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Abstract

Objective: To examine whether the self-reported fruit and vegetable consumption
of Greek primary-school children is associated with the home availability of fruit
and vegetables.
Design: Cross-sectional study.
Setting: Five primary schools in the city of Pyrgos in south-west Greece.
Subjects: One hundred and sixty-seven students in fifth and sixth grades.
Methods: Fruit and vegetable consumption was assessed using an FFQ. Home
availability of fruit and vegetables was assessed using a modified version of a US
home availability questionnaire. Participant BMI was assessed and parental
education obtained by self-report. Hierarchical regression models that took
account of the clustering of participants in schools were used to examine the
relationship between consumption and availability after controlling for parental
education and BMI.
Results: Regression analyses showed that home availability of fruit was a sig-
nificant predictor of consumption (b 5 0?524, Z 5 9?77, P , 0?001) in a model that
explained 46 % of the overall variance. Home availability of vegetables was a
significant predictor of vegetable intake (b 5 0?378, Z 5 6?23, P , 0?001) in a
model that explained 29 % of the overall variance.
Conclusion: Home availability of fruit and vegetables was associated with con-
sumption among Greek primary-school children. The association between home
availability of fruit and intake was higher than the associations that have been
reported in other samples. Results support focusing on the home availability of
fruit and vegetables as a potential mediator of consumption that could be
manipulated as a means of increasing fruit and vegetable intake among children.
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Fruit and vegetables are an important source of micro-

nutrients(1). Fruit and vegetable consumption has been

shown to reduce the risk of developing a number of

diseases including some forms of cancer(2), CHD(3) and

obesity(4). Fruit and vegetable consumption during

childhood may also reduce the risk of a number of

childhood illnesses including respiratory symptoms(5).

Unfortunately, despite the well-established benefits of

fruit and vegetable consumption, nutritional surveys

consistently show that many children and adults do not

meet nutritional guidelines(6–8). A recent pan-European

survey reported that there was considerable variability

between countries in the fruit and vegetable consumption

of 11-year-olds, with no consistent geographical varia-

bility(9). The considerable variability in the fruit and

vegetable consumption of adolescents in neighbouring

countries such as Spain (40 g vegetables/d) and Portugal

(80 g vegetables/d) suggests a need to identify intake and

specific predictors of intake in each country(9).

The mediating variable model indicates that, in order to

change youth fruit and vegetable intake, we need to

examine the key predictors of fruit and vegetable intake

and then manipulate those variables as a means of

changing behaviour(10–12). A number of key psychosocial

predictors of children’s fruit and vegetable consumption,

such as attitudes, self-efficacy, preferences and knowl-

edge, have been associated with youth fruit and vegetable

consumption(13,14). Interventions that have attempted to

manipulate these variables have had limited success(13,15).

Home availability of fruits and vegetables is a proximal

environmental variable that has been consistently related

to fruit and vegetable intake among North American(16)
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and Northern European youth(17–19). Home availability is

particularly interesting as it is potentially a relatively easy

variable to manipulate and an increase in home avail-

ability is likely to result in an increase in consumption(19).

Data from the Pro-Children study has shown that, like

consumption, home availability of fruits and vegetables

differs across European countries(20). A comparison of the

fruit and vegetable availability in ten European countries

reported that Greece and Spain had the highest levels of

fruit and vegetable availability(21). Interestingly, data from

the Pro-Children study indicated that Spanish adolescents

reported some of the lowest levels of both fruit and

vegetable consumption of the ten countries studied. This

would appear to contradict the possible link between

consumption and home availability and suggests a need

to examine associations in other countries, particularly

countries with high levels of availability.

There is very little information about the fruit and

vegetable consumption of Greek adolescents, a nation

that has previously been identified as a country with a

high availability of fruit and vegetables. There is also no

information about the association between fruit and

vegetable availability and consumption among this

group(19). As availability is likely higher in this group(21),

examination of whether availability is associated with

intake and the strength of any association would provide

further information on the possible importance of home

availability as a target for intervention. The present study

addressed these issues by examining associations

between self-reported fruit and vegetable consumption

and self-reported fruit and vegetable home availability in

a sample of Greek primary-school children.

Methods

Participants

Participants were recruited from five randomly selected

primary schools in the city of Pyrgos in south-west Greece

in summer 2006. After an initial explanation of the study

by the lead author, all fifth and sixth grade students in the

schools were encouraged to take home to their parents

study information packs that included informed consent

and assent forms(22). Of the 368 eligible students in the

schools, informed consent and assent were obtained from

167 (45 %) students. The study was approved by the

University of Bristol Ethics and Research Committee.

Measures

Socio-economic status was assessed based on a previous

Greek questionnaire(23) that assessed maternal and

paternal education according to the length of participa-

tion in formal education (,6 years, 6–12 years, .12

years). Fruit and vegetable intake was assessed using

an FFQ that included two fruit juices, sixteen fruit and

sixteen vegetable items. The FFQ was adapted from a

previously validated FFQ that was shown to have

good reliability and validity among 9–14-year-old US

children(24). The questionnaire asks how many servings

of each item the respondent has consumed during the last

week, with a serving being a single helping of that food.

Respondents are told to include fresh, frozen and canned

foods. The original items were created on the basis of the

most commonly consumed fruit, juices and vegetables

reported in the US Continuing Survey of Food Intake by

Individuals(24). However, as there is no equivalent data

set for Greece, the items were reviewed by the first author

and other Greek dietitians and modified according to the

foods most likely to be consumed. Deleted foods were

100 % grape juice, 100 % other juice, kiwi, grapefruit,

apple sauce, celery, potato salad, corn, broccoli, coleslaw

and sweet potatoes, while added foods were cherries,

nectarines, aubergines, courgettes, potatoes, pulses (lentils/

beans), cucumber and radishes. The FFQ asks about the

previous seven days and asks respondents to report

consumption for each item in seven categories: none,

1 serving, 2–3 servings, 4–6 servings, 7 servings, 8–14

servings, 15 or more servings in the past week. Prior to

completion the first author provided the students with

instructions and was available to answer any questions.

Home availability of fruits and vegetables was reported

by the student using a modified version of the Cullen

questionnaire(16). The Cullen questionnaire has been

validated against self-inventories and has been used

widely(25). The questionnaire asks, using a yes/no

response, whether fruits and vegetables on the given list

were available in the student’s home during the past

week. The questionnaire was modified to include the

foods on the revised Greek FFQ. All questionnaires were

translated into Greek and the translation checked for

accuracy by another bilingual Greek dietitian. All measures

were completed in a school classroom with the lead

author available to answer any participant’s questions.

Anthropometric assessments

Body weight was assessed to the nearest 0?1 kg according

to a standard protocol using a digital scale(26). Height was

assessed to 0?5 cm using a standard protocol and a

measuring tape(26). All measurements were taken by a

registered dietitian and BMI was calculated (kg/m2).

For descriptive purposes, BMI was also used to classify

participants as normal weight, overweight and obese

according to the cut-off points for childhood obesity of

the International Obesity Task Force(27).

Data reduction

Data from the FFQ were reduced using the mean value of

the category (thus 2–3 servings was coded as 2?5, 4–6 was

coded as 5, 8–14 was coded as 11, 15 or more was coded

Fruit and vegetable availability and intake in Greek children 1143

https://doi.org/10.1017/S1368980007001553 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980007001553


as 15). The total weekly servings were then divided by

seven to obtain the daily consumption of each item. As

evidence suggests that youth view fruit and juices sepa-

rately (e.g. negative peer influences for eating vegetables,

but not fruits or juices)(28), fruits and juices were

combined and summed with separate analyses performed

for summed vegetable (excluding potatoes) consump-

tion. The number of fruits and vegetables available in the

home was summed for each participant.

Statistical analysis

Descriptive statistics, means, standard deviations and

percentages, were calculated for all variables. Cronbach’s

alpha was run to assess the internal consistency of the

intake and availability measures in this sample. Bivariate

correlations were performed among fruit and juice and

vegetable availability and intake, age and BMI. Partici-

pant-reported fruit consumption and fruit availability

were then dichotomised as low (less than the mean) or

high (greater than or equal to the mean). A Pearson x2 test

was then used to test for differences in these groupings.

This process was then repeated separately for vegetable

consumption and availability.

Hierarchical linear regression models that took account

of the clustering of participants in schools were calculated

to examine the extent to which availability predicted

consumption. Models were run using the xtreg command

in the STATA statistical software package version 9?0

(StataCorp, College Station, TX, USA) with intake (either

vegetable or fruit and juice) as the dependent variable

and availability (either vegetable or fruit and juice) as the

independent variable while also controlling for gender

(male as the reference group). School was included as a

random effect. As youth fruit and vegetable consumption

has previously been reported to vary by the respondent’s

adiposity, BMI was also included in the models(29,30).

Father’s education was also included in the models, but as

father’s and mother’s education were significantly corre-

lated (r 5 0?633, P , 0?001), mother’s education was

excluded. The within-school R 2, the between-school R 2

and the overall R 2, which is analogous to the R 2 obtained

from non-nested models, were also produced.

Results

Descriptive statistics for the 167 students who took part in

this study are shown in Table 1. The sample was 52 %

female and 37 % of the participants were overweight with

an additional 11 % obese. Parental education data were

obtained for only 118 of the 167 participants. The mean

daily fruit and juice consumption was 3?1 servings, with

2?7 servings of vegetables (excluding potatoes). The

mean number of fruits available in the home was 7?0 and

8?1 for vegetables. Cronbach’s a for fruit intake was 0?808

and 0?848 for vegetable intake (excluding potatoes),

indicating high internal consistency for these measures in

this sample. Cronbach’s a for fruit availability was 0?632

and 0?596 for vegetable availability (excluding potatoes),

suggesting reasonable internal consistency.

Pearson correlations between intake, availability and

demographic variables are presented in Table 2. Fruit

availability was significantly correlated with vegetable

availability (r 5 0?589, P , 0?001), fruit intake (r 5 0?707,

P , 0?001) and vegetable intake (r 5 0?459, P , 0?001).

Vegetable availability was significantly correlated with

fruit intake (r 5 0?472, P , 0?001) and vegetable con-

sumption (r 5 0?510, P , 0?001). Fruit intake was sig-

nificantly correlated with vegetable intake (r 5 0?687,

P , 0?001) while vegetable intake was significantly

associated with age (r 5 0?155, P 5 0?046).

The cross-tabulations showing the association between

self-reported fruit and vegetable availability and intake

are presented in Table 3. Participants who reported a low

consumption of vegetables were likely to reside in homes

with limited vegetable availability. The same pattern was

also evident for fruit.

The regression model predicting vegetable consump-

tion (excluding potatoes) for the 118 participants with

complete data for all variables is shown in Table 4. The

home availability of vegetables was a significant predictor

(Z 5 6?23, P , 0?001) of consumption, while the con-

sumption in the highest maternal education group was

significantly lower (Z 5 22?02, P 5 0?043) than in the

lowest education group. The model accounted for 29 % of

Table 1 Descriptive statistics for participant characteristics, fruit
and vegetable intake, and fruit and vegetable availability: Greek
primary-school children

Variable n %

Gender
Male 81 48?5
Female 86 51?5

Father’s education
,6 years 22 13?2
6–12 years 53 30?5
.12 years 43 25?7
Missing 49 30?5

Mother’s education
,6 years 9 5?4
6–12 years 59 35?3
.12 years 50 29?9
Missing 49 29?3

Obesity
Overweight 61 36?5
Obese 18 10?8

n Mean SD

Age (years) 167 11?38 0?63
BMI (kg/m2) 167 20?67 3?43
Fruit and juice (servings/d) 167 3?14 1?89
Vegetables (excl. potatoes) (servings/d) 167 2?74 1?70
Fruit availability 167 7?02 2?61
Vegetable availability (excl. potatoes) 167 8?14 2?29
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the variance within schools and 28 % of the overall

variance but only 5 % of the variance between schools.

The regression model predicting fruit consumption for

the 118 participants with complete data for all variables is

shown in Table 5. Fruit availability was the only

significant predictor of consumption (Z 5 9?77, P , 0?001)

in a model that accounted for 47 % of the variance within

schools, 10 % of the variance between schools and 46 % of

the overall variance.

Discussion

The present study has shown that fruit and vegetable

availability are significantly associated with consumption

among Greek primary-school students. Moreover, we

have also shown that these associations were maintained

after accounting for age, gender, BMI and father’s

education in models that control for the clustering of

participants within schools. Interestingly, cross-tabula-

tions showed that participants with low consumption

were likely to live in homes with low availability of fruit

and vegetables. Although respondents with high con-

sumption tended to be approximately evenly split among

those residing in low and high availability households,

this finding suggests that home availability is an important

influence on Greek children’s fruit and vegetable con-

sumption. Moreover, home availability might be a

particularly important influence on children with low

consumption and could be a key intervention target for

this group.

Our results are similar those reported previously

among US and Northern European adolescents. For

example, among Norwegian sixth and eighth grade stu-

dents a fruit and vegetable accessibility scale that included

availability items was correlated (r 5 0?44) with fruit and

vegetable intake obtained from an FFQ(17). Similarly,

among fourth to sixth grade students in Houston, Texas

the availability of fruits and vegetables was correlated

(r 5 0?21) with intake obtained via a food record(16).

The associations found in the present study are stronger

than those reported earlier, with a correlation of 0?7 for

the association between fruit intake and availability and

0?5 for the association between vegetable availability

and intake. These associations were maintained in the

regression models, which accounted for 28 % of

the overall variance in the vegetable model and 46 %

of the variance in the fruit model. The variance in fruit

accounted for by these models is considerably greater

than the 30 % that has traditionally been reported as the

maximum amount of variance in fruit and vegetable

consumption among children after accounting for

demographics, availability and other psychosocial vari-

ables such as self-efficacy(17,31–33). The variance accoun-

ted for in the vegetable model is less than the 39 % that

was recently reported among Icelandic youth with low

vegetable consumption (less than 1 serving/d)(34).

The associations between fruit availability and intake are

likely a by-product of the Greek lifestyle whereby the

home is the main place where children have most of their

meals, including access to fruits and vegetables. Less fruit

and vegetable consumption outside the home may aid

the formation of desirable dietary patterns without dis-

tractions from other environments. The implication of this

finding is that Greek children who live in homes that have

high availability of fruits and vegetables are likely to

consume more of these foods. Promoting home avail-

ability is therefore likely to be an important intervention

mechanism.

Our finding that high availability of fruit and vegetables

is associated with high consumption appears consistent

with US literature in which lower levels of consumption

have been reported and consumption has been linked to

availability. At first glance this finding would appear to

suggest that a consistent relationship exists between these

variables. However, data from the Pro-Children study

have shown that 11-year-olds’ fruit and vegetable

Table 2 Correlations among diet, availability and demographic variables: Greek primary-school children

Fruit availability Vegetable availability Fruit intake Vegetable intake Age BMI

Vegetable availability 0?589**
Fruit intake 0?707** 0?472**
Vegetable intake (excl. potatoes) 0?459** 0?510** 0?687**
Age 0?112 0?082 0?055 0?155*
BMI 20?027 20?010 20?024 20?063 0?085
Gender 20?026 0?090 0?039 20?033 20?130 0?113
Father’s education 0?056 0?165 0?079 20?040 20?073 20?044
Mother’s education 0?028 0?128 20?019 20?141 20?110 0?040

Correlation was statistically significant: *P , 0?05; **P , 0?001.

Table 3 Cross-tabulation of high and low fruit and vegetable
consumption and availability: Greek primary-school children

Vegetables Fruit

Availability Availability

Intake Low High Intake Low High

Low 86 14 Low 87 7
High 40 27 High 39 34

x2 5 14?980, P , 0?001 x2 5 33?963, P , 0?001
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consumption in Spain is lower than that of similar aged

children in countries such as Norway and Sweden that

have lower levels of availability(9,21). While these incon-

sistencies could be a product of the methods used to

assess both availability and intake, it seems likely that

national, culturally specific factors are also important.

This would imply that we need to understand the asso-

ciation between availability and intake in different

countries, and what the cultural influences on this asso-

ciation might be. Potentially important factors could be

family meal times and parenting style, as well as more

general social trends within the country(35,36). Once

associations and influences have been established more

work is needed to ascertain if the cultural influences from

one country can be translated to another as a means of

increasing consumption.

There was no significant association between fruit

consumption and BMI or between vegetable consump-

tion and BMI. This is contrary to previous studies in the

USA(29) and Spain(30), which found that increased con-

sumption of fruit and vegetables was associated with a

lower BMI. The lack of an association of either food

group with BMI might suggest that associations between

BMI and fruit and vegetable consumption differ by

country. Understanding the possible reasons for these

country differences could provide insights into the pos-

sible utility of increasing fruit and vegetable consumption

as a means of preventing childhood obesity. More work is

therefore needed to tease out the possible causes of these

different associations.

Consumption of vegetables differed according to

father’s education level, with participants who lived in

higher educated households consuming fewer vegetables

than the least educated group. Our finding is therefore

different from the associations that have previously

been reported in studies from the UK(7) and The

Netherlands(37), where vegetable consumption was found

to be higher among more affluent socio-economic

groups. The difference between these studies suggests

that there is likely something unique about the fruit and

vegetable consumption of Greek adolescents. More work

is therefore needed to elucidate the dietary patterns of

this group, associations with home availability and the

reasons for these associations. Such information could

then be used to develop more effective intervention

approaches.

Strengths and limitations

The present study enhances previous work by reporting

the association between fruit and vegetable consumption

and home availability of fruits and vegetables among

children who reside in a country where fruits and vege-

tables are routinely available in large quantities within the

home. Its data therefore provide information that sup-

ports the promotion of home availability of fruits and

vegetables in populations that currently have low levels

of home availability.

The study is limited by the relatively small sample

drawn from a single city in south-west Greece and the

absence of parental educational data for forty-nine

participants. The consent rate achieved in the present

work was considerably lower than the rates reported in

similar studies such as the multi-national Pro-Children

study(9). The low consent rate limits our ability to gen-

eralise our findings beyond our sample. Furthermore,

although we used a previously validated FFQ the scale

was modified for the local population and we do not have

Table 4 Regression model predicting mean daily vegetable consumption: Greek primary-school children

Independent variable b SE 95 % CI Z P

Vegetable availability 0?378 0?06 0?259, 0?498 6?23 ,0?001
BMI 0?010 0?04 20?068, 0?089 0?25 0?799
Gender (ref. Male) 20?397 0?27 20?915, 0?120 21?50 0?133
Mothers education (ref. ,6 years)

6–12 years 20?450 0?51 21?456, 0?558 20?88 0?381
.12 years 21?052 0?52 22?072, 20?032 22?02 0?043

Within-school R 2 5 0?293 Between-group R 2 5 0?054 Overall R 2 5 0?282

Table 5 Regression model predicting mean daily fruit and juice consumption: Greek primary-school children

Independent variable b SE 95 % CI Z P

Fruit availability 0?524 0?05 0?420, 0?630 9?77 ,0?001
BMI 0?017 0?04 20?062, 0?010 0?42 0?676
Gender (ref. Male) 0?321 0?27 20?201, 0?843 1?20 0?228
Mothers education (ref. ,6 years)

6–12 years 20?601 0?52 21?604, 0?401 21?18 0?239
.12 years 20?526 0?52 21?536, 0?484 21?02 0?308

Within-school R2 5 0?479 Between-group R 2 5 0?106 Overall R 2 5 0?461
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test–retest data in this population. FFQ are reliant on the

participants’ perception of frequency and portion size(38)

and the tool we used assessed consumption of multiple,

individual fruits and vegetables which may lead to an

overestimation of intake(39).

It is also important to acknowledge that we assessed

the potential importance of only one variable on the fruit

and vegetable consumption of Greek children. As a

number of psychosocial variables such as self-efficacy

and taste preferences(20,33) have been associated with

consumption, it could be that these variables accounted

for part of the variance in the models and therefore the

importance of availability was inflated in our analyses.

However, the correlations between intake variables and

home availability are higher than those reported in many

other studies(19), suggesting that home availability is a

stronger predictor of intake among Greek children than in

many other groups. More work is therefore needed to

determine what the causes of such differences might be.

Conclusions

The data presented herein indicate that home availability

of fruit and vegetables is associated with intake among

Greek children. Importantly, the data indicate that the

association between fruit intake and consumption is

substantially higher than the associations reported among

Northern European and American populations. We have

also shown that participants who resided in homes that

did not have many fruits and vegetables were likely to

consume less fruit and vegetables than their counterparts

who had a high home availability of fruits and vegetables.

These findings therefore provide support for an associa-

tion between availability and intake, and suggest that

promoting home availability of fruit and vegetables could

be an important means of increasing consumption.
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