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Abstract: Vegetarian diets have been associated with atherosclerosis protection,
with healthier atherosclerosis risk profiles, as well as lower prevalence of, and mortality
from, ischemic heart disease and stroke. However, there are few data concerning the
possible cardiovascular effects of a vegan diet (with no meat, dairy or egg products).
Vitamin B-12 deficiency is highly prevalent in vegetarians; this can be partially alleviated
by taking dairy/egg products in lact-ovo-vegetarians. However, metabolic vitamin B-12
deficiency is highly prevalent in vegetarians in Australia, Germany, Italy and Austria,
and in vegans (80%) in Hong Kong and India, where vegans rarely take vitamin B-12
fortified food or vitamin B-12 supplements. Similar deficiencies exist in northern Chinese
rural communities consuming inadequate meat, egg or dairy products due to poverty or
dietary habits. Vascular studies have demonstrated impaired arterial endothelial function
and increased carotid intima-media thickness as atherosclerosis surrogates in such
metabolic vitamin B-12 deficient populations, but not in lactovegetarians in China.
Vitamin B-12 supplementation has a favourable impact on these vascular surrogates in
Hong Kong vegans and in underprivileged communities in northern rural China.
Regular monitoring of vitamin B-12 status is thus potentially beneficial for early detection
and treatment of metabolic vitamin B-12 deficiency in vegans, and possibly for prevention
of atherosclerosis-related diseases.
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1. Introduction
Vegetarian diets have been recognized as potentially cardio-protective. Many people start
vegetarian diets amounting to 5%–6% of population for perceived health benefits, emphasizing more
fruits, vegetables, nuts and grains but less dairy or meat products [1–4]. There is sizeable literature to
document a lower prevalence of diabetes mellitus, hypertension, hypercholesterolemia [5,6],
lower prevalence and mortality from ischemic heart disease and stroke in vegetarians, as compared
with non-vegetarian omnivores [5–8].
To (potentially) extend the health benefits, vegan diets (vegetarian diets without dairy or egg
products) are increasingly popular, particular among young women (prevalence of 2%–4%).
Preference of such nutritional choices centre around better care of earth resources and environment,
ethical issues on animal care, use of growth stimulants and antibiotics for rearing of animals,
concern about animal-borne diseases, potential allergies and lactose intolerance from dairy products.
While evidence from epidemiology studies in the past two decades are suggesting that most balanced
vegetarian diets are nutritionally adequate and associated with a lower risk of coronary artery disease
and stroke [9–11], the advantage of strict vegan diet as compared with lactovegetarian diet remains
unproven, and thus advocacy for vegan diets has been cautious [9,10].
The present paper aims to specifically address and review the existing evidence concerning the
possible impact of vegan or related diets on cardiovascular health.
2. Methods
We performed an independent literature review via internet using PubMed/Medline, EMBASE
Google and Yahoo database from 1997 to July 2014. The following search keywords were used:
vegetarians/vegetarian diets, vegan, vegan diets, cardiometabolic risk, vitamin B-12 status,
cardiovascular risk, cardiovascular disease or events, atherosclerosis surrogates. Inclusion criteria
were: (a) prospective cohort studies or review of studies in either or both genders; (b) data comparing
cardiovascular risk and outcome in vegetarians vs. non-vegetarians and/or vegans; (c) reports with well
defined dietary patterns as exposures. Animal studies and studies not reporting relevant cardiovascular
health or subclinical atherosclerosis outcomes were excluded. We adopted the definition of
non-vegetarians as omnivores consuming red meat, poultry, fish, dairy or egg products regularly,
lacto-ovo-vegetarians as those consuming dairy and egg products regularly, but no red meat, poultry or
fish for over two years, and vegans as those consuming no red meat, dairy/egg products, poultry nor
fish for over two years. Our review specifically focused on their vitamin B-12 status and
cardiovascular risk or outcome.
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3. Atherosclerosis Surrogate and Vascular Epidemiology
Epidemological studies on the prevalence of atherosclerosis-related disease in vegans are scarce.
Those few studies available show that vegan diet in 21 sedentary subjects is associated with lower
cardio metabolic risk (lower fasting glucose, insulin and lipid profiles and body mass index)
compared with 21 sedentary subjects on traditional western diets [11], but studies of Adventist and
EPIC-Oxford cohorts showed no definite protection of strict vegan against non-vegetarian life styles
(hazard ratio of ischemic heart disease mortality 0.90 (0.60–1.33); cardiovascular disease mortality
0.91 (0.71–1.16)) [12,13]. Atherosclerosis surrogates may thus be useful, in the absence of clinical
endpoint studies. In this regard, flow-mediated endothelium-dependent dilation (vascular reactivity,
FMD) and carotid intima-media thickness (inner lining, IMT) have emerged as atherosclerosis
surrogates in the past two decades (Figure 1) [14–17]. Atherosclerosis begins early in life. Endothelial
dysfunction contributes to atherogenesis and precedes the development of vascular morphological
changes. Measurement of endothelial function has thus given insights into early atherosclerosis in
particular. Many studies have suggested that non-invasive ultrasound-derived endothelial function
assessment using stringent protocols be reproducible and informative for cardiovascular risk and
assessment of overall atherosclerosis burden [18–23]. For instance, endothelial dysfunction is
associated with traditional atherosclerosis risk factors (active and passive smoking,
hypercholesterolemia, hypertension, obesity and diabetes mellitus), hyperhomocysteinemia and
coronary artery disease [24–30], with improvement on correction of these risk factors, in certain
circumstances [31,32]. Moreover, using FMD as a marker of endothelial dysfunction, Chinese adults
were documented to be less susceptible than whites to age-related endothelial dysfunction [33];
young Chinese adults have less endothelial dysfunction than white adults with similar exposure to
active or passive cigarette smoking [34]; westernized Chinese in Sydney and San Francisco are more
susceptible than southern rural Chinese to dose-related vascular effects of smoking and to the
deleterious impact of low high-density lipoprotein cholesterol levels [35].
Similarly, carotid IMT derived by high resolution ultrasound is highly reproducible, correlates well
with severity and extent of coronary artery disease [36,37], and may be predictive of stroke and
coronary events in asymptomatic healthy subjects [16,17,38]. Increased carotid IMT has been shown
to be a marker of subclinical atherosclerosis in westernized Chinese and in rural India [35–39], and is
associated with a more atherogenic dietary pattern. Similar high susceptibility to risk factors for carotid
atherosclerosis in populations undergoing rapid economic changes has been demonstrated in southern
Asians and in Chinese immigrants to Canada [40]. Significant improvements in carotid IMT have been
reported in coronary populations after adjunctive traditional Chinese medicine treatment [41], and in
renal failure patients after high dose folic acid supplementation [42].
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Figure 1. Ultrasound scan of carotid artery for carotid intima-media thickness and brachial
endothelium-dependent dilation (endothelial function), using an ultrasound console (above);
or a portable ultrasound machine at field work in northern China (below).

4. Metabolic Vitamin B-12 Deficiency with Vegan or Related Diets
Vegetarians and in particular vegans consume high amounts of fruits and vegetables, grains and
nuts but their intake of vitamin B-12 is usually inadequate [43,44]. Subnormal vitamin B-12 status is
prevalent (50%–70%) in vegetarians or vegans in Austria Germany, Italy, Australia, India and
China [45–52]. There has been some controversy about the definition of vitamin B-12 deficiency
because of variability in clinical manifestation. Metabolic deficiency, as evidenced by raised plasma
homocysteine or methylmalonic acid, may be a more practical means of assessing compromised
vitamin B-12 status. Serum vitamin B-12 levels less than 300 pmol/L are associated with a significant
risk of metabolic vitamin B-12 deficiency in epidemiological studies [53]. Such metabolic vitamin
B-12 deficiency was present in vegetarians/vegans in Australia, Germany, Taiwan, Hong Kong, Italy,
and India [45–52]. Madry et al. have reported a significant decrease of serum vitamin B-12 from
285 pg/mL to 230 pg/mL (p < 0.0001) in omnivores changing to strict vegan diet for five years,
consuming exclusively natural product, but not in those vegans consuming vitamin B-12 fortified
products [54]. Regular intake of milk improved vitamin B-12 status and lowered blood homocysteine
level in young Indian vegetarians [55], but has been avoided in most Chinese vegetarians. In studying
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the impact of poor intake of meat and dairy products on vitamin B-12 status in rural Chinese
coalminers in Shanxi, Woo et al. have documented subnormal vitamin B-12 level (196 ± 104 pmol/L)
in 207 coalminers, whereas vitamin B-12 levels were normal (477 ± 170 pmol/L) in southern Chinese
omnivores consuming usual Chinese diets [56,57]. These data highlight the potentially detrimental
impact of inadequate micronutrient intake on vitamin B-12 status.
5. Atherosclerosis Surrogates and Subnormal Vitamin B-12 Status
Toohey et al. reported that cardiovascular risk factors are more favourable in African-American
vegans, compared with lacto-ovo-vegetarians, with significantly lower body mass index (24.7 ± 1.9 vs.
26.4 ± 0.45 kg/m2), lower total cholesterol (3.75 ± 0.12 vs. 4.51 ± 0.1 mmol/L), and lower low-density
lipoprotein (LDL) cholesterol levels (2.06 ± 0.13 vs. 2.65 ± 0.09 mmol/L), p < 0.05 [58]. Specific
vitamin B-12 and vascular surrogates data, however, were lacking. Su et al. have found significantly
lower vitamin B-12 (273.4 ± 184.8 vs. 359.7 ± 138 pmol/L), higher homocysteine
(10.8 ± 3.2 vs. 9.2 ± 2.2 umol/L) and sVCAM-1 (724.7 ± 418.3 vs. 547.5 ± 259.9 mg/mL),
lower brachial artery resistance (4122 ± 1418 vs. 4977 ± 1936 mmHg/L/min), but similar carotid IMT,
carotid beta stiffness, and brachial artery compliance in Chinese vegetarians (89% vegans) in Taiwan,
compared with omnivores [59,60]. However apparently healthy lactovegetarian Chinese men
aged 24–55 years were found to have lower cardiovascular risk factor levels (body mass index, systolic
and diastolic blood pressure, lipid profile and insulin secretion index) than omnivores, associated with
reduced carotid IMT [61].
In Chinese non-smoking vegetarians in Hong Kong, aged 45 ± 10 years, vascular dysfunction was
demonstrated by Kwok et al. compared with age-matched non-smoking omnivores, with higher mean
blood pressure (99.0 ± 13.2 vs. 93.7 ± 9.6 mmHg, p < 0.05) and plasma homocysteine (12.9 ± 7.8 vs.
9.2 ± 7.6 μmol/L, p < 0.005), lower vitamin B-12 (189 ± 16.5 vs. 337 ± 137.8 pmol/L, p < 0.005),
higher blood folate (45 ± 22 vs. 36 ± 16 nmol/L, p < 0.05) and triglycerides (1.4 ± 1.4 vs.
0.9 ± 1.2 mmol/L, p < 0.05) [52]. Despite better total and LDL-cholesterol profiles, their mean carotid
IMT was greater (0.69 ± 0.09 vs. 0.56 ± 0.11 mm, p < 0.0001) and brachial FMD was lower (6.4% ±
1.8% vs. 10.0% ± 2.6%, p < 0.0001) compared with omnivores. On multivariate regression analysis,
age, male gender and vegetarian group were independently related to carotid IMT, whereas vegetarian
group and triglyceride levels were independently correlated with lower FMD. Of note, to make the
meal more tasteful, the consumption of salt and carbohydrates in Hong Kong Chinese vegetarians were
relatively high, which could explain the higher mean blood pressure and triglycerides among the
vegetarians [44]. In normotensive or hypertensive nonvegetarian adults, high sodium intake or urinary
sodium excretion is associated with increased carotid intima-media thickness and alteration of carotid
elastic modulus [62,63].
Abnormal vascular function and structure were also observed in 207 rural northern Chinese
(38% smokers) with a mean-age of 48 ± 8 years. In association with metabolic vitamin B-12
deficiency, their carotid IMT (0.71 ± 2.15 mm), and brachial FMD (6.8% ± 7.4%) were significantly
worse than age-matched southern Chinese (40% smokers) with normal vitamin B-12 status (0.56 +
0.11 mm and 10.0% ± 2.6% respectively) [56,57].
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6. Impact of Vitamin B-12 Supplementation
Inadequate intake of vitamin B-12, is associated with a certain degree of metabolic B-12 deficiency.
Consumption of dairy or egg products (lacto-ovo-vegetarian) may partially alleviate this. The impact
of vitamin B-12 supplementation on vascular surrogates was reported by Kwok et al. [64]. For this,
50 healthy vegetarians with vitamin B-12 <150 pmol/L in 70%, were randomized in double blind
cross-over design to receive vitamin B-12 (500 μg/day) or identical placebo capsules for 12 weeks
before cross-over. Vitamin B-12 supplementation significantly increased serum vitamin B-12 level
(134.0 ± 125.6 to 379.6 ± 206.2 pmol/L, p < 0.0001) and lowered plasma homocysteine (16.7 ± 11.0
vs. 11.3 ± 6.0 μmol/L, p < 0.01), associated with significant improvement of brachial FMD (6.3% ±
1.8% to 6.9% ± 1.9%, p < 0.0001), and carotid IMT (0.69 + 0.9 to 0.67 ± 0.9 mm, p <0.05). After
subsequent open label vitamin B-12 treatment for additional 24 weeks, there were further improvement
in brachial FMD (to 7.4% ± 1.7%, p <0.0001) and carotid IMT (to 0.65 ± 0.09mm, p <0.001). Changes
in vitamin B-12 (β = 0.25, p = 0.02), but not homocysteine were related to changes in FMD (R = 0.32, F
value = 3.19, p = 0.028).
Further confirmation of the potential cardiovascular benefit of vitamin B-12 supplement in
metabolic vitamin B-12 deficiency was reported by Woo et al. in a cohort of Shanxi coalminers
(northern China) [56]. For this, 207 asymptomatic coalminers, aged 48+8 years, were randomized to
receive oral vitamin B-12 (500 μg/day, n = 52), placebo (n = 53), folic acid (5mg/day, n = 51) and
combination vitamin B-12 and folic acid supplementation (n = 51) for 6 months in a double blind trial.
Serum vitamin B-12 significantly increased after vitamin B-12 (214 ± 10.9 to 305 ± 131 pmol/L,
p < 0.001) or vitamin B-12 and folic acid combination treatment (188 ± 109 to 289 ± 170 pmol/L,
p < 0.0001), but not after placebo, associated with a significant decrease in plasma homocysteine
(24.5 + 13.7 to 18.8 + 10.5 μmol/L, p < 0.001) after folic acid or vitamin B-12/folic acid combination
treatment (20.9 ± 10.9 to 15.1 ± 10.1 μmol/L, p < 0.001). Further improvement in brachial FMD
(6.5% ± 1.4% to 8.2% ± 1.4%, p < 0.0001) and carotid IMT (0.71 ± 0.14 to 0.69 ± 1.14 mm,
p < 0.005) were observed after subsequent open label folic acid/vitamin B-12 combination treatment,
independent of homocysteine (p = 0.5) and blood pressure-lowering (p = 0.1). In addition significant
reduction in systolic blood pressure were seen after folic acid and vitamin B-12/folic acid combination
treatment, as well as diastolic blood pressure after vitamin B-12, folic acid and combination
treatments, associated with a significant improvement in augmentation index, a marker of arterial
stiffness (135% ± 22% to 122% ± 21%, p < 0.001) (Figure 2) [65]. Vitamin B-12 supplementation
either alone or in combination with folic acid, improved arterial stiffness, endothelial function and
carotid IMT in northern rural Chinese, suggesting a potentially novel and affordable atherosclerosis
prevention strategy in subjects with subnormal vitamin B-12 status.
Till et al. reported a significant decrease of carotid IMT in 26 nonvegetarian subjects at high risk of
cerebral ischemia (baseline carotid IMT > 1.0 mm) after vitamin B supplementation for one year
(1.50 ± 0.44 to 1.42 ± 0.48 mm, p = 0.034), compared with an increase (1.47 ± 0.57 to 1.54 ± 0.71 mm,
p = 0.015) after placebo treatment, associated with a significant homocysteine reduction
of 3.94 + 3.19 μmol/L after vitamin B supplementation but not placebo treatment [66]. However, in the
nonvegetarian coronary or post-stroke (VITATOPS) cohorts with presumably normal vitamin B-12
status, vitamin B homocysteine-lowering supplementation induced no significant long term changes in
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rate of coronary restenosis, carotid IMT or brachial artery reactivity [67,68], which could explain the
neutral results of a few large prospective vitamin B homocysteine-lowering supplementation studies on
cardiovascular endpoints [69–72].
Figure 2. Measurement of pulse wave velocity (A) and aortic augmentation index (B) as
marker of arterial stiffness by SphygmoCor machine (Atcor Medical, Sydney, Australia).

(A)
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Figure 2. Cont.

(B)
7. General Remarks
Vegetarians, in particular vegans in India and China, have a high prevalence of metabolic vitamin
B-12 deficiency. Consumption of dairy or egg products together with high fruits, vegetables, grain and
vitamin C intakes may partially alleviate the metabolic and vascular adverse effects, resulting in
a more vascular-healthy environment with fewer coronary and stroke events. However, restriction or
exclusion of all animal food, including dairy and egg products, in strict vegans may result in lower
intake of vitamin B-12, and subsequently metabolic vitamin B-12 deficiency and adverse vascular
surrogates (brachial FMD and carotid IMT). Vegetarian diets are protective for cardiovascular risk and
events. Vegan diets are more protective compared with lacto-ovo-vegetarian diets for body mass index,
and prevalence of diabetes mellitus, hypertension and hyperlipidemia. However, in cohorts with
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normal or relatively high salt intake and subnormal vitamin B12 status, such as in Chinese vegans,
there is an adverse impact of vegan diets on atherosclerosis surrogates (arterial endothelial function
and carotid intima-media thickness), which is potentially ameliorable by vitamin B-12 supplementation.
Whether this benefit could be extended to other vegans with lower salt intake and better blood pressure
profiles will remain to be confirmed. What needs to be tested is whether such early vascular changes in
function and structure will eventually lead to more cardiovascular events [56], and whether
improvement in vascular surrogates by vitamin B-12 supplementation will translate into a reduction in
such events. Further studies, incorporating larger sample size are needed to dissect the mechanisms of
improvement i.e., whether the benefit if any, is due to independent vitamin B-12 effects,
homocysteine-lowering and/or via reduction in blood pressure. For many reports on atherosclerosis
surrogates and cardiovascular events, data on certain confounding factors including smoking, alcohol,
physical activity and folate status were not entirely present or checked. Ideally these should be more
systematically monitored in comparative studies in the future.
Early symptoms of vitamin B-12 deficiency are nonspecific (unusual fatiguability and digestion
problems), and presenting hematological and neurological signs may be quite subtle. Hence vegetarians
in particular vegans need to be advised to carefully plan their diets, and to monitor their plasma
vitamin B-12 on a more regular basis, to facilitate early detection of low vitamin B-12 status, and if
necessary to take vitamin B-12 fortified food, B-12 supplementation, or milk products [55,73]. In order
to reap the full benefits of cardiovascular disease prevention in plant-based eating styles of vegan diets,
individuals should maintain adequate vitamin B-12 status.
8. Conclusions
Metabolic vitamin B-12 deficiency is prevalent in vegetarians and, in particular, in vegans.
Those subjects with normal or relatively high salt intake may be associated with unhealthy early
vascular changes in function and structure, which have not been well documented in the past.
In individuals with subnormal vitamin B-12 status, vitamin B-12 supplementation may significantly
improve such vascular changes. Regular monitoring of vitamin B-12 profile may thus be beneficial for
early detection and treatment of metabolic vitamin B-12 deficiency, and possibly prevention of
atherosclerosis-related diseases.
Acknowledgments
We wish to acknowledge the precious supports of Leung Kit Wah Project Fund of the Department
of Medicine and Therapeutics, The Chinese University of Hong Kong and The Star Industrial
Company Fund of the School of Life Sciences, The Chinese University of Hong Kong, to support the
field works in mainland China and Hong Kong, as well as subsequent literature search and review
works of this paper.

Nutrients 2014, 6

3268

Author Contributions
K.S.W.: Literature search and review, and drafting of this paper, T.C.Y.K.: Literature search,
review, suggestions of amendment of the draft and final version of the paper, D.S.C.: Literature search,
review, and advice on revision of the draft and final version of the paper.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.

Bazzano, L.A.; He, J.; Ogden, L.G.; Loria, C.M.; Vupputuri, S.; Myers, L.; Whelton, P.K.
Fruit and vegetable intake and risk of cardiovascular disease in US adults: The first national
health and nutrition examination survey epidemiologic follow-up study. Am. J. Clin. Nutr.
2002, 76, 93–99.
2. Larsson, C.L.; Johansson, G.K. Young Swedish vegans have different sources of nutrients than
young omnivores. J. Am. Diet. Assoc. 2005, 105, 1438–1441.
3. Kelly, J.H., Jr.; Sabate, J. Nuts and coronary heart disease: An epidemiological perspective.
Br. J. Nutr. 2006, 96 (Suppl. 2), S61–S67.
4. Mellen, P.B.; Walsh, T.F.; Herrington, D.M. Whole grain intake and cardiovascular disease:
A meta-analysis. Nutr. Metab. Cardiovasc. Dis. 2008, 18, 283–290.
5. Fraser, G.E. Associations between diet and cancer, ischemic heart disease, and all-cause mortality
in non-Hispanic white California Seventh-day Adventists. Am. J. Clin. Nutr. 1999, 70
(Suppl. 3), 532S–538S.
6. Craig, W.J. Health effects of vegan diets. Am. J. Clin. Nutr. 2009, 89 (Suppl. 5), 1627S–1633S.
7. Huang, T.; Yang, B.; Zheng, J.; Li, G.; Wahlqvist, M.L. Cardiovascular disease mortality and
cancer incidence in vegetarians: A meta-analysis and systematic review. Ann. Nutr. Metab.
2012, 60, 233–240.
8. Crowe, F.L.; Appleby, P.N.; Travis, R.C.; Key, T.J. Risk of hospitalization or death from
ischemic heart disease among British vegetarians and nonvegetarians: Results from the
EPIC-Oxford cohort study. Am. J. Clin. Nutr. 2013, doi:10.3945/ajcn.112.044073.
9. Key, T.J.; Appleby, P.N.; Rosell, M.S. Health effects of vegetarian and vegan diets. Proc. Nutr.
Soc. 2006, 65, 35–41.
10. Fraser, G.E. Vegetarian diets: What do we know of their effects on common chronic diseases?
Am. J. Clin. Nutr. 2009, 89, 1607S–1612S.
11. Fontana, L.; Meyer, T.E.; Klein, S.; Holloszy, J.O. Long-term low-calorie low-protein vegan diet
and endurance exercise are associated with low cardiometabolic risk. Rejuvenation Res.
2007, 10, 225–234.
12. Key, T.J.; Fraser, G.E.; Thorogood, M.; Appleby, P.N.; Beral, V.; Reeves, G.; Burr, M.L.;
Chang-Claude, J.; Frentzel-Beyme, R.; Kuzma, J.W.; et al. Mortality in vegetarians and
nonvegetarians: Detailed findings from a collaborative analysis of 5 prospective studies.
Am. J. Clin. Nutr. 1999, 70, 516S–524S.

Nutrients 2014, 6

3269

13. Le, L.T.; Sabaté, J. Beyond meatless, the health effects of vegan diets: Findings from the
Adventist cohorts. Nutrients 2014, 6, 2131–2147.
14. Flammer, A.N.; Anderson, T.; Celermajer, D.S.; Creager, M.A.; Deanfield, J.; Ganz, P.;
Hamburg, N.M.; Lüscher, T.F.; Shechter, M.; Taddei, S.; et al. The assessment of endothelial
function from research into clinical practice. Circulation 2012, 126, 753–767.
15. Raitakari, O.T.; Celermajer, D.S. Flow-mediated dilatation. Br. J. Clin. Pharmacol.
2000, 50, 397–404.
16. O’Leary, D.H.; Polak, J.F.; Kronmal, R.A.; Manolio, T.A.; Burke, G.L.; Wolfson. S.K.
Carotid-artery intima and media thickness as a risk factor for myocardial infarction and stroke in
older adults. N. Engl. J. Med. 1999, 340, 14–22.
17. Lorenz, M.W.; Markus, H.S.; Bots, M.L.; Rosvall, M.; Sitzer, M. Prediction of clinical cardiovascular
events with carotid intima-media thickness: A systematic review and meta-analysis. Circulation
2007, 115, 457–467.
18. Herrington, D.M.; Fan, L.; Drum, M.; Riley, W.A.; Pusser, B.E.; Crouse, J.R.; Burke, G.L.;
McBurnie, M.A.; Morgan, T.M.; Espeland, M.A. Brachial flow-mediated vasodilator responses in
population-based research: Methods, reproducibility and effects of age, gender and baseline
diameter. J. Cardiovasc. Risk 2001, 8, 319–328.
19. Corretti, M.C.; Anderson, T.J.; Benjamin, E.J.; Celermajer, D.; Charbonneau, F.; Creager, M.A.;
Deanfield, J.; Drexler, H.; Gerhard-Herman, M.; Herrington, D.; et al. Guidelines for the
ultrasound assessment of endothelial-dependent flow-mediated vasodiation of the brachial artery.
J. Am. Coll. Cardiol. 2002, 39, 257–265.
20. Teragawa, H.; Ueda, K.; Matsuda, K.; Kimura, M.; Higashi, Y.; Oshima, T.; Yoshizumi, M.;
Chayama, K. Relationship between endothelial function in the coronary and brachial arteries.
Clin. Cardiol. 2005, 28, 460–466.
21. Donald, A.E.; Charakida, M.; Cole, T.J.; Friberg, P.; Chowienczyk, P.J.; Millasseau, S.C.;
Deanfield, J.E.; Halcox, J.P. Non-invasive assessment of endothelial function which technique?
J. Am. Coll. Cardiol. 2006, 48, 1846–1850.
22. Donald, A.E.; Halcox, J.P.; Charakida, M.; Storry, C.; Wallace Sharon, M.L.; Cole, T.J.; Friberg, P.;
Deanfield, J.E. Methodological approaches to optimize reproducibility and power in clinical
studies of flow-mediated dilation. J. Am. Coll. Cardiol. 2008, 51, 1959–1964.
23. Charakida, M.; de Groot, E.; Loukogeorgakis, S.T.; Khan, T.; Lüscher, T.; Kastelein, J.J.; Gasser, T.;
Deanfield, J.E. Variability and reproducibility of flow-mediated dilatation in a multicentre clinical
trial. Eur. Heart J. 2013, 34, 3501–3507.
24. Celermajer, D.S.; Sorensen, K.E.; Gooch, V.M.; Spiegelhalter, D.J.; Miller, O.I.; Sullivan, I.D.;
Lloyd, J.K.; Deanfield, J.E. Non-invasive detection of endothelial dysfunction in childeren and
adults at risk of atherosclerosis. Lancet 1992, 340, 1111–1115.
25. Celermajer, D.S.; Sorensen, K.E.; Georgakopoulos, D.; Bull, C.; Thomas, O.; Robinson, J.;
Deanfield, J.E. Cigarette smoking is associated with dose-related and potentially reversible
impairment of endothelium-dependent dilation in healthy young adults. Circulation 1993, 88,
2149–2155.

Nutrients 2014, 6

3270

26. Celermajer, D.S.; Adams, M.R.; Clarkson, P.; Robinson, J.; McCredie, R.; Donald, A.;
Deanfield, J.E. Passive smoking and impaired endothelium-dependent arterial dilation in healthy
young adults. N. Engl. J. Med. 1999, 130, 578–581.
27. Clarkson, P.; Celermajer, D.S.; Donald, A.E.; Sampson, M.; Sorensen, K.E.; Adams, M.;
Yue, D.K.; Betteridge, D.J.; Deanfield, J.E. Impaired vascular reactivity in insulin-dependent
diabetes mellitus is related to disease duration and LDL-cholesterol levels. J. Am. Coll. Cardiol.
1996, 28, 573–579.
28. Woo, K.S.; Chook, P.; Lolin, Y.I.; Cheung, A.S.; Chan, L.T.; Sun, Y.Y.; Sanderson, J.E.;
Metreweli, C.; Celermajer, D.S. Hyperhomocysteinemia is a risk factor for arterial dysfunction in
humans. Circulation 1997, 96, 2642–2644.
29. Woo, K.S.; Chook, P.; Yu, C.W.; Sung, R.Y.; Qiao, M.; Leung, S.S.; Lam, C.W.; Metreweli, C.;
Celermajer, D.S. Overweight in children is associated with arterial endothelial dysfunction and
intima-media thickening. Int. J. Obes. Relat. Metab. Disord. 2004, 28, 852–857.
30. Neunteufl, T.; Katzenschlager, R.; Hassan, A.; Klaar, U.; Schwarzacher, S.; Glogar, D.; Bauer, P.;
Weidinger, F. Systemic endothelial dysfunction is related to the extent and severity of coronary
artery disease. Atherosclerosis 1997, 129, 111–118.
31. Woo, K.S.; Chook, P.; Lolin, W.I.; Sanderson, J.E.; Metreweli, C.; Celermajer, D.S. Folic acid
improves arterial endothelial function in adults with hyperhomocysteinemia. J. Am. Coll. Cardiol.
1999, 34, 2002–2006.
32. Woo, K.S.; Chook, P.; Yu, C.W.; Sung, R.Y.; Qiao, M.; Leung, S.S.; Lam, C.W.; Metreweli, C.;
Celermajer, D.S. Effects of diet and exercise on obesity-related vascular dysfunction in children.
Circulation 2004, 109, 1981–1986.
33. Woo, K.S.; McCrohon, J.A.; Chook, P.; Adams, M.R.; Robinson, J.T.; McCredie, R.J.; Lam, C.W.;
Feng, J.Z.; Celermajer, D.S. Chinese adults are less susceptible than whites to age-related
endothelial dysfunction. J. Am. Coll. Cardiol. 1997, 30, 113–118.
34. Woo, K.S.; Robinson, J.T.; Chook, P.; Adams, M.R.; Yip, G.; Mai, Z.J.; Lam, C.W.;
Sorensen, K.E.; Deanfield, J.E.; Celermajer, D.S. Differences in the effect of cigarette smoking on
endothelial function in Chinese and white adults. Ann. Intern. Med. 1997, 127, 372–375.
35. Woo, K.S.; Chook, P.; Raitakari, O.T.; McQuillan, B.; Feng, J.Z.; Celermajer, D.S.
Westernization of Chinese adults and increased subclinical atherosclerosis. Arterioscler. Thromb.
Vasc. Biol. 1999, 19, 2487–2493.
36. Polak, J.F.; Pencina, M.J.; Pencina, K.M.; O’Donnell, C.J.; Wolf, P.A.; D’Agostino, R.B.
Carotid-wall intima-media thickness and cardiovascular events. N. Engl. J. Med. 2011, 365,
213–221.
37. Bots, M.L.; Baldassarre, D.; Simon, A.; de Groot, E.; O’Leary, D.H.; Riley, W.; Kastelein, J.J.;
Grobbee, D.E. Carotid intima-media thickness and coronary atherosclerosis: Weak or strong
relations? Eur. Heart J. 2007, 28, 398–406.
38. Bots, M.L.; Sutton-Tyrrell, K. Lessons from the past and promises for the future for carotid
intima-media thickness. J. Am. Coll. Cardiol. 2012, 60, 1599–1604.
39. Celermajer, D.S.; Chow, C.K.; Marijon, E.; Anstey, N.M.; Woo, K.S. Cardiovascular Disease in
the development world. Prevalence, patterns, and the potential of early disease detection.
J. Am. Coll. Cardiol. 2012, 60, 1207–1216.

Nutrients 2014, 6

3271

40. Anand, S.S.; Yusuf, S.; Vuksan, V.; Devanesen, S.; Teo, K.K.; Montague, P.A.; Kelemen, L.;
Yi, C.; Lonn, E.; Gerstein, H.; et al. Differences in risk factors, atherosclerosis, and cardiovascular
disease between ethnic groups in Canada: The Study of Health Assessment and Risk in Ethnic
Groups (SHARE). Lancet 2000, 356, 279–284.
41. Tam, W.Y.; Chook, P.; Qiao, M.; Chan, L.T.; Chan, T.Y.K.; Poon, Y.K.; Fung, K.P.; Leung, P.C.;
Woo, K.S. The efficacy and tolerability of adjunctive alternative herbal medicine (Salvia miltiorrhia
and Pueraria lobata) on vascular function and structure in coronary patients.
J. Altern. Complement. Med. 2009, 15, 415–421.
42. Chook, P.; Qiao, M.; Kum, C.C.; Szeto, C.C.; Chan, L.L.T.; Ho, C.P.; Yu, A.W.Y.;
Celermajer, D.S.; Woo, K.S. High-dose folic supplementation improves atherogenic process in
predialysing chronic renal failure independent of homocysteine-lowering. J. Am. Coll. Cardiol.
2006, 47 (Suppl. A), 345A.
43. Larsson, C.L.; Johansson, G.K. Dietary intake and nutritional status of young vegans and
omnivores in Sweden. Am. J. Clin. Nutr. 2002, 76, 100–106.
44. Woo, J.; Kwok, T.; Ho, S.C.; Sham, A.; Lau, E. Nutritional status of elderly Chinese vegetarians.
Age Ageing 1998, 27, 455–461.
45. Majchrzak, D.; Singer, I.; Mӓnner, M.; Rust, P.; Genser, D.; Wagner, K.H.; Elmadfa, I.
B-vitamin status and concentrations of homocysteine in Austrian omnivores, vegetarians and
vegans. Ann. Nutr. Metab. 2006, 50, 485–491.
46. Bissoli, L.; di Francesco, V.; Ballarin, A.; Mandragona, R.; Trespidi, R.; Brocco, G.; Caruso, B.;
Bosello, O.; Zamboni, M. Effect of vegetarian diet on homocysteine levels. Ann. Nutr. Metab.
2002, 46, 73–79.
47. Koebnick, C.; Hoffmann, I.; Dagnelie, P.C.; Heins, U.A.; Wickramasinghe, S.N.; Ratnayaka, I.D.;
Gruendel, S.; Lindemans, J.; Leitzmann, C. Long-term ovo-lactovegetarian diet impairs vitamin
B-12 status in pregnant women. J. Nutr. 2004, 134, 3319–3326.
48. Hokin, B.D.; Butler, T. Cyanocobalamin (vitamin B-12) status in the seventh-day advenstist
ministers in Australia. Am. J. Clin. Nutr. 1999, 70 (Suppl. 3), 576S–578S.
49. Yajnik, C.S.; Deshpande, S.S.; Lubree, H.G.; Naik, S.S.; Bhat, D.S.; Uradey, B.S.; Deshpande, J.A.;
Rege, S.S.; Refsum, H.; Yudkin, J.S. Vitamin B12 deficiency and hyperhomocysteinemia in rural
nad urban Indians. J. Assoc. Physicians India 2006, 54, 775–782.
50. Refsum, H.; Yajnik, C.S.; Gadkari, M.; Schneede, J.; Vollset, S.E.; Orning, L.; Guttormsen, A.B.;
Joglekar, A.; Sayyad, M.G.; Ulvik, A.; et al. Hyperhomocysteinemia and elevated methylmalonic
acid indicate a high prevalence of cobalamin dificiecy in Asian Indians. Am. J. Clin. Nutr.
2001, 74, 233–241.
51. Huang, Y.C.; Chang, S.J.; Chiu, Y.T.; Chang, H.H.; Cheng, C.H. The status of plasma
homocysteine and related B-vitamins in healthy young vegetarians and nonvegetarians.
Eur. J. Nutr. 2003, 42, 84–90.
52. Kwok, T.; Chook, P.; Tam, L.; Qiao, M.; Woo, J.L.F.; Celermajer, D.S.; Woo, K.S.
Vascular dysfunction in Chinese vegetarians: An apparent paradox? J. Am. Coll. Cardiol.
2005, 46, 1957–1958.
53. Smith, D.; Refsum, H. Do we need to reconsider the desirable blood level of vitamin B12?
J. Int. Med. 2011, 271, 179–182.

Nutrients 2014, 6

3272

54. Madry, E.; Lisowska, A.; Grebowiec, P.; Walkowiak, J. The impact of vegan diet on B-12 status
in healthy omnivores: Five-year prospective study. Acta Sci. Pol. Technol. Aliment.
2012, 11, 209–213.
55. Naik, S.; Bhide, V.; Babhulkar, A.; Mahalle, N.; Parab, S.; Thakre, R.; Kulkarni, M. Daily milk
intake improves vitamin B-12 status in young vegetarian Indians: An intervention trial. Nutr. J.
2013, 12, 136–144.
56. Woo, K.S.; Chook, P.; Yip, T.W.C.; Kwong, S.K.; Hu, Y.J.; Huang, X.S.; Wang, G.G.; Wu, M.J.;
Liu, Y.M.; Lam, C.W.K.; et al. Folic acid and vitamin B-12 supplementation improves arterial
function and structure in subjects with subnormal intake. Heart Lung Circ. 2008, 17, S201–202.
57. Woo, K.S.; Chook, P.; Chiu, M.L.; Feng, X.H.; Evora, M.L.; Koon, K.V.; Zhang, X.M.;
Chu, C.L.; Leong, H.C.; Yip, T.W.C.; et al. Vitamins B12 and C supplementation improves
arterial reactivity and structure in passive smokers. Heart Lung Circ. 2012, 21, 524.
58. Toohey, M.L.; Harris, M.A.; DeWitt, W.; Foster, G.; Schmidt, W.D.; Melby, C.L.
Cardiovascular disease risk factors are lower in African-American vegans compared to
lacto-ovo-vegetarians. J. Am. Coll. Nutr. 1998, 17, 425–434.
59. Su, T.C.; Jeng, J.S.; Wang, J.D.; Torng, P.L.; Chang, S.J.; Chen, C.F.; Liau, C.S. Homocysteine,
circulating vascular cell adhesion molecule and carotid atherosclerosis in postmenopausal
vegetarian women and omnivores. Atherosclerosis 2006, 184, 356–362.
60. Su, T.C.; Torng, P.L.; Jeng, J.S.; Chen, M.F.; Liau, C.S. Arterial function of carotid and brachial
arteries in postmenopausal vegetarians. Vasc. Health Risk Manag. 2011, 7, 517–523.
61. Yang, S.Y.; Li, X.J.; Zhang, W.; Liu, C.Q.; Zhang, H.J.; Lin, J.R.; Yan, B.; Yu, Y.X.; Shi, X.L.;
Li, C.D.; et al. Chinese lacto-vegetarian diet exerts favorable effects on metabolic parameters,
intima-media thickness, and cardiovascular risks in healthy men. Nutr. Clin. Pract.
2012, 27, 392–398.
62. Ferreira-Sae, M.C.S.; Cipolli, J.A.; Cornelio, M.E.; Matos-Souza, J.R.; Fernandes, M.N.;
Schreiber, R.; Costa, F.O.; Franchini, K.G.; Rodrigues, R.C.; Gallani, M.C.; et al. Sodium intake
is associated with carotid artery structure alterations and plasma matrix metalloproteinase-9
upregulation in hypertensive adults. J. Nutr. 2011, doi:10.3945/jn.110.135921.
63. Njoroge, J.N.; EI Khoudary, S.R.; Fried, L.F.; Barinas-Mitchell, E.; Sutton-Tyrrell, K.
High urinary sodium is associated with increased carotid intima-media thickness in normotensive
overweight and obese adults. Am. J. Hypertens. 2011, 24, 70–76.
64. Kwok, T.; Chook, P.; Qiao, M.; Tam, L.; Poon, Y.K.P.; Ahuja, A.T.; Woo, J.; Celermajer, D.S.;
Woo, K.S. Vitamin B-12 supplementation improves arterial function in vegetarians with
subnormal vitamin B-12 status. J. Nutr. Health Aging 2012, 16, 569–573.
65. Woo, K.S.; Chook, P.; Chan, L.L.T.; Celermajer, D.S. The impact of folic acid and vitamin B12
supplementation on blood pressure and arterial stiffness in subjects with subnormal micronutrient
intake. Heart Lung Circ. 2008, 17, S84.
66. Till, U.; Rӧhl, P.; Jentsch, A.; Till, H.; Müller, A.; Bellstedt, K.; Plonné, D.; Fink, H.S.;
Vollandt, R.; Sliwka, U.; et al. Decrease of carotid intima-media thickness in patients at risk to
cerebral ischemia after supplemenation with folic acid, vitamins B6 and B12. Atherosclerosis
2005, 181, 131–135.

Nutrients 2014, 6

3273

67. Bleys, J.; Miller, E.R., III.; Pastor-Barriuso, R.; Appel, L.J.; Guallar, E. Vitamin-mineral
supplementation and the progression of atherosclerosis: A meta-analysis of randomized controlled
trials. Am. J. Clin. Nutr. 2006, 84, 880–887.
68. Potter, K.; Hankey, G.J.; Green, D.J.; Eikelboom, J.; Jamrozik, K.; Arnolda, L.F. The effect of
long-term homocysteine-lowering on carotid intima-media thickness and flow-mediated vasodilation
in stroke patients: A randomized controlled trial and meta-analysis. BMC Cardiovasc. Disord.
2008, 8, 24.
69. Toole, J.F.; Malinow, M.R.; Chambless, L.E.; Spence, J.D.; Pettigrew, L.C.; Howard, V.J.;
Sides, E.G.; Wang, C.H.; Stampfer, M. Lowering homocysteine in patients with ischemic stroke
to prevent recurrent stroke, myocardial infarction, and death: the Vitamin Intervention for Stroke
Prevention (VISP) randomized controlled trial. JAMA 2004, 291, 565–575.
70. Bonaa, K.H.; Njolstad, I.; Ueland, P.M.; Schirmer, H.; Tverdal, A.; Steigen, T.; Wang, H.;
Nordrehaug, J.E.; Arnesen, E.; Rasmussen, K.; et al. Homocysteine lowering and cardiovascular
events after acute myocardial infarction. N. Engl. J. Med. 2006, 354, 1578–1588.
71. Clarke, R.; Lewington, S.; Sherliker, P.; Armitage, J. Effects of B-vitamins on plasma
homocysteine concentrations and on risk of cardiovascular disease and dementia. Curr. Opin.
Clin. Nutr. Metab. Care 2007, 10, 32–39.
72. Albert, C.M.; Cook, N.R.; Gaziano, J.M.; Zaharris, E.; MacFadyen, J.; Danielson, E.;
Buring, J.E.; Manson, J.E. Effect of folic acid and B vitamins on risk of cardiovascular events and
total mortality among women at high risk for cardiovascular disease: A randomized trial. JAMA
2008, 299, 2027–2036.
73. Mearns, G.J.; Kozio-McLain, J.; Obolonkin, V.; Rush, E.C. Preventing vitamin B12 deficiency in
South Asian women of childbearing age: A randomized controlled trial comparing an oral vitamin
B12 supplement with B12 dietary advice. Eur. J. Clin. Nutr. 2014, 68, 870–875.
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

