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β-carotene is widely available in plant-based foods. β-carotene supplementation had no beneficial effects on

cardiovascular disease (CVD) incidence and potential harmful effects on CVD mortality. 
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1. Introduction

Cardiovascular disease (CVD) is a major public health concern worldwide currently. It is the leading cause of death,

accounting for about one-third of global death and premature death in 2019 . Nutrient intake is an important modifiable

risk factor for CVD prevention. Previous meta-analyses have consistently shown that vegetarian diets are beneficial for

decreasing the risk of CVD mortality, especially for coronary disease mortality . A high consumption of vegetables,

fruits, whole grains, with low consumption of red meat, processed meat, and sodium reduces the incidence of heart failure

and cerebrovascular disease, such as stroke . Similar dietary patterns such as the Mediterranean diet also

demonstrate protective effects towards lower death rates among patients with a history of myocardial infarction .

There are multiple nutrients which are highly available in plants and fruits, including vitamin C, folate, flavonoids, and β-

carotene, which have been carefully examined in a few meta-analyses regarding their roles in CVD prevention and control

. β-carotene is a provitamin A carotenoid with antioxidant properties and the highest vitamin A activity.

Nevertheless, the bioavailability of natural β-carotene in plants is low . Some factors impacting bioavailability include

change of cell wall structure when processing foods and interaction with other dietary ingredients and phytochemicals in

the gastrointestinal tract . Hence, more attention has been given to β-carotene supplementation, which has become

an alternative for people to meet the recommended intake of β-carotene.

However, several studies have shown that β-carotene was associated with an increased risk of all-cause mortality .

The United States Preventive Services Task Force (USPSTF) in 2013 indicated a null effect of β-carotene on CVD

prevention but an increased risk for lung cancer; thus, it was not recommended to use β-carotene supplements for

prevention or treatment . However, thus far, most previous studies have examined the combined effects of β-carotene

with other antioxidants, and there are limited meta-analyses thoroughly discussing the effects of β-carotene treatment on

different CVD outcomes specifically.

Previous studies have indicated a potential harmful effect of β-carotene acting as a co-carcinogen in different age and

ethnic groups, while the conclusions were ambiguous when it comes to the single effects of β-carotene on CVD

prevention .

2. β-Carotene Supplementation and Risk of Cardiovascular Disease

2.1. Effects of β-Carotene on CVD Incidence

β-carotene showed a 4% increased risk on overall CVD incidence and a 17% risk increment of β-carotene supplements

for total stroke among adults compared with the placebo or controlled group. However, no effects were shown for major

CVD events, other CVD, or myocardial infarction separately, which were in accordance with previous meta-analyses 

. There is a 9% increased risk of CVD in the male population, while no effect was shown among female individuals;

thus, gender might play a role in β-carotene’s efficacy on cardiovascular incidence. There is an increased risk of total

stroke among male smokers and intracerebral hemorrhage among male heavy drinkers . However, in the Women’s

Health Study, no significant benefit or harm on stroke was observed among smokers (13% of female population at the

baseline) . Still, there was a possibility of random findings because of the small sample size. In addition, the gender
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differences may also be caused by the different health behaviors between men and women. Both cigarette smoking and

heavy alcohol intake are established risk factors for stroke. Tobacco use facilitates the development of free radicals and

atherosclerotic process . It also increases the stroke risk by decreasing cerebral blood flow . Studies also showed

that, under certain conditions such as high oxygen concentration, β-carotene switched to a pro-oxidant effect .

This pro-oxidant mechanism generates the β-carotene radical cation, which requires vitamin C to repair. However, due to

the low serum level of vitamin C in smokers, the β-carotene radical may lead to an increased risk of cardiovascular

disease . Heavy alcohol consumption (more than 3 to 4 drinks per day) causes harmful physiological responses and is

associated with higher cardiovascular risk, which is apparent in both men and women . Since smoking and drinking

rates among male individuals are generally higher than female, these differences in proportion may lead to the

discrepancy of β-carotene’s efficacy on stroke or CVD incidence in sex groups. In general, the risk increment of CVD

among smoking populations is 14%.

Results also indicated an increased risk of CVD in the subgroups of low-dose and single treatment of β-carotene. This

result conflicts with previous meta-analyses which showed null effects . However, this finding can be explained by

previous literature. A previous study manifested that, besides the oxygen tension, the β-carotene concentration and

interactions with other antioxidants also influenced the pro-oxidant effect of β-carotene . Animal studies suggested that

excess dietary intake of β-carotene facilitated the peroxidation in vivo, especially in an α-tocopherol-deficient diet since

the presence of other antioxidants in the body might attenuate the pro-oxidant effect of β-carotene .

In nutrient-deficient populations, the effect of β-carotene supplementation is unclear. A study conducted in rural Nepal

indicated beneficial effects of maternal β-carotene supplementation on decreased risk of hypertension among their

undernourished children with a high waist circumference, while no overall benefits on cardiovascular risk factors were

observed . To provide better recommended daily β-carotene intake in different populations, it suggests conducting

further research focused on vitamin interventions in malnourished populations at different ages. In addition, thus far,

although both China and the United States have set the tolerable upper intake level (UL) for preformed vitamin A, which is

3000 μg/day for adults , there is a lack of consideration regarding the specific effects of β-carotene intake. Knowing

the populations’ nutrient status and cardiovascular risk at baseline is essential for understanding the necessity of setting

the UL for β-carotene.

2.2. Effects of β-Carotene on CVD Mortality

β-carotene was consistently associated with increased risk of mortality, including CVD mortality and all-cause mortality.

Harmful effects were also observed in the single-treatment subgroup. Previous studies also indicated that high-dose,

single or combined intervention of β-carotene increased the risk of all-cause mortality . In at-risk and smoking

populations, there are positive associations between β-carotene and CVD mortality. The USPSTF report also identified an

increased risk of lung cancer in the high-risk population or smokers and hypothesized that the single supplementation of

vitamins affected the physiologic system in an implicated way which could be either ineffective or could dose-harm to a

certain disease risk .

3. Summary

β-carotene had no beneficial effects on CVD incidence and had potential harmful effects on CVD mortality. The use of β-

carotene given singly for prevention purposes is not recommended. The daily supplemental use of β-carotene among

individuals with CVD histories, cigarettes smokers, and heavy drinkers should be avoided. In the future, it is useful to

further explore the combination effects of β-carotene use and antioxidants in multivitamin treatments in suboptimal

populations with nutrient deficiencies and investigate the effects among different sex and age groups.

References

1. WHO. Cardiovascular Diseases (CVDS). 2021. Available online: https://www.who.int/news-room/fact-
sheets/detail/cardiovascular-diseases-(cvds) (accessed on 1 February 2022).

2. Huang, T.; Yang, B.; Zheng, J.; Li, G.; Wahlqvist, M.L.; Li, D. Cardiovascular disease mortality and cancer incidence in
vegetarians: A meta-analysis and systematic review. Ann. Nutr. Metab. 2012, 60, 233–240.

3. Kwok, C.S.; Umar, S.; Myint, P.K.; Mamas, M.A.; Loke, Y.K. Vegetarian diet, Seventh Day Adventists and risk of
cardiovascular mortality: A systematic review and meta-analysis. Int. J. Cardiol. 2014, 176, 680–686.

4. Djoussé, L.; Driver, J.A.; Gaziano, J.M. Relation between modifiable lifestyle factors and lifetime risk of heart failure.
Jama 2009, 302, 394–400.

[19] [19]

[20][21][22]

[21]

[20]

[9]

[22]

[22][23][24]

[25]

[26][27]

[8][9]

[7]



5. Micha, R.; Peñalvo, J.L.; Cudhea, F.; Imamura, F.; Rehm, C.D.; Mozaffarian, D. Association between dietary factors
and mortality from heart disease, stroke, and type 2 diabetes in the United States. Jama 2017, 317, 912–924.

6. Sikalidis, A.K.; Kelleher, A.H.; Kristo, A.S. Mediterranean Diet. Encyclopedia 2021, 1, 31.

7. Fortmann, S.P.; Burda, B.U.; Senger, C.A.; Lin, J.S.; Whitlock, E.P. Vitamin and mineral supplements in the primary
prevention of cardiovascular disease and cancer: An updated systematic evidence review for the US Preventive
Services Task Force. Ann. Intern. Med. 2013, 159, 824–834.

8. Bjelakovic, G.; Nikolova, D.; Gluud, L.L.; Simonetti, R.G.; Gluud, C. Antioxidant supplements for prevention of mortality
in healthy participants and patients with various diseases. Cochrane Database Syst. Rev. 2012, 18, 3.

9. Schwingshackl, L.; Boeing, H.; Stelmach-Mardas, M.; Gottschald, M.; Dietrich, S.; Hoffmann, G.; Chaimani, A. Dietary
supplements and risk of cause-specific death, cardiovascular disease, and cancer: A systematic review and meta-
analysis of primary prevention trials. Adv. Nutr. 2017, 8, 27–39.

10. Ye, Y.; Li, J.; Yuan, Z. Effect of antioxidant vitamin supplementation on cardiovascular outcomes: A meta-analysis of
randomized controlled trials. PLoS ONE 2013, 8, e56803.

11. Jenkins, D.J.; Spence, J.D.; Giovannucci, E.L.; Kim, Y.i.; Josse, R.; Vieth, R.; Blanco Mejia, S.; Viguiliouk, E.; Nishi, S.;
Sahye-Pudaruth, S.; et al. Supplemental vitamins and minerals for CVD prevention and treatment. J. Am. Coll. Cardiol.
2018, 71, 2570–2584.

12. Donhowe, E.G.; Kong, F. Beta-carotene: Digestion, microencapsulation, and in vitro bioavailability. Food Bioprocess
Technol. 2014, 7, 338–354.

13. Derrick, S.A.; Kristo, A.S.; Reaves, S.K.; Sikalidis, A.K. Effects of Dietary Red Raspberry Consumption on Pre-Diabetes
and Type 2 Diabetes Mellitus Parameters. Int. J. Environ. Res. Public Health 2021, 18, 9364.

14. Rein, M.J.; Renouf, M.; Cruz-Hernandez, C.; Actis-Goretta, L.; Thakkar, S.K.; da Silva Pinto, M. Bioavailability of
bioactive food compounds: A challenging journey to bioefficacy. Br. J. Clin. Pharmacol. 2013, 75, 588–602.

15. Vivekananthan, D.P.; Penn, M.S.; Sapp, S.K.; Hsu, A.; Topol, E.J. Use of antioxidant vitamins for the prevention of
cardiovascular disease: Meta-analysis of randomised trials. Lancet 2003, 361, 2017–2023.

16. Leppälä, J.M.; Virtamo, J.; Fogelholm, R.; Albanes, D.; Taylor, P.R.; Heinonen, O.P. Vitamin E and beta carotene
supplementation in high risk for stroke: A subgroup analysis of the Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study. Arch. Neurol. 2000, 57, 1503–1509.

17. Kataja-Tuomola, M.K.; Kontto, J.P.; Männistö, S.; Albanes, D.; Virtamo, J.R. Effect of alpha-tocopherol and beta-
carotene supplementation on macrovascular complications and total mortality from diabetes: Results of the ATBC
Study. Ann. Med. 2010, 42, 178–186.

18. Lee, I.M.; Cook, N.R.; Manson, J.E.; Buring, J.E.; Hennekens, C.H. β-Carotene supplementation and incidence of
cancer and cardiovascular disease: The Women’s Health Study. J. Natl. Cancer Inst. 1999, 91, 2102–2106.

19. Shah, R.S.; Cole, J.W. Smoking and stroke: The more you smoke the more you stroke. Expert Rev. Cardiovasc. Ther.
2010, 8, 917–932.

20. Burton, G.W.; Ingold, K. Beta-carotene: An unusual type of lipid antioxidant. Science 1984, 224, 569–573.

21. Truscott, T. β-Carotene and disease: A suggested pro-oxidant and anti-oxidant mechanism and speculations
concerning its role in cigarette smoking. J. Photochem. Photobiol. B Biol. 1996, 35, 233–235.

22. Palozza, P. Prooxidant actions of carotenoids in biologic systems. Nutr. Rev. 1998, 56, 257–265.

23. Andersen, H.R.; Andersen, O. Effects of dietary α-tocopherol and β-carotene on lipid peroxidation induced by methyl
mercuric chloride in mice. Pharmacol. Toxicol. 1993, 73, 192–201.

24. Lomnitski, L.; Bergman, M.; Schön, I.; Grossman, S. The effect of dietary vitamin E and ß-carotene on oxidation
processes in the rat testis. Biochim. Biophys. Acta (BBA)-Lipids Lipid Metab. 1991, 1082, 101–107.

25. Stewart, C.; Christian, P.; Katz, J.; Schulze, K.; Wu, L.; LeClerq, S.; Shakya, T.; Khatry, S.; West, K. Maternal
supplementation with vitamin A or β-carotene and cardiovascular risk factors among pre-adolescent children in rural
Nepal. J. Dev. Orig. Health Dis. 2010, 1, 262–270.

26. CNS. Chinese Dietary Reference Intakes (2013); Science Press: Beijing, China, 2014.

27. Trumbo, P.; Yates, A.A.; Schlicker, S.; Poos, M. Dietary reference intakes: Vitamin A, vitamin K, arsenic, boron,
chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc. J. Am. Diet. Assoc. 2001,
101, 294–301.

Retrieved from https://encyclopedia.pub/entry/history/show/49925




