

1377. 

12. Mensink, R.P.; Katan, M.B. Effect of dietary trans fatty acids on high-density and low-density lipoprotein 

cholesterol levels in healthy subjects. N. Engl. J. Med. 1990, 323, 439–445. 



Nutrients 2020, 12, 2671 17 of 21 

 

13. Zock, P.L.; Blom, W.A.M.; Nettleton, J.A.; Hornstra, G. Progressing Insights into the Role of Dietary Fats in 

the Prevention of Cardiovascular Disease. Curr. Cardiol. Rep. 2016, 18,111. 

14. Harika, R.K.; Eilander, A.; Alssema, M.; Osendarp, S.J.; Zock, P.L. Intake of fatty acids in general 

populations worldwide does not meet dietary recommendations to prevent coronary heart disease: A 

systematic review of data from 40 countries. Ann. Nutr. Metab. 2013, 63, 229–238. 

15. Mensink, R.P. Effects of Saturated Fatty Acids on Serum Lipids and Lipoproteins: A Systematic Review and 

Regression Analysis; World Health Organization: Geneva, Switzerland, 2016. 

16. Schwingshackl, L.; Bogensberger, B.; Benčič, A.; Knüppel, S.; Boeing, H.; Hoffmann, G. Effects of oils and 

solid fats on blood lipids: A systematic review and network meta-analysis. J. Lipid Res. 2018, 59, 1771–1782. 

17. The Scientific Advisory Committee on Nutrition (SACN). Report on Saturated fats and health 2019. 

Available online: https://www.gov.uk/government/publications/saturated-fats-and-health-sacn-report 

(accessed on 31 August 2020). 

18. Zong, G.; Li, Y.; Sampson, L.; Dougherty, L.W.; Willett, W.C.; Wanders, A.J.; Alssema, M.; Zock, P.L.; Hu, 

F.B.; Sun, Q. Monounsaturated fats from plant and animal sources in relation to risk of coronary heart 

disease among US men and women. Am. J. Clin. Nutr. 2018, 107, 445–453. 

19. Guasch-Ferré, M.; Liu, G.; Li ,Y.; Sampson, L.; Manson, J.E.; Salas-Salvadó, J.; Martínez-González, M.A.; 

Stampfer, M.J.; Willett, W.C.; Sun, Q.; Hu, F.B. Olive Oil Consumption and Cardiovascular Risk in U.S. 

Adults. J. Am. Coll. Cardiol. 2020, S0735–1097, doi:10.1016/j.jacc.2020.02.036. 

20. Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, 

V.; Fiol, M.; Lapetra, J.; et al. Retraction and Republication: Primary Prevention of Cardiovascular Disease 

with a Mediterranean Diet. N Engl. J. Med. 2013, 368, 1279–1290. N Engl J. Med. 2018, 378(25), 2441–2442. 

21. Innes, J.K.; Calder, P.C. Marine Omega-3 (N-3) Fatty Acids for Cardiovascular Health: An Update for 2020. 

Int. J. Mol. Sci. 2020, 21, E1362, doi:10.3390/ijms21041362. 

22. Li, Y.; Hruby, A.; Bernstein, A.M.; Ley, S.H.; Wang, D.D.; Chiuve, S.E.; Sampson, L.; Rexrode, K.M.; Rimm, 

E.B.; Willett, W.C.; Hu. F.B. Saturated fats compared with unsaturated fats and sources of carbohydrates in 

relation to risk of coronary heart disease: A Prospective Cohort Study. J. Am. Coll. Cardiol. 2015, 66, 1538–

1548. 

23. Neelakantan, N.; Seah, J.Y.H.; van Dam, R.M. The Effect of Coconut Oil Consumption on Cardiovascular 

Risk Factors: A Systematic Review and Meta-Analysis of Clinical Trials. Circulation 2020, 141, 803–814. 

24. Eyres, L.; Eyres, M.F.; Chisholm, A.; Brown, R.C. Coconut oil consumption and cardiovascular risk factors 

in humans. Nutr. Rev. 2016, 74, 267–280. 

25. FAO/WHO. Fats and D-atty Acids in Human Nutrition; Report of an expert consultation, Food and Nutrition 

Paper; Food and Agriculture Organisation of the United Nations: Rome, Italy, 2010. 

26. Vannice, G.; Rasmussen, H. Position of the academy of nutrition and dietetics: Dietary fatty acids for 

healthy adults. J. Acad. Nutr. Diet. 2014, 114, 136–153. 

27. Eckel, R.H.; Jakicic, J.M.; Ard, J.D. de Jesus, J.M.; Houston Miller, N. , van Hubbard, S.; Lee, I.-M.; 

Lichtenstein, A.:H.; Loria, C.:M.; Millen, B.E.; et al. AHA/ACC guideline on lifestyle management to reduce 

cardiovascular risk: A report of the American College of Cardiology/American Heart Association Task 

Force on Practice Guidelines. J. Am. Coll. Cardiol 2014, 63, 2960–2984. 

28. Sacks, F.M.; Lichtenstein, A.H.; Wu, J.H.Y.; Appel, L.J.; Creager, M.A.; Kris-Etherton, P.M.; Miller, M.; 

Rimm, E.B.; Rudel, L.L.; Robinson, J.G.; et al. Dietary Fats and Cardiovascular Disease. A Presidential 

Advisory from the American Heart Association. Circulation 2017, 136, e1–e23. 

29. Mozaffarian, D.; Aro, A.; Willett, W.C. Health effects of trans-fatty acids: Experimental and observational 

evidence. Eur. J. Clin. Nutr. 2009, 63, S5–S21. 

30. Rimm, E.B.; Appel, L.J.; Chiuve, S.E.; Djoussé, L.; Engler, M.B.; Kris-Etherton, P.M.; Mozaffarian, D.; 

Siscovick, D.S.; Lichtenstein, A.H. American Heart Association Nutrition Committee of the Council on 

Lifestyle and Cardiometabolic Health; Council on Epidemiology and Prevention; Council on 

Cardiovascular Disease in the Young; Council on Cardiovascular and Stroke Nursing; and Council on 

Clinical Cardiology. Seafood Long-Chain n-3 Polyunsaturated Fatty Acids and Cardiovascular Disease: A 

Science Advisory from the American Heart Association. Circulation 2018, 138, e35–e47. 

31. Evans, C.E.L. Dietary fibre and cardiovascular health: A review of current evidence and policy. Proc. Nutr. 

Soc. 2020, 79, 61–67. 

32. Anderson, J.W.; Baird, P.; Davis, R.H.J.; Ferreri, S.; Knudtson, M.; Koraym, A.; Waters, V.; Williams, C.L. 

Health benefits of dietary fiber. Nutr. Rev. 2009, 67, 188–205. 



Nutrients 2020, 12, 2671 18 of 21 

 

33. Veronese, N.; Solmi, M.; Caruso, M.G.; Giannelli, G.; Osella, A.R.; Evangelou, E.; Maggi, S.; Fontana, L.; 

Stubbs, B.; Tzoulaki, I. Dietary fiber and health outcomes: An umbrella review of systematic reviews and 

meta-analyses. Am. J. Clin. Nutr. 2018, 107, 436–444. 

34. Stephen, A.M.; Champ, M.M.; Cloran, S.J.; Fleith, M.; van Lieshout, L.; Mejborn, H.; Burley, V.J. Dietary 

fibre in Europe: Current state of knowledge on definitions, sources, recommendations, intakes and 

relationships to health. Nutr. Res. Rev. 2017, 30, 149–190. 

35. Brown, L.; Rosner, B.; Willett, W.C.; Sacks, F.M. Cholesterol-lowering effects of dietary fiber: A meta-

analysis. Am. J. Clin. Nutr. 1999, 69, 30–42. 

36. Harley, L.; May, M.D.; Loveman, E.; Colquitt, J.L.; Rees, K. Dietary fibre for the primary prevention of 

cardiovascular disease. Cochrane Database Syst. Rev. 2016, 7, CD011472. 

37. Ho, H.V.; Sievenpiper, J.L.; Zurbau, A.; Blanco Mejia, S.; Jovanovski, E.; Au-Yeung, F.; Jenkins, A.L.; 

Vuksan, V. The effect of oat β-glucan on LDL-cholesterol, non-HDL-cholesterol and apoB for CVD risk 

reduction: A systematic review and meta-analysis of randomised-controlled trials. Br. J. Nutr. 2016, 116, 

1369–1382. 

38. Whitehead, A.; Beck, E.J.; Tosh, S.; Wolever, T.M. Cholesterol lowering effects of oat beta-glucan: A meta-

analysis of randomized controlled trials. Am. J. Clin. Nutr 2014, 100, 1413–1421. 

39. Ho, H.V.; Sievenpiper, J.L.; Zurbau, A.; Blanco Mejia, S.; Jovanovski, E.; Au-Yeung, F.; Jenkins, A.L.; 

Vuksan, V. A systematic review and meta-analysis of randomized controlled trials of the effect of barley β-

glucan on LDL-C, non-HDL-C and apoB for cardiovascular disease risk reduction. Eur. J. Clin. Nutr. 2016, 

70, 1239–1245. Erratum in Eur J. Clin. Nutr. 2016, 70(11), 1340. 

40. Wei, Z.; Wang, H.; Chen, X.; Wang, B.; Rong, Z.; Wang, B.; Su, B.; Chen, H. Time- and dose-dependent 

effect of psyllium on serum lipids in mild-to-moderate hypercholesterolemia: A meta-analysis of controlled 

clinical trials. Eur. J. Clin. Nutr. 2009, 63, 821–827. 

41. Jovanovski, E.; Yashpal, S.; Komishon, A.; Zurbau, A.; Blanco Mejia, S.; Ho, H.V.T.; Li, D.; Sievenpiper, J.; 

Duvnjak, L.; Vuksan, V. Effect of psyllium (Plantago ovata) fiber on LDL cholesterol and alternative lipid 

targets, non-HDL cholesterol and apolipoprotein B: A systematic review and meta-analysis of randomized 

controlled trials. Am. J. Clin. Nutr. 2018, 108, 922–932. 

42. Ho, H.V.T.; Jovanovski, E.; Zurbau, A.; Blanco Mejia, S.; Sievenpiper, J.L.; Au-Yeung, F.; Jenkins, A.L.; 

Duvnjak, L.; Leiter, L.; Vuksan, V. A systematic review and meta-analysis of randomized controlled trials 

of the effect of konjac glucomannan, a viscous soluble fiber, on LDL cholesterol and the new lipid targets 

non-HDL cholesterol and apolipoprotein B. Am. J. Clin. Nutr. 2017, 105, 1239–1247. 

43. Theuwissen, E.; Mensink, R.P. Water-soluble dietary fibers and cardiovascular disease. Physiol. Behav. 2008, 

94, 285–292. 

44. Kim, Y.; Je, Y. Dietary fibre intake and mortality from cardiovascular disease and all cancers: A meta-

analysis of prospective cohort studies. Arch. Cardiovasc. Dis. 2016, 109, 39–54. 

45. Threapleton, D.E.; Greenwood, D.C.; Evans, C.E.; Cleghorn, C.L.; Nykjaer, C.; Woodhead, C.; Cade, J.E.; 

Gale, C.P.; Burley, V.J. Dietary fibre intake and risk of cardiovascular disease: Systematic review and meta-

analysis. BMJ 2013, 347, f6879. 

46. Partula, V.; Deschasaux, M.; Druesne-Pecollo, N.; Latino-Martel, P.; Desmetz, E.; Chazelas, E.; Kesse-Guyot, 

E.; Julia, C.; Fezeu, L.K.; Galan, P.; et al. Associations between consumption of dietary fibers and the risk of 

cardiovascular diseases, cancers, type 2 diabetes, and mortality in the prospective NutriNet-Santé cohort. 

Am. J. Clin. Nutr. 2020,112, 195–207. 

47. Trautwein, E.A.; Vermeer, M.A.; Hiemstra, H.; Ras, R.T. LDL-cholesterol lowering of plant sterols and 

stanols-which factors influence their efficacy? Nutrients 2018, 10, 1262. 

48. Ras, R.T.; van der Schouw, Y.T.; Trautwein, E.A.; Sioen, I.; Dalmeijer, G.W.; Zock, P.L.; Beulens, J.W. Intake 

of phytosterols from natural sources and risk of cardiovascular disease in the European prospective 

investigation into cancer and nutrition-the Netherlands (epic-nl) population. Eur. J. Prev. Cardiol. 2015, 22, 

1067–1075. 

49. Jaceldo-Siegl, K.; Lutjohann, D.; Sirirat, R.; Mashchak, A.; Fraser, G.E.; Haddad, E. Variations in dietary 

intake and plasma concentration of plant sterols across plant-based diets among north American adults. 

Mol. Nutr. Food Res. 2017, 61. 

50. Appel, L.J.; Moore, T.J.; Obarzanek, E.; Vollmer, W.M.; Svetkey, L.P.; Sacks, F.M.; Bray, G.A.; Vogt, T.M.; 

Cutler, J.A.; Windhauser, M.M.; et al. A clinical trial of the effects of dietary patterns on blood pressure. 

DASH Collaborative Research Group. N. Engl. J. Med. 1997, 336,1117–1124. 



Nutrients 2020, 12, 2671 19 of 21 

 

51. Jenkins, D.J.; Kendall, C.W.; Marchie, A.; Faulkner, D.A.; Wong, J.M.; de Souza, R.; Emam, A.; Parker, T.L.; 

Vidgen, E.; Trautwein, E.A.; et al. Direct comparison of a dietary portfolio of cholesterol-lowering foods 

with a statin in hypercholesterolemic participants. Am. J. Clin. Nutr. 2005, 81, 380–387. 

52. Pollak, O.J. Reduction of blood cholesterol in man. Circulation 1953, 7, 702–706. 

53. Katan, M.B.; Grundy, S.M.; Jones, P.; Law, M.; Miettinen, T.A.; Paoletti, R. Efficacy and safety of plant 

stanols and sterols in the management of blood cholesterol levels. Mayo Clin. Proc. 2003, 78, 965–978. 

54. Demonty, I.; Ras, R.T.; Van der Knaap, H.C.M.; Duchateau, G.S.M.J.; Meijer, L.; Zock, P.L.; Geleijnse, J.M.; 

Trautwein, E.A. Continuous dose-response relationship of the LDL-cholesterol-lowering effect of 

phytosterol intake. J. Nutr. 2009, 139, 271–284. 

55. Musa-Veloso, K.; Poon, T.H.; Elliot, J.A.; Chung, C. A comparison of the LDL-cholesterol lowering efficacy 

of plant stanols and plant sterols over a continuous dose range: Results of a meta-analysis of randomized, 

placebo-controlled trials. Prostaglins Leukot. Essent. Fat. Acids 2011, 85, 9–28. 

56. Ras, R.T.; Geleijnse, J.M.; Trautwein, E.A. LDL-cholesterol-lowering effect of plant sterols and stanols 

across different dose ranges: A meta-analysis of randomised controlled studies. Br. J. Nutr. 2014, 112, 214–

219. 

57. Ghaedi, E.; Kord-Varkaneh, H.; Mohammadi, H.; Askarpour, M.; Miraghajani, M. Phytosterol 

Supplementation Could Improve Atherogenic and Anti-Atherogenic Apolipoproteins: A Systematic 

Review and Dose-Response Meta-Analysis of Randomized Controlled Trials. J. Am. Coll. Nutr. 2020, 39, 82–

92. 

58. Plat, J.; Mackay, D.; Baumgartner, S.; Clifton, P.M.; Gylling, H.; Jones, P.J. Progress and prospective of plant 

sterol and plant stanol research: Report of the Maastricht meeting. Atherosclerosis 2012, 225, 521–533. 

59. Trautwein, E.A.; Koppenol, W.P.; de Jong, A.; Hiemstra, H.; Vermeer, M.A.; Noakes, M.; Luscombe-Marsh, 

N.D. Plant sterols lower LDL-cholesterol and triglycerides in dyslipidemic individuals with or at risk of 

developing type 2 diabetes; a randomized, double-blind, placebo-controlled study. Nutr. Diabetes 2018, 8, 

30. 

60. De Smet, E.; Mensink, R.P.; Plat, J. Effects of plant sterols and stanols on intestinal cholesterol metabolism: 

Suggested mechanisms from past to present. Mol. Nutr. Food Res. 2012, 56, 1058–1072. 

61. Gylling, H.; Plat, J.; Turley, S.; Ginsberg, H.N.; Ellegård, L.; Jessup, W.; Jones, P.J.; Lütjohann, D.; März, W.; 

Masana, L.; et al. For the European Atherosclerosis Society Consensus Panel on Phytosterols. Plant sterols 

and plant stanols in the management of dyslipidaemia and prevention of cardiovascular disease. 

Atherosclerosis 2014, 232, 346–360. 

62. Han, S.; Jiao, J.; Xu, J.; Zimmermann, D.; Actis-Goretta, L.; Guan, L.; Zhao, Y.; Qin, L. Effects of plant stanol 

or sterol-enriched diets on lipid profiles in patients treated with statins: Systematic review and meta-

analysis. Sci. Rep. 2016, 6, 31337. 

63. Gomes, G.B.; Zazula, A.D.; Shigueoka, L.S.; Fedato, R.A.; da Costa, A.B.; Guarita-Souza, L.C.; Baena, C.P.; 

Olandoski, M.; Faria-Neto, J.R. A Randomized Open-Label Trial to Assess the Effect of Plant Sterols 

Associated with Ezetimibe in Low-Density Lipoprotein Levels in Patients with Coronary Artery Disease 

on Statin Therapy. J. Med. Food 2017, 20, 30–36. 

64. Anderson, T.J.; Grégoire, J.; Pearson, G.J.; Barry, A.R.; Couture, P.; Dawes, M.; Francis, G.A.; Genest, J.J.; 

Grover, S.; Gupta, M.; et al. 2016 Canadian cardiovascular society guidelines for the management of 

dyslipidemia for the prevention of cardiovascular disease in the adult. Can. J. Cardiol. 2016, 32, 1263–1282. 

65. Expert Dyslipidemia Panel of the International Atherosclerosis Society. An International Atherosclerosis 

Society Position Paper: Global recommendations for the management of dyslipidemia—Full report. J. Clin. 

Lipidol 2014, 8, 29–60. 

66. Ferguson, J.J.; Stojanovski, E.; MacDonald-Wicks, L.; Garg, M.L. High molecular weight oat β-glucan 

enhances lipid-lowering effects of phytosterols. A randomised controlled trial. Clin. Nutr. 2020, 39, 80–89. 

67. Shrestha, S.; Volek, J.S.; Udani, J.; Wood, R.J.; Greene, C.M.; Aggarwal, D.; Contois, J.H.; Kavoussi, B.; 

Fernandez, M L. A combination therapy including psyllium and plant sterols lowers LDL cholesterol by 

modifying lipoprotein metabolism in hypercholesterolemic individuals. J. Nutr. 2006, 136, 2492–2497. 

68. Chen, S.C.; Judd, J.T.; Kramer, M.; Meijer, G.W.; Clevidence, B.A.; Baer, D.J. Phytosterol intake and dietary 

fat reduction are independent and additive in their ability to reduce plasma LDL cholesterol. Lipids 2009, 

44, 273–281. 



Nutrients 2020, 12, 2671 20 of 21 

 

69. Chiavaroli, L.; Nishi, S.K.; Khan, T.A.; Braunstein, C.R.; Glenn, A.J.; Mejia, S.B.; Rahelić, D.; Kahleová, H.; 

Salas-Salvadó, J.; Jenkins, D.J.A.; et al. Portfolio Dietary Pattern and Cardiovascular Disease: A Systematic 

Review and Meta-analysis of Controlled Trials. Prog. Cardiovasc. Dis. 2018, 61, 43–53. 

70. Blom, W.A.M.; Koppenol, W.P.; Hiemstra, H.; Stojakovic, T.; Scharnagl, H.; Trautwein, E.A. A low-fat 

spread with added plant sterols and fish omega-3 fatty acids lowers serum triglyceride and LDL-

cholesterol concentrations in individuals with modest hypercholesterolaemia and hypertriglyceridaemia. 

Eur. J. Nutr. 2019, 58, 1615–1624. 

71. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13, 

3–9. 

72. Zampelas, A.; Magriplis, E. Dietary patterns and risk of cardiovascular diseases: A review of the evidence. 

Proc. Nutr. Soc. 2020 79, 68-75. 

73. Bechthold, A.; Boeing, H.; Schwedhelm, C.; Hoffmann, G.; Knuppel, S.; Iqbal, K.; De Henauw, S.; Michels, 

N.; Devleesschauwer, B.; Schlesinger, S.; et al. Food groups and risk of coronary heart disease, stroke and 

heart failure: A systematic review and dose-response meta-analysis of prospective studies. Crit. Rev. Food 

Sci. Nutr. 2019, 59,1071–1090. 

74. Hemler, E.C.; Hu, F.B. Plant-Based Diets for Cardiovascular Disease Prevention: All Plant Foods Are Not 

Created Equal. Curr. Atheroscler. Rep. 2019, 21, 18. 

75. Shen, J.; Wilmot, K.A.; Ghasemzadeh, N.; Molloy, D.L.; Burkman, G.; Mekonnen, G.; Gongora, M.C.; 

Quyyumi, A.A.; Sperling, L.S. Mediterranean Dietary Patterns and Cardiovascular Health. Annu. Rev. Nutr. 

2015, 35, 425–449. 

76. Bere, E.; Brug, J. Towards health-promoting and environmentally friendly regional diets-a Nordic example. 

Public Health Nutr. 2009, 12, 91–96. 

77. Adamsson, V.; Reumark, A.; Cederholm, T.; Vessby, B.; Risérus, U.; Johansson, G. What is a healthy Nordic 

diet? Foods and nutrients in the NORDIET study. Food Nutr. Res. 2012, 56, 18189. 

78. Magkos, F.; Tetens, I.; Bügel, S.G.; Felby, C.; Schacht, S.R.; Hill, J.O.; Ravussin, E.; Astrup, A. A Perspective 

on the Transition to Plant-Based Diets: A Diet Change May Attenuate Climate Change, but Can It Also 

Attenuate Obesity and Chronic Disease Risk? Adv. Nutr. 2020, 11, 1–9. 

79. Chiavaroli, L.; Viguiliouk, E.; Nishi, S.K.; Blanco Mejia, S.; Raheli’c, D.; Kahleová, H.; Salas-Salvadó, J.; 

Kendall, C.W.; Sievenpiper, J.L. DASH Dietary Pattern and Cardiometabolic Outcomes: An Umbrella 

Review of Systematic Reviews and Meta-Analyses. Nutrients 2019, 11, 338. 

80. Glenn, A.J.; Viguiliouk, E.; Seider, M.; Boucher, B.A.; Khan, T.A.; Blanco Mejia, S.; Jenkins, D.J.A.; 

Kahleová,H.; Raheli´c, D.; Salas-Salvadó, J. Relation of Vegetarian Dietary Patterns with Major 

Cardiovascular Outcomes: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. Front. 

Nutr. 2019, 6, 80. 

81. Siervo, M.; Lara, J.; Chowdhury, S.; Ashor, A.; Oggioni, C.; Mathers, J.C. Effects of the Dietary Approach to 

Stop Hypertension (DASH) diet on cardiovascular risk factors: A systematic review and meta-analysis. Br. 

J. Nutr. 2015, 113, 1–15. 

82. Ramezani-Jolfaie, N.; Mohammadi, M.; Salehi-Abargouei, A. The effect of healthy Nordic diet on cardio-

metabolic markers: A systematic review and meta-analysis of randomized controlled clinical trials. Eur. J. 

Nutr. 2018, 58, 2159–2174. 

83. Kahleova, H.; Salas-Salvadó, J.; Rahelić, D.; Kendall, C.W.; Rembert, E.; Sievenpiper, J.L. Dietary Patterns 

and Cardiometabolic Outcomes in Diabetes: A Summary of Systematic Reviews and Meta-Analyses. 

Nutrients 2019, 11. 

84. Rees, K.; Takeda, A.; Martin, N.; Ellis, L.; Wijesekara, D.; Vepa, A.; Das, A.; Hartley, L.; Stranges, S. 

Mediterranean-style diet for the primary and secondary prevention of cardiovascular disease. Cochrane 

Database Syst. Rev. 2019, 3. 

85. Wang, F.; Zheng, J.; Yang, B.; Jiang, J.; Fu, Y.; Li, D. Effects of Vegetarian Diets on Blood Lipids: A Systematic 

Review and Meta-Analysis of Randomized Controlled Trials. J. Am. Heart Assoc. 2015, 4, e002408. 

86. Yokoyama, Y.; Levin, S.M.; Barnard, N.D. Association between plant-based diets and plasma lipids: A 

systematic review and meta-analysis. Nutr. Rev. 2017, 75, 683–698. 

87. Rosato, V.; Temple, N.J.; La Vecchia, C.; Castellan, G.; Tavani, A.; Guercio, V. Mediterranean diet and 

cardiovascular disease: A systematic review and meta-analysis of observational studies. Eur. J. Nutr. 2019, 

58, 173–191. 



Nutrients 2020, 12, 2671 21 of 21 

 

88. Becerra-Tomás, N.; Mejía, S.B.; Viguiliouk, E.; Khan, T.; Kendall, C.W.; Kahleova, H.; Raheli´c, D.; 

Sievenpiper, J.L.; Salas-Salvadó, J. Mediterranean diet, cardiovascular disease and mortality in diabetes: A 

systematic review and meta-analysis of prospective cohort studies and randomized clinical trials. Crit. Rev. 

Food Sci. Nutr. 2019, 1–21. 

89. Gunge, V.B.; Andersen, I.; Kyrø, C.; Hansen, C.P.; Dahm, C.C.; Christensen, J.; Tjønneland, A.; Olsen, A. 

Adherence to a healthy Nordic food index and risk of myocardial infarction in middle-aged Danes: The 

diet, cancer and health cohort study. Eur. J. Clin. Nutr. 2017, 71, 652–658. 

90. Hansen, C.P.; Overvad, K.; Kyrø, C.; Olsen, A.; Tjønneland, A.; Johnsen, S.P.; Jakobsen, M.U.; Dahm, C.C. 

Adherence to a Healthy Nordic Diet and Risk of Stroke: A Danish Cohort Study. Stroke 2017, 48, 259–264. 

91. Roswall, N; Sandin, S; Scragg, R; Löf, M; Skeie, G; Olsen, A; Adami, H.O.; Weiderpass, E. No association 

between adherence to the healthy Nordic food index and cardiovascular disease amongst Swedish women: 

A cohort study. J. Intern. Med. 2015, 278, 531–541. 

92. Dinu, M.; Abbate, R.; Gensini, G.F.; Casini, A.; Sofi, F. Vegetarian, vegan diets and multiple health 

outcomes: A systematic review with meta-analysis of observational studies. Crit. Rev. Food Sci. Nutr. 2017, 

57, 3640–3649. 

93. Nelson, M.E.; Hamm, M.W.; Hu, F.B.; Abrams, S.A.; Griffin, T.S. Alignment of healthy dietary patterns and 

environmental sustainability: A systematic review. Adv. Nutr. 2016, 7, 1005–1025. 

94. Springmann, M.; Wiebe, K.; Mason-D’Croz, D.; Sulser, T.B.; Rayner, M.; Scarborough, P. Health and 

nutritional aspects of sustainable diet strategies and their association with environmental impacts: A global 

modelling analysis with country-level detail. Lancet Planet. Health 2018, 2, e451–e61. 

95. Satija, A.; Bhupathiraju, S.N.; Spiegelman, D.; Chiuve, S.E.; Manson, J.E.; Willett; W.; Rexrode, K.M.; Rimm, 

E.B.; Hu, F.B. Healthful and unhealthful plant based diets and the risk of coronary heart disease in U.S. 

adults. J. Am. Coll. Cardiol. 2017, 70, 411–422. 

96. U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015–2020 Dietary 

Guidelines for Americans, 8th ed.; December 2015. Available online: 

http://health.gov/dietaryguidelines/2015/guidelines/ (accessed on 31 August 2020) 

97. Nordic Council of Ministers. Nordic Nutrition Recommendations 2012: Integrating Nutrition and Physical 

Activity, 5th ed.; Nordic Council of Ministers: Copenhagen, Denmark, 2014. 

98. Li, S.S.; Blanco Mejia, S.; Lytvyn, L.; Stewart, S.E.; Viguiliouk, E.; Ha, V.; de Souza, R.J.; Leiter, L.A.; Kendall, 

C.W.C.; Jenkins, D.J.A.; et al. Effect of Plant Protein on Blood Lipids: A Systematic Review and Meta-

Analysis of Randomized Controlled Trials. J. Am. Heart Assoc. 2017, 6, e006659. 

99. Corrin, T.; Papadopoulos, A. Understanding the attitudes and perceptions of vegetarian and plant-based 

diets to shape future health promotion programs. Appetite 2017, 109, 40–47. 

100. Fehér, A.; Gazdecki, M.; Véha, M.; Szakály; M.; Szakály, Z. A Comprehensive Review of the Benefits of and 

the Barriers to the Switch to a Plant-Based Diet. Sustainability 2020, 12, 4136. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


