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PPLIED NUTRITIONAL INVESTIGATION

Effects of a Long-Term Vegetarian Diet on
Biomarkers of Antioxidant Status and

Cardiovascular Disease Risk
Y. T. Szeto, PhD, Timothy C. Y. Kwok, MD, and Iris F. F. Benzie, DPhil

From the Antioxidant Research Team, School of Nursing, The Hong Kong Polytechnic
University, Kowloon, Hong Kong SAR, China; and the Department of Medicine and
Therapeutics, The Chinese University of Hong Kong, Shatin, Hong Kong SAR, China

OBJECTIVE: We compared plasma biomarkers of antioxidant status, oxidative stress, inflammation, and
risk for coronary heart disease in long-term vegetarians and age- and sex-matched omnivores.
METHODS: Thirty vegetarians (mean age � standard deviation: 44.2 � 9.0 y) were recruited. The subjects
had been vegetarian for 5 to 55 y (21.8 � 12.2 y). The control group comprised 30 adults selected by
age-stratified sampling from a community health project (mean age: 44.0 � 9.2 y). Fasting plasma total
antioxidant status (ferric-reducing antioxidant power), ascorbic acid (AA), �-tocopherol (total and lipid
standardized), malondialdehyde, total cholesterol, triacylglycerol, uric acid (UA), and high-sensitivity
C-reactive protein (hsCRP) were measured.
RESULTS: Plasma AA was significantly higher in the vegetarians than in the omnivores (90.5 � 21.0 and
61.8 � 17.0 �M; P � 0.001). The vegetarians had lower concentrations of triacylglycerol, UA, and hsCRP.
Plasma total and lipid-standardized �-tocopherol concentrations were also lower in the vegetarians: 22.0 � 5.9
and 27.0 � 7.9 �M versus 3.76 � 0.57 and 4.23 � 0.58 �M per millimoles per liter of total cholesterol plus
triacylglycerol, respectively. There was a significant inverse correlation between AA and UA (r � �0.343, P
� 0.01; n � 60) and between AA and hsCRP (r � �0.306, P � 0.05; n � 55). Plasma ferric-reducing
antioxidant power and malondialdehyde did not differ significantly between groups; however, the contribution
of AA to the total antioxidant capacity of plasma was approximately 50% greater in the vegetarians.
CONCLUSIONS: A long-term vegetarian diet is associated with markedly higher fasting plasma AA
concentrations and lower concentrations of TAG, UA, and hsCRP. Long-term vegetarians have a better
antioxidant status and coronary heart disease risk profile than do apparently healthy omnivores. Plasma
AA may act a useful marker of overall health status. Nutrition 2004;20:863–866. ©Elsevier Inc. 2004
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NTRODUCTION

iets rich in fruit and vegetables protect against chronic, degen-
rative disease. These beneficial effects are believed to be due to
lant-based antioxidant compounds, such as ascorbic acid, carote-
oids, and flavonoids, that may protect key biological sites, such as
ipoproteins, membranes, and DNA, from oxidative damage.1,2

vidence of benefit is so strong that the World Cancer Research
und recommends five or more servings of fruit and vegetables
ach day,3 and the recommended daily intake of vitamin C in the
nited States was recently revised upward to 75 mg/d for women

nd 90 mg/d for men.4 Although the identity of the protective
omponent or components in fruit and vegetables is not yet clear,
vidence exists that intakes and plasma concentrations of vitamin

(ascorbic acid) correlate inversely with all-cause mortality rate
nd may act as biomarkers of health status.5 In addition, the
ipophilic antioxidant vitamin E (mainly �-tocopherol) is an anti-
therogenic and anti-inflammatory agent.6,7 Increased antioxidant
tatus, therefore, may account for at least part of the benefit of
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plant-based diets. One cross-sectional study has suggested that
vegetarians are healthier than non-vegetarians,8 and we were in-
terested in determining whether vegetarians exhibit a more favor-
able profile in terms of antioxidant status and risk of chronic
disease than do omnivores of similar age. Therefore, we compared
biomarkers of antioxidant status, oxidative stress, inflammation,
and coronary heart disease (CHD) risk in a group of long-term
vegetarians with those of age- and sex-matched omnivores.

MATERIALS AND METHODS

Thirty vegetarians (27 women and 3 men; mean age � standard
deviation: 44.2 � 9.0 y) were recruited with their informed con-
sent. These subjects had been vegetarian for 5 to 55 y (21.8 �
12.2 y). They ate no meat or fish owing to their religious (Taoist)
beliefs, but some occasionally consumed eggs and milk in small
amounts. The control group comprised 30 non-Taoist adults (27
women and 3 men, 44.0 � 9.2 y) matched by age- and sex-
stratified sampling from a pool of participants in a community-
based health project. Venous blood was collected from fasting
subjects into heparin-containing tubes, and plasma was separated
within 2 h of collection. Plasma total antioxidant status (as the
ferric-reducing antioxidant power [FRAP] value) and ascorbic acid
concentrations were measured within 30 min of separation by

using a modification of the FRAP assay, known as FRASC, as
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reviously described in detail.9 Plasma was portioned and stored at
70°C until assayed for �-tocopherol (total and lipid standard-

zed), total cholesterol, triacylglycerol, uric acid, malondialdehyde,
nd high-sensitivity C-reactive protein (hsCRP).

�-Tocopherol was measured by using a slight modification of
he high-performance liquid chromatographic (HPLC) procedure
f Brandt et al.10 Briefly, 100 �L of plasma was mixed with 100
L of ethanol (Riedel de Haen, Seelze, Germany) and 100 �L of
50 �M �-tocopherol acetate (internal standard; Merck, Darm-
tadt, Germany). The mixture was agitated in a vortex mixer, and
00 �L of hexane (Fisher Scientific, Loughborough, UK) contain-
ng 0.5 g/L of butylated hydroxytoluene (Sigma, St. Louis, MO,
SA) was added to each calibrator or plasma sample, and the

amples were again agitated in a vortex mixer for 30 s. The
ixtures were then centrifuged at 2500g for 10 min at 4°C. One

undred twenty microliters of the hexane layer was transferred to
glass test tube, and the hexane was evaporated under nitrogen at

bout 50°C. Sixty microliters of mobile phase was added to
issolve the extracts. The mobile phase consisted of 80:20 meth-
nol:toluene, by volume (Riedel de Haen). Each calibrator or
ample extract was transferred to a small glass vial fitted with a
icro glass insert, and the vial was placed inside the HPLC

utosampler at 4°C. Twenty microliters of each calibrator was
njected into the HPLC system. The HPLC system consisted of an
lliance 2690 Separations Module with a temperature-controlled col-
mn chamber (Waters, Milford, MA, USA), a 996 Photodiode Array
etector and Millennium-32 PDA 3.05.01 (Waters), a reversed-phase
18 analytical column (5 �m, 250 � 5 mm internal diameter; ISCO

nc, Lincoln, NE, USA), and a Sentry guard column (Symmetry C18

.5 m, 3.9 � 20 mm internal diameter; Waters). Detection was at 292
m, and the flow rate was 1.0 mL/min. The between-run coefficient of
ariation (CV) was less than 8% at 25 �M (n � 5).

Malondialdehyde was measured by HPLC according to the
PLC protocol of Chirico et al.11 and the extraction procedure of

entzsch et al.12. One hundred microliters of pooled heparin-
reated plasma was mixed with 100 �L of 1,1,3,3-
etraethoxypropane standard (Sigma; which degrades to malondi-
ldehyde upon heating) in ethanol (0 to 1.5 �M), or a 100-�L
ample was mixed with 100 �L of ethanol, followed by 25 �L of
0 mM butylated hydroxytoluene in ethanol and 200 �L of 0.2 M
rthophosphoric acid (BDH Laboratory Supplies, Poole, UK). The
ixture was then agitated in a vortex mixer for 10 s, and 25 �L of

.11 M freshly prepared 2-thiobarbituric acid (Sigma) was added.
he mixtures were then heated at 90°C for 45 min. After a brief
ooling on ice, 200 �L of butanol was added to each tube,
ollowed by vortex mixing for 20 s. The mixtures were then
entrifuged at 2500g for 15 min at 10°C. One hundred microliters
f the butanol layer was mixed with 100 �L of methanol, and 20
L of each calibrator was injected into the Waters HPLC system.
etection was at 532 nm, and the flow rate was 0.5 mL/min. The
etween-run CV was 9.2% at 0.5 �M (n � 5).

Concentrations of uric acid (between-run CV � 2.6% at 304
M/L), total cholesterol (between-run CV � 2.6% at 6.7 mM/L),

nd triacylglycerol (between-run CV � 5.4% at 2.6 mM/L) were
easured by using commercially available enzymatic methods

Unimate, Roche Diagnostics Ltd., Basel, Switzerland) and a
obas Fara centrifugal analyzer (Roche Diagnostics). High-

ensitivity CRP was assayed in one batch by use of an immuno-
ssay method (BN ProSpec System, Dade Behring, Marburg,
ermany); the within-run CV was 3.8% at 13.2 mg/L.

Associations between variables were investigated with Pear-
on’s correlation analysis.

Differences between the vegetarian and non-vegetarian groups
ere investigated by using Student’s t test for unpaired data, and

ignificance was sought at the 5% level. Non-normally distributed
ata (hsCRP and triacylglycerol) were log-transformed before
nalysis. Statistical analyses were conducted with PRISM 3.0

GraphPad, San Diego, CA, USA). c
The university human subjects ethics committee approved this
tudy, and all procedures involving human subjects complied with
he Declaration of Helsinki as revised in 2000.

ESULTS

s shown in Table I, plasma ascorbic acid concentrations were
ignificantly higher in the vegetarians than in the omnivores (P �
.0001). Malondialdehyde concentrations were slightly but non-
ignificantly lower in the vegetarians. No significant difference in
he total antioxidant capacity of plasma (as the FRAP value) was
een; however, the contribution of ascorbic acid to the FRAP value
f the vegetarian subjects was 50% higher than that in the omni-
ores (averaging 16.6% and 11.8% for vegetarians and omnivores,
espectively). Plasma hsCRP, triacylglycerol, uric acid, and
-tocopherol concentrations were significantly lower in the vege-

arians, but total cholesterol did not differ significantly between
roups. Overall, significant inverse correlations were seen between
scorbic acid and uric acid (Pearson’s r � �0.343, P � 0.01; n �
0) and between ascorbic acid and hsCRP (Pearson’s r � �0.306,
� 0.05; n � 55). No significant correlations were found between

ny of the other biomarkers measured.

ISCUSSION

ndividuals who eat a diet rich in fruit and vegetables or who have
igh plasma concentrations of antioxidant micronutrients have a
ow risk of cardiovascular disease and stroke.13–16 This observa-
ional evidence has led to the recommendation that high-risk
ndividuals or populations with a high incidence of CHD and
troke should substantially increase their intakes of dietary anti-
xidants. It has been shown that plasma concentrations of antioxi-
ants, such as �- and �-carotenoids and ascorbic acid, increase
ppreciably in those individuals with low intakes of fruit and
egetables when they follow such recommendations.17 Key et al.18

xamined dietary factors associated with mortality rate among
1 000 health-conscious individuals followed for an average of
7 y. After adjusting for smoking, those who ate fresh fruit daily

TABLE I.

VARIABLES OF INTEREST IN FASTING PLASMA OF
VEGETARIANS AND OMNIVORES*

Vegetarians
(n � 30)

Non-vegetarians
(n � 30)

scorbic acid (�M) 90.5 (21.0)‡ 61.8 (17.0)
-Tocopherol (�M)† 22.0 (5.9)§ 27.0 (7.9)
ipid-standardized �-tocopherol
(�Mol/mM TC�TAG)

3.76 (0.57)§ 4.23 (0.58)

holesterol (mM) 4.8 (1.1) 4.9 (1.3)
riacylglycerol (mM)† 1.06 (0.45)‡ 1.35 (0.57)
ric acid (�M) 239 (87.7)§ 306 (68.3)
RAP value (�M) 1028 (180) 1040 (178)
-reactive protein (mg/L)† 0.77 (1.29)§ 1.30 (1.38)
DA (�M) 0.56 (0.15) 0.61 (0.17)

Data are mean (standard deviation).
Analysis performed on log-transformed data.
P � 0.0001, versus non-vegetarian group (Student’s t test).
P � 0.01, versus non-vegetarian group (Student’s t test).
RAP, ferric-reducing antioxidant power; MDA, malondialdehyde;
C�TAG, total cholesterol � triacylglycerol
ompared with those who ate fresh fruit less frequently had a 24%
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ower mortality rate from CHD and a 32% lower mortality rate
rom stroke. Although other factors, including smoking, socioeco-
omic status, physical activity, and body mass index, affect the risk of
isease,19 the positive findings of an association between a diet rich in
ruit and vegetables and a lower risk of chronic degenerative disease
re strong, consistent, and convincing.3,5,19,20 Therefore, it is not
urprising that vegetarians have been found to have lower rates of
orbidity and mortality from degenerative disease.18,21,22

The results of the small, cross-sectional comparison study
resented here lend further support to the literature. Various bi-
markers of antioxidant status and CHD risk were compared in
ong-term vegetarians and in a sample of the general public
atched for age and sex. Plasma ascorbic acid concentrations were

early 50% higher in the vegetarians than in the non-vegetarians
nd made a significantly larger contribution to the total antioxidant
apacity of plasma in the vegetarian group.

Plasma ascorbic acid concentrations have been shown to be
nversely correlated with mortality rate from cardiovascular dis-
ase and cancer, and in one study, a 20-�M increase in fasting
lasma ascorbic acid was linked to a 20% decrease in mortality
ate.5 Increased intakes of fruit and vegetables and supplementa-
ion with vitamin C have also been reported to decrease blood pres-
ure.20,23 In addition, high ascorbic acid intake and high plasma
scorbic acid concentrations are inversely related to stroke incidence
nd mortality rate,5,24 whereas low plasma ascorbic acid reportedly
redicts unstable coronary artery disease activity in patients with
stablished cardiovascular disease.25 These findings support a role for
scorbic acid, or something strongly associated with it, in the promo-
ion of cardiovascular health. Further, we suggest that the fasting
lasma ascorbic acid concentration may be a useful prospective bi-
marker in terms of health maintenance, with decreasing concentra-
ions indicating the onset or an increased risk of chronic degenerative
isease. This concept of using plasma ascorbic acid as an indicator of
verall health status requires further study in prospective trials.

Gey26 summarized the published results relating to the plasma
tatus of ascorbic acid and CHD and suggested that ascorbic acid
oncentrations of at least 50 �M are cardioprotective. Interest-
ngly, all but six of our healthy subjects had fasting plasma
scorbic acid concentrations above this suggested threshold; the
ix subjects with values below the threshold were all in the
mnivorous group. It is also of interest that the plasma ascorbic
cid concentration in our local population, in which mortality rate
rom heart disease is relatively low (all-age mortality rate � 75 per
00 000 persons),27 appears to be markedly higher than that in
estern groups. A British study by John et al.23 reported a mean
standard deviation fasting plasma ascorbic acid concentration of

4 � 15 �M. The mean concentrations in our omnivorous and
egetarian subjects were 62 � 17 and 91 � 21 �M, respectively.
owever, even though the association between ascorbic acid and

mproved health is apparently strong, it is not yet clear whether it
s ascorbic acid that is responsible, alone or in part. The apparent
elation may be mediated by synergistic effects between ascorbic
cid and other agents in plant-based food or may be due to other
s yet unknown components of healthy diets. It is also likely that
he putative beneficial effect of increased ascorbic acid or other
ntioxidants is mediated by protection over many years. This may
ccount for the apparent lack of benefit seen in a recently pub-
ished supplementation study.28

In addition to having higher concentrations of ascorbic acid, the
egetarian group had lower concentrations of plasma uric acid,
sCRP, and triacylglycerol. Uric acid and triacylglycerol are in-
ependent risk factors for CHD, whereas hsCRP is a marker of
nflammation and has been reported to be predictive of CHD.29–31

ogether, our results indicate a more favorable CHD risk profile in
he vegetarian group, even though total cholesterol concentrations
id not differ significantly between groups.

The role of uric acid in CHD is double edged. Uric acid is an
mportant endogenous antioxidant that is present in relatively large

32
mounts throughout the body. However, high uric acid concen- �
rations are associated with an increased risk of CHD,29 and uric
cid has been reported to correlate directly with plasma thiobar-
ituric acid–reactive substances, which are an index of oxidative
tress.33 The high content of nucleic acids in meat results in the
ormation of more purine-derived uric acid in meat eaters; thus, the
ower uric acid concentration in our vegetarian group is not unex-
ected. However, the apparent lack of one antioxidant (uric acid)
as compensated for by another (ascorbic acid), so that, although

he relative contributions of the individual antioxidants differed,
he plasma FRAP values of both groups were similar. Interest-
ngly, we found a significant inverse correlation between uric acid
nd ascorbic acid in the population overall. It is possible that
ncreased ascorbic acid decreases cell turnover and purine degra-
ation.34 However, ascorbic acid has been reported to have a
ricosuric effect,35 which could also account for an inverse rela-
ion. Regardless of the route, we suggest that, in view of the direct
ssociation of uric acid with insulin resistance, hypertension, and
HD risk, a decrease in the contribution of uric acid to a total
ntioxidant capacity maintained by ascorbic acid indicates im-
roved antioxidant status and lower CHD risk.

The Taoist vegetarian group, somewhat surprisingly, had lower
lasma concentrations of �-tocopherol, although not low enough
o indicate deficiency. The lower concentrations could not be
xplained completely by lower lipid concentrations, because lipid-
tandardized �-tocopherol concentrations were also lower. The
aoist group did not generally include nuts and seeds in their diet.
hese are rich sources of vitamin E, and the lower plasma con-
entrations may simply be due to a low intake of �-tocopherol.

ith this in mind, it may be advisable for these and other vege-
arians to increase their dietary intake of vitamin E, e.g., by eating
uts and seeds. It is worth noting that zinc deficiency has been
eported to affect the absorption of �-tocopherol.36 Because the
ichest food source of zinc is meat,37 zinc deficiency is not un-
ommon in vegetarians.38,39 In addition, it is possible that the
igher phytate content of vegetarian diets inhibits the absorption of
inc, thus further lowering zinc status.40 This may help to account
or the lower plasma �-tocopherol concentrations in our vegetarian
roup. However, the abundance of ascorbic acid may help to conserve
nd recycle the limited �-tocopherol supplies, because evidence exists
hat these antioxidant vitamins act in cooperation.41

Malondialdehyde is a product of peroxidized polyunsaturated
atty acids and is used as a biomarker of oxidative stress.33 How-
ver, we found no significant difference in malondialdehyde con-
entrations between the two groups of healthy subjects tested.

C-reactive protein is an acute-phase protein. Increased concen-
rations reflect inflammation and increased CHD risk, and plasma
RP has been validated as a sensitive, independent biomarker and
redictor of CHD.31 In the present study, we used a highly sensi-
ive method (hsCRP) that enables the detection of subclinical
nflammation and allowed us to revisit the comparison of CRP-
elated assessment of cardiovascular disease risk in vegetarians
nd non-vegetarians. A previous study reported no significant
ifference in plasma CRP between healthy vegetarians and non-
egetarians.42 In the present study, however, we found lower
sCRP concentrations in the vegetarians. This finding indicates
hat a long-term vegetarian diet may be cardioprotective and
nti-inflammatory. Interestingly, our data also showed lower
sCRP in association with higher ascorbic acid, implying a pos-
ible anti-inflammatory role for ascorbic acid.43 There are previous
eports of an inverse correlation between ascorbic acid and CRP in
nflammatory disorders such as rheumatoid arthritis and athero-
clerosis;44,45 however, to our knowledge, this is the first report of

significant inverse correlation in apparently healthy subjects
ound with the use of a highly sensitivity method. It is of interest
hat supplementation with �-tocopherol for 3 mo (1200 IU/d) was
eportedly associated with a decrease in CRP, from around 6 to 4
g/L, in healthy subjects.7 However, in light of the relatively low

-tocopherol concentrations of our vegetarian subjects, it is un-
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lear whether this effect on CRP is due to �-tocopherol specifically
r to a generic increase in antioxidant status.

In conclusion, the results of this small cross-sectional study
upport and extend the findings of other studies on the health
enefits of vegetarian diets. Our results should not be overstated,
owever, owing to our lack of data on the body mass index,
moking habits, and supplement use of the subjects and to the
ndoubted influence of other lifestyle factors on the risk of car-
iovascular disease. However, these new data do show that the
ong-term vegetarian subjects had markedly higher plasma ascor-
ic acid concentrations than did the omnivores and had lower
oncentrations of three independent risk factors for CHD: triacyl-
lycerol, uric acid, and hsCRP. Further, our data show previously
nreported inverse relations between ascorbic acid and uric acid
nd between ascorbic acid and hsCRP in healthy subjects, which
upports the hypothesis that the plasma ascorbic acid concentration
ay be a useful marker of overall health status. Therefore, our

esults indicate that long-term adherence to a vegetarian diet is
ssociated with an improved CHD risk profile. We suggest that the
asting plasma ascorbic acid concentration may be a sensitive and
ynamic marker of health status, particularly in relation to the
ardiovascular system, and this requires further study.
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