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Noncommunicable diseases (NCDs) are considered to be the leading cause of death worldwide. Inadequate fruit and

vegetable intake have been recognized as a risk factor for almost all NCDs (type 2 diabetes mellitus, cancer, and

cardiovascular and neurodegenerative diseases). 
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1. Introduction

The principal cause of death worldwide is cardiovascular disease (CVD), being the leading cause of death in developed

countries . The World Health Organization (WHO) estimated 17.7 million deaths were due to CVD in 2015, representing

31% of all causes of death .

Atherosclerosis is the main cause of CVD. It is a chronic, generalized, and progressive disease, which results from a

chronic inflammatory process that affects the arteries of different vascular beds and is characterized by thickening of the

intimate layer and a loss of elasticity in half of the cases . Both oxidative stress and systemic inflammation can be

modified by a healthy lifestyle, including a healthy and balanced diet, physical activity, moderate alcohol consumption, and

stopping tobacco use .

On the other hand, according to the WHO, in 2017, an estimated 3.9 million deaths worldwide were attributable to

inadequate fruit and vegetable (F/V) consumption . Moreover, noncommunicable diseases (NCDs) such as type 2

diabetes mellitus (T2DM), cancer, and heart disease are collectively responsible for over 70% of all deaths worldwide, that

is, 41 million people . Indeed, all NCDs are known to present low-grade inflammation that characterizes these

pathologies with high concentrations of some inflammatory biomarkers.

It is known that F/V are good sources of dietary fiber, vitamins, minerals, and many non-nutrient substances that are

beneficial for our health, such as flavonoids, plant sterols, and other antioxidants . Taking into account the nutritional

composition of F/V, they should make up a large portion of our diet. In fact, the WHO and other health organizations

recommend increased intake of F/V (≥400 g/day) to improve overall health and reduce the risk of NCDs, which include

illnesses such as heart disease, cancer, diabetes, and obesity, as well as for the prevention and alleviation of several

micronutrient deficiencies .

Adequate F/V intake as a part of a healthy dietary pattern has been demonstrated to reduce the prevalence of the most

frequent NCDs such as T2DM, CVD, obesity or metabolic syndrome (MetS), which are risk factors of CVD . This is due

to the potential properties of the phytochemical content of F/V (Figure 1) such as antioxidation, inflammatory biomarkers

modulation, anti-platelet and anti-aggregation, as well as improvement of the lipid profile, glucose metabolism, and blood

pressure . Thus, an adequate intake of F/V as part of the daily diet may reduce the risk of some NCDs including

CVDs, certain types of cancer , and all-cause mortality . Inverse associations have also been observed between

the intake of F/V separately and combined and the risk of coronary heart disease (CHD), stroke , and CVD .
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Figure 1. Summary of the potential health benefits of the main bioactive compounds contained in fruits and vegetables

mentioned in this study.

According to Scicchitano et al. , to date, there is vast scientific evidence about the effectiveness of nutraceuticals

against the development of CVD and in reducing the burden of the atherosclerotic process. Nevertheless, how these

nutraceuticals exert their positive action on the cardiovascular system is not yet known. It should be highlighted that the

positive health effects of these bioactive compounds have mainly been based on observational, in vitro, and in vivo

studies . While there is sufficient in vitro evidence supporting the antioxidant, anti-inflammatory, and antidiabetic effects,

among others, of allicin, flavonoids, or stilbenes, the in vivo studies available have reported controversial results,

indicating that further research are required. To demonstrate and corroborate the results observed in these in vitro and in

vivo studies, large controlled clinical trials are needed in humans . To know the underlying mechanisms

involved in the absorption of different biocompounds according to the health status of the individual, ethnicity, sex, or age,

as well as the possible bioavailability, degradation, metabolism, and excretion of this individual should be studied since

this might partly explain the differences observed among studies performed. In this context, and according to Castro-

Barquero et al. , gut microbiota plays a key role in the metabolization of dietary polyphenols. Gut microbiota can modify

the absorption, bioavailability, and biological activity of dietary polyphenols, which may explain the contradictory results

obtained among the different studies.

2. Dietary Polyphenol and Carotenoid Intake

One point to consider in this review is dietary polyphenol intake. In Mediterranean countries such as Spain, Greece, Italy,

or the South of France, the intake of total polyphenols is around 1011 mg/day in comparison with the United Kingdom

(1521 mg/day) and non-Mediterranean countries (1284 mg/day) . According to Zamora-Ros et al. , flavonoids (49–

62%) represent the highest intake of total polyphenols in Mediterranean countries, followed by phenolic acids (34–44%),

lignans (0.3–0.5%), and stilbenes (0.1–0.5%). On the other hand, tomatoes and tomato-based products make up the

highest contribution to dietary lycopene intake (15–55%) in European countries . Fruits are the main food source of

flavonoids (around 45%), while wine is the main source of stilbenes .

On one hand, with regard to the habitual intake of polyphenols, it has been reported that total polyphenol intake is 664

mg/day, of which the weighted dietary mean intake of phenolic acids is 363 mg/day, being 259 mg/day for flavonoids .

The dietary intake of anthocyanins has been estimated to be around 11.6 mg/day for individuals aged ≥20 years . The

average range of flavan-3-ol intake (a subclass of flavonoid) was also estimated to be 180 to 600 mg per person per day

, while the mean intake of proanthocyanidins is around 95 mg/day in the American population , and stilbenes intake,

as a sum of resveratrol and piceid, would be between 0.933 to 4000 µg per person and day .With respect to

hydroxytyrosol, its estimated consumption per day in Spain has been estimated at 5.6 mg (0.3 mg from extra virgin olive

[15]

[15]

[15][16][17][18][19]

[20]

[20] [21]

[22]

[21]

[20]

[23]

[24] [25]

[26]



oil (EVOO) and 5.3 mg from olives) considering an average consumption of EVOO and olives of 15 g/day and 7 g/day,

respectively . Hydroxytyrosol has a bioavailability of 99%, making it easily is integrated into our organism. Therefore, it

has been reported that a daily intake of 5.6 mg of hydroxytyrosol could exert great benefits for the human body .

On the other hand, Burrows et al.  reported that the mean intake of the most common dietary carotenoid, lycopene, is

of 4555.4 µg/day. Finally, there is no standard available for the intake of garlic. On one hand, it has been suggested that

health benefits can be observed after a daily intake of 1–2 cloves garlic or around 4 g of whole garlic, but there is no

scientific reference to support this . Other authors have reported that an average daily dose of dehydrated garlic

powder of 900 mg/day has health benefits, although according to several studies the effectiveness of aged garlic extract

(AGE) on immune enhancement in humans varies from 1.8 to 10 g per day .

Finally, Sones et al.  also estimated the average daily intake of total and individual glucosinolate content in both the

fresh and cooked cruciferous vegetables using data from the 1980 National Food Survey in the UK. Thus, they reported

that the mean daily intake of glucosinolates was 6.7 mg/day of oxazolidine-2-thiones and 17.7 mg/day of thiocyanate ion.

Although the estimated daily intake of total glucosinolates was 75 mg/day, the authors also reported that certain

individuals could have consumption higher than 300 mg total glucosinolates per day.

3. Health Potential of Selected Fruits and Vegetables

While multiple factors can contribute to the incidence and prevalence of atherosclerosis, the prevention of this disease

can be reduced by the high consumption of F/V. Of all the possible foods and phytochemicals involved, we have selected

those showing the greatest evidence of having a role in the prevention of atherosclerosis in the last years (Figure 1).

4. Conclusions

According to the evidence currently available, various fruit and vegetable bio-compounds (flavonoids, sulfur, quercetin,

allium, stilbene, etc.) seem to exert numerous benefits against atherosclerosis, whether consumed as whole fruits and

vegetables and their bioactive compounds or as supplements. Nevertheless, while many factors might explain the

differences between the studies that failed to demonstrate the possible benefits of the direct action of the bioactive

compound of a food consumed, the usual dose of these foods may be very different from the dose actually needed to

achieve any beneficial effect.

Although there is currently a large amount of scientific evidence regarding the benefits of F/V against chronic inflammatory

diseases such as T2DM, cancer, or CVD, the highest level of evidence should be based on the results of well-designed,

large, long-term RCTs.

Therefore, before F/V can be proposed as a tool to aid in the prevention of NCDs such as MetS, obesity, cognitive

disorders, or the risk of mortality, more clinical trials are needed to confirm their potential beneficial effects.

References

1. Benjamin, E.J.; Virani, S.S.; Callaway, C.W.; Chamberlain, A.M.; Chang, A.R.; Cheng, S.; Chiuve, S.E.; Cushman, M.;
Delling, F.N.; Deo, R.; et al. Heart Disease and Stroke Statistics-2018 Update: A Report from the American Heart
Association. Circulation 2018, 137, e67–e492.

2. WHO Cardiovascular Diseases (CVDs). Available online: http://www.who.int/cardiovascular_diseases/ (accessed on 24
July 2019).

3. Frostegård, J. Immunity, atherosclerosis and cardiovascular disease. BMC Med. 2013, 11, 117.

4. Mozaffarian, D. Dietary and Policy Priorities for Cardiovascular Disease, Diabetes, and Obesity—A Comprehensive
Review. Circulation 2016, 33, 187–225.

5. Chatzianagnostou, K.; Del Turco, S.; Pingitore, A.; Sabatino, L.; Vassalle, C. The Mediterranean Lifestyle as a Non-
Pharmacological and Natural Antioxidant for Healthy Aging. Antioxidants 2015, 4, 719–736.

6. Latifovic, L.; Peacock, S.D.; Massey, T.E.; King, W.D. The Influence of Alcohol Consumption, Cigarette Smoking, and
Physical Activity on Leukocyte Telomere Length. Cancer Epidemiol. Biomarkers Prev. 2016, 25, 374–380.

7. World Health Organization. Increasing Fruit and Vegetable Consumption to Reduce the Risk of Noncommunicable
Diseases. Available online: https://www.who.int/elena/titles/fruit_vegetables_ncds/en/ (accessed on 24 July 2019).

[27]

[27]

[28]

[29]

[29]

[30]



8. World Health Organization. Ten Threats to Global Health in 2019. Available online:
https://www.who.int/emergencies/ten-threats-to-global-health-in-2019 (accessed on 24 July 2019).

9. Zhou, Y.; Zheng, J.; Li, S.; Zhou, T.; Zhang, P.; Li, H.B. Alcoholic beverage consumption and chronic diseases. Int. J.
Environ. Res. Public Health 2016, 13, 522.

10. Casas, R.; Ruiz-León, A.M.; Estruch, R. Circulating immune cell activation and diet: A review on human trials. J. Allergy
Immunol. 2017, 1, 1–9.

11. Tang, G.Y.; Meng, X.; Li, Y.; Zhao, C.N.; Liu, Q.; Li, H.B. Effects of Vegetables on Cardiovascular Diseases and Related
Mechanisms. Nutrients 2017, 9, 857.

12. Aune, D.; Giovannucci, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.; Vatten, L.J.;
Tonstad, S. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality—a
systematic review and dose-response meta-analysis of prospective studies. Int. J. Epidemiol. 2016, 46, 1029–1056.

13. Crowe, F.L. Fruit and vegetable consumption is associated with reduced all-cause and cardiovascular mortality. Evid.
Based. Med. 2014, 20, 14.

14. Hu, D.; Huang, J.; Wang, Y.; Zhang, D.; Qu, Y. Fruits and vegetables consumption and risk of stroke: A meta-analysis of
prospective cohort studies. Stroke 2014, 45, 1613–1619.

15. Scicchitano, P.; Cameli, M.; Maiello, M.; Modesti, P.A.; Muiesan, M.L.; Novo, S.; Palmiero, P.; Saba, P.S.; Pedrinelli, R.;
Ciccone, M.M.; et al. Nutraceuticals and dyslipidaemia: Beyond the common therapeutics. J. Funct. Foods 2014, 6, 11–
32.

16. Bubols, G.B.; ViannaDda, R.; Medina-Remon, A.; von Poser, G.; Lamuela-Raventos, R.M.; Eifler-Lima, V.L.; Garcia,
S.C. The antioxidant activity of coumarins and flavonoids. Mini Rev. Med. Chem. 2013, 13, 318–334.

17. Tsui, P.F.; Lin, C.S.; Ho, L.J.; Lai, J.H. Spices and Atherosclerosis. Nutrients 2018, 10, 1724.

18. Hoek-van den Hil, E.F.; van Schothorst, E.M.; van der Stelt, I.; Swarts, H.J.M.; van Vliet, M.; Amolo, T.; Vervoort, J.J.M.;
Venema, D.; Hollman, P.C.H.; Rietjens, I.M.; et al. Direct comparison of metabolic health effects of the flavonoids
quercetin, hesperetin, epicatechin, apigenin and anthocyanins in high-fat-diet-fed mice. Genes Nutr. 2015, 10, 469.

19. Berman, A.Y.; Motechin, R.A.; Wiesenfeld, M.Y.; Holz, M.K. The therapeutic potential of resveratrol: A review of clinical
trials. NPJ Precis. Oncol. 2017, 1, 35.

20. Castro-Barquero, S.; Lamuela-Raventós, R.M.; Doménech, M.; Estruch, R. Relationship between Mediterranean
Dietary Polyphenol Intake and Obesity. Nutrients 2018, 10, 1523.

21. Zamora-Ros, R.; Knaze, V.; Rothwell, J.A.; Hémon, B.; Moskal, A.; Overvad, K.; Tjønneland, A.; Kyrø, C.; Fagherazzi,
G.; Boutron-Ruault, M.C.; et al. Dietary polyphenol intake in Europe: The European Prospective Investigation into
Cancer and Nutrition (EPIC) study. Eur. J. Nutr. 2016, 55, 1359–1375.

22. Kim, J.H.; Lee, J.; Choi, I.J.; Kim, Y.I.; Kwon, O.; Kim, H.; Kim, J. Dietary Carotenoids Intake and the Risk of Gastric
Cancer: A Case-Control Study in Korea. Nutrients 2018, 10, 1031.

23. Wallace, T.C.; Giusti, M.M. Anthocyanins. Adv. Nutr. 2015, 6, 620–622.

24. Vogiatzoglou, A.; Mulligan, A.A.; Luben, R.N.; Lentjes, M.A.; Heiss, C.; Kelm, M.; Merx, M.W.; Spencer, J.P.; Schroeter,
H.; Kuhnle, G.G. Assessment of the dietary intake of total flavan-3-ols, monomeric flavan-3-ols, proanthocyanidins and
theaflavins in the European Union. Br. J. Nutr. 2014, 111, 1463–1473.

25. Wang, Y.; Chung, S.J.; Song, W.O.; Chun, O.K. Estimation of daily proanthocyanidin intake and major food sources in
the U. S. diet. J. Nutr. 2011, 141, 447–452.

26. Vang, O.; Ahmad, N.; Baile, C.A.; Baur, J.A.; Brown, K.; Csiszar, A.; Das, D.K.; Delmas, D.; Gottfried, C.; Lin, H.Y.; et al.
What is new for an old molecule? Systematic review and recommendations on the use of resveratrol. PLoS ONE 2011,
6, e19881.

27. Martínez, L.; Ros, G.; Nieto, G. Hydroxytyrosol: Health Benefits and Use as Functional Ingredient in Meat. Medicines
2018, 5, 13.

28. Burrows, T.L.; Williams, R.; Rollo, M.; Wood, L.; Garg, M.L.; Jensen, M.; Collins, C.E. Plasma carotenoid levels as
biomarkers of dietary carotenoid consumption: A systematic review of the validation studies. J. Nutr. Intermed. Metab.
2015, 2, 15–64.

29. Rahman, M.S. Allicin and other functional active components in garlic: Health benefits and bioavailability. Int. J. Food
Prop. 2007, 10, 245–268.

30. Sones, K.; Heaney, R.K.; Fenwick, G.R. An estimate of the mean daily intake of glucosinolates from cruciferous
vegetables in the UK. J. Sci. Food Agric. 1984, 35, 712–720.



Retrieved from https://encyclopedia.pub/entry/history/show/31293


