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a b s t r a c t

Inadequate intake of the recommended five-a-day fruit and vegetable portions might contribute to
increased cardiovascular disease risk. We assessed the effects of dietary intake of a blackcurrant juice
drink, rich in vitamin C and polyphenols, on oxidative stress and vascular function. This was a double-
blind, placebo-controlled, parallel group study of 66 healthy adults who habitually consume o2
portions of fruit and vegetables per day. Participants were randomly allocated to consume 250 ml of
placebo (flavored water) or low or high blackcurrant juice drink four times a day for 6 weeks. Flow-
mediated dilation (FMD) and plasma concentrations of F2-isoprostanes and vitamin C were measured. In
the high blackcurrant juice drink group FMD increased significantly (5.873.1 to 6.973.1%, P¼0.022)
compared with the placebo group (6.072.2 to 5.172.4%). Plasma vitamin C concentration increased
significantly in the low (38.6717.6 to 49.4721.0 mmol/L, Po0.001) and high (34.6720.4 to
73.8723.3 mmol/L, Po0.001) blackcurrant juice drink groups compared with the placebo group
(38.1721.0 to 29.0717.6 mmol/L). F2-isoprostane concentrations were significantly lower in the high
blackcurrant juice drink group (225764 pg/ml) compared with the low blackcurrant juice drink
(257769 pg/ml, P¼0.002) and placebo group (254759 pg/ml, P¼0.003). At follow-up, changes in
plasma vitamin C correlated significantly with changes in FMD (r¼0.308, P¼0.044). Consumption of
blackcurrant juice drink high in vitamin C and polyphenols can decrease oxidative stress and improve
vascular health in individuals with habitually low dietary fruit and vegetable intake.

& 2014 Elsevier Inc. All rights reserved.

Generation of reactive oxygen species and oxidative stress are
among the many contributory factors involved in the development
and progression of cardiovascular disease (CVD) [1]. Inadequate
dietary intake of antioxidant-rich foods and beverages can con-
tribute to CVD and thus supplementation of dietary antioxidants
has the potential to reduce oxidative stress and CVD risk [2,3].
Oxidative stress can increase CVD risk by causing endothelial
dysfunction, which can occur well before the presentation of
symptomatic CVD [4]. An established technique for measuring

endothelial function in humans is flow-mediated dilation (FMD) in
the brachial artery, which has been shown to a validated predictor
of CVD risk and outcome [5].

Most studies to date that have explored the association
between habitual antioxidant intake and CVD risk have been in
individuals with established or increased risk of CVD [3,6,7] and
point to potential benefits for secondary prevention. Although
studies have reported beneficial effects of acute or short-term
consumption (single one-off dose or days) of antioxidant-
containing compounds on CV function in healthy subjects [8–10],
information is lacking with regard to possible beneficial effects of
longer-term (weeks) dietary consumption of antioxidants in
healthy individuals. Such information could have implications for
primary prevention, especially in individuals in whom antioxidant
status might be low because of inadequate intake of the recom-
mended five-a-day fruit and vegetable portions. The purpose of
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this study therefore was to carry out a randomized controlled trial
to assess the effects of 6 weeks’ dietary intake of a blackcurrant
juice drink, rich in antioxidant vitamin C as well as polyphenols,
on FMD in healthy volunteers who habitually have low consump-
tion of fruit and vegetables. Additionally, we assessed whether
consumption of a high (20%) blackcurrant juice drink produced
significant changes in blood markers of oxidative stress.

Materials and methods

Fig. 1 shows the pathway for subjects from recruitment to
follow-up. We used a double-blind, placebo-controlled, parallel
group study design. Ethical approval was obtained from the
Tayside research ethics committee and all participants gave
written, informed consent to the protocol before starting. Screen-
ing and baseline assessments took place between January 2006
and July 2007, and follow-up visits between March 2006 and May
2008. We recruited volunteers from the general population in
Tayside, Scotland, via advertisements using posters, newspapers,
and lay press. Initial screening of participants took place via
telephone conversation to determine intake of fruits and vegeta-
bles, and those potentially eligible (i.e., healthy and consuming
o2 portions per day) were invited to attend Ninewells Hospital
and Medical School, Dundee, for a face-to-face screening visit.
Before attending this visit, participants were requested to com-
plete a 3-day record of their dietary intake using the FACET tool
[11] to obtain an estimation of their daily fruit and vegetable
consumption. At this visit, assessment of dietary records was
reviewed further to assess intake of fruit and vegetables, and in
addition a general medical assessment was conducted.

After inclusion at screening, participants returned to the hospital
on a further occasion for baseline assessments of vascular function
(described below), after which they were block-randomized (in
blocks of six, sequentially numbered, cartons) to one of three study

groups, each consisting of 22 subjects. The groups were placebo
(flavored water), low blackcurrant juice drink (6.4% juice; final diluted
concentration 1.1 mg vitamin C/100 ml, 27.3 mg/100 ml total polyphe-
nols, 4 mg/100 ml anthocyanins), and high blackcurrant juice drink
(20% juice; 10.2 mg vitamin C/100 ml, 81.5 mg/100 ml total polyphe-
nols, 14.3 mg/100 ml anthocyanins) provided in ready-to-drink cartons
provided by GlaxoSmithKline. Participants were requested to consume
250ml of juice drink four times a day for 6 weeks. The composition of
the low and high blackcurrant juice drinks per 250 ml was 1.7 g
carbohydrate, 1.2 g sugars, 0.1 g protein and they provided 10.4 kcal.
Participants were instructed to maintain their usual dietary intake and
exercise habits throughout the 6 weeks, with only the addition of the
allocated juice to their intake. Baseline measurements were repeated
at the 6-week follow-up visit. Compliance was assessed by monitoring
fruit and vegetable intake at weeks 3 and 5 using the FACET tool [11]
and using juice record cards of daily juice consumption throughout.
Additionally, assessment of plasma concentrations of vitamin C served
as a further marker of compliance.

Flow-mediated dilation

Measurements were conducted in a temperature-controlled
room (2471 1C). Subjects attended fasted, having not consumed
food or beverages (other than water) since 1200 hours the night
before. Resting blood pressure was measured in triplicate using a
semiautomated oscillometric device (Omron 705 CPII). The mean
of the last two measurements was used for analysis.

Recommended guidelines were used to assess endothelial
function in the brachial artery using FMD [5]. The brachial artery
was imaged in longitudinal section using an Acuson Sequoia C512
ultrasound system (Siemens Medical Solutions USA, Malvern, PA,
USA) with a 5- to 8-MHz linear array transducer held in position
using an adjustable arm. Images were captured at end diastole
of each cardiac cycle by gating image acquisition with the R-wave
of a three-lead electrocardiogram trace. Images were recorded for

Fig. 1. Recruitment and follow-up of participants.
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1 min at baseline and then for a further 2½ min after arterial
occlusion (200 mm Hg) for 5 min. Images were analyzed using the
dedicated software package Vascular Tools Brachial Analyzer
(Medical Imaging Applications, Coralville, IA, USA), and the per-
centage change in diameter after occlusion was calculated with
respect to baseline. The reproducibility of FMD in our hands,
performed by a single operator on repeated occasions 1 month
apart, is 10.9%. All FMD measurements and analyses were made by
the same single operator.

After a 15-min rest, the change in brachial artery diameter was
similarly measured in response to sublingual administration of
0.4 mg of the endothelium-independent vasodilator glyceryl trini-
trate (GTN; Lipha Pharmaceuticals Ltd, West Drayton, UK).

Isoprostanes, vitamin C, and cholesterol

Fasted blood was sampled from the antecubital fossa. All
samples were taken in the morning to avoid diurnal variation.
The blood was anticoagulated with lithium heparin (for vitamin C)
or EDTA (for isoprostanes and cholesterol) and placed immediately
on ice. Samples were immediately (within 10 min) centrifuged at
2000g for 15 min at 4 1C. Plasma was withdrawn from the various
tubes and aliquotted and stored at �70 1C or lower, apart from
vitamin C, which underwent further preparation immediately
after platelet-poor plasma was obtained before being stored at
�70 1C or lower.

Plasma isoprostanes were measured by gas chromatography
(GC)–mass spectrometry following a previously described metho-
dology [12]. In brief, plasma isoprostanes were freed from phos-
pholipid by hydrolysis with methanolic sodium hydroxide.
Hydroxyl groups were derivatized to trimethylsilyl ethers and
the carboxylic acid was converted to the pentafluorobenzyl ester.
They were then measured by separation on a GC capillary column
and 8-epi-prostaglandin-F2α was detected by chemical ionization
in the mass detector. Vitamin C and E concentrations were
measured using high-performance liquid chromatography (Lab
Alliance pumps/Agilent 1200 VW detector/Clarity software; Speck
& Burke Analytical, Alva, Scotland). Total plasma cholesterol was
measured on a Cobas Bio Chemical Centrigual analyzer using
products by Randox (Randox, Ireland).

Statistical analysis

Descriptive data are presented as means7standard deviation.
Differences within groups for FMD and blood markers before and
after juice consumption were tested using paired t tests. Differ-
ences among the three groups for changes in FMD and blood
markers before and after juice consumption were tested using
analysis of variance for repeated measures followed by post hoc
analysis (Bonferroni correction for multiple comparisons). Asso-
ciations between FMD and blood markers were tested using
Pearson’s correlation coefficient. A P value of o0.05 was consid-
ered significant. All analyses were performed using the SPSS
statistical package (version 14).

For FMD, a sample size of 20 per group was sufficient to detect
a mean difference before and after juice consumption of 1.5% using
a paired t test with 80% power (α¼0.05), which is in keeping for
paired comparisons of FMD changes [13].

Results

Sixty-six subjects (44 males and 22 females with a mean age of
53 years) who habitually consumed fewer than 2 portions of fruit
and vegetables per day were recruited. Participants were other-
wise healthy with a stable weight and had no significant history of

vascular, inflammatory, or metabolic disorders. No subject was
taking vitamin C supplements. Of the 66 subjects enrolled into the
study at baseline, only 2 subjects were lost to follow-up (1 because
of reported diarrhea and the other because of time constraints),
leaving 64 subjects in whom the primary outcome measure was
assessed at both baseline and follow-up. In 2 subjects it was not
possible to take a second blood sample at follow-up, leaving paired
analyses for blood markers in 62 individuals. Consumption of juice
drink was not associated with any major adverse events. Six
subjects reported indigestion, 5 loose bowel motions, and 2 urinary
frequency. In all cases the symptoms were self-resolving.

Table 1 shows demographic details of the subjects by group
randomization. No significant differences were found among the
three groups in any of the parameters described in Table 1. The
male:female ratio was similar in all three groups. Approximately
equal proportions of subjects were categorized to groups 1–6 and
groups 7–10 according to the Scottish Index of Multiple Depriva-
tion [14]. There were no significant differences in weight or BMI
between the groups at follow-up (Table 1).

The average consumption of fruits and vegetables was r2
portions per day in all three groups at baseline and remained
so over the 6-week study period (Table 1). All three groups
showed high compliance with consumption of juice cartons (total
consumption 170713, 165713, and 165713 cartons in placebo,
low blackcurrant juice, and high blackcurrant juice groups,
respectively).

Blood markers

Further compliance was shown from analysis of the blood
markers. Vitamin C concentration was similar in the three groups
at baseline. There was a small, but significant decrease in vitamin C
in the placebo group at follow-up compared with baseline values
(P¼0.004). In contrast, plasma vitamin C concentration increased
significantly in the low blackcurrant juice drink group (Po0.001)
and to a greater extent in the high blackcurrant juice drink group
(Po0.001). Comparison of the change in vitamin C concentration
from baseline to follow-up by ANOVA showed significant differ-
ences among the groups (Po0.001), with post hoc analysis
showing significant differences between all groups (Po0.001 for

Table 1
Demographic details of participants, including fruit and vegetable intake at base-
line and 6-week follow-up by group randomization.

Placebo
(n¼21)

Low
blackcurrant
juice (n¼22)

High
blackcurrant
juice (n¼21)

Males, n (%) 15 (71) 15 (68) 13 (62)
Age, years 5178 55710 51711
Scottish Indices of Multiple Deprivation

1–3 (most deprived), n (%) 3 (14) 8 (36) 6 (29)
4–6, n (%) 7 (33) 3 (14) 5 (24)
7–10 (least deprived), n
(%)

11 (53) 11 (50) 10 (47)

Smoking
Nonsmokers, n (%) 18 (86) 18 (86) 18 (86)
Current smokers, n (%) 3 (14) 4 (18) 3 (14)

Weight (kg)
Baseline 83.7723.5 79.9713.4 82.0717.9
6 weeks 84.3723.1 80.5713.3 82.0718.4

Body mass index (kg/m2)
Baseline 28.976.5 28.475.4 29.276.9
6 weeks 29.276.4 28.674.7 29.677.2

Fruit and vegetable intake (portions/day)
Baseline 1.570.7 1.770.6 1.270.9
6 weeks 1.771.0 2.071.0 1.370.8

Values are means7SD or numbers with percentages in parentheses. No significant
differences were found among the three groups.
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all comparisons). In keeping with the changes in vitamin C
concentration, F2-isoprostanes were significantly lower at follow-
up in the high blackcurrant juice drink group compared with
baseline levels (Po0.001, ANOVA comparing the change in levels
from baseline to follow-up), with post hoc analysis showing
significant differences between the high blackcurrant juice drink
group and both the low blackcurrant juice drink and the placebo
groups (P¼0.002 and P¼0.003, respectively). No significant
changes were observed in total cholesterol among the groups at
baseline or 6-week follow-up (Table 2).

Vascular function markers

Blood pressure did not change significantly over the 6-week
period. In the groups receiving placebo juice or low blackcurrant
juice drink there was no significant change in FMD from baseline
values at the 6-week follow-up. The group receiving high black-
currant juice drink showed a significant increase in FMD from
5.873.1 to 6.973.1% (P¼0.022). Analysis of variance comparing
the change in FMD over 6 weeks showed a significant difference
among the three groups (P¼0.018) and post hoc analysis showed a
significantly higher FMD in the high blackcurrant juice drink group
compared with the placebo group (P¼0.022). There were no
significant differences in GTN-mediated dilation among the three
groups at baseline or 6-week follow-up (Table 2).

No significant correlations were found between FMD and blood
markers at baseline. At follow-up, an increase in plasma vitamin C
correlated significantly both with a decrease in F2-isoprostanes
(r¼�0.442, P¼0.001) and with an increase in FMD (r¼0.308,
P¼0.044).

Discussion

Government recommendations emphasize the need to increase
consumption of fruit and vegetables for health benefits. Our
results show that consumption of blackcurrant juice drink high
in vitamin C and polyphenols for 6 weeks can decrease oxidative
stress and improve endothelial function, a reliable marker of
vascular health. The effects on vascular function were specifically
at the level of the endothelium because no significant effect was
observed for GTN-mediated dilation, which operates directly on
the smooth muscle and independent of the endothelium. The
novel aspect of our study was that participants were healthy with
no symptomatic CVD and taking no medication for CVD risk
factors, but habitually consumed low quantities of fruit and
vegetables. Our findings highlight the important association
between low fruit and vegetable intake, oxidative stress, and
endothelial function and the potential for correcting CVD risk
through supplementation as a primary prevention measure.

The group receiving the placebo juice drink showed a signifi-
cant decrease in plasma vitamin C, the reason for which is not
completely clear. We suspect that the placebo group replaced any
fruit juice they might have been consuming (which will have
contained vitamin C) with the placebo juice drink, which con-
tained no vitamin C, and thus reduced their usual intake of
vitamin C.

Our observed increase in FMD was directly related to an
increase in vitamin C intake as shown by the significant positive
correlation between changes in plasma vitamin C and FMD. An
improvement was observed within the high blackcurrant juice
drink group, showing a significant absolute mean change in FMD
of 1.42%. An increase in plasma vitamin C also correlated signifi-
cantly with a decrease in concentrations of F2-isoprostanes, our
marker of oxidative stress. Lowering of oxidative stress with
vitamin C can lead to decreases in superoxide-related inactivation
of nitric oxide [15], and because FMD is largely dependent on
endothelium-derived nitric oxide production, consumption of a
high blackcurrant juice drink could have improved nitric oxide
bioavailability. Vitamin C has also been shown in vitro to activate
endothelial nitric oxide synthase (eNOS) [16]. Beneficial effects of
increases in plasma vitamin C on endothelial function have been
shownwith acute consumption of orange juice. In healthy, middle-
aged men, who had a mean BMI (27.4 kg/m2) similar to that of
participants in our study (28.7 kg/m2), acute orange juice con-
sumption produced a postprandial increase in hesperidin (a major
phenolic in oranges) and in plasma vitamin C, with a concomitant
increase in endothelial function [17]. However, in contrast to our
study, they did not observe an improvement in endothelial
function over a longer 4-week period. One possible reason could
be that their assessments of endothelial function were performed
in the skin microcirculation, which might not be affected in the
same way as the brachial artery by increasing concentrations of
vitamin C over time.

An absolute change of 1.42% in FMD in the high blackcurrant
juice drink group might seem relatively small; however, this
degree of improvement has potential clinical relevance. The results
from two recent meta-analyses show that poorer FMD is asso-
ciated with future CV events [18,19]. In one analysis by Inaba et al.
[18], they concluded, from 4 population-based cohort studies and
10 convenience-cohort studies, that the pooled risk of CV events

Table 2
Markers of cardiovascular function, vitamins C and E, and oxidative stress at
baseline and 6-week follow-up by group randomization.

Placebo (n¼21) Low blackcurrant
juice (n¼22)

High blackcurrant
juice (n¼21)

Systolic blood pressure (mm Hg)
Baseline 128715 130717 127716
6 weeks 122711 127715 127712

Diastolic blood pressure (mm Hg)
Baseline 81715 82715 79715
6 weeks 78715 80715 80715

FMD (%)
Baseline 6.072.2 5.872.7 5.873.1
6 weeksa 5.172.4 6.572.8 6.973.1b

GTN-mediated vasodilation (%)
Baseline 14.973.9 14.375.2 13.675.4
6 weeks 14.674.9 13.275.0 14.476.3

Total cholesterol (mmol/L)
Baseline 5.270.9 5.570.9 4.970.9
6 weeks 5.070.6 5.370.9 4.870.9

Vitamin C (mmol/L)
Baseline 38.1721.0 38.6717.6 34.6720.4
6 weeksc 29.0717.6d 49.4721.0d 73.8723.3d

Vitamin E (mmol/L)
Baseline 5.871.7 5.571.6 4.771.5
6 weeks 5.171.6 5.571.6 5.171.4

F2-isoprostanes (pg/ml)
Baseline 264761 271759 288776
6 weeksc 254759 257769e 225764f

Values are means 7 standard deviation. FMD, flow-mediated dilation; GTN,
glyceryl trinitrate.

a P¼0.018; ANOVA comparing change in FMD from baseline to 6-week follow-
up among groups.

b P¼0.022; post hoc for 6-week comparison between placebo and high
blackcurrant juice.

c Po0.001; ANOVA comparing change from baseline to 6-week follow-up
among groups.

d Po0.001; post hoc for 6-week comparison between placebo and low black-
currant juice, placebo and high blackcurrant juice, and low blackcurrant juice and
high blackcurrant juice.

e P¼0.002; post hoc for 6-week comparison between low blackcurrant juice
and high blackcurrant juice.

f P¼0.003; post hoc for 6-week comparison between placebo and high
blackcurrant juice.
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was 13% lower per 1% increase in FMD. In another report, in which
23 studies (14,753 subjects) were included in the meta-analysis,
the pooled overall CVD risk was 8% lower per 1% higher FMD [19].
In general, treatments that result in a proven benefit on morbidity
and mortality in patients with CVD (such as treatment with statins
and antihypertensive drugs) also improve endothelial function [5].

The endothelium is an active regulator of vascular tone and also
provides an important anti-inflammatory, antithrombotic, and
antioxidant environment. Endothelial dysfunction is known to be
an early contributory factor to the development and progression of
CVD and atherosclerosis. It has been shown to be an important
marker of CVD risk and is associated with predisposing CVD risk
factors such as hypertension, inflammation, diabetes mellitus,
hyperlipidemia, obesity, and many others [20]. Assessment of
endothelial function has also been shown to provide additive
information, above commonly used risk scores for CVD, regarding
clinical outcome. Thus, our observed improvement in endothelial
function has the potential to have important clinical relevance, but
the real impact can be determined more certainly only through
examination of clinical outcome in long-term, follow-up clinical
trials that are appropriately designed using realistic concentrations
of antioxidants that can be achieved through oral consumption.

Although we found a significant improvement in endothelial
function, we did not observe any significant change in blood
pressure. The individuals in our study had a relatively normal
blood pressure at baseline and thus the potential for improvement
was small. Most studies in which fruits have improved blood
pressure have involved subjects with clinical signs of CVD in
whom changes in blood pressure might be more marked [2].
Although blood pressure is reported to have an inverse relation-
ship with endothelial function, factors in addition to endothelial
function (not measured in our study) can affect blood pressure,
such as sympathetic tone, renin–angiotensin system, and regula-
tion of blood volume, and thus the juice drink in our study might
not have affected these other factors. Additionally, we assessed
endothelial function only in response to a specific stimulus
(reactive hyperemia) and so are unable to say whether basal,
resting production of nitric oxide was affected, which might have
translated to a change in resting blood pressure.

The mean concentration of plasma vitamin C in our partici-
pants (37.5719.9 mmol/L) was lower than reference ranges from
the general population of Tayside (65.3729.0 mmol/L; unpub-
lished observations) and from other European populations [21],
and most likely reflects the low intake of fruit and vegetables.
Plasma vitamin C concentrations below 22.7–50.0 mmol/L have
been found to increase the risk of developing CVD [22–24]. Thus,
a mean increase in plasma vitamin C from 34.6 to 73.8 mmol/L in
the high vitamin C group could equate to a potentially beneficial
health outcome. Khaw et al. [24] showed that a difference in
plasma ascorbic acid concentration of around 20 mmol/L is asso-
ciated with an approximate 20% reduction in all-cause and CVD
mortality in the general population. Their study, however, did not
include any measurements of endothelial function to explore
possible mechanisms underlying this association.

Although the beneficial effects of blackcurrant juice consump-
tion can be attributed in part to the effects of vitamin C, black-
currants are also rich in polyphenols (flavanols, anthocyanins,
proanthocyanidins) [16], which can have a positive impact on
endothelial function in subjects with CVD risk factors [6,25,26].
However, we are not able to determine the actual contribution of
polyphenols to the observed improvement in FMD in our study.
Nevertheless, we believe that our supplementation will have
increased plasma levels of polyphenols. In a previous study, intake
of polyphenols from berry products (837 mg), which was very
similar to total polyphenol content consumed in our high black-
currant juice drink group (815 mg), resulted in increases in plasma

polyphenols from 21 to 109% [7]. It is worth mentioning, however,
that it is not certain whether it is native polyphenol compounds or
the metabolites that are the active components in blackcurrants
[27]. Currently, relatively little is known regarding the biological
activities of anthocyanin metabolites and thus which ones are the
most appropriate to measure.

Favorable changes in endothelial function have been shown
previously in healthy subjects with flavonoid-rich beverages, but
these studies have largely consisted of a one-off single dose (i.e.,
postprandial studies) [8,10] or follow-up over a short period (e.g.,
5 days) [9].

In subjects with high CVD risk factors, favorable changes in
vascular function have also been observed with consumption of
fruits (berries, purple grapes, pomegranate) rich in polyphenols [2].
Cranberry juice, which is a rich source of polyphenols, mainly
anthocyanins [3], showed no significant effect on FMD after
4 weeks’ consumption in patients with coronary artery disease
but did produce a significant reduction in arterial stiffness [3],
another important marker of vascular function. Moderate con-
sumption of berries can also produce short-term beneficial changes
in platelet function, HDL cholesterol, and blood pressure [7].

Polyphenols are recognized for possessing antioxidant effects,
but more recent evidence shows that polyphenolic compounds or
their metabolites can activate eNOS [16] and exert several other
beneficial effects on the CV system such as antithrombotic, anti-
inflammatory, and antiapoptotic effects [26]. Thus, the vitamin C
and polyphenol content of blackcurrants can exert potential
synergistic effects on CV health. We do not know in our study
whether vitamin C and polyphenols in the blackcurrant juice drink
act synergistically with regard to effects on endothelial function,
although recent in vitro data do not suggest a synergistic effect
between vitamin C and polyphenols in blackcurrant samples [16].

Our study had both strengths and limitations. To assess the
impact of a controlled dietary intervention in a population
representative of free-living individuals in Scotland, the sampling
frame consisted of a general population of healthy volunteers with
habitually low consumption of fruit and vegetables. The use of
blinding minimized the possibility of selection bias, whereas
reporting bias was minimized through the use of validated and
objective measurements. The possibility of dietary confounders
was also negligible in this trial owing to participants reporting a
consistent diet throughout the duration of the study. This study
was carried out over 6 weeks and therefore we are unable to say
whether the beneficial effects on plasma vitamin C concentrations,
oxidative stress, and endothelial function seen over this time are
sustained over the long term. Additionally, a longer time period
might have provided more definitive answers regarding the dose
effect of vitamin C. However, the subject burden from a longer
time period might have led to reductions in compliance.

Consumption of low blackcurrant juice drink showed an inter-
mediate increase in plasma vitamin C concentrations, accompa-
nied by a reduction in F2-isoprostanes (but to a lesser extent than
with high blackcurrant juice drink). Thus, we do not know
whether beneficial effects on vascular function might have been
achieved with a lower blackcurrant-containing juice drink over
the longer term. We measured plasma concentrations of vitamin C
and F2-isoprostanes, but did not measure other potential beneficial
components of blackcurrants, such as different polyphenols, and
therefore cannot provide information on possible synergistic
effects of polyphenols in the blackcurrant juice drinks. However,
as mentioned above, it is not certain whether native polyphenol
compounds or the metabolites are the active components in
blackcurrants. Finally, our study also does not provide insight into
other possible mechanistic pathways (such as inflammation,
insulin resistance) through which the blackcurrant juice drink
might have affected endothelial function.
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From a practical consideration, the number of cartons of juice
drink consumed and quantity per day were relatively large and
therefore it is not certain how translatable this regimen of
supplementation of antioxidants would be in everyday practice.
However, with careful selection of a combination of appropriate
fruits and vegetables, high levels of vitamin C consumption can be
achieved [28]. For example, to achieve a similar, or even higher,
augmentation in vitamin C compared to that provided by our high
blackcurrant juice drink (102 mg/day), individuals could consume
an extra daily portion of raw red pepper (112 mg vitamin C/80 g
portion) and a portion of strawberries (61.6 mg/80 g portion) [29].

In conclusion, our trial with a blackcurrant juice drink high in
vitamin C and polyphenols has added further weight to the
evidence that a favorable change in endothelial function can be
achieved using a controlled nutritional intervention within a
“healthy” population with no symptomatic CVD and taking no
medication for CVD risk factors but who habitually have a low
dietary intake of fruit and vegetables. Research to date has mostly
demonstrated similar changes when assessing endothelial func-
tion in the context of secondary prevention particularly in estab-
lished CVD. This exploratory trial may therefore be regarded as
one step toward guiding public health messages on fruit and
vegetable consumption, particularly with regard to the primary
prevention of CVD. This study also forms the basis for further work
on dose selection as well as interventions in various population
groups, including those at higher risk of CVD.
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