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Abstract: Background: Fruit and vegetable consumption is a marker of higher-quality
diets; less is known about the contribution of 100% fruit and vegetable juices (FVJ) to
diet quality. Objective: To explore FVJ consumption patterns in relation to dietary nutrient
density among French children (aged 3—14 years old) and adults (>21 years old). Methods:
Analyses were based on the nationally representative 2013 CCAF (Comportements et
Consommations Alimentaires en France) survey of 1930 respondents, stratified by age
group, FVJ consumption, and socioeconomic status (SES). Dietary nutrient density was
based on the Nutrient Rich Food (NRF9.3) index, adjusted for gender and age. Results:
Mean total consumption of fruits and vegetables was 2.6 servings/day for children and
3.8 servings/day for adults. Mean population consumption of FVJ was 83 mL/day for
children and 54.6 mL/day for adults, equivalent to 0.4 servings/day and 0.3 servings/day
respectively. FVJ consumers had higher quality diets than did non-consumers, after adjusting
for covariates. The respective NRF9.3 values were 486.4 + 4.3 vs. 428.7 + 7.5 for children
and 460.7 + 4.4 vs. 435.4 + 4.4 for adults. FVJ consumers had similar or higher intakes
of fruits and vegetables than did non-consumers. The socioeconomic gradient for FVJ
consumption was much weaker (p < 0.046) than for whole fruit (p < 0.01). Conclusions:
In a nationally representative sample of French children and adults, fruit and vegetable

consumption fell short of recommended values. Higher FV] consumption was associated
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with higher-quality diets and better compliance with the French National Plan for Nutrition
and Health (PNNS).

Keywords: fruit; vegetable; nutrient density; consumption patterns

1. Introduction

Fruit and vegetable consumption in France and in the US falls well below the national Five-A-Day
goals [1-3]. The What We Eat in America survey estimated fruit consumption in the US at only 1.1
daily servings and vegetable consumption at 1.4 daily servings [4]. Based on the 2006 national food
consumption data for France, 73% of adults and 95% of children failed to consume five daily servings
of fruits and vegetables as recommended by the French National Plan for Nutrition and Health [5].
In general, least likely to meet the Five-A-Day goals were groups of lower socioeconomic status
(SES) [6-10] and those living in disadvantaged areas [11,12].

The consumption of 100% fruit juices, along with whole fruit, is one way to meet total fruit
consumption goals [13]. In the US, the inclusion of 100% juice in dietary patterns did not appear
to displace whole fruit. Recent analyses showed that whole fruit contributed fully two thirds to total
fruit consumption, with only one third coming from 100% juice [13]. However, whereas whole fruit
consumption was highest among older adults and among groups with higher education and incomes, no
social gradient was observed for 100% fruit juice. Fruit juice consumption was highest among children
and declined sharply with age [13].

In the US, one cup of fruit and vegetable juices (FVJ) (224 mL) is considered to provide one serving
from the fruit or vegetable group [3]. The 2008 French dietary guidelines specify that up to one of the
five daily fruit and vegetable servings can be in the form of FVJ [14]. FVJ can contribute to meeting
dietary guidelines for children in France, when limited to 100-200 mL/day (12 to one cup per day) [15].
The FVJ in France are mostly fruit juices, while the consumption of vegetable juices (mostly tomato) is
very low.

This study used the nationally representative 2013 CCAF database [16] to examine the impact of
FVJ consumption on dietary nutrient density in France. FVJ consumption patterns were stratified by
age group and by SES. The Nutrient Rich Food (NRF9.3) index, a published and validated nutrient
profiling model [17], adjusted for age and gender, was the principal measure of diet nutrient density.
The hypothesis was that higher FVJ consumption in France would be independently associated with
higher-quality diets, after adjusting for demographic and lifestyle covariates.

2. Materials and Methods
2.1. CCAF PFarticipants

Dietary intake data were based on the nationally representative 2013 Comportements et
Consommations Alimentaires en France (CCAF) dietary survey that was conducted by CREDOC
(Centre de Recherche pour I’EtuDe et I’Observation des Conditions de vie, Paris, France), between

October 2012 and July 2013. The quota survey sampling method took into account the geographical
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region, town size, participant age, household size, and socio-economic status, based on the 1999 French
census. Details of participant recruitment have been published [16].

The survey was carried out in a national representative sample of 1250 French households resident in
metropolitan France. Metropolitan France refers to France itself, as opposed to overseas possessions and
territories. Children were oversampled to give a national representative sample of 1000 children 3-17
years old. The age distribution in the 2013 CCAF was 809 children (3—14 years old); 109 adolescents
(15-20 years old), and 1121 adults (>21 years old). The present analyses were based on children (3—14
years old, n = 809) and adults (=21 years old, n = 1121). The adolescents were omitted as providing
insufficient power for analysis. The CCAF study had been approved by the institutional review board for
human subjects research and subjects provided informed consent [16].

Age, body weight, and height were self-reported during an in person interview. Body mass index
(BMI: kg/m?) values were calculated. For adults, normal weight was defined as BMI: 18.5-25 kg/m?;
overweight as BMI: 25-30 kg/m? and obesity as BMI > 30 kg/m?. In children, overweight was defined

based on growth curves and standard cut-off values [18].
2.2. Dietary Intake Data

Dietary intake data were based on a seven-day dietary history interview for all household members
aged 3 years old and above. For children aged <9 years old, dietary information was provided by parents
or caregivers. The participants (adults and children >9 years old) completed a seven-day food survey,
where respondents reported the types and amounts of all food and beverages consumed in the preceding
24-h. The participants were provided with the SUVIMAX portion size atlas, used and validated in
previous research [19] that provided photographs of food portions along with 7 potential response
options. The portion size atlas was provided in the paper format (54%) and online (46%).

Reported energy intakes were compared to the estimated energy requirements (1.55 times the
metabolic rate) for age, body weight and height [20]. Adult participants were excluded if their reported
intake was inconsistent with the estimated energy requirements [16]. Children were excluded if their

total energy intakes divided by estimated basal metabolic rate was >0.05.
2.3. Energy and Nutrient Intakes

Energy and nutrient intakes were estimated using the 2013 food composition table developed by the
French agency for Food, Environmental and Occupational Health & Safety (ANSES). Usual intakes of
total fruit (whole fresh fruit + cooked fruit + fruit juice), whole fruit, and 100% FVJ were assessed for
the entire population and for population subgroups. The term “100% FVJ” covers fruit and vegetable
juices NFC (not from concentrate) and FC (from concentrate). The 2013 CIQUAL database provided
nutrient values for the principal 100% FV]J juices consumed: orange, apple, grape, grapefruit, pineapple,
and multi-fruit and exotic fruit (mango, coconut) as well as tomato, carrot, and multi-vegetable juice.
Nectars and juice-based soft drinks were excluded. Under European and French regulations, the addition
of sugars to 100% FVJ is prohibited [21].

Although FVIJ cannot contain added sugars, they do contain naturally present “free” sugars. The
World Health Organization (WHO) defines free sugars [22] as “all monosaccharides and disaccharides

added to foods by the manufacturer, cook, or consumer, plus sugars naturally present in honey, syrups,
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and fruit juices”. The values for added sugars and free sugars in the CIQUAL database were obtained
from ANSES; from published nutrient composition data, and from the nationwide online study Nutrinet
Santé [23].

2.4. Compliance with the French National Program on Nutrition and Health

The National Program on Nutrition and Health (Programme National Nutrition Santé—PNNS) was
implemented under the Ministry of Health in France in 2001 and is regularly updated. Consuming at
least 5 serving of fruits and vegetables per day is one of the 9 key public health objectives. Included in
the recommendation are all fruits and vegetables, fruit or vegetable juices (FVJs), and mixed foods that
contain fruits and vegetables. Serving sizes were defined as 80 g for vegetables, 200 g for soups, 80 g
for fruits and 200 mL for FVJ (with a maximum of one serving per day). The degree of compliance with
the PNNS was assessed for each CCAF participant.

2.5. Dietary Nutrient Density Measure

The Nutrient Rich Foods (NRF) index, a published and validated nutrient profiling model [24] was the
principal measure of dietary nutrient density. The NRF9.3 nutrient profiling model was based on the sum
of percent daily values (%DVs) for nine nutrients to encourage, minus the sum of percent daily values for
3 nutrients to limit. Percent DVs were calculated based on the total diet. The nutrients to encourage were
protein, fiber, vitamins A, C and E, calcium, iron, potassium and magnesium. The negative LIMiting
nutrients (LIM) subscore was based on maximum recommended values (MRVs) for saturated fat, free
sugars, and sodium [17,25]. In essence, nutrient profile models applied to individual foods calculate
the ratio of nutrients to calories per reference amount. The same profiling algorithms can be applied to
individual foods, composite meals, or the total diet [26]. In order to apply the NRF9.3 algorithm to the
assessment of diets, as opposed to individual foods, it was necessary to adjust the dietary reference values
for gender and age. Nutrient profile models designed to evaluate individual foods are typically based on
a single set of nutrient standards. In the US, such standards are based on Food and Drug Administration
(FDA) regulatory and labeling requirements and are calculated per reference amount of food
(serving size).

By contrast, dietary reference values as applied to total diets are typically adjusted for gender and
age. Both the Reference Daily Intakes (RDIs) in the US and the Recommended Dietary Intakes (Apports
Nutritionnels Conseillés or ANC) in France are both age- and gender-specific. A summary of NRF index
nutrients and their ANC values by age and gender is provided in Table 1.

In this set of analyses, NRF9.3 values for each participant were based on age- and gender-adjusted
ANC values for the nine qualifying nutrients. Free sugars, saturated fats, and sodium were expressed as
percent MRVs. In this manner, an age- and gender-appropriate nutrient density score was calculated for
each CCAF participant.
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Table 1. Recommended dietary amounts (Apports Nutritionnels Conseilles or ANC) in France by age and gender for use with nutrient

rich food (NRF) scores.

Age Group (Years Old)

Subscore Nutrient ‘

4-6

7-9

10 [ 11-12

13-14 ‘ 15 16-17 ‘ 18-19 20-55 56-65 66-74 >75

Proteins
(g/kg bwo)

Details are described below

Fibers (g) 14

19 \ 21 \ 25

Vitamin A
(IU)

400

450

500

550

Male: 700 Male: 800

Female: 600 Female: 600

NR9 Vitamin C

(mg)

60

75

90

100

110 120

Vitamin E
(mg)

75

11

12 20

Calcium
(mg)

500

700

900

Male: 900

900 Female: 1200

1200 1200

Iron (mg) 7

10

Male: 9
Female: 16

Male: 13
Female: 16

Potassium
(mg/kg bwt)

40

Magnesium
(mg)

80

130

200

280

Male: 420
Female: 360

Male: 410
Female: 370

400

Saturated fat
(g)

12% of total energy intake (ANSES)

LM Free sugar

(2)

10% of total energy intake (OMS)

Sodium (mg)

Children and pregnant female: 2600 mg/day, male: 3200 mg/day (ANSES)

Proteins (g/kg bwt) in NR 9

Age (Years Old) 3

8 9 10 11 12 13 14 15 16 17 >18

Male
Female

0.90

0.86

0.85

0.89

0.91

0.91 0.90 0.90 0.89 0.88 0.87 0.86

0.90 0.89 0.88 0.87 0.85 0.84 0.83 083

0.91

0.92 0.92
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2.6. Physical Activity and Screen Time

CCAF participants reported the time spent on watching various screens (television, computer, video
games, etc.) and the time spent on physical activities. The screen time variable was dichotomized for
adults (<3 h/day or >3 h/day) and for children (<2 h/day or >2 h/day) based on distribution of the data.
The physical activity variable was also dichotomized. For adults, the time spent on physical activities
such as household activities, gardening, sports, efc., was <2 h/day or >2 h/day. For children, the time

spent on sports was <4 h/week or >4 h/week.
2.7. Statistical Analyses

FVJ consumers were defined as those CCAF participants who listed FV] at least once in the seven-day
diet history. Analyzes of FVJ consumption were conducted separately for children and adults. Additional
strata were based on gender (male, female) and socioeconomic status (SES), as assessed by occupation
or education of head of household. Data were reported as means and standard errors and/ or medians
and percentiles. The statistical significance level was set at p < 0.05.

Differences in dietary nutrient density between FVJ consumers and non-consumers of FVJ were tested
using the generalized linear model (PROC GLM). Quartile analysis of NRF scores, based on amounts of
FVJ consumption was also carried out.

Multiple regression was carried out to explore potential association between amounts of FVIJ
consumed and NRF9.3 scores, adjusting for FV] consumption (yes, no), age, gender (for adults only),
education, and screen time. The SAS 9.2 software was used for statistical analyses (SAS Institute, Inc.,
Cary, NC, USA).

3. Results

Children consumed 279 g/day of total fruit and vegetables on the average, corresponding to
2.6 servings/day. Adults consumed 392 g/day, corresponding to 3.8 servings/day. On the average, 94.9%
of all children and 73.0% of adults failed to meet the PNNS fruit and vegetable goals.

These age trends were reversed for FVJ consumption, consistent with data from the US [13].
Children aged 3—14 years old consumed 83 mL/day FVJ whereas adults aged >21 years old consumed
54.6 mL/day. On per weight basis, FVJ accounted for about 30% of total fruit and vegetable intakes (in
g) among children but only 14% of fruit and vegetable intakes among adults.

Assuming a 200 mL FVJ serving size, FVJ consumption was 0.4 servings/day for children and
0.3 servings/day for adults. Nine out of ten children (89.8%) and adults (93.3%) consumed less than
one serving (200 mL) of FVJ per day. The consumption of vegetable juices was very small: 0.1 mL/day
for children and 0.9 mL/day for adults.

The proportion of FVJ consumers in the population was estimated at 71.1% of children but only
48.6% of adults. The proportion of vegetable juice consumers was extremely low (<1%). Among
FVJ consumers, median FVJ consumption was 102.9 mL/day for children and 91.4 mL/day for adults.
Significantly, those children who consumed FVJ also consumed more fresh fruit as compared to
non-consumers (65.2 + 2.8 g/day vs. 41.7 £+ 3.2 g/day). The consumption of cooked fruit (‘“compote”)
was also higher among FVJ consumers as compared to non-consumers for both children and adults.
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Figure 1 shows mean total consumption of fruit and vegetables (in g/day) for children and adults.
It can be seen that fruit, fresh and processed and FVJ each provided about 30% of total fruit and
vegetables intakes among children. Among adults, the contribution of whole fruit remained at 30%
but the contribution of FVJ dropped to 14%.

450

400

350

300 M Fruit, dried

250 -+ M Fruit, processed
> M FVJ 100%
g 200 - B Fruit, fresh

150 - —— W Vegetables

100 217.9

50 118.7
0

Children Adults

Figure 1. Contribution of vegetables, whole fruit, and FVJ (fruit and vegetable juices) to

total fruit and vegetable consumption of children and adults (in g/day).

Persons identified as FVJ consumers consumed more total servings of fruit and vegetables per day.
Among children, the difference was 0.9 additional servings (from 1.9 servings to 2.8 servings), whereas
among adults, the difference was 0.7 servings (from 3.5 servings to 4.2 servings). Among both children
and adults, FVJ consumers were more likely to reach the Five-A-Day target than were non consumers
(children: 6.7% versus 1.3%; adults: 31.2% versus 23.0%). However, no differences in total vegetable
intakes were observed for FVJ consumers vs. non-consumers.

Subsequent analyses compared dietary patterns and diet quality measures of FVJ consumers and
non-consumers. Table 2 shows differences between FVJ consumers and non-consumers in total NRF9.3
nutrient density score, its components (NR and LIM), and individual nutrients. Using free (as opposed to
added) sugars to calculate the LIM components of the NRF score was consistent with the current policies
of the WHO. Calculations of the LIM and NRF scores were also performed using added sugars.

The data are presented separately for children and adults. As noted above, percent daily values and
NREF scores calculated for each CCAF participant were adjusted for age and gender. FVJ consumers had
significantly higher total NRF9.3 scores than did non-consumers.

Nutrient-by-nutrient analyses showed that FVJ consumers had diets that were significantly higher
in vitamin C, vitamin E, calcium and potassium compared to non-consumers. Among children, FV]J
consumers had diets that were also higher in fiber, vitamin A, and magnesium, as compared to diets of
non-consumers. FVJ consumption was not associated with differences in saturated fat but the diets of

FVJ consumers were higher in sodium and free sugars.
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Table 2. NRF9.3 dietary nutrient density scores, subscores and individual components by juice consumers versus non-consumers for

each age group.

Children (3-14 years old)

Adults (>21 years old)

Consumers Non-Consumers Consumers N Non-Consumers
N =575 N =234 P =544 N =577 P
NRF9.3 score 4813 + 44 428.7+ 7.5 0.0000 460.7 £ 4.4 4354 + 44 0.0000
Protein (g/kg) 995 +0.2 99.5 + 0.3 0.9384 99.1 £ 0.2 99.3 £ 0.1 0.2259
Fiber 81.0+ 0.8 750+ 1.3 0.0001 69.4 + 0.8 68.5 + 0.8 0.4384
Vitamin A 78.6 + 1.0 734 £ 1.7 0.0067 814 +£1.0 79.8 + 1.0 0.2634
Vitamin C 79.7 + 1.0 476 + 1.6 0.0000 80.5+ 1.0 564+ 1.2 0.0000
Vitamin E 63.9+ 09 559415 0.0000 61.5+1.0 549+1.0 0.0000
Calcium 81.8 £ 0.9 747+ 1.6 0.0000 85.8 £0.8 81.3+£0.8 0.0001
Iron 87.9 £0.7 85.5+1.2 0.0967 85.7+£0.9 87.4 £0.8 0.1693
Potassium 98.0 £ 0.3 96.0 + 0.7 0.0032 91.7 £ 0.5 89.4+ 0.6 0.0034
Magnesium 88.8 + 0.7 833+ 14 0.0001 78.0 £0.7 76.2 £ 0.7 0.0759
Nutrient Rich subscore 759.1 £ 4.7 690.8 + 8.2 0.0000 733.1 £ 4.4 693.1 +4.3 0.0000
Saturated fat 9724+ 0.3 97.6 + 04 0.4491 96.5+ 0.4 964 + 04 0.8847
Sodium 83.0+ 0.8 735+ 1.3 0.0000 93.7+0.5 91.8 £ 0.5 0.0090
Free sugars 97.6 £ 0.3 91.0 £ 1.2 0.0000 82.1+ 1.1 695+12 0.0000
LIMiting subscore 277.8 £ 0.9 262.1 + 1.8 0.0000 2723+ 1.2 2577+ 1.3 0.0000

Data are expressed in terms of age- and gender specific percent daily values for each nutrient; presented are means and standard errors of the mean (SEMs).

6080
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Figure 2 shows a positive dose-response relation between quartiles of FVJ intake and NRF values.
Mean FV] intakes from Q1 to Q4 for children were 29 mL/day, 72 mL/day, 129 mL/day and 240 mL/day.
Mean FV] intakes from Q1 to Q4 for adults were 23 mL/day, 65 mL/day, 118 mL/day and 247 mL/day.
The increase in NRF as a function of FVJ consumption was significant for both children and for adults.
The NRF9.3 score was based on free as opposed to added sugars. Comparable results were obtained

when added sugars were used in calculating the LIM score (data not shown).

Children (3-14 years old) Adults (21 years and older)
5007
490
480
o 4701
—
§ 460
) 450
O 4404
L
oc 430
P
420
410
400
390~
Non Q1 Q2 Q3 Q4 Non Q1 Q2 Q3 Q4
consumers consumers

Figure 2. NRF9.3 score values (y axis) for FVJ (fruit and vegetable juices) non consumers
and for consumers stratified by quartiles of consumption. Data are presented for children
and for adults. The NRF9.3 score was calculated using free sugars in the LIM subscore.

Figure 3 shows FVJ versus whole fruit consumption by occupational status of head of household, a
measure of SES. Whole fruit consumption was associated with the educated and professional classes; the
social gradient held for both children (p =0.0018) and adults (p <0.0001). By contrast, FVJ consumption
showed less of a social gradient (significance for adults only: p = 0.0435). Among children, whole fruit
consumers were also likely to be of higher SES; the strength of the SES gradient was reduced among FVJ
consumers. Similarly, higher SES adults were more likely to consume whole fruit; the social gradient in
FVJ consumption was attenuated.

Multivariable analyses of FVJ consumption in relation to NRF9.3 diet quality scores are summarized
in Table 3. There was a significant relation between higher FVJ consumption and diet quality (Model 1)
that held after adjusting for socio-demographic covariates. Higher NRF scores were associated with the
younger age group; children had higher quality diets than did adults. The NRF measure of diet quality
was also higher for men than for women; and increased with education and less sedentary lifestyles, as
captured by screen time.

Figure 4 shows how greater compliance with the French PNNS dietary guidelines was reflected in
higher consumption of whole fruit and higher consumption of FVJ. Categories on the x-axis represent
the number of fruit and vegetable servings, up to and exceeding Five-A-Day. As might be expected,
only a minority of respondents met the Five-A-Day goal, especially among children. The number of

respondents in each category is indicated on the x-axis.
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Whole fruit and FVJ consumption, shown on the y-axis, is in g per day. It can be seen that whole fruit
accounted for most of total fruit consumption and that FVJ did not displace whole fruit from the diet.

CHILDREN
100
90 19 18 29
34 7 14
80
70
+ 60
c
Q
o 50
pudt
Q 40
[a
30
20
10
0
Farmers, Managers, Intermediate Employees Workers Non active
Craftsmen intellectual professions occupations
M F&V juice consumers m F&V juice non consumers H Fruit consumers Fruit non consumers
ADULTS
100
14 36 26
90
80 > 74 19
109 29
94
70 55 127 163
4
c 60
<]
o 50
—
U 4 92 213 163
a 172 210 43
30
20
10
0
Farmers, Managers, Intermediate Employees Workers Non active
Craftsmen intellectual professions occupations
M F&V juice consumers F&V juice non consumers Fruit consumers Fruit non consumers

Figure 3. Whole fruit and FVJ (fruit and vegetable juices) consumption by occupation of
health of household. Data are for children (3—14 years old) in the top panel and for adults
(=21 years old) in the bottom panel. Figures in the histogram bars represent the number of
subjects in each category.

Table 3. Multivariable regressions to assess the relation between FVJ (fruit and vegetable
juices) consumption and NRF9.3 scores after adjusting for socio-demographic and lifestyle
covariates. Data are presented as means and confidence intervals.

Model 1 Model 2
B CI P B CI P
NRF9.3 scores 436.6 (376.0  497.2) <0.0001 501.1 (441.1 561.0) <0.0001
Change in NRF9.3 score for FV]J consumers vs. non-consumers
Consumers +39.7 (30.0 49.4) <0.0001 +33.7 (24.0 434) <0.0001

Model 1: Adjusted for region, city, household size, household type; Model 2: Model 1 + adjusted for age,
gender, education, screen time.



Nutrients 2015, 7 6083

400

Children Adults

350

300

250

B FVJ 100%
B Fruit, dried

B Fruit, processed

B Fruit, fresh + frozen

<2 2-35 355 >5 <35 355 >5
n=312 n=316 n=140 n=41 n=553 n=266 n=303
Number of servings/day

Figure 4. Contribution of fruit and FVJ (fruit and vegetable juices) to total fruit intakes by
PNNS (Programme National Nutrition Santé) level of consumption.

4. Discussion

The present analyses, based on a large nationally representative sample of French children (ages 3—14
years old) and adults aged >21 years old, confirmed that fruit and vegetable consumption was well below
the national guidelines. About 94.9% of children and 73.0% of adults failed to meet the national fruit
and vegetable guidelines of five servings per day. Prior analyses of national consumption trends between
1999 and 2007 showed that vegetable consumption declined while total fruit consumption was stable.
An increase in consumption was observed only among older adults (>55 years old) [27].

According to the 2008 French guidelines, FVJ can supply up to one of the five daily fruit and vegetable
servings. However, the current population consumption means for FVJ were far below these modest
norms. Mean FVJ consumption was estimated at only 0.4 daily servings for children and 0.3 servings
for adults. The data also showed that almost 30% of children and 50% of adults did not consume any
FVJ at all. Only one in 10 children and one in 14 adults consumed one glass (200 mL) or more of
FVI per day.

These shortfalls in fruit and in FVJ consumption were larger than expected. However, the French data
were largely consistent with previously reported results for the US [13], there too, whole fruit provided
about 65% of total fruit consumption, while 100% juice provided about 35%. Whereas whole fruit
consumption was higher among those with higher incomes or more education, juice was more likely to
be consumed by children, minorities and lower-income groups.

In both countries, FVJ consumption was well below the recommended norms. The 2010 Dietary
Guidelines for Americans have recommended that no more than half of fruit servings be from 100%
juice, while others have recommended limiting 100% fruit juice to one or two servings per day [3]. In
France, one of the five fruit and vegetable servings can be supplied by juice. The present results are
consistent with the US data in showing that juice did not displace whole fruit from the diet [13].

The implications of the study of policy and practice are therefore clear: the dramatic shortfalls in fruit
consumption can be met by a combination of fruit and juice, with the relative proportions of whole fruit
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and juice following established guidelines and norms. In the US, such norms have been proposed by the
American Academy of Pediatrics [13]; in France, the Five-A-Day guideline is proposed by the National
Plan for Nutrition and Health.

Both the French and the US data have identified a socioeconomic component in the consumption of
whole fruit that was not observed with 100% juice [13]. This is an important finding since the total fruit
goals in the US were least likely to be met by groups of lower education and incomes [6,7]. Based on
analyses of the nationally representative National Health and Nutrition Examination Survey (NHANES),
it would appear that the more affordable and accessible 100% juices might represent a point of entry to
the fruit and vegetable category for lower-income groups. Preliminary analysis using French national
statistics (INSEE) suggest that one portion of FVJ could be obtained in France for about 60% of the
price of a portion of the corresponding whole fruit [24].

Two more points deserve mention. First, FVJ did not displace whole fruit from the diet. The
PNNS goals were met by a combination of whole fruit and FVJ. Second, FVJ consumers appeared
to have higher quality diets; the NRF scores for FVJ consumers were higher than for non-consumers.
Calculations of the NRF score were based on free rather than added sugars. Given that FVJ cannot
contain added sugars but do contain naturally occurring free sugars, such a base of calculation might
be expected to be detrimental to juices. However, the data showed that NRF scores were consistently
higher among FVJ consumers than non-consumers, regardless of whether NRF scores were calculated
using added or free sugars.

FVJ consumption was also linked to higher NRF scores in a dose dependent manner. These
observations held for children and for adults. The relation was largely driven by vitamin C, although
other NRF index nutrients also contributed.

The study had some limitations. First, dietary intake data for younger children in the CCAF were
provided by the caregiver. Second, the sample was insufficient to permit detailed analyses of whole
fruit and FVJ consumption by age group and SES. Third, data on household SES were provided by
self-reports. The study also had strengths. Data of the CCAF study have been collected recently and
are representative of current food intakes. The CIQUAL database was supplemented with added or free

sugars, obtained from the updated Nutrient database.
5. Conclusion

In France, consuming FVJ was independently associated with higher-quality diets, after adjusting for
covariates. FVJ consumers were more likely to meet total fruit and vegetable goals that are promoted by
the French National Plan for Nutrition and Health. Higher levels of fruit consumption were achieved by a
combination of whole fruit and FVJ. Given the lack of a social gradient for FVJ, the consumption of FVJ,

along with whole fruit, may provide a viable mechanism to reach total fruit goals at an affordable cost.
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SUVIMAX SUpplementation en VItamines et Mineraux AntioXydants
References

1. Guenther, PM.; Dodd, K.W.; Reedy, J.; Krebs-Smith, S.M. Most Americans eat much less than
recommended amounts of fruits and vegetables. J. Am. Diet. Assoc. 2006, 106, 1371-1379.
[CrossRef] [PubMed]

2. Lorson, B.A.; Melgar-Quinonez, H.R.; Taylor, C.A. Correlates of fruit and vegetable intakes in US
children. J. Am. Diet. Assoc. 2009, 109, 474-478. [CrossRef] [PubMed]

3. U.S. Department of Agriculture; U.S. department of health and human services. Dietary Guidelines
for Americans, 7th ed.; Government Printing Office: Washington, DC, USA, 2010.

4. United States Department of Agriculture. What We Eat in America, NHANES
2009-2010. Available online: http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/fped/
Table_1_FPED_GEN_0910.pdf (accessed on 29 December 2014).

5. Castetbon, K.; Vernay, M.; Malon, A.; Salanave, B.; Deschamps, V.; Roudier, C.; Oleko, A.;
Szego, E.; Hercberg, S. Dietary intake, physical activity and nutritional status in adults: The French
nutrition and health survey (ENNS, 2006-2007). Br. J. Nutr. 2009, 102, 733-743. [CrossRef]
[PubMed]


http://dx.doi.org/10.1016/j.jada.2006.06.002
http://www.ncbi.nlm.nih.gov/pubmed/16963342
http://dx.doi.org/10.1016/j.jada.2008.11.022
http://www.ncbi.nlm.nih.gov/pubmed/19248865
http://dx.doi.org/10.1017/S0007114509274745
http://www.ncbi.nlm.nih.gov/pubmed/19250574

Nutrients 2015, 7 6086

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mejean, C.; Deschamps, V.; Bellin-Lestienne, C.; Oleko, A.; Darmon, N.; Hercberg, S.;
Castetbon, K. Associations of socioeconomic factors with inadequate dietary intake in food aid
users in France (The ABENA study 2004-2005). Eur. J. Clin. Nutr. 2010, 64, 374-382. [CrossRef]
[PubMed]

Bocquier, A.; Vieux, F.; Lioret, S.; Dubuisson, C.; Caillavet, F.; Darmon, N. Socio-economic
characteristics, living conditions and diet quality are associated with food insecurity in France.
Public Health Nutr. 2015. [CrossRef] [PubMed]

De Jong, E.; Visscher, T.L.; HiraSing, R.A.; Seidell, J.C.; Renders, C.M. Home environmental
determinants of children’s fruit and vegetable consumption across different SES backgrounds.
Pediatr. Obes. 2015, 10, 134—-140. [CrossRef] [PubMed]

Glen, K.E.; Thomas, H.M.; Loebach, J.E.; Gilliland, J.A.; Gobert, C.P. Fruit and vegetable
consumption among children in a socioeconomically disadvantaged neighbourhood. Can J. Diet.
Pract. Res. 2013, 74, 114-118. [CrossRef] [PubMed]

Azagba, S.; Sharaf, M.F. Disparities in the frequency of fruit and vegetable consumption by
socio-demographic and lifestyle characteristics in Canada. Nutr. J. 2011, 10, 118. [CrossRef]
[PubMed]

Hughes, R.J.; Edwards, K.L.; Clarke, G.P.; Evans, C.E.; Cade, J.E.; Ransley, J.K. Childhood
consumption of fruit and vegetables across England: A study of 2306 6—7-year-olds in 2007. Br. J.
Nutr. 2012, 108, 733-742. [CrossRef] [PubMed]

Dubowitz, T.; Heron, M.; Bird, C.E.; Lurie, N.; Finch, B.K.; Basurto-Davila, R.; Hale, L.;
Escarce, J.J. Neighborhood socioeconomic status and fruit and vegetable intake among whites,
blacks, and Mexican Americans in the United States. Am. J. Clin. Nutr. 2008, 87, 1883-1891.
[PubMed]

Drewnowski, A.; Rehm, C.D. Socioeconomic gradient in consumption of whole fruit and 100%
fruit juice among US children and adults. Nutr. J. 2015, 14, 3. [CrossRef] [PubMed]

DGCCRE. Lignes Directrices Relatives a la Communication sur les reperes de Consommation
Alimentaire et d’activité Physique du Programme National Nutrition Santé.  Available
online: http://www.economie.gouv.fr/files/directions_services/dgccrf/consommation/
information_consommateurs/nutrition/lignes_directrices_nutition_sante.pdf (accessed on 24
February 2015).

Manger-bouger, P. Recommandations du PNNS pour les Enfants et les Adolescents.
Available online: http://www.inpes.sante.fr/CFESBases/catalogue/pdf/1387.pdf (accessed on 24
February 2015).

Hébel, P. Comportements et Consommations Alimentaires en France (Food Intake and Behaviours
in France); Tec & Doc Lavoisier: Paris, France, 2012.

Drewnowski, A.; Fulgoni, V. Nutrient profiling of foods: Creating a nutrient-rich food index.
Nutr. Rev. 2008, 66, 23-39. [CrossRef] [PubMed]

Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child
overweight and obesity worldwide: International survey. BMJ 2000, 320, 1240-1243. [CrossRef]
[PubMed]


http://dx.doi.org/10.1038/ejcn.2009.153
http://www.ncbi.nlm.nih.gov/pubmed/20087381
http://dx.doi.org/10.1017/S1368980014002912
http://www.ncbi.nlm.nih.gov/pubmed/25563304
http://dx.doi.org/10.1111/ijpo.243
http://www.ncbi.nlm.nih.gov/pubmed/24903612
http://dx.doi.org/10.3148/74.3.2013.114
http://www.ncbi.nlm.nih.gov/pubmed/24018002
http://dx.doi.org/10.1186/1475-2891-10-118
http://www.ncbi.nlm.nih.gov/pubmed/22027238
http://dx.doi.org/10.1017/S0007114511005939
http://www.ncbi.nlm.nih.gov/pubmed/22321148
http://www.ncbi.nlm.nih.gov/pubmed/18541581
http://dx.doi.org/10.1186/1475-2891-14-3
http://www.ncbi.nlm.nih.gov/pubmed/25557850
http://dx.doi.org/10.1111/j.1753-4887.2007.00003.x
http://www.ncbi.nlm.nih.gov/pubmed/18254882
http://dx.doi.org/10.1136/bmj.320.7244.1240
http://www.ncbi.nlm.nih.gov/pubmed/10797032

Nutrients 2015, 7 6087

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hercberg, S. SU-VI-MAX. In Portions Alimentaires: Manuel Photos Pour L’estimation des
Quantités, 1st ed.; Polytechnica: Paris, France, 2002.

Schofield, W.N. Predicting basal metabolic rate, new standards and review of previous work.
Hum. Nutr. Clin. Nutr. 1985, 39, 5—41. [PubMed]

Council Directive 2001/112/EC of 20 December 2001 Relating to Fruit Juices and

Certain  Similar Products Intended for Human Consumption. Available online:
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32001L0112  (accessed on 20
July 2015).

World Health Organization. Physical Status: The Use and Interpretation of Anthropometry.
Available online:  http://whqglibdoc.who.int/trs/WHO_TRS_854.pdf?7ua=1 (accessed on 25
February 2015).

Nutrinet-Santé. Table de composition des aliments. Available online: http://presse-inserm.fr/
publication-de-la-table-de-composition-nutritionnelle-des-aliments-utilisee-dans
-letude-nutrinet-sante/7519/ (accessed on 30 March 2015).

Drewnowski, A. The nutrient rich foods index helps to identify healthy, affordable foods. Am. J.
Clin. Nutr. 2010, 91, 1095s—1101s. [CrossRef] [PubMed]

Darmon, N.; Vieux, F.; Maillot, M.; Volatier, J.L.; Martin, A. Nutrient profiles discriminate between
foods according to their contribution to nutritionally adequate diets: A validation study using linear
programming and the SAIN, LIM system. Am. J. Clin. Nutr. 2009, 89, 1227-1236. [CrossRef]
[PubMed]

Roos, E.; Karlsson, H.; Witthoft, C.; Sundberg, C. Evaluating the sustainability of diets-combining
environmental and nutritional aspects. Environ. Sci. Policy 2015, 47, 157-166. [CrossRef]
Dubuisson, C.; Lioret, S.; Touvier, M.; Dufour, A.; Calamassi-Tran, G.; Volatier, J.L.; Lafay, L.
Trends in food and nutritional intakes of French adults from 1999 to 2007: Results from the INCA
surveys. Br. J. Nutr. 2010, 103, 1035-1048. [CrossRef] [PubMed]

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).


http://www.ncbi.nlm.nih.gov/pubmed/4044297
http://dx.doi.org/10.3945/ajcn.2010.28450D
http://www.ncbi.nlm.nih.gov/pubmed/20181811
http://dx.doi.org/10.3945/ajcn.2008.26465
http://www.ncbi.nlm.nih.gov/pubmed/19211815
http://dx.doi.org/10.1016/j.envsci.2014.12.001
http://dx.doi.org/10.1017/S0007114509992625
http://www.ncbi.nlm.nih.gov/pubmed/20028601

	1. Introduction
	2. Materials and Methods
	2.1. CCAF Participants
	2.2. Dietary Intake Data
	2.3. Energy and Nutrient Intakes
	2.4. Compliance with the French National Program on Nutrition and Health
	2.5. Dietary Nutrient Density Measure
	2.6. Physical Activity and Screen Time
	2.7. Statistical Analyses

	3. Results
	4. Discussion
	5. Conclusion

