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GLOBAL HEALTH BURDEN OF 
CARDIOMETABOLIC DISEASE 
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ardiovascular disease (CVD) continues 

to be the leading cause of death 

worldwide, contributing to 31% of all 

global deaths.1 In Europe, CVD accounts for 

45% of all deaths; 49% of deaths among 

women and 40% among men. More than 4 

million people die from CVD across Europe 

every year, with 1.4 million of these deaths 

occurring before the age of 75.2  

Important behavioural factors associated with 

cardiometabolic disease risk include unhealthy 

diet, physical inactivity, tobacco use, and 

excessive alcohol use. Diet can be attributed to 

about 45.4% of all premature deaths from CVD.3 

Ischemic heart disease is the leading cause of 

death worldwide, with stroke ranked third in 

mortality causes.4 Despite the relative 

availability of blood pressure and cholesterol-

lowering medications, mortality from CVD 

increased from 2007 to 2017.4 Overall CVD is 

estimated to cost the EU economy €210 billion 

per year. Of the total cost of CVD in the EU, 

around 53% (€111 billion) is due to healthcare 

costs, 26% (€54 billion) to productivity losses, 

and 21% (€45 billion) to the informal care of 

people with CVD.5 

Over the last few decades, the importance of 

lifestyle factors as leading risk factors for global 

burden of disease has grown. The top three 

global risk factors are now high blood pressure, 

excess body weight, and prediabetes or 

diabetes. Poor nutrition and low consumption 

of fruits, vegetables, whole grains, legumes, 

nuts and seeds, as well as low physical activity, 

continue to be the underlying behaviours for 

increased risk of premature death. 

 

 

CARDIOVASCULAR DISEASE 
Most coronary heart disease manifests when atherosclerotic 

plaques build up in the blood vessels that supply the heart 

(coronary arteries). Plaques narrow the diameter of the blood 

vessel, which can diminish blood flow. In most myocardial 

infarctions, an atherosclerotic plaque will rupture, inducing a 

cascade of inflammation and subsequent blood clotting, which 

acutely blocks blood flow to the heart.6  

As previously discussed, CVD is the leading killer in Europe and 

around the world. The good news, however, is that 80% of 

premature heart attacks and strokes are preventable. A healthy 

diet, regular physical activity, and not using tobacco products 

are the keys to prevention.7 High blood pressure, dyslipidaemia, 

diabetes, and obesity are physiologic states that increase heart 

disease risk. Diets high in saturated fats and trans fats, and low in 

fibre, promote atherosclerosis, while high sodium intake 

promotes hypertension. Other behaviour factors, such as 

tobacco use and sedentary lifestyle, are also risk factors.8 

CVD is an increasingly ubiquitous pathology, no longer reserved 

for aging adults. Fatty streaks have been found during autopsies 

in the aortas of children as young as 10 years old. This same study 

found streaks in all subjects age 20 and older.9 Other studies 

have demonstrated a high prevalence of atherosclerosis in 

soldier casualties of the Korean War, with an average age of 22.10 

These findings were corroborated with a later study of 

autopsied young trauma victims with an average age of 26, 

noting atherosclerosis in 78.3% of all cases.11  

Despite the high prevalence, CVD is not a natural product of 

aging. As an example, the Tsimané, an indigenous population of 

Bolivia, South America, have one of the world’s lowest heart 

disease risk. Researchers at UC Santa Barbara measured 

coronary artery calcification (CAC) using CT scans and tested 

blood lipids and inflammatory biomarkers to establish cardiac 

risk. All subjects (N=705) were at least 40 years old. 

Approximately 85% of those tested had no heart disease risk, as 

determined by CAC and blood tests. 12  

C 
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TYPE 2 DIABETES 
Other non-communicable diseases, such as type 2 

diabetes (T2D), also pose an immense global health 

burden, ranking 4th in leading causes of disability in 2017. 

Globally, people with diabetes will spend twice as much 

on healthcare costs per year as non-diabetic persons. 

The same is true for European diabetics4,13, who have a 

2-4 fold increase in risk of death from CVD.14 T2D is on 

the rise, with projections of a 48% increase (700 million 

people) in global incidence by the year 2045. Currently, 

59 million people in Europe (6.3%) have diabetes, with 

this figure set to grow dramatically. According to the IDF 

atlas 9th edition, this figure will increase to 66 million 

(7.3%) by 2030 and to 68,1 million (7.8%) by 2045. An 

additional problem is that 1 in 2 people with diabetes do 

not know they have diabetes. Treating diabetes and its 

complications is expensive and takes up between 10% 

and 18.5% of EU healthcare costs.15  

STROKE 
Ischemic strokes make up the majority of strokes (85%), 

with a similar pathology to heart disease. Atherosclerotic 

plaques build up in the blood vessels that supply the 

brain, diminishing blood flow.16 The less common but 

more dangerous type of stroke is a haemorrhagic stroke. 

Haemorrhagic strokes occur when a blood vessel 

ruptures in the brain, which then disrupts blood flow. 

Bleeding from the ruptured vessel is irritating to 

surrounding brain tissue and can induce swelling, 

exacerbating tissue damage. Finally, continued bleeding 

from the ruptured vessel can increase pressure inside of 

the brain, further damaging tissues.17 While pathologies 

differ between ischemic and haemorrhagic strokes, the 

risk factors are similar. It’s estimated that 90% of stroke 

risk comes from modifiable risk factors, including 

smoking, obesity, hyperlipidaemia, hypertension, 

diabetes, kidney disease, and physical inactivity.18 

Personal risks post-stroke continue after hospital 

discharge. Of those who survive a stroke, half will suffer 

from chronic disabilities.19 Survivors also double their risk 

of developing dementia in the future.20 

METABOLIC SYNDROME  
Metabolic Syndrome is a condition characterized by the 

presence of at least three cardiovascular risk factors such 

as abdominal obesity, insulin resistance, hypertension, 

and dyslipidaemia (specifically high triglycerides and 

LDL and low HDL-C). Metabolic Syndrome increases 

cardiovascular risk and T2D. It impacts 1 in 3 American 

adults21 and 1 in 4 adults in Europe.22 However, it is 

important to note that metabolic syndrome is not only 

found in people who are overweight. In one study, 

metabolic syndrome was found in ~17% of normal 

weight individuals.23 

NON-ALCOHOLIC FATTY LIVER 
DISEASE 
Non-alcoholic fatty liver disease (NAFLD) is defined as 

the accumulation of fat in the liver in people who do not 

consume excessive amounts of alcohol. NAFLD is closely 

associated with obesity, with a prevalence as high as 

90% in morbidly obese persons, it is the hepatic 

manifestation of the metabolic syndrome. NAFLD is 

expected to become the leading cause of end-stage 

liver disease worldwide over the next few decades. In 

people with T2D, NAFLD was noted via ultrasound in 70% 

of cases.24 NAFLD is on the rise and can lead to the need 

for liver transplantation.25 The burden of disease related 

to NAFLD is extremely high in the general population, 

and the global prevalence of liver steatosis is around 

25%, including in Europe, but is as high as 46% in the 

United States. Furthermore, the incidence has gradually 

increased in the past few decades.26 

Fortunately, NAFLD is reversible. As of today, no 

pharmacological treatment has been approved for 

NAFLD. The only recommended treatment of proven 

efficacy is lifestyle modifications, including diet and 

physical exercise.  

Projections for global mortality in the year 2040 

anticipate heart disease, stroke, and diabetes to gain an 

even stronger foothold in the top 10 causes of death.4 

The projected increase in mortality is due in large part to 

increased urbanization, which was 44.8% of the world in 

1994, and is projected to increase to 61.1% by 2025. With 

increased urbanization comes a diet with increased 

caloric density and a more sedentary lifestyle pattern.32  
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F IG UR E 2 .  BU RDEN OF D ISE ASE  BY  CA USE ,  WO RLD ,  20 1 7 .  

Cardiovascular diseases are the leading causes of burden of disease around the world.  
Total disease burden, measured in DALYs by sub-category of disease or injury. DALYs measure the total burden of disease – both from 
years of life lost due to premature death and years lived with a disability. One DALY equals one lost year of healthy life.  
Abbreviations: DALY, disability-adjusted life year; NCD, non-communicable diseases. Adapted from: Roser M, Ritchie H. 
Burden of Disease. Our World in Data. January 2016. https://ourworldindata.org/burden-of-disease (IHME, global burden 
of disease). Accessed July 13, 2020. 

 
 

 

F IG UR E 3 .  BU RDEN OF D ISE ASE  BY  CA USE ,  W EST ERN E UROP E,  20 1 7 .  

Cancers and cardiovascular diseases are the leading causes of burden of disease in Western Europe.  

Total disease burden, measured in DALYs by sub-category of disease or injury. DALYs measure the total burden of disease – both from 
years of life lost due to premature death and years lived with a disability. One DALY equals one lost year of healthy life.  

Abbreviations: DALY, disability-adjusted life year; NCD, non-communicable diseases. Adapted from: Roser M, Ritchie H. Burden of 
Disease. Our World in Data. January 2016. https://ourworldindata.org/burden-of-disease (IHME, global burden of disease). Accessed 
July 13, 2020. 
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F IG UR E 4 .  B URDEN O F D IS E ASE  BY  R IS K F ACTOR ,  WES T ERN EU ROPE ,  20 17 .  
Lifestyle factors are leading risk factors for disease burden. High blood sugar, high blood pressure and excess body weight are in the 
top four of risk factors in Western Europe and are all linked to increased risk of cardiovascular diseases.  

Adapted from: Roser M, Ritchie H. Burden of Disease. Our World in Data. January 2016. https://ourworldindata.org/burden-of-disease 
(IHME, global burden of disease). Accessed July 13, 2020.   
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TYPES OF PLANT-BASED 
DIETARY PATTERNS 
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lant-based diets have several characteristics that 

may contribute to their role in cardiometabolic 

health. These include high fibre content, low 

caloric density, lower saturated fat, beneficial fatty acid 

composition (higher in unsaturated fats) and anti-

inflammatory compounds. There are also beneficial 

effects on gut microbiota, which will be discussed later. 

There is a spectrum of plant-based eating, varying in the 

proportion of animal products incorporated into the 

diet. Plant-based eating does not automatically exclude 

all animal products but puts plant-based foods at the 

core. Flexitarian diets include mostly plants, with 

occasional intakes of meat, dairy, and eggs. Flexitarian 

diets encourage variety rather than restriction and are 

typically followed by people who attempt to minimize 

animal products in their diets for health, ethical, or 

environmental reasons.34 Pescatarian diets exclude 

animal products but include seafood.35 Lacto-ovo 
vegetarian diets exclude meat and fish but include 

dairy and eggs.36 Vegan diets typically source all 

calories from plants and exclude all animal products.37 

Vegan diets can further diverge into a whole food, 

plant-based eating pattern, eliminating foods high in fat, 

salt, and sugar from the diet, to confer maximal health 

benefit. 38 Dietary patterns rich in plant-based foods 

provide protection against common lifestyle diseases, 

specifically heart disease, a leading cause of death in 

Western populations.39 

 

 

 

F IG UR E 5 .  S PECT RUM OF P LANT- BASED EAT ING ,  varying in the proportion of animal products incorporated into the diet. 
Plant-based eating does not automatically exclude all animal products but puts plant-based foods such as fruits, vegetables, legumes, 
wholegrains, nuts, seeds, vegetable oils and plant-based alternatives to meat and dairy at the core of the diet.   

P 
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HEALTHY AND UNHEALTHY 
PLANT-BASED DIET INDEX 
It is important to note that not all plant-based diets are 

created equal, and that “vegan” doesn’t necessarily 

equate to “healthy.” After all, sugar-sweetened 

beverages (soft drinks) don’t contain animal products, 

but their consumption is associated with higher cardio-

metabolic risk.40 In addition, the only diet to ever show 

the reversal of heart disease is a low-fat, whole food 

plant-based diet.41 Many studies do not differentiate 

healthy and unhealthy plant-based diets, but instead, 

lump them all together. For these reasons, researchers 

created a plant-based diet index (PDI) , based on data 

that was collected in a series of prospective studies 

(Nurses’ Health Study and Nurses’ Health Study II) that 

examine how diet, among other factors, impact the 

future development of disease. 

Data was collected from food frequency 

questionnaires. Researchers assigned positive scores to 

plant-based foods and negative scores to animal-

based foods. A healthful PDI (hPDI) was then created 

to include whole grains, fruits, vegetables, nuts, soy, 
legumes and vegetable oils, as well as an unhealthful 

PDI (uPDI), which includes sweetened soft drinks, 

refined grains, sweets etc. The study showed that diets 

scoring high on the PDI were associated with lower 

coronary heart disease (CHD) risk. Notably, hPDI was 

more strongly associated with lower CHD risk, while 

uPDI were associated with an increased risk of CHD.42 

This study shows the consequences of over-

generalizing food patterns in research: it may downplay 

the benefits of diets centred on whole plant-based 

foods, while simultaneously providing false reassurance 

of health benefits to those following unhealthy plant-

based diets. 

 

 

 

F IG UR E 6 .  H EA LT HY AND U NHEA LT HY P LAN T- BAS ED DI ET  IND EX AND TH E R ISK OF CHD.  

Diets scoring high on the PDI are associated with lower coronary heart disease risk.   

Healthy plant foods include whole grains, fruit, vegetables, soy, legumes, vegetable oils, coffee and tea. The less healthy plant foods 
include fruit juices, refined grains, fried potatoes, sugar sweetened beverages, sweets and desserts. Animal foods include animal fats, 
dairy, egg, fish, seafood and meat 

Abbreviations: CHD, coronary heart disease; HR, hazard ratio; PDI, plant-based diet index; hPDI, healthful PDI; uPDI, unhealthful PDI. 
Adapted from: Satija A, et al. J Am Coll Cardiol. 2017;70(4):411-422. 
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PRO-VEGETARIAN FOOD 
PATTERN 
There are food patterns in the literature that have 

established benefits to cardiometabolic health, and 

they all emphasize plant-based foods. These dietary 

patterns include the Mediterranean diet, Nordic diet, 

Portfolio diet, DASH diet, and vegetarian diet.  

The Mediterranean diet (MedDiet) encourages 

vegetables, fruits, grains, legumes (incl. soy), nuts, and 

virgin olive oil, with moderate consumption of fish and 

wine. It limits consumption of red and processed meat, 

processed food, and sugar-sweetened beverages.39 A 

recent meta-analysis showed that this diet reduces the 

risk of both heart disease and the incidence of 

myocardial infarction. There is also an inverse 

association between high adherence to the MedDiet 

and death from heart disease.39  

The Nordic diet is a plant-based diet that is traditional in 

Nordic countries. It emphasizes the consumption of 

local, seasonal and nutritious foods consisting of whole 

grains, berries, cabbages, legumes, rapeseed oil, fatty 

fish, shellfish, seaweed, but will restrict the use of 

saturated fat (low-fat dairy) and red and processed 

meat.  

The Portfolio diet is a plant-based diet that focuses on 

cholesterol-lowering foods.15 To follow the Portfolio 

diet, one should consume about 42 g of nuts, 50 grams 

of protein from soy or other legumes, and at least 20 

grams of viscous, soluble fibre. The 2 gram plant sterol 

recommendation is often achieved through enriched 

margarines.43. Meta-analysis shows that such a diet 

reduces LDL (commonly referred to as “bad 

cholesterol”) by ~17%, and 10-year CHD risk by 13%.39  

Vegetarian and vegan diets emphasize the 

consumption of vegetables, fruits, soy, legumes, nuts 

and whole grains. Vegetarian diets are void of meats, 

but may include dairy and eggs. Vegan diets exclude 

all animal-derived products. These dietary patterns 

improves cardiometabolic risk factors and reduce 

mortality from CHD by 22%.39 

Finally, the DASH diet (Dietary Approaches to Stop 

Hypertension) was modelled after vegetarian diets 

showed beneficial effects on blood pressure. It 

encourages the consumption of fruits, vegetables, 

whole grains, nuts and legumes, and allows for some 

fish, poultry, free/low-fat dairy, and limits saturated fat, 

cholesterol, red and processed meats, sweets and 

sugar-sweetened beverages.44 The DASH diet is also 

associated with reduced cardiovascular risk and 

coronary artery disease.39 
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CARDIOMETABOLIC  
RISK FACTORS 
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BLOOD PRESSURE 
ypertension, commonly referred to as “high 

blood pressure” is a major contributor to 

cardiovascular risk. The age- and sex-adjusted 

prevalence of hypertension was 28% in North American 

countries and 44% in European countries at the 140/90 

mmHg threshold.45 The European guidelines define 

hypertension as a blood pressure (BP) ≥140/90 mmHg 

(Table 1) while the newest guidelines from the American 

Heart Association consider hypertension at BP ≥130/80 

mmHg.46 This new threshold gives a hypertension 

diagnosis to nearly half (46%) of all adult Americans.47 In 

Europe, hypertension affects more than 150 million 

people, and its prevalence is predicted to rise by 15% 

to 20% by 2025.48 

High blood pressure can cause injury to the lining of the 

blood vessels, called the endothelium, which can lay 

the groundwork for atherosclerosis.49 In addition, 

consistent high blood pressure stresses the interior 

walls of the heart chambers. The heart then 

compensates by thickening its walls, which in turn 

makes the heart pump less efficiently, leading to heart 

failure over time.50  

The American Heart Association recommends the 

DASH diet for the prevention and management of 

hypertension. Meta-analysis shows a reduction of 

systolic blood pressure by ~5 points, with the DASH 

diet.39 

The Coronary Artery Risk Development in Young Adults 

study observed ~4,300 young men and women and 

their development of cardiac risk factors over 15 years. 

Researchers observed lower blood pressure with 

increasing plant-based food consumption. Participants 

consuming the most red and processed meat had 

higher blood pressure.51 The Omni-Heart study showed 

that those consuming a high protein diet of 25% (half of 

which was from plant protein) had a significant 

reduction in blood pressure of 7%. The extent of blood 

pressure reduction was greater in those suffering from 

mild hypertension.52 

Additionally, vegetable consumption is an independent 

factor in blood pressure. The graph below shows that 

blood pressure decreased across quartiles with 

increasing vegetable consumption both for raw and 

cooked vegetables. Those consuming the most 

vegetables (the 4th quartile) had the lowest blood 

pressure.53 This is relevant because a blood pressure 

drop of 5 mmHg could reduce overall mortality by 14%, 

with a 9% reduction in the risk of death from heart 

disease.54  

 

 

 

F IG UR E 7 .  BLOOD PRESS UR E  DECRE ASES  ACROSS QU AR TI LES  W ITH  INCR EAS ING V E GETA BL E  CONSUM PT ION 
BOTH FOR RA W AND COOK ED V EGET AB LES .   

Adapted from: Chan Q, et al. J Hum Hyper 2014;28(6):353-359.  

H 
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LIPID PROFILE 
The lipid profile consists of total cholesterol, HDL, LDL, 

and triglycerides. It is another important predictor of 

heart disease. Globally, high cholesterol is estimated to 

be responsible for 2.6 million deaths, with the highest 

prevalence in high-income countries.55 It even impacts 

youth, with high cholesterol noted in 7% of children in 

the United States.56 LDL-C (Low Density Lipoprotein 

Cholesterol (LDL-C) is typically the target of cholesterol-

lowering therapy, as it is a component of the plaques 

that build up on blood vessel walls, called 

atherosclerosis, that impede blood flow all over the 

body.57 The WHO calculated that a 40-year-old man 

can half his 5-year heart disease risk with a 10% 

reduction in LDL.55 

Plant-rich diets are helpful in both the prevention and 

treatment of hyperlipidaemia, or high cholesterol. A 

meta-analysis of diets vs. cardiometabolic risk factors 

showed that the Portfolio diet was able to reduce LDL 

cholesterol by 17% and that vegetarian and 

Mediterranean diets are also associated with beneficial 

lipid effects.39 

  

F IG UR E 8 .  CHANG ES IN  LD L  CHOLEST ERO L FROM  
META- ANAL YSES  O F RAND OMIZ ED CONTROL LED  
TRI ALS  (RCT S )  ON T HE EF FE CTS  OF V EGE TAR IAN ,  
MEDI TER RANE AN,  POR TFO LIO ,  NORDIC ,  AND  
DASH DI ET .   

Adapted from: Kahleova H, et al. Nutrients. 2019;11(9):2209. 
Detailed info for vegan diets is not available. 

 

 

 

INFLAMMATION AND 
ENDOTHELIAL FUNCTION 
The endothelium refers to the cells lining the insides of 

blood vessels, making direct contact with circulating 

blood. These cells have an important role in the 

prevention and genesis of heart disease. They can be 

one of the earliest heart disease indicators before 

structural changes can be detected via angiogram or 

ultrasound. The endothelium is important for heart 

health because it secretes substances that allow the 

blood vessels to constrict, dilate, and form clots as 

needed.49 

Several risk factors influence endothelial health, one of 

which is hypertension. Shear stress from increased 

pressure inside of blood vessels can injure endothelial 

cells inhibiting their ability to maintain normal function 

of the blood vessels.58 White blood cells stick to areas 

of endothelial dysfunction, and travel to deeper layers 

of the blood vessel, initiating an atherosclerotic 

plaque.58 Once in this layer, the white blood cells - 

termed “foam cells” at this point - collect LDL 

cholesterol, further increasing inflammation.58 

Ingestion of fatty foods may also play a role in 

endothelial health. One study was able to show 

endothelial dysfunction in healthy people after a single 

high-fat meal.59 Factors associated with endothelial 

injury include elevated LDL-C, high blood glucose, 

diabetes, and high blood pressure.60  
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Inflammation, commonly measured as C-Reactive 

Protein (CRP), is the preceding factor to all steps of 

plaque formation.61 Chronic, low levels of inflammation 

can yield ominous predictions of future cardiovascular 

events. In the Women’s Health Study, a cohort of over 

28,000 women had baseline high-sensitivity CRP levels 

drawn and were monitored for the occurrence of 

cardiac events over the course of ~8 years. Women 

with the lowest CRP levels at baseline were the most 

likely to be event-free. Participants with the highest CRP 

at baseline had a 4.4 times higher risk for cardiac 

events.62 

Plant-based diets are associated with lower CRP levels 

when adhered to for at least two years, according to 

one review and meta-analysis of 18 studies.63 In 

contrast, red meat intake is associated with higher CRP 

levels.64 Additionally, endothelial health can be 

maintained and even improved with a plant-based diet. 

An inverse relationship exists between consumption of 

saturated fat (found primarily in animal foods and some 

tropical oils) and flow-mediated dilation (a method of 

testing endothelial health).65 

 

 

F IG UR E 9 .  WOM EN W IT H HI GHE ST CRP AT  
BASE L INE  HAD 4. 4  T IMES  HIGH ER R ISK FOR  
CARDI AC EV ENTS  TH AN  WOMEN WI TH TH E 
LOWES T CRP LEV E LS  A T  BA SEL INE .   

Abbreviations: hsCRP, high-sensitivity C-Reactive Protein.  
Adapted from: Ridker Paul M. Circulation. 2003;107(3):363-369. 66 

OBESITY/OVERWEIGHT/ 
ADIPOSITY 
Globally, the prevalence of overweight and obesity has 

tripled since 1975 and was at 39% in 2016. The trend 

continues in children, with a 4% prevalence in 1975, and 

an overall 18% prevalence in 2016.67 These trends have 

dire health consequences, increasing the risk of all 

cardiometabolic risk factors.68 Excess body fat is not just 

dormant energy storage, but rather an endocrine 

organ. Adipose tissue releases hormones responsible 

for appetite regulation, insulin sensitivity, and 

inflammation.69 Excess fat stores can lead to low-grade 

inflammation, proposed to be caused by a lack of 

vasculature in adipose tissue stores.70 

Perhaps a more important risk factor than body mass 

index (BMI) is waist to height ratio. Ratios greater than 

0.5 represent increased proportions of visceral fat. For 

example, a man tall at 183 cm should have a waist no 

larger than 91 cm. Storing fat around the abdomen 

poses increased cardiovascular mortality, even in 

individuals with a normal BMI.71 Whole-grain intake is 

associated with less visceral adipose tissue, as 

demonstrated in a subset study of the Framingham 

Heart Study. Researchers noted that visceral adipose 

tissue volume was ~10% lower in individuals eating at 

least 3 servings of whole grains per day, compared with 

individuals who consumed almost no whole grains.72 

Additionally, researchers Y. Yang and MA Beydoun 

found the highest BMIs and waist circumferences in 

participants consuming meats in the highest quintiles, 

and the lowest BMIs and waist circumferences in 

participants with meat consumption in the lowest 

quintiles.73 
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Plant-based diets have shown to be an effective tool in 

weight control. In the BROAD study, researchers 

demonstrated impressive weight loss results with a 

low-fat plant-based (7-15 En% from fat) diet, instructing 

their participants to eat to satiation and not count 

calories. This diet was able to lower BMI by 4.4 points, 

and participants maintained that weight loss at 12 

months.74 A meta-analysis also confirmed that 

vegetarian diets help with weight loss, delineating that 

a vegan diet conferred the most weight loss.75 

Additionally, data from the Adventist Health Study II 

shows that those following a vegan diet are the only 

subset of people who average a healthy BMI and that 

BMI increases as more animal products enter the diet.76 

 

 

 

F IG UR E 10 .  BM I  AND D IE TA RY PA TTE RNS.   

Adapted from: Tonstad S et al. Diabetes Care. 2009;32(5):791-796.  

 

 

GLUCOSE METABOLISM 
The incidence of T2D, marked by impaired glucose 

metabolism, is lowest in vegans and highest in 

omnivores.76 Plant-based diets are thought to improve 

glucose metabolism through several mechanisms via 

reduction of insulin resistance in body tissues and by 

improvement in the function of pancreatic beta cells, 

which are responsible for secreting insulin that allows 

glucose to enter cells.77  

Greater stores of fats within muscle cells, are associated 

with greater insulin resistance as fat interferes with 

glucose uptake by muscles, and additionally with the 

conversion of glucose into glycogen stores.78 Since 

glucose cannot enter cells, it’s left in circulation, 

promoting more insulin secretion by pancreatic beta-

cells. Persistent overworking of pancreatic beta-cells 

can lead to dysfunction and beta-cell death, further 

perpetuating hyperglycemia.78 One study 

demonstrated greater lipid accumulation with a higher 

fat (39%) diet, and less accumulation with a lower fat 

(31%) diet.79  
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Beyond the target tissues, dietary saturated fats also 

impact the beta-cells in pancreas that secrete insulin. 

Saturated fatty acids, found mostly in animal products 

and some tropical oils, can reduce beta-cell 

proliferation, and even induce beta-cell death. 

Conversely, unsaturated fatty acids, found in non-

animal foods, show protective effects.80  

A 16-week randomized controlled trial (RCT) 

demonstrated that a low-fat, plant-based diet was able 

to improve insulin sensitivity and beta cell function in 

participants without diabetes.77 Furthermore, a meta-

analysis confirmed improved glucose control with 

DASH, Mediterranean, and vegetarian diets.39  

 

 

F IG UR E 1 1 .  C HANG ES IN  HBA1C  (MAR KE R OF  
LONG-TE RM GL UCOSE CONTROL )  IN  MET A-
ANALY SES  O F ST UDI ES  US I NG MEDI TER RANE AN,  
DASH,  AND V EGET AR IAN D I ETS .   

Abbreviations: HbA1c, glycosylated haemoglobin A1c. 
Adapted from: Kahleova H et al. Nutrients. 2019;11(9):2209. 

 

The European Association of the study of Diabetes 

(EASD) recognizes diet as an important contributor in a 

cost-effective, multi-disciplinary approach to the 

management and treatment of diabetes, encourages 

the consumption of whole grains and adequate fibre 

and additionally recommends reducing saturated fat 

intake in favour of polyunsaturated fats. 

The American Diabetes Association recognizes 

beneficial effects for diabetics following 

Mediterranean, vegetarian, and DASH diets, and 

additionally recommends reducing saturated fat intake 

in favour of polyunsaturated fats.81 

 

NON-ALCOHOLIC FATTY LIVER 
DISEASE 
Non-alcoholic fatty liver disease (NAFLD) is defined as 

the accumulation of fat in the liver in people who do 

not consume excessive amounts of alcohol.  

Plant-based diets have been shown to be particularly 

effective for NAFLD: vegetarian diets are associated 

with a 21% lower risk of NAFLD compared with non-

vegetarian diets, even after adjustment for BMI. On the 

other hand, replacing a serving of soy with a serving of 

meat or fish was associated with 12%-13% increased 

risk.27 In an RCT including 60 overweight or obese adults 

with NAFLD, an 8-week DASH diet reduced body 

weight and improved liver enzymes and markers of 

insulin resistance.28 A few studies have also 

demonstrated that the MedDiet may be used as an 

effective diet for NAFLD.29 While weight loss may be 

one of the mechanisms behind improvements in 

NAFLD,30 plant-based diets low in saturated fat, high in 

fibre and unsaturated fatty acids, may have a positive 

impact on NAFLD even in the absence of weight loss.31 

  



21 

PLANT COMPONENTS  
AND FOOD GROUPS 
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NUTS 
rom a botanical point of view, nuts are defined as dried fruits with one (exceptionally two) unattached or free seed 

within a hard shell. However, the term “nut” is also popularly applied to any hard-walled, edible, oily seed. In any 

case, nuts are considered a high energy density food because of their high fatty acid (mainly unsaturated fatty 

acids) content. They are relatively low in carbohydrates. Moreover, nuts are rich in fibre, minerals, vitamins and other 

bioactive compounds such as polyphenols.82,83 Given this exceptional nutritional profile, well-known beneficial 

properties against several chronic diseases have been attributed to nuts.  

 

 

F IG UR E 12 .  NUT RI ENT COM POSIT ION OF D I FF EREN T TY PES  OF N UTS .   

Source: U.S. Department of Agriculture (USDA) National Nutrient Database for Standard Reference. https://fdc.nal.usda.gov/index.html. 
Accessed July 13, 2020 

The bold green numbers indicate the highest values.  

All the nuts are unsalted; almonds, brazil nuts, hazelnuts, pecans and walnuts are unroasted; cashews, macadamia nuts and pistachios 
are dry roasted.  

 

F 
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Nut consumption has shown to have beneficial effects 

on the cardiovascular system. In large epidemiologic 

studies, the frequency of nut consumption was 

consistently related to lower rates of CHD, incidence 

and mortality from CVD, and total death. 84 Additionally, 

in a few studies, the frequency of nut consumption was 

inversely related to sudden death,85 peripheral artery 

disease,86 and arrhythmia.87 

One of the landmark studies in this area is the 
PREvención con DIeta MEDiterránea (PREDIMED) 
study, a multicentre, parallel-group clinical trial 

evaluating the effect of the MedDiet on the primary 

prevention of CVDs in more than 7,000 participants at 

high risk of CVD. The main results of this RCT 

demonstrated that a MedDiet enriched with a mix of 

nuts (15g/day of walnuts, 7.5g/day of almonds and 

7.5g/day of hazelnuts) reduced the risk of CVD by 

30%88, and the risk of peripheral artery disease by 52%89. 

In a 2017 meta-analysis,90 researchers analysed the 

associations between the intake of total and specific 
types of nuts with the risk of CVD in three large 
prospective cohort studies. The paper included 

5,063,439 person-years of follow-up: 76,364 women 

from the Nurses’ Health Study, 92,946 women from the 

Nurses’ Health Study II, and 41,526 men from the Health 

Professionals Follow-up Study. Higher consumption of 
total and specific types of nuts was inversely 
associated with the risk of total CVD and CHD. 
Compared to the reference category, who reported to 

consume nuts ‘never’ or ‘almost never’, those who 

consumed one serving of nuts (28 g) five or more times 

per week had pooled multivariable hazard ratios for 

CVD and CHD 0.86 [95% CI 0.79–0.93, P trend 0.0002] 

and 0.80 [95% CI, 0.72–0.89, P trend <0.001], 

respectively. Consumption of peanuts and tree nuts 

(two or more times/week) and walnuts (one or more 

times/week), was associated with a 13%-19% lower risk 

of total CVD and 15–23% lower risk of CHD. 

In the Nurses’ Health Study (N= 83,818 female subjects), 

the intake of different types of nuts was associated with 

a lower risk of T2D in women. Those with the highest 

nut consumption (28 g/day; ≥5 days a week) had a 27% 

lower risk of developing T2D (RR= 0.73; 95CI: 0.60–0.89) 

than those who never or almost never consumed 

nuts.90b 

These results are in line with those from the PREDIMED 

study (N=7,210 subjects), where the upper category of 

nut consumption (>3 servings/wk) had a lower 

prevalence of T2D than the lower category (<1 

serving/wk of nuts): OR=0.87 (0.78 to 0.99; P-

trend = 0.043).91  

Nuts may protect from CVD through different 

mechanisms including their recognized lipid-lowering 

effect,92 and other potential mechanisms such as 

improving the function of vessels,93 reducing 

postprandial glycaemia and insulin resistance when 

substituting carbohydrates94 or changing gut 

microbiota composition and function (see later).95  

It is important to mention that although nuts are energy-

dense food, epidemiologic studies have demonstrated 

an inverse association between nut intake and risk of 

weight gain, obesity,96 and metabolic syndrome.96,97 

Additionally, in clinical trials, there was no effect on 

adiposity in individuals who supplemented with nuts.98 

The PREDIMED-Study, a MedDiet supplemented with 

nuts showed a higher reversion of metabolic syndrome 

than a low-fat diet.99 

A recent meta-analysis (6 cohort studies of 420,890 

subjects and 62 RCTs with 7,184 participants) 

demonstrated that nut intake may be associated with 

decreased risks of metabolic syndrome and 

overweight/obesity and lower body weight measures. 

The meta-analysis of prospective cohort studies 

(N=420,890 subjects) showed that for every 1e 

serving/week increase in nut consumption, the risk of 

metabolic syndrome was reduced by 4%, by 3% for 

overweight/obesity. However, a 5% non-significant 

reduction in the risk of obesity was shown96. 



24 

 

F IG UR E 13 .  NU T CONSUMP T ION AND R ISK O F ME TA BOL I C  SYNDROME AND OV ER WE IGH T/OB ES ITY :  R ESU LTS  
FROM ME TA-AN AL YSIS  (N= 420 ,89 0  SU BJEC TS) .  

For every one serving/week increase in nut consumption, the risk of metabolic syndrome was reduced by 4%, by 3% for 
overweight/obesity. A 5% non-significant reduction in the risk of obesity was shown.  

Abbreviations: CI, confidence interval. Adapted from: Li H, et al. Nutrition and Metabolism. 2018;15(1):1-10.  

 

 

In summary, nuts, due to their nutritional profile, possess a wide range of benefits on CVD and modulate related risk 
factors, such as lipid metabolism, oxidative stress, and inflammation,100 without affecting body weight.  

 

 

SOY 
Soybeans (Glycine max) belong to the family of the 

Leguminosae but have a unique macronutrient 

composition when compared to other legumes. They 

are especially high in protein and oil (predominantly 

unsaturated fat), whereas other legumes are almost fat-

free and contain mostly starch. Soybeans are low in 

carbohydrates and contain about 6 grams of fibre (per 

100g).101 Soy protein is a high-quality protein, meaning it 

contains all of the essential amino acids in sufficient 

quantities to help meet the body’s requirements and it 

is highly digestible.102 A soybean contains ± 20% oil from 

which approximately 12-15% comes from saturated fat, 

23-29% from oleic acid (18:1n-9; MUFA); 53-55% from 

linoleic acid (18:2n-6, LA), and 6-8% from α-linolenic acid 

(18:3n-3, ALA). It is a source of vitamins B6, E, K, and 

folate, and the minerals calcium, iron, magnesium, 

copper, potassium, and manganese. The amounts of 

these nutrients vary among different soy foods 

according to how the soy foods are produced.103 
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F IG UR E 14 .  NUT RI ENT COM POSIT ION OF SOY- BAS ED A LTE RNAT IV E  TO YOG UR T A ND SOYDRINK .  

Alpro – website nutrition information. www.alpro.com 

 

Soy foods have been in the human diet for a long time, 

and they have served their consumers well. This is 

typically so in the Orient where soy has been 

consumed for over 2000 years. Of particular interest is 

Japan, one of the countries with the largest soy 

consumption.104 During the time of greatest soy 

consumption, Japan also had one of the longest 

longevity records on the face of the planet.105,106 This fact 

must be seen as a testament, in part, to the health 

benefits of soy in the Japanese diet. 

 

1 Sirtori C: Member of scientific advisory board Alpro 
Foundation 

It was not until the 1970s that the medical community 

became aware of the value of soy in lowering serum 

cholesterol.107 This new interest in soy was triggered by 

the work of Cesare Sirtori1 who demonstrated 

spectacular reductions in serum lipids in 

hypercholesterolemic patients who replaced the meat 

in their diets with soy.108 

By 1995 there were enough studies on soy and its effect 

on blood lipids for Anderson et al. to publish the first 

meta-analysis. He demonstrated that the replacement 
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of animal protein in the diet with soy protein was 

associated with a significant reduction in total 

cholesterol and LDL-C.109 The initial total cholesterol 

level of the subjects influenced the cholesterol-

lowering effect. This meant that the greater the initial 
total cholesterol level, the larger the reduction in total 
cholesterol and LDL-C. In subjects with initially severe 

hypercholesterolaemia (total cholesterol above 335 

mg/dL or 8.7 mmol/L), a decrease of 19.6% in total 

cholesterol and 24% in LDL-C was observed. Shortly 

after this publication, in 1999, the US Food and Drug 

Administration (FDA) brought out a health claim for soy 

stating that “daily consumption of 25 grams of soy 

protein, as part of a diet low in saturated fat and 

cholesterol, may reduce the risk of heart disease”.110 

Since the FDA claim was approved, more than 10 

countries2 have adopted similar claims including 

Canada in 2015.116 Subsequent meta-analyses 

demonstrated consistent LDL-C lowering effects of soy 

in the range of 3 to 5%.112–114 Although the lipid-lowering 

effects of soy protein are much more modest than 

initially reported by Anderson et al. (6), they are still 

relevant at the clinical and population levels as for every 

1% reduction in LDL-C there is a corresponding 1%–2% 

reduction in cardiovascular events.115  

The FDA is currently reviewing the data and might 

replace it with a qualified health claim, which requires a 

lower scientific standard of evidence than a health 

claim but would still confirm a beneficial effect. A recent 

new meta-analysis confirmed that daily consumption of 

25g of soy protein does result in a modest, but 

significant, reduction in total and LDL-C – beyond the 

effect seen from lowering saturated fat intake.118 

Indeed, soy also provides another advantage in that it 

displaces foods that are higher in saturated fat such as 

animal-based products and which raise serum 

cholesterol.119 An analysis by Kris-Etherton et al. showed 

quite nicely the displacement effect that soy had on 

LDL-C, in addition to the direct effect that soy likely 

reduces LDL-C production by the liver.119 

 

2 Including Japan, South Africa, the Philippines, South Korea, 
Turkey, Malaysia, India, Brazil, Chile, Columbia, Ecuador and 
Peru. 

An advantage of incorporating soy foods in the diet is 

that, as discussed above, they potentially reduce LDL-C 

through both direct and indirect mechanisms: 

• Direct effect: Soy protein directly lowers LDL-

C by approximately 3 to 5%. One theory to 

explain this effect is that peptides formed 

from the digestion of soy protein upregulate 

LDL-C receptors in the liver, allowing 

cholesterol to be removed from the 

bloodstream more efficiently.120  

• Indirect or food displacement effect: When 

soy foods replace common sources of animal-

based protein in Western diets, which are 

often high in saturated fat, the favourable 

change in fatty acid intake will lower LDL-C.119 

In line with the validation of scientific 

evidence, the European Food Safety Authority 

(EFSA) approved the following claims 

concerning replacing foods high in saturated 

fats: Replacing saturated fat with unsaturated 

fat in the diet maintains normal blood 

cholesterol levels.120b  

 

Soy, as part of a healthy diet, has shown clinical utility in 

reducing serum cholesterol.121–125 Reductions in serum 

cholesterol from a dietary portfolio including soy 

(together with nuts, fibre, whole grains (e.g. oats and 

barley), and plant sterols in the form of margarine), 

taken under closely supervised conditions with all food 

provided, were in the range of 25 to 30% .126 While each 

of these foods contributed a small amount to the LDL-C 

reduction, the results from all of these foods eaten 

together were even more impressive.127 

Beyond the effects on lipids, soy protein can also lower 

blood pressure. A meta-analysis by Barnard et al. 

demonstrated that vegetable proteins (including soy) 

lowered blood pressure, another risk factor for heart 

disease.128 Several other meta-analyses have shown that 

systolic and diastolic blood pressure is reduced by 

approximately 2.5 and 1.5 mmHg, respectively, upon 
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soy consumption.129–132 The mechanism by which soy 

protein exerts its blood pressure lowering effects has 

not been identified but may be related to bioactive 

peptides or vasodilation by isoflavones present in soy. 

The public health benefits of even the modest 

proposed blood pressure lowering effects of soy 

protein are relevant as reducing systolic blood pressure 

by just 2–5 mmHg may reduce stroke and CHD by 6%–

14% and 5%–9%, respectively.133 

There have been a number of concerns raised about 

soy consumption, foremost of which has been the fact 

that soy was thought to increase the risk of breast 

cancer.134–137 However, more recent data has shown that 

in humans soy consumption has been associated with 

a reduced, not an increased, risk of breast cancer and 

possibly also with a lower risk of prostate cancer.138–142 

Concerns have also been expressed about the use of 

genetically modified soy and the effect that soy 

production might have on the environment.143 These 

are important and consumers should use sustainably 

produced soy.144,145 The above-mentioned concerns 

should not discourage the public from consuming soy 

for cardiovascular health.  

 

 

In conclusion, since the FDA first allowed a health claim, soy has been shown to have a significant and consistent 
effect in lowering LDL-C in the 3 to 5% range and in lowering systolic and diastolic blood pressure by approximately 
2.5 and 1.5 mmHg. It is, therefore, a valuable and versatile food that contributes high quality protein and a beneficial 
fat composition (high in unsaturated fats, low in saturated fats) to the plant-based diet, while at the same time 
reducing important risk factors for CVD. 

  

LEGUMES 
Legumes are the fruit or seed of plants from the family 

Fabaceae or Leguminosae, including alfalfa, broad 

beans, clover, lupine, soybeans, peanuts, green/dry 

beans and peas, chickpeas, and lentils.146 “Pulses” is 

another term that is widely used to refer to legumes, 

although according to the FAO, it only refers to 

leguminous crops that are harvested simply for dry 

grain.147  

Legumes are a good source of fibre, and 

carbohydrates, and are considered a low-glycaemic-

index food. This means glycemia increases gradually, 

without spiking, as legumes are broken down slowly 

after consumption. Legumes are also rich in some 

vitamins, minerals (including magnesium and 

potassium) and polyphenols.148 It is noteworthy that 

soybeans differ from the rest of the legumes in terms of 

quantity and quality of protein and poly-unsaturated fat 

content.149  
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F IG UR E 15 .  NUT RI ENT COM POSIT ION OF BOI LED SOY B EANS AND SE LECT ION OF L EGUM ES.  

Abbreviations: ND, not detectable; Adapted from: Messina M, Nutrients. 2016;8(12):754. Source: U.S. Department of Agriculture (USDA) 
National Nutrient Database for Standard Reference. https://fdc.nal.usda.gov/index.html. Accessed July 13, 2020 

The bold green numbers indicate the highest values.  

 

The nutritional profile of legumes endows them with a 

wide range of potentially beneficial cardiometabolic 

health properties. Their consumption, within a balanced 

plant-based diet, is therefore recommended by 

multiple international health organizations.150–152  

Results from the latest systematic reviews and meta-

analyses of prospective cohort studies,153,154 which 

provide us with the highest level of scientific evidence, 

show that legumes are associated with a significant 

decrease in the risk of CVD, CHD and hypertension. In 

contrast, there was no association between legume 

consumption and CVD mortality, myocardial infarction, 

stroke, or diabetes. It is important to note that these 

studies did not distinguish between non-soy and soy 

legumes, although these have a different nutritional 

profile. Becerra-Tomás and coworkers153 are the only 

ones that have differentiated these types of legumes 

when examining the association with diabetes. They 

reported that non-soy legume consumption was 

associated with a 15% lower risk of diabetes.  
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To date, only one cohort study has evaluated the 

association between legume consumption and obesity 

development, showing a 15% lower risk.155 These 

findings mirror those from a meta-analysis of 21 RCTs, 

which revealed that consuming 132g per day of pulses 

reduced body weight by 340g compared to diets 

without pulse intervention.156  

 

Legumes may protect against cardiometabolic diseases by modulating different risk factors involved in their 
pathogenesis, such as glucose and lipid metabolism, high blood pressure, and adiposity. These benefits cannot 
exclusively be attributed to one of the nutritional components, but rather to the synergy between all of them.  

It is important to highlight that legumes can contribute to environmental sustainability as reported in the 2019 EAT-
Lancet commission report on healthy diets from sustainable food systems.157 

 

 

WHOLE GRAINS AND FIBER  
Whole grains are variably defined. The American 

Association of Cereal Chemists (AACC), defines whole 

grains as the intact, ground, cracked, or flaked 

caryopsis, whose principal anatomical components—

the starchy endosperm, germ and bran —are present in 

the same relative proportions as they exist in the intact 

caryopsis.158,159 This definition was adopted by various 

regulatory bodies, including EFSA.160 Sources of whole 

grains include both the cereal grains (e.g. wheat, rice, 

oats, barley, corn, wild rice, and rye) and pseudo-cereal 

grains (e.g. quinoa, amaranth, and buckwheat), but not 

oil seeds (e.g. soy, flax, sesame seeds, and poppy 

seeds).  

Systematic reviews and meta-analyses of RCTs have 

shown that whole grain interventions improve lipids, 

including triglycerides and the established therapeutic 

target LDL-C, in people with and without diabetes over 

2-16 weeks of follow-up.161 Any lipid-lowering 

advantages, however, appear to be entirely attributable 

to the source of the whole grain. Sources of whole 

grains that contain the viscous soluble fibre beta-

glucan, such as oats and barley and their isolated fibres 

(for which there are FDA,162,163Health Canada,164,165 and 

EFSA166 approved health claims for cholesterol 

reduction), show evidence of benefit. Other sources of 

whole grains, such as wheat, rye, and rice, do not show 

evidence of benefit.161,167,168 Studies consistently show 

similar results for the effect of whole grains on 

glycaemic control. Whereas whole grains from barley 

and barley beta-glucan have shown improvements in 

fasting glucose in people with and without 

diabetes,169,170 and whole grains from oats and oat beta-

glucan have shown improvements in HbA1c and fasting 

blood glucose in people with T2D,170,171 these 

advantages have not been seen for whole grain 

sources from whole wheat or wheat bran when used 

as either test or control treatments.172-174 Other important 

physiological benefits such as contribution to stool 

bulking and laxation, have been observed in RCTs for 

whole wheat and wheat bran.175 
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F IG UR E 16 .  NU TR IENT COM POSIT ION OF S EL ECT ION OF WHO LE G RA INS .   

Source: U.S. Department of Agriculture (USDA) National Nutrient Database for Standard Reference. https://fdc.nal.usda.gov/index.html. 
Accessed July 13, 2020 

 

These distinctions between sources of whole grains are 

not apparent in the epidemiology. Systematic reviews 

and meta-analyses of prospective cohort studies have 

shown a protective association of total whole grains 

(where wheat is the dominant source) and total cereal 

fibre (as a proxy of whole grains) with incidence of CHD 

in people with and without diabetes.176, 177 It does not 

appear that these benefits are entirely explained by 

whole grain sources high in viscous soluble fibres, such 

as oats and barley, as total soluble and insoluble fibres 

(most of which derive from whole grain sources) show 

similar associations with incidence of CHD in pooled 

analyses.177 

Other lines of evidence from dietary pattern data 

suggest benefits of whole grains irrespective of source. 

The PREvencion con DIeta MEDiterranea (PREDIMED) 

study, a large Spanish multicentre randomized trial, 

showed that compared to a low-fat control diet, a 

whole-grain containing MedDiet supplemented with 

either mixed nuts or extra-virgin olive oil reduced major 

CV events by ~30%,88 diabetes incidence by 53% 

(single-centre finding),178,179 and increased reversion of 

metabolic syndrome by ~30% 99 over a median follow-

up of 4.8 years in 7,447 participants at high CV risk. 

Studies of intermediate cardiometabolic risk factors 

have also shown that whole grain containing diet, such 

as the Mediterranean, Portfolio, DASH, Nordic, and 
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vegetarian diet improve glycaemic control, blood 

pressure, or lipids without an emphasis on one type of 

whole grains over another.39,126,180,181 This evidence aligns 

with systematic reviews and meta-analyses of 

prospective cohort studies that show that adherence to 

diets containing whole grains is associated with 

reduced incidence of diabetes and CVD.39,182,183 

 

 

The evidence supports higher intake of whole grains (especially the viscous fibre-containing whole grains from oats 
and barley). More research is needed to understand the role of specific sources of whole grains in cardiometabolic 
disease prevention.  

 

 

 

FRUITS AND VEGETABLES 
International dietary guidelines and clinical practice 

guidelines for diabetes and heart health are universal in 

their recommendation to consume fruits and 

vegetables.184–188 In addition to providing essential 

vitamins and minerals and important bioactives,189 fruits 

and vegetables have shown many cardiometabolic 

advantages. Studies have shown that diets 

supplemented with fruit (fresh or freeze-dried) improve 

HbA1c in individuals with and without T2D over 6 to 20 

weeks.190 Fruit has also been show to decrease the 

established lipid target for CVD prevention, LDL-

cholesterol, and blood pressure191 over 2 weeks to 6 

months. Supplementation with both fruits and 

vegetables (provided as either foods or supplements) 

has been shown to improve diastolic blood pressure 

over 6 weeks to 6 months in individuals with metabolic 

syndrome.192 These improvements in cardiometabolic 

risk factors have been extended to harder surrogate 

endpoints of atherosclerotic CVD (ASCVD). RCT results 

show that increased intake of fruit and vegetables leads 

to improvement in diastolic blood pressure and a 

clinically meaningful regression in carotid intima medial 

thickness, as a direct marker of atherosclerosis, in 

people with type 1 and T2D over one year.193  

The evidence for improvements in intermediate 

cardiometabolic risk factors is reflected in the 

epidemiology on important clinical outcomes. Higher 

intakes of fruits and vegetables (>5 servings/day), fruit 

alone (>3 servings/day), or vegetables alone (>4 

servings/day) are associated with a reduction in 

diabetes incidence,194 CHD incidence and mortality,195 

stroke incidence and mortality,195 CVD incidence and 

mortality,195 and all-cause mortality.196 

Diets containing fruits and vegetables further support 

their cardiometabolic benefits. Mediterranean, 

Portfolio, DASH, Nordic, and vegetarian diets including 

high fruit and vegetable intake have shown 

improvements in intermediate cardiometabolic risk 

factors such as glycaemic control, blood pressure, and 

lipids in the RCTs,126,197,180,181 and an association with 

reductions in the incidence of diabetes and CVD in the 

prospective cohort studies.39,182,183 

With the growing public health concern about the 

contribution of sugars to the epidemics of obesity and 

diabetes, there is a worry that not all sources of fruits 

and vegetables share the same cardiometabolic 

benefits. There is a particular concern that fruit, more 

than vegetables, may contribute to excess intake of 

sugars and so fail to achieve the intended benefits.198–

200 Public health policies have reflected this concern 

emphasizing vegetables before fruit intake and 

discouraging the intake of certain sources of fruit, such 

as 100% fruit juice and dried fruit.185,201,202 However, The 

effect of fruit (up to 3 servings a day) on decreasing 

intermediate cardiometabolic risk factors in RCTs190–193 

and the protective association with diabetes and 

cardiovascular outcomes in prospective cohort studies 
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is equal to or even greater than that from vegetables.195 

100% fruit juice and dried fruit have also shown 

improvements in aspects of glycaemic control in 

isocaloric substitution of starch in RCTs,190,203–205 and 

been associated with reduced risk of metabolic 

syndrome206 and hypertension207 at moderate levels of 

intake (≤150-200mL/day) in non-linear dose-response 

analyses in prospective cohort studies. Diets that 

explicitly include 100% fruit juice and dried fruit as 

sources of fruit, such as the Mediterranean and DASH 

diets, provide additional evidence of benefit for 

diabetes and CVD in RCTs and prospective cohort 

studies.88,180,197 The relative advantage of different fruits 

in a diet, however, may depend on the type, source, 

and/or preparation. A re-analysis of an RCT of a 6-

month low-GI intervention in people with T2D showed 

that the reduction in A1c was explained by the low-GI 

temperate climate fruit (apples, pears, berries, etc.) as 

opposed to the other aspects of the low-GI 

intervention.208 

 

 

Higher intake of total fruits and vegetables (at least 400g per day) remains a cornerstone of heart-healthy diets. 
Mediterranean, Portfolio, DASH, Nordic, and vegetarian diets including at least 5 portions of fruit and vegetables a 
day have shown improvements in intermediate cardiometabolic risk factors and an association with reductions in the 
incidence of diabetes and CVD. 
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DIFFERENT PLANT-BASED  
FOOD PATTERNS  
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PORTFOLIO DIET 
he Portfolio diet is a plant-based diet that was first 

developed in the early 2000s as a “portfolio” of 

cholesterol-lowering foods, each of which has a 

EFSA, FDA or Health Canada approved health claim for 

the reduction of cholesterol.164-166,209-212 The original diet 

was built on a foundation of a low-saturated fat NCEP 

(National Cholesterol Education Program) Step II diet 

(≤7% saturated fat and ≤ 200 mg dietary cholesterol) 

with the addition of four cholesterol-lowering foods or 

pillars (based on a 2000 kcal diet): 45 g nuts (tree nuts 

or peanuts); 50 g plant protein (soy products or dietary 

pulses, such as beans, peas, chickpeas, and lentils); 20 g 

viscous soluble fibre (oats, barley, psyllium, eggplant, 

okra, apples, oranges, or berries); and 2 g plant sterols 

(plant sterol-enriched margarine or supplements).121-125 

The Portfolio diet has since been expanded and 

enhanced to include “heart-healthy” monounsaturated 

fats (MUFA) (extra virgin olive oil, cold-pressed 

canola/soybean oils, or avocados) as the 5th pillar in 

replacement of high glycaemic index carbohydrate 

(13% replacement providing 26% energy from MUFA).213 

PORTFOLIO DIET AND CARDIOMETABOLIC 
RISK FACTORS 
The biological basis for the intended cardiovascular risk 

reduction with the Portfolio diet is the “LDL-C 

hypothesis”. There is now an established international 

consensus214-216 that LDL-C is causal in the pathogenesis 

of atherosclerotic CVD (ASCVD). The consensus is 

based on multiple lines of high-quality evidence from 

cardiovascular outcomes trials (through the Cholesterol 

Treatment Trialists Collaboration [CTTC]) involving over 

200,000 patients randomized to three different classes 

of drugs [statins, ezetimibe, PCSK9 inhibitors],217 

Mendelian randomization studies of gain and loss of 

function mutations in the targets of these drugs that 

modify exposure to LDL-C (LDLR, HMGCR, NPC1L1, 

PCSK9),218 and prospective cohort studies of the 

absolute magnitude of exposure to plasma LDL-C and 

the risk of ASCVD.219  

 

F IG UR E 17 .  E FF ECT O F T HE PO RT FOL IO DI ET  
V ERSUS F IRST- L INE  TH ER APY W ITH  A S TA TIN  
(20 mg LOV AS TAT IN )  ON LDL CHOL EST EROL IN  46  
PAR TIC IP ANTS  W IT H HY PE R LI P ID EM IA .  

Adapted from: Jenkins DJA, et al. JAMA. 2003;290(4):502-510.  

 

There is compelling evidence from RCTs that the 

Portfolio diet produces clinically meaningful reductions 

in LDL-C. The main clinical question tested in the early 

trials of the Portfolio diet was whether the small 

individual LDL-C effects of the cholesterol-lowering 

foods included in the pattern were additive. Updated 

studies continue to show that each component can 

lower LDL-C by 5-10%.92,118,167,220-229 It was unclear 

whether these effects could be combined or summed 

in a single diet to produce a meaningful “drug-like” 

reduction in LDL-C. A series of RCTs were undertaken to 

address this question in which all foods were provided 

under metabolically controlled feeding conditions in 

people with hyperlipidemia.121,125,122,124,123 These trials 

proved the efficacy of the Portfolio diet, showing the 

predicted ~30% reductions in LDL-C.121-125 A “head-to-

head” trial with first-line drug therapy further showed 

that the in-trial reductions achieved were similar to 

T 
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those seen with 20mg lovastatin (-28.6% versus -

30.9%).122 A subsequent large multicentre RCT of 

effectiveness tested whether the reductions in LDL-C 

were durable under real-world conditions over the 

longer-term, in which the Portfolio diet was 

administered as routine or intensive dietary advice 

(without provision of foods) over 6-months in people 

with hyperlipemia.213 Although the reductions in LDL-C 

of 10-15% were smaller, this trial provided an important 

proof of concept, as the reductions were proportional 

to the adherence to the diet (the average adherence 

among participants was 43% to the original four 

components in the intensive arm) and remained 

clinically meaningful despite the lower adherence in 

both arms.213 

The strength of these findings was recently confirmed 

in a study by the Diabetes and Nutrition Study Group 

(DNSG) of the European Association for the Study of 

Diabetes (EASD) that looked at available RCTs and used 

the GRADE system to quantify and assess the certainty 

of the evidence for the effect of the Portfolio diet on 

ASCVD risk.43 The pooled analysis of seven trial 

comparisons in 439 participants with hyperlipidaemia 

showed that the Portfolio diet lowered the primary 

outcome, LDL-C, by 17% (21% in efficacy and 12% in 

effectiveness trials) compared to the NCEP Step II diet 

alone with high certainty evidence.  

Calculations showed that the intended combination 

with an NCEP Step II diet could be expected to produce 

LDL-C reductions of ~29% (33% in efficacy and 15% in 

effectiveness trials) in clinical practice, reductions which 

would exceed the lower limit of efficacy of first-line 

therapy with statins (20%) and the upper limit of efficacy 

of second-line therapy with ezetimibe (22%).236 Beyond 

LDL-C, improvements in other atherogenic aspects of 

the lipid profile were also seen with moderate to high 

certainty evidence (-14% non-HDL-C, -15% apoB, -16% 

triglycerides), blood pressure (-1.75 mmHg), and 

inflammation (-32% CRP) culminating in a reduction in 

estimated 10-year CHD risk by the Framingham Risk 

Score of ~13% (20% in efficacy and 9% in effectiveness 

trials).  
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F IG UR E 18 .  PORT FOL IO DI E T .   

Source: Jenkins D, et al. The Portfolio Diet, An evidence-based eating plan for lower cholesterol infographic.  
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Evidence collected in RCTs and subsequent systematic 

reviews and meta-analyses has caused the benefits of 

the Portfolio diet to be recognized in many international 

guidelines, including the clinical practice guidelines of 

the Canadian Cardiovascular Society (CCS),231 Diabetes 

Canada,232 Heart UK,233 Heart Foundation of Australia,234 

the American College of Cardiology /American Heart 

Association,235 and the European Atherosclerosis 

Society (EAS)236. At the same time, each of the food 

components have been recognized for their LDL-C 

lowering by the joint task force of the European Society 

of Cardiology (ESC) and EAS.237 

To help implement the Portfolio diet into clinical 

practice, several patient and physician engagement 

tools were created as a direct translation of the clinical 

practice guidelines. A Portfolio Diet infographic was 

developed in partnership with the University of 

Toronto, St. Michael’s Hospital, and the Canadian 

Cardiovascular Society (CCS) along with a mobile-

based application (www.PortfolioDiet.app).238 

PORTFOLIO DIET AND CARDIOMETABOLIC 
DISEASES 
Despite the international consensus on the LDL-C 

hypothesis and the evidence in support of the Portfolio 

diet for LDL-C-and ASCVD risk reduction, the need for 

more research on harder CV outcomes remains. Large 

RCTs on the effect of the Portfolio diet on the 

progression of atherosclerosis are needed to assess 

whether the reductions in LDL-C and other established 

cardiometabolic risk factors translate into reductions in 

clinical CV events. We await the results of the 

Combined Portfolio Diet and Exercise Study (PortfolioEx 

trial), a 3-year multicentre RCT on the effect of the 

Portfolio Diet plus exercise on carotid plaque burden 

assessed by vascular magnetic resonance imaging 

(MRI) in high CV risk people, 50% of whom have 

diabetes (ClinicalTrials.gov Identifier, NCT02481466). 

 

MEDITERRANEAN DIET  
The MedDiet is the traditional diet of the population 

bordering the Mediterranean Sea. It is considered a 

plant-based diet characterized by a high consumption 

of fruits, vegetables, cereals (preferably unrefined), 

legumes (including soy), nuts, and seeds; the use of 

olive oil as the main source of dietary fat for cooking 

and dressing; moderate consumption of wine within 

meals; and a low to moderate consumption of animal-

based foods, especially in form of poultry, fish, yogurt, 

and eggs.239 It is also low in red meat and processed 

meat, cream, sugar-sweetened beverages, and other 

processed food. The peculiarity of the MedDiet lies in 

the traditional lifestyle characterized by a healthy diet 

where people eat together and enjoy the company, 

perform physical activity, and regularly nap.239 Variants 

of the diet exist, depending on the characteristics of 

each Mediterranean country. Even so, for research 

purposes it is referred to as the MedDiet and different 

tools to assess adherence, including screener 

questionnaires and a priori and a posteriori scores, have 

been validated.240  

http://www.portfoliodiet.app/
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F IG UR E 20 .  PYR AMID O F T H E MEDI TE RRAN EAN DI ET .   

Source: Fundación Dieta Mediterránea (https://dietamediterranea.com/) 

 

The MedDiet is considered an environmentally 

sustainable dietetic model, mainly due to the use of 

proximity products with low environmental impact.241,242 

Interestingly, in 2010 UNESCO considered it to be an 

Intangible Cultural Heritage of Humanity,243 and it was 

recognized by the 2015-2020 American dietary 

guidelines as an example of a healthy eating pattern.244 

However, evidence shows that adherence to the 

MedDiet is decreasing in many Mediterranean 

countries,245–248 with a clear trend towards a 

Westernized Diet, especially in young people. This is 

mainly due to the globalization process. 

The MedDiet is considered one of the more trustworthy 

diets, as there is a long track record of robust scientific 

evidence on its benefits to quality of life, longevity, and 

disease prevention. The MedDiet’s cardioprotective 

role was first hinted at in the mid-1900s by Ancel Keys 

in the Seven Countries Study249. Since then, many 

researchers have focused on studying the potential 

health effects of this prominent diet. 

MEDITERRANEAN DIET AND 
CARDIOMETABOLIC RISK FACTORS 
Evidence concerning the effect of the MedDiet on 

cardiometabolic risk factors is vast and mostly comes 

from clinical trials. The MedDiet reduces fasting plasma 

glucose levels, systolic and diastolic blood pressure, 

and triglycerides levels,250 and increases concentrations 

of HDL-cholesterol by 0.19mg/dL in adults.250 It also 

improves endothelial function and reduces 

inflammation, which are mediators of many 
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cardiometabolic diseases.251 In addition, the MedDiet 

has beneficial effects on body adiposity despite being 

a high-fat diet. It is a useful tool to reduce waist 

circumference250 and body weight, especially if it is 

accompanied by caloric restriction and physical 

activity.252 These results have been reinforced by the 

DIRECT study253 and more recently by the PREDIMED-

Plus clinical trial. After 12 months of intervention, the 

preliminary results proved that an energy-restricted 

MedDiet in addition to physical activity, promotion, and 

behavioural support reduces not only body weight and 

waist circumference, but also improves glucose 

metabolism, lipid profiles, and markers of inflammation 

compared to a non-energy restricted MedDiet in 

overweight/obese elderly individuals.254 The 

aforementioned beneficial effects of the MedDiet have 

also been reported in patients with T2D.255 Moreover, 

children of mothers that followed the MedDiet during 

pregnancy have been shown to have lower adiposity, 

leptin levels, and blood pressure, demonstrating 

healthy effects in the offspring as well.256 

MEDITERRANEAN DIET AND 
CARDIOMETABOLIC DISEASES 
The MedDiet can be considered one of the best dietary 

patterns that is best analysed in CVD and other 

cardiometabolic diseases. Since the Seven Countries 

study showed a lower rate of CHD mortality in 

populations living in Mediterranean countries,249 an 

important number of observational studies have been 

published evaluating the association between the 

MedDiet adherence and the risk of CVD.257 Strongly 

consistent results have been found. Greater adherence 

to the MedDiet is associated with a lower risk of 

developing total CVD and CVD mortality. Regarding the 

specific conditions of CVD, the existing evidence is also 

substantial and aligned with previous findings. An 

inverse association between increased adherence to 

the MedDiet and the risk of myocardial infarction (MI), 

stroke, CHD, and heart failure has been demonstrated. 

The reduction in the risk of these diseases ranges 

between 10% and 30%.183,257 To date, few clinical trials 

have been conducted in this field, but the results that 

do exist are consistent and reinforce those from 

observational studies. In 1999, The Lyon Diet Heart Study 

demonstrated an approximately 70% lower risk of 

suffering recurrent MI in participants allocated to the 

MedDiet compared to those following 

recommendations close to the Step I diet of the 

American Heart Association.258 Similarly, in 2002, a study 

with some concerns regarding the reliability of the data 

reported that the intervention group following the 

Indo-MedDiet had a reduction in risk of non-fatal MI, 

sudden cardiac death, and total cardiac endpoints 

compared to the control group following the prudent 

Step I diet.259 However, the biggest intervention study 

performed to date is the PREDIMED-study, which also 

demonstrated a 30% lower risk of CVD in those 

participants following either a MedDiet enriched with 

extra-virgin olive oil or a MedDiet enriched with nuts, 

compared to participants advised to follow a low-fat 

control diet260 in elder individuals at high CVD risk.  
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F IG UR E 21 .  PR EDIM ED STUD Y:  Kaplan-Meier estimates of the cumulative incidence of the primary end point (A; a composite of 
myocardial infarction, stroke and cardiovascular disease death) and total mortality (B) in the total study population from the PREDIMED 
study.  

Abbreviations: CI, confidence interval; EVOO, extra virgin olive oil. Adapted from: R Estruch et al. N Engl J Med 2018;378:e34. 

 

Although there is not as much evidence as with CVD, 

the MedDiet diet also appears to have beneficial effects 

on other diseases. It’s been associated with a lower risk 

of T2D development in large cohort studies as well as 

in clinical trials, even without calorie restriction.261 The 

diet may offer benefits in patients with established 

diabetes in terms of improving their glycaemic control 

and reducing their risk of complications associated with 

this disease.262 It also seems to possess beneficial 

effects on metabolic syndrome prevalence and 

progression,263,264 which is important if we take into 

account that individuals with metabolic syndrome have 

approximately twice as high risk of suffering CVD and a 

five-fold higher risk of developing T2D than individuals 

without the syndrome.265 Additionally, the MedDiet has 

emerged as a potential tool for improving liver status 

and to prevent and treat NAFLD. The best approach to 

manage NAFLD is a lifestyle intervention based on a 

healthy diet and physical activity. The current scientific 

data based on cross-sectional and longitudinal studies 

suggest the MedDiet as an appropriate approach to 

prevent NAFLD and to delay the onset of its severe 

forms.266,267 Nevertheless, long-term trials are needed to 

test the effects of this diet and physical activity on the 

condition.267  

It is impossible to attribute the beneficial effects of the 

MedDiet to a single constituent. Bioactive components 

mainly present in plant-based foods (vegetables, fruits, 

nuts, legumes, grains, extra virgin olive oil, and wine) act 

synergistically to affect various metabolic pathways. 

The MedDiet has beneficial effects on lipid metabolism, 

insulin sensitivity, inflammation, oxidative stress, 

endothelial function, and gut microbiota, mainly 

through its unsaturated fatty acids composition, dietary 

fibre, antioxidant vitamins, and several 

phytochemicals.268 This explains the beneficial effects 

not only on CVD but also on cognition,269,270 certain 

types of cancer,271 other chronic conditions,272 and total 

mortality.273 

 

A. B. 
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F IG UR E 22 .  PO TENT IA L  MEC HANIS MS BY WH ICH T HE M EDDIE T  COU LD PRO TECT A GAINST 
CARDIOV ASCU L AR DIS EAS E S .  

Abbreviations: CVD, cardiovascular disease; PUFAs, polyunsaturated fatty acids; MUFAs, monounsaturated fatty acids; SCFA, short chain 
fatty acids; TMAO, trimethyl amine N-oxide. Adapted from: Salas-Salvadó et al. Progress in Cardiovascular Diseases 2018: 61: 62–67.  
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NORDIC DIET 
The Nordic diet is quite similar to the MedDiet in that it emphasizes traditional and local foods from the Nordic countries: 

whole grains such as barley, rye and oats, berries, cabbages and root vegetables, fatty fish and legumes, and it is low in 

sweets and red meat. Instead of olive oil, the Nordic diet is rich in rapeseed oil (low in saturated fat, high in alpha-linolenic 

acid).  

 

 

F IG UR E 23 .  T HE  NORD IC  D I ET .   

Source: created by the Finnish Heart Association, the Finnish Diabetes Association and the University of Eastern Finland. Originally 

published in Public health nutrition 2013: 17. 1-9. 10.1017. 

 

NORDIC DIET AND CARDIOMETABOLIC 
RISK FACTORS 
Several clinical trials indicate that the Nordic diet is 

beneficial for cardiometabolic health. A 2019 meta-

analysis of five RCTs (N=513) showed a significant 

reduction in total cholesterol by 0.38 mmol/L and LDL 

cholesterol by 0.30 mmol/L with the Nordic Diet.274 One 

6-week RCT (NORDIET) conducted in Sweden in 88 

people with hypercholesterolemia, comparing an ad 

libitum Nordic diet (providing all meals and foods for 

the participants) with the subjects' usual Western diet 

for 6 weeks, found a 21% reduction in LDL cholesterol 

on the Nordic diet.275 

A meta-analysis of four RCTs showed that the Nordic 

diet lowered systolic blood pressure by ~4mmHg, and 

diastolic blood pressure by ~2 mmHg.274 This level of 

reduction was confirmed by further studies.275,276  
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While the Nordic Diet does not appear to cause 

significant changes in inflammatory biomarkers 

(including CRP)277, the SYSDIET study indicates that it 

does reduce the expression of genes responsible for 

inflammatory pathways in adipose tissue.278  

The Nordic diet has little effect on fasting plasma 

glucose, but does show reduced serum insulin 

concentrations.279 A single meal following Nordic diet 

guidelines can improve postprandial glucose and 

insulin responses in healthy volunteers.280 A 12-week 

Nordic dietary intervention on participants with T2D 

showed significant HbA1c reductions.281 

In a 26-week RCT, participants with central obesity lost 

~6.2 kg on the Nordic diet, vs. ~3 kg on the average 

Danish diet, without counting calories. A one-year 

follow-up showed a regain of 4.6 kg on the Nordic and 

1.1 kg regain on the average Danish diet.276, 282 In another 

study, participants with a high adherence to the Nordic 

diet had lower waist circumferences than participants 

with low adherence, independent of BMI.283 

 

NORDIC DIET AND CARDIOMETABOLIC 
DISEASES 
Studies on the Nordic diet show mixed results on 

cardiometabolic outcomes. For example, the Swedish 

Women’s Lifestyle and Health cohort (N=43,310 with 

8,383 cases of heart disease) showed no association 

between high adherence to the Nordic diet and 

cardiovascular risk284, while a meta-analysis 

demonstrated a 7% reduction in CVD risk, and a 13% 

reduction in stroke risk.39 One study noted a reduced 

risk as high as 14% between high adherers to the Nordic 

diet compared to low adherers.285 In the EPIC-Potsdam 

study, however, the Nordic diet only showed a stroke 

benefit in men.286  

The Nordic diet additionally yielded mixed results for 

T2D. The EPIC-Potsdam study showed no risk 

reduction,286 while the Danish Diet, Cancer and Health 

cohort (N=55,060 with 7,366 T2D occurrences) 

demonstrated an inverse relationship between high 

adherence to the Nordic diet and T2D. In this study, 

women with highest adherence had a 25% reduced 

T2D risk, while men had a 38% reduced risk.287  

 In participants with components of metabolic 

syndrome, a 12-week Nordic dietary intervention 

lowered diastolic blood pressure by 4.4 mmHg. There 

was no difference in systolic blood pressure between 

Nordic intervention recipients and controls.288 The 

Nordic diet may also benefit other components of 

metabolic syndrome, such as dyslipidemia,275 

improvement in insulin resistance,279 and reduced waist 

circumference.283  

To our knowledge, at the time of writing, there are no 

intervention studies specifically examining the effects 

the Nordic diet may have on NAFLD. The Nordic diet 

has, however, shown some positive effects on the 

components of the metabolic syndrome. One study 

noted the presence of metabolic syndrome in ~65% of 

patients with confirmed NAFLD.289 Considering the 

demonstrated potential benefit for metabolic 

syndrome, and the common co-existence of metabolic 

syndrome and NAFLD, future studies should elucidate 

the effects of the Nordic diet on the treatment and 

prevention of NAFLD.  
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VEGETARIAN AND VEGAN DIETS 
Vegetarian diets emphasize the consumption of 

vegetables, fruits, soy, legumes, nuts, seeds and whole 

grains. Whereas vegetarian diets exclude all meat, 

vegan diets exclude all animal-derived products. 

VEGETARIAN DIETS AND 
CARDIOMETABOLIC DISEASES 
Vegetarian diets have been shown to reduce the risk of 

CVD.290 In the EPIC study, vegetarians had a 32% lower 

risk of developing CHD compared to non-

vegetarians.291 Systematic review and meta-analysis of 

eight prospective studies among Seventh-day 

Adventists also shows vegetarian diets to be associated 

with a 40% reduced risk of CHD events and a 29% 

reduction in cerebral vascular disease events, 

compared with non-vegetarians.292 Another meta-

analysis of prospective cohort studies on vegetarian 

diets showed a decreased risk of CHD mortality by 22% 

and incidence by 28%.182 A vegan diet centred on 

whole plant-based foods may even lead to reversal of 

heart disease, as evidenced by reduced size of 

atherosclerotic plaques in coronary arteries.293 

Vegetarian diets have also been shown to be 

protective against both haemorrhagic and ischemic 

stroke.294 The risk of ischemic stroke risk increases by 

24% with every additional daily serving of meat.295 The 

figure below summarizes the findings of a meta-

analysis of 7 prospective cohort studies, analysing the 

data from almost 200,000 participants. 

 

 

F IG UR E 24 .  V EG ETA RI AN DI ETS  AND CARD IOV ASCU LA R  DISEAS E .   

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; NA, not applicable. Adapted from: 
Glenn AJ et al. Front. Nutr. 2019, 6. 

 

Vegetarian diets have proven beneficial in both the 

prevention and treatment of T2D, leading to reductions 

in haemoglobin A1c and fasting blood glucose levels.296 

When combined with exercise, they necessitate the 

reduction of anti-diabetic medications.297 Even without 

exercise, vegetarian diets are more effective in the 

treatment of diabetes than a conventional diabetic 

diet.298 Finally, the prevalence of diabetes is cut in half 

in vegans and vegetarians compared with non-

vegetarians.299 

Participants in the Adventist Health Study-2 following a 

vegetarian diet had the lowest incidence of metabolic 

syndrome. Specifically, they had lower waist 

circumference, triglycerides, total and LDL-C, blood 

glucose, and blood pressure.300 Additionally, vegetarian 

diets are protective against NAFLD even after 

adjustment for BMI.27 Vegetarian diets are associated 

with a 21% lower risk of NAFLD compared with non-

vegetarian diets, even after adjustment for BMI. On the 

other hand, replacing a serving of soy with a serving of 

meat or fish was associated with 12%-13% increased 

risk.27 While weight loss may be one of the mechanisms 

behind improvements in NAFLD,30 plant-based diets 

low in saturated fat, high in fibre and unsaturated fatty 

acids, may have a positive impact on NAFLD even in the 

absence of weight loss.31 
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VEGETARIAN DIETS AND 
CARDIOMETABOLIC RISK FACTORS 
A meta-analysis examining vegetarian diets and blood 

lipids on behalf of the American Heart Association 

showed that LDL-C had a pooled lowering effect of ~6 

mg/dL (0.34mmol/L). This seemingly modest reduction 

in LDL-C translates into a 10% reduction in risk of heart 

disease.301 In a cross-sectional analysis of the Epic 

Oxford Cohort, vegans had the lowest LDL-C and this 

remained significant even after accounting for BMI. 

Another meta-analysis found that vegetarians have 

lower blood pressure than omnivores, independent of 

salt intake, weight, and exercise. Depending on study 

design, differences ranged from 4.8-6.9 mmHg systolic 

reduction and a 2.2-4.7 mmHg diastolic reduction.128 

One study compared the blood pressures of 

endurance athletes, sedentary vegans, and sedentary 

Western diet consumers. Blood pressure was lowest in 

the vegan group (~104/62), followed by endurance 

runners (~122/72), and highest in the Western diet 

control group (~132/70).302 It is important to note that 

when looking at populations with a normal blood 

pressure, a further decrease would not be a desirable 

outcome. While a sub analysis of studies with baseline 

systolic blood pressure ≥130 mm Hg revealed a clear 

decrease in both systolic (-4.1 mm Hg) and diastolic 

blood pressure (-4.0 mm Hg), particularly on a vegan 

diet303, studies in normotensive participants confirm that 

vegetarian and vegan diets indeed do not cause such 

blood-pressure-reducing effects in the normotensive 

population.  

Vegetarian diets are associated with lower CRP levels 

when used for at least two years, according to a review 

and meta-analysis of 18 studies.63 In contrast, red meat 

intake is associated with higher CRP levels.64 

Additionally, endothelial health can be maintained and 

even improved with a plant-based diet. An inverse 

relationship exists between consumption of saturated 

fat (found primarily in animal foods and some tropical 

oils) and flow-mediated dilation (a method of testing 

endothelial health).65 

One 16-week RCT demonstrated that a low-fat, plant-

based diet was able to improve insulin sensitivity and 

beta-cell function in participants without diabetes.77 

Improved insulin sensitivity has also been 

demonstrated in one study that replaced meat with soy 

products.303 Additionally, a meta-analysis demonstrated 

a 0.4% reduction in HbA1c, which is half the effect of 

metformin, an anti-diabetic medication.296 A more 

updated meta-analysis of eight RCTs showed a 

reduction in HbA1c of 0.3%.181 

Vegan diets are an effective weight control tool. In the 

BROAD study, researchers demonstrated impressive 

weight loss results with a whole food, plant-based diet, 

instructing their participants to eat to satiation and not 

count calories. A whole food, plant-based diet lowered 

BMI by 4.4 points, and participants maintained that 

weight loss at 12 months.74 A meta-analysis also 

confirmed that vegetarian diets help with weight loss, 

delineating that a vegan diet conferred the most weight 

loss.75 Additionally, data from the Adventist Health 

Study-2 show that those following a vegan diet are the 

only subset of people who average a healthy BMI, and 

that BMI increases in a stepwise fashion as more animal 

products enter the diet.76 
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CONCLUSION  
PLANT-BASED FOOD PATTERNS HAVE POSITIVE EFFECTS ON CARDIOMETABOLIC DISEASES 
AND THEIR RISK FACTORS  
  

The present findings demonstrate that the Mediterranean, DASH, Portfolio, Nordic, and the vegetarian diets may have 

positive effects on the incidence of and mortality from various CVD outcomes. These diets can help to improve several 

cardiometabolic risk factors. Emphasizing the consumption of vegetables, fruits, soy, legumes, nuts, seeds and whole 

grains, these plant-based diets, may be recommended for cardiometabolic health. 

 

    
 
F IG UR E 25 .  CH ANGES IN  B ODY WE IGH T,  LDL  C HOL EST EROL ,  SYS TOL IC  B LOOD PR ESSUR E AND Hb A1c .   

Abbreviations: LDL, low-density lipoprotein; HbA1c, glycosylated haemoglobin A1c. Adapted from: Kahleova H et al. Nutrients. 2019;11(9). 

 

 

BENEFITS AND BARRIERS OF A 
PLANT-BASED DIET  
Public views of plant-based diets show overall 

favourability. Australian researchers surveyed people 

about their perceived benefits and barriers to plant-

based diets. 70% of the 415 respondents recognized 

reduced saturated fat, increased fibre intake, and health 

benefits as driver to follow plant-based diets. The most 

common barrier was lack of information, a factor that 

could be remedied by knowledgeable healthcare 

providers and even the food industry.304 

Another study examined adherence of participants 

randomized to a vegan, vegetarian, pesco-vegetarian, 

semi-vegetarian, or an omnivore diet. Adherence was 

equal across all diets, regardless of whether the 

participants liked their assigned diets. Interestingly, at 

six months, even if participants weren’t completely 

adherent to their assigned vegan/vegetarian diets, they 

still consumed less cholesterol and lost more weight 

than their counterparts.305 This study shows that it’s 

reasonable for doctors to recommend big changes to 

their patients: even patients who don’t fully comply with 

recommendations are likely to see some health 

benefits. 

Finally, plant-based foods can likely be incorporated 

more into everyday meals without impacting food 

acceptability. One study demonstrated that replacing 

2/3 of the meat in a burrito bowl with vegetables and 

legumes yielded the same acceptability to its student 

consumers as the original meat-heavy burrito bowls.307 
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LINK BETWEEN DIET, GUT 
MICROBIOME DIVERSITY AND 
CARDIOMETABOLIC HEALTH 
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he gut microbiome consists of about a thousand 

microbial species with around 160 species in the 

large intestine of any individual. The 

combinations and abundances of species are hugely 

variable from person to person. Some promote health, 

while others do not. Keeping these bacteria in balance 

is essential for good health. Observational studies of the 

gut microbiomes of healthy subjects and patients 

suggest that the microbiome is associated with the 

promotion of health and in the aetiology or 

development of a range of gastrointestinal diseases 

and disorders such as inflammatory bowel disease, 

irritable bowel syndrome and colon cancer, and more 

recently in disease outside the gut namely obesity, 

diabetes and liver disease. Currently, there is not a great 

deal of consistency between studies in the specific 

types of bacteria involved. However, there is some 

consensus that microbiome diversity, i.e. having a wide 

variety of different species in the gut is important for 

good health and that loss of diversity is common in 

patients with these various diseases.308-310  

Components of plant-based foods, especially dietary 

fibre, are a major source of nutrients for gut bacteria 

that metabolise them into short-chain fatty acids (SCFA) 

– highly bioactive molecules that have been linked to a 

wide variety of health benefits.  

Increasing number of studies suggest that an effective 

way of increasing microbial diversity and SCFA 

production is to consume plant-based diets. A plant-

based diet allows a higher availability of fibres which 

cannot be digested by humans but are metabolized by 

the gut microbiota.  

SHORT-CHAIN FATTY ACIDS  
Fibre consumption increases the presence of beneficial 

bacteria in the digestive tract that produce SCFAs.311 

They are essential for maintaining good health and 

preventing disease.312 Specifically, SCFAs improve body 

weight, T2D, immunity, and inflammatory bowel 

disease.313,314  

In addition to fibre, plant protein, polyunsaturated and 

monounsaturated fat, and polyphenols all increase the 

diversity of the gut microbiome as well as SCFA-

producing bacteria in the gut.315,316  

TRIMETHYLAMINE N-OXIDE 
(TMAO) 
Animal products such as cheese, fish, eggs, and meat 

are high in the compounds L-carnitine and choline. The 

bacteria in the gut convert these compounds to 

trimethylamine (TMA). Afterward, TMA is converted into 

trimethylamine n-oxide (TMAO) by the liver, which has 

been shown to increase the risk of CVD.317 While a diet 

rich in animal products has been linked to higher TMAO 

levels, plant-based foods have the opposite effect and 

are associated with lower TMAO levels.328  

BODY WEIGHT AND GUT 
MICROBIOME 
Plant-based diets promote a healthy weight. Studies 

have suggested that people with excess body weight 

tend to have less microbial diversity.316 A lack of 

diversity has been linked to inflammatory diseases. 

Furthermore, overweight individuals tend to have more 

of the proinflammatory Firmicutes than anti-

inflammatory Bacteroidetes. 316 While animal-based 

diets tend to boost the proinflammatory Firmicutes 

population, eating plant-based foods builds up the anti-

inflammatory Bacteroidetes population, which can, in 

turn, help with weight loss. One study compared the 

diets of a Chinese population to an Indian population.319 

The Chinese population consumed significantly more 

animal products and fatty foods, while Indians 

consumed more whole grains and plant-based foods. 

The Indian population had almost four times the 

amount of Bacteroidetes and a better Bacteroidetes-to-

Firmicutes ratio when compared to the Chinese. 

Another study compared Italian children, who ate a 

low-fibre Western diet high in animal products, sugar, 

and fat, with children living in rural Africa, who 

consumed a lower-fat diet rich in starch, fibre, and 

plant-based foods overall. African children had more 

than double the amount of Bacteroidetes and a higher 

Bacteroidetes-to-Firmicutes ratio.320

T 
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F IG UR E 26 .  EF FEC T OF P LA NT-BASED D IE T  V S .  W EST ER N DIET  ON GU T BAC TER IA .   

Abbreviations: spp.: species pluralis. Adapted from Muralidharan J, et al J. Front Nutr. 2019;6:157.  
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IN CONCLUSION 
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KEY MESSAGES 
 

 Cardiovascular disease (CVD) continues to be 

the leading cause of death worldwide. In 

Europe, CVD accounts for 45% of all deaths. 

 Important behavioural factors associated with 

cardiometabolic disease risk include 

unhealthy diet, physical inactivity, tobacco 

use, and excessive alcohol use. Diet can be 
attributed to about 45.4% of all premature 
deaths from CVD.  

 Non-alcoholic fatty liver disease (NAFLD), a 

disease closely related to CVD with a 

prevalence as high as 90% in morbidly obese 

persons. NAFLD is expected to become the 

leading cause of end-stage liver disease 

worldwide over the next few decades. NAFLD 

has as only recommended treatment the 

change of lifestyle (diet and physical 

exercise).  

 There are different forms of plant-based 
eating patterns, from vegan over vegetarian 

to flexitarian-type diets. Plant-based eating 

does not necessarily exclude all animal 

products but puts plant-based foods such as 

fruits, vegetables, soy, legumes, wholegrains, 

nuts, seeds, vegetable oils and plant-based 

alternatives to meat and dairy at the core of 

the diet. 

 Plant-based diets like Mediterranean diet, 

Nordic diet, Portfolio diet, DASH diet, and 

vegetarian and vegan diets have several 

characteristics that may contribute to their role 

in cardiometabolic health. These include high 
fibre content, low caloric density, high 
nutrient density, lower saturated fat, 
beneficial fatty acid composition (higher in 
unsaturated fats) and anti-inflammatory 
compounds.  

 Nut consumption is linked to reduced risk of 

CVD and lower prevalence of T2D. Nuts have 

a beneficial nutritional profile: high in 

unsaturated fatty acids, low in carbohydrates, 

rich in fibre, minerals, vitamins and other 

bioactive compounds such as polyphenols. 

 Soybeans are high in protein and have a 

beneficial fat composition (low in saturates 

and containing poly-unsaturated fatty acids). 

Soy protein is a high-quality protein containing 

all the essential amino acids in sufficient 

quantities. Regular soy food consumption has 

been shown to have a significant and 

consistent cholesterol-lowering effect of 3 to 

5%. Beyond the effect on LDL, studies 

indicated that soy foods can also lower blood 

pressure. 

 Legumes are a good source of fibre and 

carbohydrates, and are considered a low-
glycaemic-index food. Legumes fit within a 

heart healthy diet.  

 Adherence to diets containing whole grains is 

associated with reduced incidence of 

diabetes and CVD and improved glycaemic 

control, blood pressure and lipids.  

 International dietary guidelines and clinical 

practice guidelines for diabetes and heart 

health are universal in their recommendation 

to consume fruits and vegetables (at least 

400g per day).  

 Plant-based foods and eating patterns are 

important in maintaining healthy blood 

cholesterol levels and subsequently a healthy 

heart. 

 Evidence is accumulating to suggest that 

blood pressure may also be lower in those 

following plant-based diets. 

 In addition, specific components found 

intrinsically in plant foods may also work 

together to bring further cardiometabolic 

benefits.  
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ENVIRONMENTAL BENEFITS  
On top of the health benefits, a plant-based diet is also 

at the core of more sustainable diets. To stay within the 

planetary boundaries, a combination of major dietary 

change to more plant-based foods, improved food 

production, and reduced food waste during all steps of 

the food chain will be needed. 

Several food-based dietary guidelines advise people to 

eat more plant-based foods not only for health but also 

for environmental considerations. Sweden was the first 

country in 2015 to link dietary health with planetary 

health.321 Other countries followed, including United 

Kingdom, Belgium, Germany and the Netherlands.322-

324,328 The general message was that less red meat 

should be eaten and more plant-based foods. The 

United States Dietary Guidelines Advisory Committee 

(DGAC) for example, advocated strongly for less red 

meat and for environmental considerations. In fact, one 

of the three diets put forward to the American people 

was a vegetarian diet, quite unusual when looking at 

earlier recommendations.244 This change has been 

driven by the accumulation of scientific evidence in the 

years since the last guideline was issued in 2015. Canada 

followed suit with its Food Guide which also mentions 

environmental reasons as a driver for change. The 

Guide’s food plate was also overhauled, to a plate 

largely consisting of plant-based foods.329 The focus is 

now on plant-based foods, especially sources of plant 

protein.  

Over the last few years, a significant amount of new 

evidence has emerged which support the need, from a 

sustainability perspective, to transition towards plant-

based diets. One of the most notable and influential 

scientific papers is that of the EAT-Lancet Commission 

Report from 2019.330 This report provides the first 

scientific targets for a Planetary Health diet from a 

sustainable food production system that operates 

within planetary boundaries for food. It specifically 

recommends ’diets consisting of a variety of plant-

based foods, with low amounts of animal-based foods, 

refined grains, highly processed foods, and added 

sugars, and with unsaturated rather than saturated fats’. 

The authors highlight the need to reduce, by more than 

50%, the global consumption of foods such as red meat 

and sugar and increase the consumption of nuts, fruits, 

vegetables, soy, legumes by more than two-fold, with 

global targets being applied locally to reflect regional 

differences in needs. Overall, they concluded that to 

stay within planetary boundaries, a combination of 

major dietary change, improved food production 

through enhanced agriculture and technology 

changes, and reduced food waste during all steps of 

the food chain from production to consumption 

(including farmers, processors, supermarkets, 

restaurants, and people at home) will be needed (for 

more info see Alpro Foundations scientific update 

‘More plant-based eating for the planet’ (2019)).  

Just recently the same authors analysed the health and 

environmental implications of adhering to national food 

based dietary guidelines from 85 countries and 

compared these with global health and environmental 

targets.331 They concluded that national guidelines 

could be both healthier and more sustainable if they 

were closer to the EAT Planetary Health diet which is a 

predominantly plant-based diet. The authors are calling 

national health authorities to revise their national dietary 

guidelines to integrate sustainability issues more and 

reinforce the health benefits.  

 

 

The EAT Foundation is calling national health authorities to update their national dietary guidelines taking health and 

environmental benefits into account. Limiting the consumption of animal-derived foods, in particular beef and dairy, has 

the greatest potential for increasing the environmental sustainability of dietary guidelines. Increasing the intake of whole 

grains, fruits, vegetables, nuts, seeds, and legumes, while reducing the intake of red and processed meat, and attaining 

balanced energy intake were associated with most of the health benefits. 
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