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a b s t r a c t

Objective: Circulating endothelial progenitor cells (EPCs) play a critical role in maintaining the integrity
of vascular vessels. The number of EPCs inversely correlates with the number of atherosclerotic risk fac-
tors. Although nonpharmacological treatment represents the first approach to the primary prevention of
atherosclerotic diseases, little is known about the effects of diet on EPCs. We investigated the effect of a
dietary intervention with vegetables that are commonly eaten in Okinawa on the number of EPCs.
Methods and results: Forty-five healthy young women were employed and randomized to a dietary inter-
vention group (n = 24) or a control group (n = 21). Subjects in the intervention group received typical
Okinawan vegetables through home-parcel delivery for 2 weeks. After the dietary intervention, urinary
potassium and magnesium excretion increased only in the intervention group and changes were greater
than in the control group (p = 0.007, 0.010, respectively). The consumption of total vegetables correlated
with changes in both urinary potassium and magnesium excretion. Serum folic acid increased and plasma

homocysteine decreased in both groups but the change was significant only in the intervention group.
The EPCs number significantly increased in the intervention group but did not in the control group.
An inverse correlation was observed between EPC number and plasma homocysteine level (r = −0.272,
p = 0.016). Changes in the EPC number inversely correlated with changes in both serum total cholesterol
and low-density lipoprotein cholesterol level (r = −0.555, p = 0.0002; r = −0.626, p < 0.0001, respectively).
Conclusions: The consumption of vegetables increased the number of circulating EPCs; this change might
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. Introduction

Okinawa prefecture in Japan is well known as the leading area
or longevity in the world and also has had the lowest rate of

ortality due to cardiovascular disease, including coronary artery
isease and stroke, until recently [1,2]. Epidemiological studies
ave revealed the importance of diet in preventing cardiovascu-

ar disease [3,4]. In fact, Okinawan elders have unique traditional
ating habits characterized by low salt and fat intake and high con-
umption of antioxidant-rich vegetables [2,5]; this diet has been

onsidered to be one of the major factors influencing longevity.

Circulating endothelial progenitor cells (EPCs) in the periph-
ral blood, mobilized from bone marrow, play important roles in
aintaining the integrity of vascular vessels and endothelial func-
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ine-lowering effect.
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ion as well as in postnatal neovascularization [6]. Recent studies
ave shown an inverse relationship between the number of circu-

ating EPCs and cardiovascular risk factors both in patients with
ardiovascular disease and in healthy people [7,8]. Furthermore, a
ingle measurement of EPCs is useful for predicting cardiovascu-
ar outcomes in patients with coronary artery disease [8,9], which
uggests that EPCs can act as a prognostic biomarker. Certain drugs,
uch as statins, can increase the number of circulating EPCs [10];
owever, few studies have been done to investigate the relation-
hip between diet and EPC number. This study examined the effect
f dietary intervention with typical Okinawan vegetables through
ome-parcel delivery on the number of circulating EPCs.

. Methods
.1. Subjects

This randomized controlled study employed 45 healthy free-
iving female volunteers living in Okinawa aged between 18 and
8 years. None of them were being treated for any disease at the

http://www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
mailto:ishida@med.u-ryukyu.ac.jp
dx.doi.org/10.1016/j.atherosclerosis.2008.09.035
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groups, but the decrease was significant only in the intervention
group (7.6 ± 2.9 nmol/ml to 7.2 ± 2.7 nmol/ml, p = 0.022). Changes
of serum folic acid and plasma homocysteine were not differ-
ent between two groups. An inverse correlation was observed
between serum folic acid and plasma homocysteine in all subjects

Table 1
Baseline clinical characteristics.

Characteristic Intervention
group (n = 22)

Control group
(n = 17)

p-Value

Age (years) 24.5 ± 4.1 26.2 ± 5.3 0.2428
Height (cm) 156.4 ± 4.4 158.8 ± 5.1 0.1252
R. Mano et al. / Atheros

ime of the study. They were randomized to a dietary intervention
roup (n = 24) or a control group (n = 21). Six subjects were finally
xcluded from the statistical analysis due to incomplete samples
ollection (n = 3) and smoking during the study period (n = 3). As a
esult, 22 subjects in the intervention group and 17 in the control
roup were analyzed.

.2. Study design

This study was approved by the Medical Ethics Committee of
he University of the Ryukyus, and written informed consent was
btained from all participants before enrollment. The study design
as described previously [11]. Briefly, the dietary intervention

roup received five kinds of vegetables that are commonly eaten in
kinawa (a total of 2.6 kg/week) at home through a home-parcel
elivery service for a period of 14 days. The delivered vegetables

ncluded 800 g/week of Goya (Momordica charantia), 1200 g/week
f green papaya (Carica papaya), 200 g/week of Handama (Gynura
icolor), 200 g/week of Karashina (Brassica juncea), and 200 g/week
f one of three others: Njana (Crepidiastrum lanceolatium), Fuchiba
Artemisia vulgaris) or Fudanso (Beta vulgaris). The 2.6 kg/week
upply of vegetables was based on the national recommendation
or vegetable intake (350 g/day) from the Japan Ministry of Health,
abor and Welfare. Subjects in the control group were asked to
void eating Okinawan vegetables. We asked the subjects to weigh
nd record all vegetables, fruits and juices that they consumed
uring the intervention period. We employed young women for
his study, because they usually cook at home by themselves. In
ddition, because the average vegetable intake of Japanese young
omen is lower than that of over 30’s women, we predicted that

he effects of dietary intervention would be more obvious in this
opulation. The following measurements of physical parameters
nd laboratory samplings were taken: fasting blood and 24 h urine
amples were taken before and after the dietary intervention;
lood pressure was measured three times in the right arm in
sitting position after a short rest using an automatic digital

phygmomanometer (HEM-762, Omron Corp.); and reactive
xygen species (ROS) were assessed by TBARS (TBARS Assay Kit,
eptoMetrix Corp.) and the d-ROM test (Free Radical Analytical
ystem4, Wismerll) according to the manufacturer’s protocol. The
aboratory personnel were blinded to the subjects and the coding
ystem used to label the sample.

.3. Isolation and characterization of EPC

We examined circulating EPCs as described previously [7]. In
rief, immediately after collecting peripheral blood (25–30 ml),
ononuclear cells were isolated by density-gradient using
istopaque-1077 (Sigma), seeded on culture dishes coated with
bronectin (Sigma) in endothelial growth medium-2 with Single-
uots (EGM-2 MV Bullet Kit, Cambrex Corp.) including 20% fetal
alf serum, and incubated in a 5% CO2 incubator at 37 ◦C. After 4
ays of culture, no adherent cells were discarded in a gentle wash
ith PBS, and fresh media were applied. Adherent cells were then
aintained in culture for 3 more days. After 7 days of culture, EPCs
ere characterized by dual staining for 1,1′-dioctadecyl-3,3,3′,3′,-

etramethylindocarbocyanine perchlorate (DiI)-labeled acetylated
DL (2.5 �g/ml, Biogenesis) and FITC-conjugated Ulex europaeus
gglutinin (UEA)-1 lectin (10 �g/ml, Sigma). We counted the num-
er of EPCs in 10 random laser scanning confocal microscopic fields.
.4. Statistical analysis

Data are presented as mean ± S.D., and continuous variables
ere evaluated using a non-paired t-test or paired t-test. Corre-
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ations between circulating EPCs and others were analyzed with
earson’s correlation coefficient. Differences with p < 0.05 were
onsidered significant. Multiple regression analysis was used to
xclude influence of the confounding factors. Statistical analysis
as done with StatView version 5.0.

. Results

.1. Characteristics of the subjects

The baseline characteristics of the subjects were similar
etween the two groups (Table 1). There were no differences in
erms of body height, body weight, body mass index (BMI), and
lood pressure. These parameters did not change after 2 weeks of
ietary intervention in both groups (data not shown).

.2. Vegetable consumption

Subjects in the dietary intervention group consumed a higher
mount of total vegetables than subjects in the control group:
56 g/day in the dietary intervention group and 200 g/day in the
ontrol group (p = 0.0001). About 371 g/day of Okinawan vegeta-
les were delivered to the intervention group, but the subjects
onsumed only 169 g/day of the Okinawan vegetables. In contrast,
ubjects in the control group, who were not supplied Okinawan
egetables, consumed only 40 g/day of Okinawan vegetables during
he intervention period (p < 0.0001). There were no differences in
he mean amount of other vegetables consumed (187 g/day versus
61 g/day, p = 0.468, in the intervention and control groups, respec-
ively); therefore the total consumption of vegetables was higher
n the intervention group. There was no significant difference in
he mean amount of fruits consumed in both groups (125 g/day
ersus 101 g/day, p = 0.356, in the intervention and control groups,
espectively).

.3. Changes of urinary and blood laboratory data

After dietary intervention, 24 h urinary potassium excretion
ignificantly increased in the intervention group (1.6 ± 0.4 g/day to
.5 ± 1.4 g/day) compared with the control group (1.7 ± 0.6 g/day
o 1.6 ± 0.8 g/day, p = 0.007) (Table 2). Urinary magnesium
xcretion also increased in the dietary intervention group
0.08 ± 0.02 g/day to 0.10 ± 0.05 g/day) compared with the control
roup (0.09 ± 0.03 g/day to 0.07 ± 0.04 g/day, p = 0.010). Urinary
odium excretion decreased in the control group (p = 0.021). Serum
olic acid increased in both groups, but the change was significant
nly in the intervention group (5.4 ± 2.1 ng/ml to 6.0 ± 2.6 ng/ml,
= 0.041). The level of plasma homocysteine decreased in both
eight (kg) 49.8 ± 5.3 51.3 ± 5.7 0.3911
MI (kg/m2) 20.3 ± 1.6 20.4 ± 2.2 0.9415
ystolic blood pressure (mmHg) 109 ± 9 113 ± 10 0.1481
iastolic blood pressure (mmHg) 68 ± 7 69 ± 7 0.7399

ata are mean ± S.D. BMI: body mass index.
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Table 2
Changes before and after the dietary intervention.

Variables Intervention group (n = 22) Control group (n = 17) Between group

Baseline Change [95%CI] Baseline Change [95%CI] Difference [95%CI] p-Value

24 h urinary sodium (g/day) 2.9 ± 1.0 0.2[−0.3, 0.7] 3.7 ± 1.6 −0.7[−1.3, −0.1] 0.9[0.1, 1.6] 0.021
24 h urinary potassium 1.6 ± 0.4 0.9[0.3, 1.4] 1.7 ± 0.6 −0.1[−0.4, 0.2] 1.0[0.3, 1.6] 0.007
24 h urinary magnesium 0.08 ± 0.02 0.02[0,0.04] 0.09 ± 0.03 −0.02[−0.03, 0] 0.04[0.01, 0.06] 0.010
Total cholesterol (mg/dl) 176 ± 35 −7[−17, 3] 189 ± 34 −3[−10, 5] −4[−17, 8] 0.483
HDL cholesterol (mg/dl) 70 ± 19 −1[−5, 2] 72 ± 13 −1[−3, 2] −1[−6, 4] 0.728
LDL cholesterol (mg/dl) 92 ± 24 −3[−10, 3] 103 ± 24 −2[−7, 3] −1[−10, 7] 0.794
Triglycerides (mg/dl) 63 ± 21 −2[−10, 6] 55 ± 12 4[−4, 13] −7[−18, 5] 0.237
Folic acid (ng/ml) 5.4 ± 2.1 0.6[0,1.2] 4.9 ± 1.9 0.5[−0.4, 1.5] 0.1[−0.9, 1.1] 0.860
Homocysteine (nmol/ml) 7.6 ± 2.9 −0.4[−0.7, −0.1] 8.1 ± 3.4 −0.6[−1.3, 0.1] 0.2[−0.5, 0.9] 0.554
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BARS (nmol/ml) 1.42 ± 0.42 −0.5[−0.7, −0.2]
-ROM (U.CARR) 405 ± 90 13[−19, 44]
PC (/field) 172 ± 83 81[6,157]

ata are mean ± S.D. EPC: endothelial progenitor cell. CI: confidence interval.

r = −0.315, p = 0.005). Total cholesterol (TC) and low-density
ipoprotein cholesterol (LDL-C) decreased in both groups after the
ntervention, but the differences were not significant. There were
o significant changes in high-density lipoprotein cholesterol
HDL-C) or triglyceride (TG) in either group.

Changes in urinary potassium and magnesium excretion cor-
elated with both the consumption of total vegetables (r = 0.333,
= 0.038; r = 0.340, p = 0.034, respectively) and Okinawan vegeta-
les (r = 0.413, p = 0.008; r = 0.338, p = 0.035, respectively) in all
ubjects. However, there were no significant correlations between
egetable consumption and folic acid, homocysteine, lipids and
OS. The ratio of TG/HDL-C, considered to be an estimator of small
ense LDL-C [12], was inversely correlated with urinary potas-
ium and magnesium excretion (r = −0.240, p = 0.034; r = −0.336,
= 0.003, respectively) (data not shown).

.4. Changes of ROS

ROS was evaluated in serum by TBARS assay, and it was
een to decrease after dietary intervention in both groups
1.42 ± 0.42 nmol/ml to 0.97 ± 0.30 nmol/ml versus 1.35 ± 0.27
mol/ml to 0.80 ± 0.33 nmol/ml in the intervention and control
roups, respectively). ROS assessed by the d-ROM test showed no
ignificant change in either group. No correlation was observed
etween the results of TBARS and d-ROM in this study (r = 0.056,
= 0.625) (Table 2).
.5. Effect of dietary intervention on EPCs number

The number of EPCs was not significantly different between
he two groups at baseline (172 ± 83/field versus 138 ± 106/field,

b
(
a
w
−

ig. 1. The effect of homocysteine on EPC number. (A) An inverse correlation between EPC
B) The effect of homocysteine on EPC number in vitro. EPCs were seeded at 190 × 104 cells
ptake and FITC-labeled lectin dual positive cells, were counted by laser scanning confoca
s. control.
35 ± 0.27 −0.5[−0.8, −0.3] 0.1[−0.2, 0.4] 0.561
45 ± 53 −24[−86, 37] 37[−25, 100] 0.231
38 ± 106 14[−50, 78] 67[−33, 167] 0.181

= 0.268 in the intervention and control groups, respectively).
ietary intervention significantly increased the number of EPCs
nly in the intervention group (p = 0.036) but not in the control
roup (p = 0.641). Changes of EPCs number did not have significant
ifference between two groups (Table 2).

.6. Factors associated with EPC number

The number of EPCs was inversely correlated with plasma
omocysteine level (r = −0.272, p = 0.016) (Fig. 1A) in all subjects.
hen we included age, systolic blood pressure, homocysteine, LDL-

, urinary sodium, urinary potassium, urinary magnesium and ROS
arker in a multivariate analysis, only plasma homocysteine level
as negatively correlated with the numbers of EPCs (ˇ = −0.304,
= 0.015). To further investigate the effects of homocysteine on the
PC number, we isolated and cultured peripheral blood mononu-
lear cells in vitro from healthy volunteers with homocysteine for
days. Treatment with homocysteine decreased the attached and
ifferentiated EPC number in a concentration-dependent manner
Fig. 1B).

There was no correlation between the number of EPCs and
he consumption of vegetables, body weight, BMI, blood pres-
ure, urinary potassium excretion, urinary magnesium excretion,
erum HDL-C, TG and ROS. An inverse correlation was observed
etween the changes in the EPC number and the changes in

oth serum TC (r = −0.555, p = 0.0002) and LDL-C concentrations
r = −0.626, p < 0.0001) (Fig. 2). Then, by the use of multivariate
nalysis, changes in the EPC number were significantly correlated
ith only the changes in TC and LDL-C concentration (ˇ = −0.613,
0.686; p = 0.0006, <0.0001, respectively), when age, systolic blood

number and plasma homocysteine level was observed. n = 78, r = −0.272, p = 0.016.
per well and treated with homocysteine for 3 days. EPCs, characterized by DiI-acLDL
l microscope. Data are presented as mean ± S.D. *p < 0.001 vs. control, **p < 0.0001
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ig. 2. The correlations between changes in EPC number and changes in lipid leve
erum TC concentrations. n = 39, r = −0.555, p = 0.0002. (B) There is an inverse correl
= −0.626, p < 0.0001.

ressure, changes of homocysteine, ROS marker, urinary sodium,
rinary potassium, urinary magnesium, and vegetable consump-
ion were included.

. Discussion

We demonstrated here that dietary intervention with typi-
al Okinawan vegetables through home-parcel delivery increased
he number of EPCs, urinary potassium and magnesium excretion
n healthy young women. Consumptions of vegetables correlated

ith changes in both urinary potassium and magnesium excretion.
he number of EPCs inversely correlated with homocysteine level.
hanges in the EPC number inversely correlated with changes in
oth TC and LDL-C level.

Accumulating evidences has shown that increased consump-
ion of vegetables and fruits is associated with reduced risk of
ardiovascular diseases such as stroke and coronary artery dis-
ase [3,4]. The protective effects of vegetables and fruits against
ardiovascular disease have been considered to be derived from
utrients such as potassium, folate, fiber, and antioxidant vitamins.
ietary folate is one of the determinants of plasma homocysteine

evel. Several studies have shown that folic acid decreased homo-
ysteine level and that fiber from vegetables was associated with
ower homocysteine concentration [13]. Although the effects of
omocysteine-lowering therapy with folic acid and vitamins on
ardiovascular disease endpoints are still conflicting [14], epidemi-
logical data suggested that there was an association between
lasma homocysteine and cardiovascular disease mortality [15,16],
nd Okinawans have plasma homocysteine levels among the low-
st in the world [16]. We showed here that dietary intervention
ith Okinawan vegetables for 2 weeks increased serum folic acid

nd decreased plasma homocysteine level. Moreover, there was
n inverse correlation between homocysteine levels and the num-
er of EPCs in this study. We also confirmed that treatment with
omocysteine dose-dependently inhibited the attached and differ-
ntiated EPC number in vitro. Zhu et al. reported that the number of
PCs decreased in patients with hyperhomocysteinemia compared
ith normohomocysteinemic subjects, and an inverse correlation
as observed between total homocysteine level and EPC num-
er [17]. Although the precise mechanism by which homocysteine
educed the EPC number remains to be determined, it was found
hat homocysteine decreased the EPC number by accelerating

PC senescence through Akt dephosphorylation [18]. These results
uggest that greater consumption of vegetables increase the EPC
umber in part through decreasing the homocysteine level.

Although all the subjects of our study had normocholesterol
evel and no significant change was observed in lipid levels due to

t
t
h
a
C

) There is an inverse correlation between changes in EPC number and changes in
between change in EPC number and change in serum LDL-C concentrations. n = 39,

ietary intervention, an inverse correlation was observed between
he changes in EPC number and changes in both TC and LDL-

levels. These data are consistent with the results reported by
roce et al. [19], who showed that dietary intervention for 4 weeks

ncreased the number of EPCs, assessed as in the present study by
il-acLDL/UEA-1 dual positive cells, in patients with hypercholes-

erolemia (LDL-C; between 158.7 mg/dl and 189.6 mg/dl) without
ther cardiovascular risk factors. They also showed an inverse
orrelation between changes in LDL-C levels and changes in EPC
umber. Chen et al. showed that the number of EPCs was lower

n subjects with elevated serum cholesterol levels compared with
ge-matched middle-aged control subjects, and they also showed
n inverse correlation between the number of EPCs and TC and
DL-C level, including control subjects [20]. The number of EPCs,
ssessed by a colony-forming-units assay, was reduced not only
n coronary artery disease patients, but also in relatively healthy
ubjects with elevated serum cholesterol [8]. Taken together, these
esults suggest that TC and LDL-C even in the normal range may
ffect the number of EPCs.

The mechanisms by which hypercholesterolemia decreased the
umber of EPCs still remains to be determined. Oxidized LDL has
een proposed to play an important role in the development of
therosclerosis [21,22], and the possibility has been reported that
xidized LDL accelerated EPC senescence by telomerase inacti-
ation [23]. It is also reported that elevations in ROS formation
ubsequently decrease EPC number [24]. Vegetables and fruits are
ich sources of potassium, folate, fiber and antioxidants such as
itamin C and vitamin E. Several reports have shown that the con-
umption of vegetables and fruits showed a significant inverse
ssociation with lowering ROS [25], and antioxidant vitamins and
olic acid reduced LDL oxidation in vitro [26]. Potassium supple-

entation also has inhibitory effects on free radical formation [27].
ccording to the national health and nutrition survey in Japan, the
verage vegetable intake of Japanese women aged 20–29 years was
35.4 g/day. Subjects in the intervention group in this study con-
umed many more vegetables during the study period than the
ational average, and as a result urinary potassium and magne-
ium excretion increased after the dietary intervention. However,
e could not find any change of ROS as assessed by the d-ROM test.

his may be an inappropriate method for detecting small changes
n ROS level in our study. Small dense LDL is easily oxidized and is an
therogenic lipoprotein [28]. The ratio of TG/HDL-C is considered

o be an estimator of small dense LDL-C and an inverse correla-
ion was observed between LDL particle size and TG/HDL-C ratio in
ealthy subjects [12]. We showed here that both urinary potassium
nd magnesium excretion were negatively correlated with TG/HDL-
ratio, which may suggest that potassium or magnesium may
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ncrease the size of LDL particles. Thus, high vegetable consumption
ay increase the number of EPCs through improving characteristics

f cholesterol such as LDL particle size and oxidizability.
There were several limitations of our study. The sample size is

mall, and we did not evaluate other lifestyles such as physical exer-
ise volume, which may affect EPC numbers. Okinawan vegetables
uch as Fuchiba and Njana were known to have relatively much
f �-carotene and strong antioxidant activities [29], but we did not
valuate such variables of these respective vegetables in the present
tudy. Since the differences in such contents are not large and we
ould not find any change of ROS marker in this study, vegetables
ther than Okinawan vegetables may also affect the numbers of
PCs. In addition, none of the subjects in this study had risk factors
or atherosclerotic disease. Therefore, it may be difficult to detect
n association between changes in risk factors and EPC number.

In conclusion, the present study demonstrated that dietary
ntervention with typical Okinawan vegetables significantly
ncreased urinary potassium and magnesium excretion, and also
he number of circulating EPCs. It was found that a vegetable-rich
iet contributes to anti-atherosclerosis, and the level of EPCs may
e useful as a biologic marker of a healthy diet.

cknowledgements

We would like to thank Dr. Kui-Cheng Zheng and Dr. Mallet
.-N. Tuekpe of the Department of Environmental and Preventive
edicine, Dr. Minori Nakamoto of the Department of Cardiovas-

ular Medicine, Nephrology and Neurology, Faculty of Medicine,
niversity of the Ryukyus, for their support.

eferences

[1] Health Welfare Statistics Association. Prefectural life tables 2000. J Health Wel-
fare Stat 2007;54:375–455 (in Japanese).

[2] Willcox BJ, Willcox DC, Suzuki M. The Okinawa program: how the world’s
longest-lived people achieve everlasting health-and how you can too. New
York: Clarkson Potter; 2001.

[3] Dauchet L, Amouyel P, Hercberg S, et al. Fruit and vegetable comsumption
and risk of coronary heart disease: a meta-analysis of cohort studies. J Nutr
2006;136:2588–93.

[4] He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consumption and stroke:
meta-analysis of cohort studies. Lancet 2006;367:320–6.

[5] Department of health and welfare, Okinawa prefectural government. The
Health and Nutrition Survey in Okinawa Prefecture, 2006. Okinawa: Okinawa

Prefectural Government, 2007 (in Japanese).

[6] Asahara T, Murohara T, Sullivan M, et al. Isolation of putative progenitor
endothelial cells to angiogenesis. Science 1997;275:964–7.

[7] Vasa M, Fichtlscherer S, Aicher A, et al. Number and migratory activity of cir-
culating endothelial progenitor cells inversely correlate with risk factors for
coronary artery disease. Circ Res 2001;89:1–7.

[

s 204 (2009) 544–548

[8] Hill JM, Zalos G, Halcox JP, et al. Circulating endothelial progenitor cells, vascular
function, cardiovascular risk. N Engl J Med 2003;348:593–600.

[9] Werner N, Kosiol S, Schiegl T, et al. Circulating endothelial progenitor cells and
cardiovascular outcomes. N Engl J Med 2005;353:999–1007.

10] Shantsila E, Watson T, Lip GY. Endothelial progenitor cell in cardiovascular
disorders. J Am Cardiol 2007;49:742–52.

11] Tuekpe MK, Todoriki H, Sasaki S, et al. Potassium excretion in healthy Japanese
women was increased by a dietary intervention utilizing home-parcel delivery
of Okinawa vegetables. Hypertens Res 2006;29:389–96.

12] Maruyama C, Imamura K, Teramoto T. Assessment of LDL particle size by
triglyceride/HDL-cholesterol ratio in non-diabetic, healthy subjects without
prominent hyperlipidemia. J Atheroscler Thromb 2003:186–91.

13] Lairon D, Arnault N, Bertrais S, et al. Dietary fiber intake and risk factors
for cardiovascular disease in French adults. Am J Clin Nutr 2005;82:1185–
94.

14] Wierzbicki AS. Homocysteine and cardiovascular disease: a review of the evi-
dence. Diab Vasc Dis Res 2007;4:143–50.

15] Zylberstein DE, Bengtsson C, Bjorkelund C, et al. Serum homocysteine in relation
to mortality and morbidity from coronary disease: a 24-year follow-up of the
population study of women in Gothenburg. Circulation 2004;109:601–6.

16] Alfthan G, Aro A, Gey KF. Plasma homocysteine and cardiovascular disease
mortality. Lancet 1997;349:397.

17] Zhu J, Wang X, Chen J, et al. Reduced number and activity of circulating endothe-
lial progenitor cells from patients with hyperhomocysteinemia. Arch Med Res
2006;37:484–9.

18] Zhu JH, Chen JZ, Wang XX, et al. Homocysteine accelerates senescence
and reduces proliferation of endothelial progenitor cells. J Mol Cell Cardiol
2006;40:648–52.

19] Croce G, Passacquale G, Necozione S, et al. Nonpharmacological treatment of
hypercholesterolemia increases circulating endothelial progenitor cell popula-
tion in adults. Arterioscler Thromb Vasc Biol 2006;26:38–9.

20] Chen JZ, Zhang FR, Tao QM, et al. Number and activity of endothelial progenitor
cells from peripheral blood in patients with hypercholesterolaemia. Clin Sci
2004;107:273–80.

21] Hulthe J, Fagerberg B. Circulating oxidized LDL is associated with subclinical
atherosclerosis development and inflammatory cytokines (AIR study). Arte-
rioscler Thromb Vasc Biol 2002;22:1162–7.

22] Koenig W, Khuseyinova N. Biomarkers of atherosclerotic plaque instability and
rupture. Arterioscler Thromb Vasc Biol 2007;27:15–26.

23] Imanishi T, Hano T, Satsuya S, et al. Oxidized low-density lipoprotein induces
endothelial progenitor cell senescence, leading to cellular dysfunction. Clin Exp
Pharmacol Physiol 2004;31:407–13.

24] Dernbach E, Urbich C, Brandes RP, et al. Antioxidative stress-associated genes in
circulating progenitor cells: evidence for enhanced resistance against oxidative
stress. Blood 2004;104:3591–7.

25] Miller 3rd EP, Erlinger TP, Sacks FM, et al. A dietary pattern that lowers oxida-
tive stress increases antibodies to oxidized LDL: results from a randomized
controlled feeding study. Atherosclerosis 2005;183:175–82.

26] Bonout D, Garrido A, Suazo M, et al. Effect of supplementation with folic acid
and antioxidant vitamins on homocysteine levels and LDL oxidation in coronary
patients. Nutrition 2000;16:107–10.

27] McCabe RD, Bakarich MA, Srivastava K, et al. Potassium inhibits free radical
formation. Hypertension 1994;24:77–82.
size, vascular accumulation of oxidized LDL, and inflmmation in patients with
aortic stenosis. Arterioscler Thromb Vasc Biol 2008;28:187–93.

29] Maeda G, Takara K, Wada K, et al. Evaluation of antioxidant activity of veg-
etables from Okinawa prefecture and determination of some antioxidantive
compounds. Food Sci Technol Res 2006;12:8–14.


	Dietary intervention with Okinawan vegetables increased circulating endothelial progenitor cells in healthy young women
	Introduction
	Methods
	Subjects
	Study design
	Isolation and characterization of EPC
	Statistical analysis

	Results
	Characteristics of the subjects
	Vegetable consumption
	Changes of urinary and blood laboratory data
	Changes of ROS
	Effect of dietary intervention on EPCs number
	Factors associated with EPC number

	Discussion
	Acknowledgements
	References


