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Abstract

Purpose Limited robust randomised controlled trials
investigating fruit and vegetable (F&V) intake in people at
risk of cardiovascular disease (CVD) exist. We aimed to
design and validate a dietary strategy of increasing flavo-
noid-rich versus flavonoid-poor F&V consumption on
nutrient biomarker profile.

Methods A parallel, randomised, controlled, dose—
response dietary intervention study. Participants with a
CVD relative risk of 1.5 assessed by risk scores were
randomly assigned to one of the 3 groups: habitual (control,
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CT), high-flavonoid (HF) or low-flavonoid (LF) diets.
While the CT group (n = 57) consumed their habitual diet
throughout, the HF (n = 58) and LF (n = 59) groups
sequentially increased their daily F&V intake by an addi-
tional 2, 4 and 6 portions for 6-week periods during the
18-week study.

Results Compliance to target numbers and types of F&V
was broadly met and verified by dietary records, and plasma
and urinary biomarkers. Mean (SEM) number of F&V
portions/day consumed by the HF and LF groups at baseline
(3.8 £ 0.3 and 3.4 + 0.3), 6 weeks (6.3 £ 0.4 and 5.8 £+
0.3), 12 weeks (7.0 = 0.3 and 6.8 &£ 0.3) and 18 weeks
(7.6 £ 0.4 and 8.1 £ 0.4), respectively, was similar at
baseline yet higher than the CT group (3.9 £ 0.3,4.3 + 0.3,
4.6 =04, 45 £ 0.3) (P =0.015). There was a dose-
dependent increase in dietary and urinary flavonoids in the
HF group, with no change in other groups (P = 0.0001).
Significantly higher dietary intakes of folate (P = 0.035),
non-starch polysaccharides (P = 0.001), vitamin C (P =
0.0001) and carotenoids (P = 0.0001) were observed in both
intervention groups compared with CT, which were broadly
supported by nutrient biomarker analysis.

Conclusions The success of improving nutrient profile by
active encouragement of F&V intake in an intervention
study implies the need for a more hands-on public health
approach.

Keywords Fruits and vegetables - Flavonoids -
Biomarkers - Dose response

Abbreviations
CVD Cardiovascular disease
CT Control

HF High-flavonoid
LF Low-flavonoid
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NSP  Non-starch polysaccharide
F&V  Fruits and vegetables

Introduction

Several epidemiological studies have indicated that the
consumption of fruits and vegetables (F&V) is associated
with reduced risk of cardiovascular disease (CVD) [1-3].
However, published data on the amounts and composition
of F&V which contribute to risk reduction are inconsistent,
as are specific dietary recommendations for F&V intakes
worldwide. Within Europe, national recommendations
range from generic advice to increasing F&V consumption
with no specific guidelines on the number of servings to be
consumed (Portugal) to recommendations to consume
anywhere from 2 (Austria) to 5 (United Kingdom, UK) and
9 (Greece) portions per day [4]. In addition, there is
inconsistency in the recommendations for the specific
number and type of either fruits or vegetables between
different countries. For example, the Netherlands recom-
mend 2 portions of fruits and 2 portions of vegetables daily,
whilst most other countries make no specification for the
relative proportion of either [4]. F&V contain a wide range
of potentially cardioprotective components including fibre,
folate, nitrate, antioxidant vitamins and a large number of
non-nutrient phytochemicals, including carotenoids and
phenolic compounds such as flavonoids. Benefits with
respect to lipid, haemostatic, inflammatory and vascular-
related (blood pressure and vascular reactivity) biomarkers
have been observed, with increased intakes of many of the
above-mentioned isolated plant components [5—8]. How-
ever, there is a paucity of information regarding the relative
biopotency of these components and their impact on CVD
risk biomarkers when consumed as foods, rather than as
isolated compounds. There is accumulating and relatively
consistent evidence from intervention studies to suggest
that dietary flavonoids may contribute, in large part, to the
CVD benefits of increased F&V intake [9-12], amongst
other bioactive phytochemicals. However, to date, this
hypothesis has not been tested in an adequately powered,
dose-response, randomly controlled trial (RCT).
FLAVURS (FLAvonoids and Vascular function at the
University of Reading Study) is the first large-scale RCT
which primarily aimed to investigate the effects of HF
versus LF F&V on vascular function and other risk factors
for CVD in free-living individuals at above average risk of
CVD, in a dose-response manner (data not presented in
this publication). Its secondary aim is to provide a detailed
dietary intake data of dietary flavonoids in a UK popula-
tion. The success of any randomly controlled dietary
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intervention trial is determined by the achievement of
target dietary intakes and compliance of the participants.
This paper describes and evaluates the effectiveness of the
dietary strategy designed for the implementation of the
target quantity of HF and LF F&V in a free-living popu-
lation participating in the FLAVURS study. The major
tenet of the strategy was to implement the dietary change
without major disruption to other habitual dietary practices
and to match other potentially bioactive components of
F&V (excluding flavonoids) between the two dietary
intervention groups.

Materials and methods
Subjects

Male and female participants, aged 30-70 years, were
recruited from the population in and around Reading, UK
through newspaper and poster advertisements, email and
radio. General practitioners’ databases were searched by
clinical staff using specific criteria based on the FLAVURS
screening tool (described below) to identify potential par-
ticipants, who were informed that the purpose of the study
was to determine the impact of different doses and type of
F&V on CVD risk. Individuals who fulfilled the screening
criteria and were willing to participate in FLAVURS were
recruited in two cohorts, December 2007 to March 2008
and November 2008 to January 2009. Participants initially
underwent telephone screening using a health and lifestyle
questionnaire and a minimum of two random 24 h dietary
recalls to assess their suitability for the study and their
usual daily intake of F&V, respectively. Only individuals
with a habitual F&V intake less than the population aver-
age of 4.4 portions/day [13] were recruited onto the study.
Anthropometric measurements and biochemical tests were
conducted in a screening visit. A scoring tool adapted from
the Framingham risk score system [14] was used for
recruitment to identify those individuals who were at above
average risk of developing CVD, defined as a relative risk
(RR) of >1.5 based on scoring a minimum of 2 points in
one or more of the following criteria: (1) total plasma
cholesterol (TC) [15] 6.2-7.2 mmol/L (2 points), 5.2-6.1
mmol/L. (1 point); (2) high-density lipoprotein (HDL)
cholesterol [16] in men <0.9 mmol/L (2 points), 1.0-1.1
(1 point) and women <0.9-1.1 mmol/L (2 points), 1.2-1.3
mmol/L. (1 points); (3) blood pressure (BP) [17] either
systolic BP (SBP) >140 mmHg (2 points), 130-139
mmHg (1 point) or diastolic BP (DBP) >90 mmHg
(2 points); (4) smoking status [18] >10 per day (2 points);
(5) obesity/adiposity [19] either body mass index (BMI) >
30 kg/m* (2 points), 25-30 kg/m? (1 point) for Asian
populations >27.5 kg/m> (2 points), 23-27.5 kg/m>
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(1 point) or waist circumference in men >102 cm (2
points), 94-101 cm (1 point) and women >88 cm (2
points), 80-87 cm (1 point). Key exclusion criteria inclu-
ded clinically diagnosed diabetes, renal or liver disease,
previous stroke or myocardial infarction, on drug treatment
for lipid-lowering, hypertension or on anti-inflammatory
medication, pregnant or lactating. In addition, those on a
diet-reducing regime, travelled regularly for work during
the period of the study or who ate out frequently and did
not prepare home-cooked dishes were excluded. Figure 1
shows the flow of participants through the study.

Study power

As the primary aim of the study was to investigate vascular
reactivity measured by laser Doppler imaging with ionto-
phoresis (LDI), it was calculated that a total of 180 (n = 60
participants per group) were required. This would enable
detection of a 15 % difference in LDI vascular reactivity
equivalent to 90 flux units, with an estimated standard
deviation (SD) of 225 flux units, with a P < 0.05 and 80 %
power, and an allowance for a 15 % dropout.

Study design

The study was a parallel, randomised, controlled, sequen-
tially increasing, dose—response intervention and was for-
mally registered as a randomised controlled trial
(ISRCTN47748735). It was given a favourable ethical
opinion to proceed by the Local Research Ethics Com-
mittee of the Isle of Wight, Portsmouth and South East
Hampshire (REC: 07/H0501/81) and the University of
Reading’s Research Ethics Committee. All participants
gave informed consent before participation. Participants
were randomised by a minimisation procedure [20, 21] to
either a control (CT) group or one of the two intervention
groups: HF or LF. This procedure enabled the three groups
to be closely matched for gender ratio, age, BMI, smoking
habits and tea/red wine consumption. Tea and red wine are
two major dietary sources of flavonoids in the UK diet, and
it was deemed important to consider habitual consumption
and to randomise on the level of intakes of these beverages.

After a 2-week run-in period, during which participants
were unaware to which group they were to be assigned and
were requested to follow their usual diet, the CT group

307 Suitable for screening (212 f, 95 m)

86 Rejected (65 f, 16 m, 5")

A4

221 Accepted (147 f, 74 m)

\4 \4

\4

74 HF (50 f, 24 m)

70 LF (431,27 m)

77 CT (54 f, 23 m)

5 Withdrew

5 Withdrew

12 Withdrew

69 Attended Familiarisation 65 Attended

Familiarisation

65 Attended Familiarisation

11 Withdrew

6 Withdrew 8 Withdrew

58 Attended Visit 1 (36 f, 22 m)

59 Attended Visit 1 (34 f, 25 m)

57 Attended Visit 1 (36 f, 21 m)

4 Withdrew

4 Withdrew

1 Withdrew

54 Attended Visit 2 (33 f, 21 m)

55 Attended Visit 2 (32 f, 23 m)

56 Attended Visit 2 (36 f, 20 m)

3 Withdrew

3 Withdrew

2 Withdrew

51 Attended Visit 3 (32 f, 19 m)

52 Attended Visit 3 (30 f, 22 m)

54 Attended Visit 3 (35 f, 19 m)

2 Withdrew

0 Withdrew

1 Withdrew

49 Attended Visit 4 (30 f, 19 m)

52 Attended Visit 4 (30 f, 22 m)

53 Attended Visit 4(34 f, 19 m)

Fig. 1 Diagram to show the flow of participants through the FLAVURS study. f female, m male, # no data
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continued on their habitual diet throughout the 18-week
study, while the HF and LF groups sequentially increased
their daily F&V intake by an additional 2 portions per day
every 6 weeks of the study to a maximum of 6 extra por-
tions per day by week 18, with HF and LF F&V, respec-
tively (Supplementary Figure 1). Following consumption
of a low-fat, low-flavonoid standard meal the night before
and a 12-h fast, participants attended a clinical visit at the
Hugh Sinclair Unit of Human Nutrition on weeks 0, 6, 12
and 18, during which fasting blood samples were taken and
biochemical measures of CVD risk were determined (data
not reported in this manuscript). During the entire duration
of the study, participants were instructed to minimise
changes in other health and lifestyle behaviours and to
maintain consistent weight. They were also asked to report
any use of newly prescribed medication or changes to
current medication immediately, as this could have
impacted on their CVD risk profile. While the HF and LF
groups were provided with the intervention F&V for
18 weeks, the CT group was given shopping vouchers on
weeks 6 and 18 as an incentive to remain on the study. All
participants were reimbursed for their time and transport
costs incurred during the study.

Dietary intervention

The run-in period provided the opportunity to monitor
participants, to confirm their habitual dietary intake
(through diet recalls) allowing us to exclude non-compliant
participants (e.g. those with a higher than average UK F&V
intake) and to identify those difficult to contact. The run-in
period also allowed accurate baseline measurements of the
participants to be taken at week 0.

At week 0, participants were given individualised die-
tary advice and a handbook detailing information on the
study and the diets to which they were randomly assigned.
Throughout the study, participants were in close contact
with the study dietician, who provided dietary advice and
support at each visit and whenever required during the
intervening periods. The individualised handbook con-
tained lists of HF or LF F&V. A portion of fruit or vege-
table is equivalent to 80 g (40 g for dried foods) in weight
as defined by the United Kingdom Food Standards Agency
guidelines (http://www.eatwell.gov.uk/healthydiet/nutritione
ssentials/fruitandveg/). The handbook contained informa-
tion on how 80 g of specific F&V could be defined by
household measures (e.g. cups, tablespoons) or number of
F&V items (e.g. grapes). Composite foods that contained
F&V as component parts, such as soups and fruit strudels,
were also included. In this study, LF F&V were defined as
those containing a total flavonoid content of <5 mg/100 g,
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while HF were defined as those containing a total flavonoid
content of >15 mg/100 g [22], see Table 1. To reduce the
burden and cost of purchasing large amounts of additional
F&V, and most importantly to improve compliance, the
prescribed F&V were supplied to the participants. A
3-week cycle menu for each intervention diet was devel-
oped and used as a basis for creating standardised lists of
F&V to be sent to participants’ homes each week. This
allowed for the supply of a variety of foods and made
ordering and packing of the F&V easier for the researchers.
To maintain freshness of the F&V provided, a pre-requisite
for entering the study was that participants had adequate
refrigerator or cold room storage space for the F&V

Table 1 List of high- (>15 mg/100 g) and low-flavonoid (<5
mg/100 g) fruit and vegetables offered to the participants who were
randomly assigned to the HF and LF dietary groups, respectively

Low-flavonoid fruit &

High-flavonoid fruit &
vegetables (>15 mg/100 g)

vegetables (<5 mg/100 g)

Fruit

Apple all varieties
Orange/tangerines, all types
Grapefruit, pink and red, white
Grapes, black or red only
Plum, purple or red
Strawberries

Raspberries, red or black
Cherries, sweet or sour
Blueberries

Blackberries

Vegetables

Lettuce, red leaf

Cabbage, red

Kale

Onions, red

Peppers, sweet green or yellow
Radishes

Eggplant

Spinach

Watercress

Cherry tomatoes

Onions, white or spring

Asparagus

Fruit

Apricot, canned
Avocados

Kiwi

Mangoes

Peaches, canned
Pineapple, fresh or canned
Pears, canned (without skin)
Grapes, white or green
Chickpeas

Kidney beans

Pinto beans

Vegetables

Green beans/string beans/snow
peas/mange-tout

Broccoli
Brussels sprouts
Cabbage, white or savoy
Carrots
Cauliflower
Corn, sweet
Cucumber
Leeks
Mushrooms
Parsnips

Peas

Rhubarb

Tomato or plum, red, ripe

Flavonoid content of intervention foods derived from USDA database
for the flavonoid content of selected foods, release 2.1, Jan 2007 and
flavonoid analysis of foods based on method described by Nielsen and

Sandstrom [24]
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provided. Individual participants’ dislikes for certain F&V
were taken into consideration and suitable substitutions
were offered from the F&V in the list. In addition to fresh,
canned and frozen, a variety of composite products con-
taining F&V were also made available to participants in the
final 6 weeks of the study, to increase their choice of
intervention foods and to improve compliance when 6
additional portions were required. These products included
dried fruits, fruit juices, fruit smoothies, soups, pasta sauces
and fruit crumbles. These composite products made up less
than 10 % of the study foods provided, and advice was
given to replace similar habitual foods consumed by the
participants with the study foods. Information on the por-
tion size of each product equivalent to one portion of F&V
was also provided.

Participants were encouraged to consume a variety of
F&V or composite foods from the list each week and have
equal proportions of F&V. Advice on storing and cooking
the F&V and ideas on incorporating them into meals and
snacks at home, at the workplace or when eating out,
together with recipes using the supplied F&V, were also
included in the handbook. The participants were encour-
aged to weigh the F&V to assess accurately a portion and,
where necessary, kitchen scales were loaned to partici-
pants. If weighing of the F&V was not practical, household
measures were used to assess portion sizes.

The F&V in the HF and LF lists were specifically
chosen to maximise differences in dietary flavonoid con-
tent. As a result, the two diets contained different quantities
of other potentially bioactive components such as non-
starch polysaccharide (NSP) and folate, which were gen-
erally higher in the LF F&V; and carotenoids and vitamin
C, which were on average present in greater quantities in
the HF F&V. To minimise differences in the intakes of
these potentially bioactive nutrients and phytochemicals
between intervention groups, specific advice was given to
the HF and LF groups regarding the choice and frequency
of consumption of certain foods from the lists. For exam-
ple, while participants in the LF group were encouraged to
eat kiwi fruit at least 3 times per week to maintain the
vitamin C content in their diet, those in the HF group were
asked to limit the quantity of vitamin C-rich fruits con-
sumed per day. An example of the daily contribution of
nutrients and phytochemicals from the supplied F&V for 2,
4 and 6 additional portions of F&V is shown in Table 1.

Measures of compliance and dietary assessment

Participants in the intervention groups indicated the type
and number of additional portions of F&V they consumed
each day on record forms. A minimum of two random
structured 24 h dietary recalls were conducted by trained
nutritionists and dieticians over the telephone during the

run-in period and during each 6-week intervention period.
Portion sizes were confirmed at the study visits using a
standard portion size atlas [23]. While the record forms
only monitored compliance to the additional F&V con-
sumed, the random 24 h recalls helped to determine the
participant’s overall F&V consumption and general dietary
intake at all stages of the study.

To measure participants’ adherence to the prescribed
F&V, the number of portions consumed was calculated
from the record forms and recalls and compared to target
intakes. The dietary recalls were further analysed using the
nutrient analysis software, DietPlan 6 (Forestfield Software
Ltd, Horsham, West Sussex, UK), to assess the nutrient
composition of the diets. As the flavonoid composition of
foods was not available in the UK food database (McCance
and Widdowson, 6th edition), flavonoid values from the
USDA Flavonoid Database (2007; release 2.1) were
incorporated into the UK food composition database using
the DietPlan 6 software. In addition, ‘in house’ flavonoid
chemical analysis of a number of F&V and composite
foods was performed. The flavonoid content of these foods
was also added to the database. It is recognised that various
food processing or preparation methods would alter the
flavonoid content of the original raw food [24, 25]. How-
ever, data for these foods are often unavailable. In order to
achieve the best estimate of the representative intake of
flavonoids from the dietary recalls, food items that differed
in processing or preparation, such as frozen or boiled, were
thus assigned similar flavonoid content to that of their raw
food or closest processing counterparts. For composite
foods not analysed for flavonoid values, such as pizza,
soups, salads, fruit smoothies and fruit juices, individual
ingredients by weight were determined and the total fla-
vonoid content of each composite food was estimated by
the summation of the flavonoid values of its individual
ingredients. Where there was a lack of information on
flavonoid-poor foods, they were assigned a zero value for
their flavonoid content.

Biomarkers of F&V intake

To validate findings from the dietary recalls, the following
biomarkers were measured: plasma vitamin C, carotenoids
and folate, and urinary flavonoids and potassium. Urinary
sodium was also determined, as this is an important bio-
marker of dietary sodium, which was important to monitor
as changes in intake could potentially impact on the CVD
outcome measures of vascular reactivity and blood pres-
sure. Plasma carotenoids were measured using the method
of Thurnham et al. [26] using a Hewlett Packard 1,050 high
pressure liquid chromatograph (HPLC) with a Nucleosil
100-5C18, 25 cm x 4.6 cm column (Hichrom Ltd, Read-
ing, Berks, UK) with a flow rate of 1.5 mL/min and the
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detector set to monitor at 292 nm for o- and y-tocopherol;
450 nm for lutein, S-cryptoxanthin, a-carotene and [3-car-
otene; and 472 nm for lycopene. For plasma vitamin C and
uric acid, plasma samples were treated with metaphos-
phoric acid and stored at —80 °C prior to analysis by
HPLC with UV detection [27]. Plasma folate was measured
using the method of O’Broin and Kelleher [28]. This
method is based on the growth response of chloramphen-
icol resistant Lactobacillus rhamnosus 10463 (NCIMB,
Bucksburn, Aberdeen, UK) in plasma samples, assessed
with turbidity absorbance at 600 nm after a 24-h incubation
period. Folate concentrations in plasma samples were cal-
culated from a calibration curve of folic acid standards in
the range 0-30 pmol/L.

Urinary potassium and sodium were determined by
atomic absorption spectrophotometry (AAS) [29]. In brief,
24 h urine samples, acidified to pH 3.5 with HCI, were
diluted with deionised water (1:1,200), after which caesium
chloride was added (0.5 % W/V CS (0.04 M)). Urinary
potassium was measured at 766.5 nm and sodium at
589.0 nm (AOAC Official method for the detection of
minerals 985.35, 1996), using AAS instrument novAA-350
(Analytikjena with WinAAS software version 4.5.0). To
detect urinary flavonoids, acidified 24 h urine samples
were centrifuged at 1,700g for 10 min, filtered, pH adjusted
to 4.9-5.1 and then subjected to enzyme hydrolysis using a
f-glucuronidase and arylsulfatase enzyme mixture [30].
This was followed by solid phase extraction [31] and then
analysed using HPLC (Agilent technologies, 1200 series)
with a Nova-Pak® C18 4 pm (4.6 x 250 mm) cartridge
Waters column with guard cartridge and a flow rate of
0.7 mL/min. The ferric reducing antioxidant power
(FRAP) (a measure of oxidative status) of plasma was
determined using the method of Benzie and Strain [32],
adapted for use with 96-well microtitre plates [33].
A Genios plate reader (Tecan Ltd., Dorset, UK) was used
to measure the absorbance at 593 nm.

Statistical analysis

A linear mixed models methodology [34] was applied
using SAS software version 9.1.3 (SAS Institute Inc., Cary,
NC, USA). The random effect explained the within-subject
variability across the study. A compound symmetry matrix
was used as the variance—covariance matrix. The Ken-
ward—Rogers methodology [35] to estimate the degrees of
freedom in mixed models was applied. The fixed effects
firstly adjusted for the baseline and cohort, followed by
treatment group and then the remaining covariates. The
covariates were treatment, visit, baseline BMI, age, gender,
smoking and tea/red wine consumption. The Kolmogorov—
Smirnov test [36] was used to assess normality, and a
natural log transformation was applied to non-normal data.
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The predicted values versus standardised residuals were
plotted to validate each model. The impact of potential
outliers was assessed before the effect of removing them
from the model was assessed. Significant effects were
studied further, carrying out orthogonal contrasts where an
orthogonal base could be found. Estimates of contrasts to
assess the differences were also calculated. Some variables,
for example, urinary flavonoids and plasma carotenoids,
presented a significant number of zero values due to
recorded values below the detection limit of the assays. To
investigate the probability of detection, a generalised linear
mixed model (GLMM) was used. Using a logit link, the
data set was then assessed for the values that were detected.
Adjustments for potential overdispersion were included.
The mixed models were fitted using proc mixed and the
GLMM models using proc glimmix. A P value of <0.05
was considered as significant.

Results

Habitual nutrient intake and plasma phytochemical
status

A total of 174 participants (68 men, 106 women) com-
menced the study, with 154 (60 men, 94 women) com-
pleting all 4 visits. The flow of participants through the
study is shown in Fig. 1. There was an 11.5 % attrition
rate, with change in medication, personal and work-related
reasons given for withdrawal. The participants were well
matched for baseline characteristics (Table 2). The base-
line nutrient intakes of the participants are shown in
Table 4, and the data are similar to those reported for
average UK population intakes [13]. The participants ran-
domised to the HF, LF and CT groups were well matched
in their macronutrient (Table 4) and micronutrient
(Table 5) intake, with no significant differences observed
between any groups at baseline. However, some gender
differences were observed, with male participants con-
suming higher energy (P = 0.002), protein (P = 0.004),
starch (P = 0.001), total sugars (P = 0.001), potassium
(P =0.01) and folate (P = 0.015) compared with the
female participants in the study (data not shown). It was also
observed that those below 50 years of age had significantly
lower plasma p-cryptoxanthin (P = 0.03), p-carotene
(P = 0.01) and total carotenoid (P = 0.04) concentrations
than the older age group (data not shown).

Compliance to prescribed quantity of F&V intake
At baseline, the total number of habitually consumed F&V

portions was similar in the HF (3.8 + 0.3), LF (3.4 £+ 0.3)
and CT (3.9 &+ 0.3) groups (mean = SEM). A time X
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treatment interaction was observed (P = 0.015) for the
number of portions of F&V consumed, as assessed by the
24 h dietary recalls. There was a significantly higher
number of F&V portions consumed in the HF and LF group
compared with the CT group at 6, 12 and 18 week
(P = 0.015) with a dose-dependent increase in F&V por-
tions in the HF and LF groups between visit 2—4 (Table 3).

HF and LF group participants were asked to record the
number and types of the study F&V consumed daily.
According to these daily record forms, both groups con-
sumed more than the prescribed 2 extra portions of F&V at

week 6 of the study (mean £ SEM, 2.6 4+ 0.2and 2.5 £+ 0.2
additional F&V portions/day), achieved the prescribed 4
extra portions of F&V at 12 weeks (4.3 + 0.2and 4.0 + 0.1
additional F&V portions/day) and less than the prescribed 6
extra portions of F&V at 18 weeks (5.7 = 0.1 and 5.6 + 0.2
additional F&V portions/day) for HF and LF, respectively.
However, when the total F&V intake of the participants was
examined (Table 4), it was apparent that participants were
replacing between 1 and 2 portions of their habitually con-
sumed F&V with the study F&V, particularly between 12
and 18 weeks when an additional 6 portions were required.

Table 2 Baseline characteristics mean == SEM of participants randomised to each FLAVURS treatment group (n = 174)

HF (n = 58) LF (n = 59) CT (n = 57) P value

Males: Females 22:36 25:34 21:36 NS
Age (year) 50£1 S1£1 52+1 NS
Waist (cm) 934 £ 0.8 93.9 £ 0.7 923 £ 1.0 NS
Weight (kg) 784 £ 1.0 80.0 £ 1.0 772 £ 1.2 NS
BMI (kg/m?) 27.6 + 0.3 28.0 £ 0.3 273+ 04 NS
Glucose (mmol/L) 5.6 £ 0.0 5.8 £ 0.1 5.5+ 0.0 NS
Red wine (units) + tea (cups) consumed per week

Low consumers (07 units + cups per week) 15 13 16 NS

Medium consumers (7-28 units + cups per week) 20 21 21 NS

High consumers (>28 units + cups per week) 20 20 20 NS
Number of smokers 8 8 6 NS

Participants were excluded if they had >21 units of alcohol per week

Table 3 An example of daily nutrient and phytochemical intakes provided by the fruits and vegetables (F&V) for participants in the intervention
groups advised to consume an additional 2, 4 and 6 additional portions of HF and LF F&V daily

2 Portions 4 Portions 6 Portions

LF HF LF HF LF HF
Energy (kcal/day) 65 60 176 147 345 345
Energy (kJ/day) 273 251 739 617 1,450 1,450
Fat (g/day) 1 1 4 1 10 7
NSP (Engl) (g/day) 3 3 7 6 10 9
Total sugar (g/day) 9 11 21 27 39 51
Starch (g/day) 2 1 5 2 10 9
Vitamin C (mg/day) 50 52 93 127 138 194
Folate (pg/day) 50 52 94 104 158 157
Potassium (mg/day) 397 353 759 747 1,192 1,218
Carotene (pg/day) 1,149 1,161 2,991 2,923 4,131 3,810
Total flavonoids (mg/day) 3 49 6 121 7 198
Anthocyanidins (mg/day) 0 27 0 66 0 112
Flavan-3-ols (mg/day) 1 7 2 17 1 27
Flavones (mg/day) 1 0 1 1 1 1
Flavonols (mg/day) 2 7 3 19 4 33
Flavanones (mg/day) 0 8 0 19 0 23
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Participants in the CT group increased their habitual F&V
intake by approximately half a portion daily throughout the
study period, as shown in Table 4.

Impact of the dietary intervention on macronutrient
and micronutrient intakes

The macronutrient intakes of the HF, LF and CT group
throughout the 18-week study period are shown in Table 4.
There were no significant differences in the dietary intakes of
all macronutrients between intervention groups at baseline.
No changes in total energy or protein intake throughout the
study period were observed. A dose-dependent increase in
total sugar intake was observed for the two intervention
groups, which reached significance after 6 weeks (P =
0.0001) for both HF (22 £ 1.3 %E) and LF (20 & 1.8 %E)
(Table 4). At 12 (24 &= 1.6 %E) and 18 (25 £ 1.4 %E)
week, the HF group consumed a significantly higher amount
of total sugars compared with the LF (21 4+ 1.0; 22 £ 1.1
%E, respectively. P = 0.008) and CT group (20 £+ 1.5;
21 £+ 1.4 %E, respectively. P = 0.0006).

The non-starch polysaccharide (NSP) intake for the two
intervention groups was significantly higher than the CT
group throughout the study period (excluding baseline)
(Table 4). The NSP intake of the CT group remained
constant throughout the study (14.2 £ 0.6; 14.4 £ 0.6;
15.1 £ 0.9; 14.2 £ 0.7 g/day for 0, 6, 12 and 18 weeks),
whereas the NSP intake for HF (13.8 4+ 0.8; 16.2 £ 0.8;
16.0 £ 0.6; 17.1 & 0.9 g/day) and LF (13.0 £ 0.7; 16.2 £
0.7; 17.3 £0.8; 18.5 & 0.8 g/day) groups was similar
during the first 12 weeks, although at 18 weeks, the LF
group consumed significantly higher levels of NSP com-
pared to the HF group (P = 0.04) (Table 4).

Selected micronutrient intakes of the HF, LF and CT
groups throughout the 18-week study period are shown in
Table 5. While the vitamin C intake of the HF (96 + 10
mg/day), LF (88 &+ 11 mg/day) and CT (103 + 9 mg/day)
groups was similar at baseline, the levels in the HF (178 +
13; 200 £ 13; 257 + 19 mg/day) and LF (159 + 13;
169 £ 13; 187 &+ 10 mg/day) groups at 6, 12 and 18
weeks, respectively, were significantly greater than those in
the CT group (treatment X time interaction = P =
0.0001) which did not change over the study period
(Table 5). The vitamin C intake of the HF and LF groups
was similar during the first 12 weeks, but at 18 weeks, the
HF group consumed significantly more vitamin C (P =
0.002), as illustrated in Fig. 2a. The baseline folate intakes
for the HF (283 £ 18 pg/day), LF (241 £ 12 pg/day) and
CT (250 £ 12 pg/day) groups were similar. The HF and
LF groups had similar folate intakes throughout the study
period (Table 5), which were between 7.5 and 37.6 %
greater than the control group after 6 weeks (HF
317 £ 17 pg/day; LF 278 + 14 pg/day; CT 279 £+ 14 ng/
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day), and remained significantly different from the control
group until the end of the study (P < 0.001) (Table 5).

The baseline dietary intakes of potassium were similar
in the HF (2,972 + 121 mg/day), LF (2,875 £ 124 mg/
day) and CT (2,879 + 82 mg/day) groups but increased in
all groups during the study (time effect only P = 0.001).
The sodium intakes at baseline were similar in all groups
(HF: 2,660 £+ 232 mg/day, LF: 2,721 £+ 173 mg/day, CT:
2,554 £+ 139 mg/day). There were significant time (P =
0.02) and treatment effects (P = 0.03) for sodium intake,
although no time x treatment interaction. The sodium
intakes in the HF and LF groups were not significantly
different, but the values were between 2.9 and 13.2 %
lower than that of the control group throughout the study
(P = 0.01) (Table 5).

Impact of intervention on dietary phytochemicals

The baseline dietary flavonoid intakes for the HF, LF and
CT groups were similar at (mean £ SEM) 593 + 71,
554 £ 69 and 549 £ 61 mg/day, respectively. Of these, it
was estimated that for each group, respectively, 36 £ 5,
29 £ 5 and 39 + 6 mg/day were derived from habitually
consumed F&V and approximately 557 £ 70 , 525 4+ 69
and 510 £ 59 mg/day originated from other dietary sour-
ces including tea, coffee and red wine. For the LF and CT
groups, there was no significant change in total dietary
flavonoid intake throughout the intervention period. In
contrast, the total flavonoid intake in the HF group was
significantly greater than the other groups at 12 weeks
(628 £ 68 mg/day, P = 0.007) and 18 weeks (705 & 67
mg/day, P = 0.0001). Within the HF group, total flavonoid
intake significantly increased after 12-week (P = 0.0001)
of the study (Table 5). When the contribution of dietary
flavonoid intake from F&V was excluded, no difference in
flavonoid intake from all other sources was observed within
or between the HF, LF and CT group over the 18-week
study period (Table 5). When considering intakes of
flavonoids derived solely from F&V consumption, intakes
in the LF and CT groups remained constant and were not
significantly different from each other during the 18-week
study period. In contrast, the flavonoid intake from F&V of
the HF group increased significantly in a dose-dependent
manner throughout the study, with values of 65, 94
and 141 mg/day at 6, 12 and 18 weeks, respectively
(P < 0.006) (Fig. 3a).

The dietary carotenoid intake at baseline was similar for
the HF (3.0 £ 0.4 pg/day), LF (2.5 £ 0.4 pg/day) and CT
(2.9 = 0.3 pg/day) groups, although in the HF and LF
groups, significantly higher concentrations were observed
compared with the CT group throughout the study
(P = 0.001), with no significant difference between the
two intervention groups (Table 5). There was a significant
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interaction between carotenoid intake and age (P =
0.0419), with older participants consuming a significantly
higher dietary intake than younger groups throughout the
study period (data not shown).

Impact of the dietary intervention on plasma
and urinary biomarkers of intake

There were no significant differences in the baseline
excretion of total flavonoids in the HF (mean 4+ SEM:
92 + 15 pg/day), LF (91 £ 21 pg/day) and CT (57 £+ 12
pg/day) groups or in the excreted flavonoids concentrations
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Fig. 2 Dietary vitamin C intakes (A) and plasma vitamin C
concentrations (B) for the HF, LF and CT groups during the 18-week
study period. Mean (£SEM). a A time X treatment interaction was
observed (P = 0.0001). Intakes in LF and HF groups increased from
baseline to 6 weeks (*** P = 0.0001), and in HF group from 12 to
18 weeks (***P = 0.0001). The CT group had lower intakes than the
HF and LF groups at 6, 12 and 18 weeks (iP = 0.0001). At 18 weeks,
the HF group had higher vitamin C intakes compared to the LF and
CT groups (f, P = 0.002). b A dose-dependent increase in the HF
and LF groups was observed (P = 0.0001). The CT group had lower
plasma vitamin C concentrations at 6, 12 and 18 weeks compared
with the HF and LF groups( 'P = 0.0019; *P = 0.001; {, P = 0.001,
respectively)

throughout the study duration in the LF and CT groups
(Table 6). In contrast, the HF group excreted significantly
higher total flavonoids at 6 weeks (158 + 25 pg/day),
12 weeks (211 £ 40 pg/day) and 18 weeks (236 £ 41
pg/day) compared with the LF and CT groups (time X
treatment effect, P = 0.0001) (Table 6; Fig. 3b). There
was a dose-dependent increase in total flavonoids excreted
daily by the HF group such that the concentration excreted
per day by the HF group was between 16 and 84 % greater
than the LF and CT groups. It was also observed that those
who drank <1 cup of tea or units of red wine daily had a
significantly lower (between 5.3 and 78 %) urinary excre-
tion of total flavonoids than those consuming >2 cups tea
or units of red wine daily (data not shown). There was a
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Fig. 3 Dietary flavonoid intakes from F&V (A) and total urinary
flavonoid excretion (B) for the HF, LF and CT groups for the 18-week
study period. Mean (SEM). a A time x treatment interaction was
observed (P = 0.0001). The HF group had a dose-dependent increase
at 6 weeks (f, P = 0.0001), 12 weeks (f, P = 0.006) and 18 weeks
(3, P =0.0002). b A time x treatment interaction was observed
(P = 0.0001) with a dose-dependent increase in total urinary
flavonoid concentration in the HF group (P = 0.0001). The HF
group also excreted significantly higher total flavonoids at 6, 12 and
18 weeks compared with the LF and CT groups (f, P = 0.007;
i, P =0.001; §, P = 0.001, respectively)
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general increase in urinary excretion of kaempferol, lute-
olin, tamarexitin and naringenin in the HF group over time,
which reached significance for naringenin (P = 0.001),
where the HF group presented with between 13 and 75 %
greater concentrations than the LF and CT groups (data not
shown).

There was no significant effect of treatment on urinary
potassium excretion (Table 5). There was, however, a
significant time x treatment effect on urinary sodium
excretion (P = 0.03), with a small but significant increase
in the HF group from baseline (126 + 6 mEqg/day) to
6 weeks (130 £ 7 mEq/day (P = 0.02) and a significant
reduction from baseline (122 + 8 mEq/day) to 6 weeks
(107 £ 7 mEq/day in the LF group (P = 0.03). The LF
group had lower urinary sodium concentrations at 6, 12 and
18 weeks compared to baseline. There was no effect of
treatment on the CT group (Table 6).

The baseline plasma vitamin C concentrations were
similar in the HF (58.9 £ 2.9 pmol/L), LF (56.9 £ 2.2
pmol/L) and CT groups (58.4 &+ 2.6 pmol/L). A significant
time X treatment effect (P = 0.0001) was observed, with
HF (66.3 £+ 2.3; 70.3 £ 2.0; 70.6 &= 2.9 pmol/L) and LF
groups (62.5 £2.0; 65.8 £ 1.7; 67.6 £ 2.3 pmol/L)
exhibiting a sequential dose-related increase in plasma
vitamin C at 6, 12 and 18 weeks, respectively. Whilst there
was no significant difference between the HF and LF
groups, their concentrations were significantly greater than
the CT group (P < 0.002), and this difference remained
stable throughout the intervention period (Fig. 2b;
Table 6). The plasma uric acid concentrations were not
significantly different between the HF, LF and CT group at
baseline or throughout the study duration (Table 6).
Baseline plasma folate concentrations were not signifi-
cantly different between the HF (7.5 &+ 0.8 umol/L), LF
(8.1 & 0.8 pg/day) and CT (9.5 £ 0.8 pg/day) groups.
There was a tendency for an increase from baseline to
12 weeks and a decrease thereafter in both the HF and LF
groups, while values for the CT group remained relatively
constant (Table 6).

There were no significant differences in the total (HF
2.36 = 0.14 pmol/L; LF 2.43 £+ 0.22 pumol/L; CT 2.07 &+
0.13 pmol/L) or individual plasma carotenoid concentra-
tions between the intervention groups at baseline (Table 6).
With the exception of plasma lutein, there was a significant
time X treatment interaction in total plasma carotenoids
(P = 0.0001) and the individual carotenoids: «-carotene
(P = 0.0001), f-carotene (P = 0.0001), fS-cryptoxanthin
(P = 0.016) and lycopene (P = 0.043) (Table 6). Total
plasma carotenoids in the HF and LF groups were signif-
icantly higher than CT after 12 weeks (HF 2.54 &+ 0.15
pmol/L; LF 2.59 + 0.16 pmol/L; CT 2.15 & 0.15 pmol/L.
P = 0.0312) and 18 weeks (HF 2.61 £ 0.17 umol/L; LF
3.02 &+ 0.21 pmol/L; CT 2.07 & 0.13 pmol/L. P =
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0.0104), with the LF group having significantly higher
concentrations compared with the HF group on each
occasion (P < 0.002). Plasma total carotenoids signifi-
cantly increased in a dose-dependent manner in the LF
group (P = 0.001) (Table 6). The HF and LF groups also
had significantly higher plasma f-carotene concentrations
than the CT group after 6 weeks (HF 0.80 £ 0.07 pmol/L;
LF 0.86 £ 0.08 pmol/L; CT 0.63 £ 0.05 umol/L. P =
0.009), 12 weeks (HF 0.93 £ 0.08 pmol/L; LF 0.96 +
0.08 pumol/L; CT 0.71 £ 0.06 pymol/L. P = 0.0100)
and 18 weeks (HF 0.98 £ 0.08 umol/L; LF 1.22 £ 0.11
pmol/L; CT 0.73 &+ 0.06 pmol/L) (P = 0.0021). Plasma
p-carotene increased in a dose-dependent manner in the LF
group (P < 0.0001). Plasma w«-carotene was significantly
higher in the LF group than HF and CT groups after 12
(P < 0.0001) and 18 weeks (P < 0.0001). Plasma lyco-
pene was highest at 18 weeks, compared to 0, 6 and
12 weeks in the LF group (P = 0.008). The HF group had
higher (between 9 and 87 %) f-cryptoxanthin concentra-
tions compared with the LF and CT group, which reached
significance after 12 (P = 0.0151) and 18 weeks (P =
0.0011). The HF group had higher p-cryptoxanthin con-
centrations than the LF group after 6 weeks (P = 0.0128)
(Table 6).

The baseline FRAP values were not significantly dif-
ferent between groups at baseline (HF 476 £ 12 pumol
Trolox Eq; LF 496 + 12 pmol Trolox Eq; CT 472 £ 9
pmol Trolox Eq). There was a significant time X treatment
interaction on plasma FRAP values (P = 0.009). In the HF
group, plasma FRAP was significantly higher after 6 weeks
(492 £+ 11 pmol Trolox Eq) and 12 weeks (507 + 12
pmol Trolox Eq) compared to baseline (P = 0.001), with a
further significant increase after 18 weeks (523 £ 15 pmol
Trolox Eq) (P = 0.001). In the LF group, plasma FRAP
was significantly higher after 12 (514 £ 13 pmol Trolox
Eq) and 18 weeks (513 £ 12 umol Trolox Eq) compared
to baseline and 6 weeks (504 £ 12 pmol Trolox Eq)
(P = 0.002). The FRAP values in the CT group remained
constant across the study (Table 6).

Impact of intervention on anthropometric measures

There were no significant changes in measures of body
weight, body mass index (BMI) or markers of body fat
mass over the study period between or within the HF, LF
and CT group (data not shown).

Discussion
The aim of this paper was to describe and evaluate the

dietary strategies employed in the FLAVURS RCT giving
detailed results of the dietary, plasma and urinary nutrient
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0.0001
NS

60.3 + 2.9%
276 £ 9

56.0 + 2.98PF

58.7 4+ 2.78Pf
269 &+ 9

584 £ 2.6
270 + 8

Vitamin C (umol/L)
Uric acid (umol/L)

272 £9

0.0093

484 + 10

470 £ 12

477 £ 11

472+ 9

FRAP (pmol Trolox Eq)

HF high-flavonoid F&V group, LF low-flavonoid F & V group, CT control group, NS non-significant, Eq equivalent

+ P<0.05 T P<0.01;* P <0.001. Superscript uppercase letters (*P) refer to inter-treatment comparisons: * HF significantly higher than LF; ® HF significantly higher than CT; € LF

significantly higher than HF; P LF significantly higher than CT. Superscript lowercase letters () refer to intra-treatment comparisons across time: * significant difference from 0 to 6 weeks;

b significant difference from 6 to 12 weeks; © significant difference from 12 to 18 weeks

biomarker concentrations. The results indicated that par-
ticipants who completed the study in general showed good
compliance to the dietary prescription, particularly up to
12 weeks. This demonstrated the successful application
and tolerance of the novel FLAVURS model of F&V
intervention. Compliance was also facilitated by the supply
and delivery of specified F&V to the two intervention
groups, the clear instructions on what to consume, how to
prepare the F&V and recipe ideas, in addition to the
comprehensive dietetic support offered throughout the
study duration.

In general, participants were compliant in the first
6 weeks (target of 2 additional portions) and between the
6- and 12-week period (target of 4 additional portions).
However, in the last 6 weeks of the study (target of 6
additional portions), participants appeared to struggle to
fully comply. This was reflected in data from both the
record forms and dietary recalls, but more so in the dietary
recalls. Although the participants in the intervention groups
were advised to add extra portions of study F&V to their
habitual diet, when comparing the recalls and record forms,
it was evident that some participants had replaced 1-2
habitual portions of F&V with the study foods, particularly
at the later stages of the study. This has been observed in
previous studies published by our group [37]. It was of note
that participants in the LF group were generally able to
achieve higher intakes of F&V than participants in the HF
group at the highest level of advised intervention. This
could be because the types of F&V in the LF list were more
commonly consumed products (for example carrots, peas
and broccoli) and, therefore, more acceptable and more
easily incorporated into the participants’ habitual diet.
Although the individuals in the control group were gener-
ally compliant, despite the instructions not to change their
dietary habits, it appeared that they also increased their
consumption of F&V by a mean intake of half a portion/
day for the study duration. This is not unexpected given
that the participants were aware that they represented the
control group in a F&V intervention trial.

The dietary intake data for NSP, vitamin C, folate and
carotenoids supported a dose—response increase in F&V in
the HF and LF groups, but not the CT group. The two
intervention groups consumed similar levels for the study
duration with the exception of NSP and vitamin C during
the last 6 weeks of the study, where higher intakes were
observed in the LF and HF groups, respectively. While
there was limited information on individual dietary carot-
enoid intake, due to limitations in the nutrient database,
plasma analysis was able to provide more data, revealing a
near dose-dependent increase in plasma total carotenoids,
a-carotene and f-carotene concentrations in both inter-
vention groups, irrespective of the types of F&V con-
sumed. These data are consistent with dose-response
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increases in lutein and f-cryptoxanthin [38], «-carotene
and f-carotene [39] and o-carotene, ff-carotene, lycopene,
lutein and zeaxanthin [37] following higher F&V intake in
other human dietary intervention studies. The strength of
the association invariably depends on the types of foods
consumed, but it is encouraging that in FLAVURS, similar
increases were observed in the two intervention groups that
contained very diverse F&V.

Both dietary and plasma data showed a dose-dependent
increase in vitamin C intake in the HF and LF groups.
However, while the dietary data showed higher intakes by
the HF group at 18 weeks compared to both the LF and CT
groups, no difference in the plasma vitamin C concentra-
tions was detected at 18 weeks between the intervention
groups. Plasma vitamin C concentrations are representative
of dietary intakes until a plasma threshold concentration of
~ 80 pumol/L, above which plasma vitamin C is lost in the
urine [40]. In FLAVURS, estimated dietary vitamin C
intakes of 257 mg/day reported in the HF group at
18 weeks would not manifest as a higher plasma vitamin C
concentration as plasma saturation was reached at
12 weeks (4 additional portions of F&V) with an estimated
dietary intake of 200 + 13 mg/day. This observation sup-
ports previous data on dose-dependent increases in plasma
vitamin C with F&V consumption [38, 41]. Thus, it
appears that plasma vitamin C may be useful as a bio-
marker of F&V up to an intake of approximately 7 por-
tions/day.

Higher F&V intake has been associated with increased
potassium intake [37, 42—44]. In FLAVURS, the increases
in dietary potassium in the HF and LF groups were quan-
titatively higher than in the CT group, but this did not reach
statistical significance. Potassium intake is dependent on
the particular foods chosen. In FLAVURS, the changes in
urinary potassium concentrations were broadly similar to
the dietary potassium changes, although in contrast to other
studies, neither of the potassium concentrations mimics the
increase in the intake of F&V [42, 44]. This probably
reflects the choice of intervention F&V in the FLAVURS
study, which were not chosen specifically for their high
potassium content, in contrast to other studies [44]. A
significant reduction in dietary sodium intake was also
apparent from the dietary data, and lower urinary sodium
excretion was detected in the HF and LF groups at some
time points. This probably reflects an exchange of habitu-
ally consumed high-sodium foods with study F&V and is
an additional potential benefit of an increased F&V intake
(irrespective of flavonoid content) in relation to the dietary
treatment of hypertension [42]. The higher sugar intake in
the HF and LF groups at 12 and 18 weeks was possibly a
reflection of the increased amounts of sugar-containing
fruit. It was also observed that, despite the addition of up to
6 portions of F&V to the diets of those in the intervention

groups, there was no significant increase in reported dietary
energy intake. These data were supported by a lack of
change in body weight, BMI, or measures of adiposity and
reflect the substitution of habitually consumed foods with
the intervention F&V.

F&V contain a number of components (including vita-
min C, E, A, carotenoids, flavonoids) with moderate to
high antioxidant capacity, and an increase in plasma anti-
oxidant capacity and/or reduction in oxidative stress would
be predicted following an increase in F&V consumption.
This was confirmed in FLAVURS that reported a signifi-
cant dose-dependent rise in plasma antioxidant potential
(measured by FRAP) in both the HF and LF groups. This
result was encouraging, as it supported the dietary and
biomarker data for an increase in dietary antioxidant
intake. Plasma uric acid is the major endogenous antioxi-
dant and is present in excess quantities compared with
dietary antioxidants [45]. Nevertheless, in FLAVURS,
there was no significant impact of intervention on plasma
uric acid, suggesting that the increase in FRAP was due, in
part, to the increased F&V-derived nutrient and non-
nutrient antioxidants. Thus, according to dietary and
plasma/urinary biomarkers, the FLAVURS dietary inter-
vention tool and specific dietary advice adequately
addressed the large fundamental compositional differences
in the nutrient content of the F&V consumed by the HF and
LF groups, with close matching of these potentially bio-
active components between the two intervention groups
maintained throughout the study.

The successful relative matching of the LF and HF diets
for other potential bioactive components was of paramount
importance to the study outcome, as FLAVURS aimed to
determine the impact of not only the dose of F&V, but also
specific dose-response relationships between flavonoid
intake and vascular function and numerous other estab-
lished and putative CVD risk factors.

Results for the dietary intake of flavonoids from F&V
and total flavonoids provide evidence of a marked and
significant increase in flavonoid-rich F&V in the HF group
reaching a mean (SEM) intake of 177 + 13 mg/day from
approximately 7.6 &+ 0.4 portions F&V at 18 weeks. In
addition, there was a close matching of the study groups for
background habitual flavonoid intake and no change in the
consumption of flavonoid-rich foods or drinks (such as tea,
coffee and red wine) in any of the dietary groups
throughout the study period, except for that provided to the
HF group. However, quantitatively (approximately
500 mg/day), the flavonoids from flavonoid-rich foods and
drinks not included in the FLAVURS intervention model
made a greater contribution to the total daily flavonoid
intake than those from the additional F&V prescribed for
the intervention. The background dietary flavonoids were
derived predominantly from black tea and red wine

@ Springer
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consumption, as was evident from the significantly higher
total urinary flavonoid concentrations in the high and
moderate black tea and red wine drinkers, irrespective of
the designated dietary intervention group, and also the high
levels of dietary flavan-3-ols consumed (Table 5). How-
ever, a large proportion of this 500 mg/day intake consisted
of large polymeric polyphenols (e.g. thearubigins, theaf-
lavins) generated from the oxidation of gallated flavanols
during black tea production or flavanol-anthocyanin com-
plexes formed during red wine maturation. Whilst these are
polyphenols due to their size and structure, it is predicted
that they would not be detected in blood and urine, pri-
marily as they are not absorbed in the small intestine (due
to their high molecular weight) [46].

The total urinary flavonoid concentrations in the 3 die-
tary groups showed a similar pattern to the dietary intake.
Urinary concentrations of individual flavonoids have been
shown to reflect acute ingestion of specific flavonoid-rich
F&V [12, 47]. In FLAVURS, a combination of flavonoid-
rich F&V was consumed, resulting in a large range of
ingested flavonoids, but all in relatively small amounts in
the 24 h urine collection sample, compared with samples
from postprandial studies. This may account for the sig-
nificant number of urine samples from all 3 dietary groups
in which urinary flavonoids could not be detected. Those
flavonoids that were identified in the 24 h urine samples
(hesperetin, kaempferol, luteolin, myricetin, naringenin
and tamarexitin) represented only a proportion of those
consumed. Another contributing factor could be the rapid
metabolism or low absorption of certain flavonoids. For
example, no anthocyanidins or metabolites were detected
in any of the urine samples, yet they contributed to an
estimated 30-40 % of the total flavonoid intake from the
HF F&V. This probably reflects the poor absorption of
these compounds reported to be 0.036 £ 0.043 % of the
ingested dose [48, 49]. In FLAVURS, total urinary flavo-
noid concentrations were a valid biomarker of flavonoid-
rich F&V intake, yet more sensitive methods of detection
would be required to reflect specific dietary flavonoid
intakes.

In conclusion, application of the FLAVURS dietary
intervention model successfully achieved increases in F&V
in the HF and LF groups with a quantitative increase in
flavonoid intake in the HF group only. This dietary tool
could have wide applications for other intervention studies
or in the context of increasing specific F&V intakes in
population groups. The successful matching of other
potentially bioactive components present in F&V will
allow the specific impact of flavonoids on the CVD risk
profile to be determined in subsequent analytical work.
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