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Abstract - Healthy Eating Index developed to assess whether
a person's diet is adjusted to the recommended healthy diet
guidelines, and as a valid indicator it has been used for the
assessment of food consumption. This research aims to evaluate
the quality of food consumption to Greek students aged 10-14.
The sample consisted of 431 students (204 boys and 227 girls)
aged 10-14 years, which were chosen randomly and were not
involved in any form of diet and 24 hours food questionnaire
was used to recall from memory in the classroom. For the
statistical analysis, it was used Multivariate Analysis of
Variance (MANOVA). Results revealed that there was
significant difference in age Wilks' L=0,74 F(11,411)=2,63
p<0,00. There were statistically significant differences because
of age for the variable grain consumption F(4,421)=4,74 p<0,05,
the variable consumption of meat F(4,277)=3,69 p <0,05, the
consumption of milk F(4,421)=6,71 p<0,05, the intake of
saturated fat F(4,421)=3,28 p<0,05. Regarding gender, there
were small but statistically significant differences in sodium
consumption F(4,421)=8,08 p<0,00. There were no statistically
significant differences for the Healthy Eating Index by gender
and the interaction of age with gender. In conclusion, many
Greek young and teens consume foods that enhance the
development of risk factors for cardiovascular diseases. Both
young and teens regardless of their social and economic
situation could benefit by increasing the consumption of fruit,
vegetables, cereals and choosing foods with little saturated fat
and reduced salt intake.
Index Terms— Cardiovascular diseases, diet, Healthy Eating
Index, school, students.

I. INTRODUCTION
Food availability has always affected human history. In
developed countries, however, the concept of malnutrition
has changed. The Greece until the end of the 2nd World War,
had many problems that are still common even today in
developing countries. From 1950 onwards, however,
economic growth was accompanied by a reduction of
premature mortality and increased incidence of coronary
heart disease [01], [02]. It is recognized, however, more and
more that the main factor influencing the trends are changing
the dietary habits of a large and increasing part of the
population, which is removed from the traditional
Mediterranean diet adopting western eating habits and
lifestyle. Consequently, the knowledge and the application of
proper eating habits must employ both nutrition and public
health professionals, as well as the general public.
There are considerable evidences for the role of the
nutritional health. A review of these indications has become a
publication of the National Council of US Research [03] and
findings summarized in several publications [04], [05], [06],
[07], [08], [09]. Substantial research activity has been
developed in Greece, originally from the Greek partners of

the Seven Countries Study [10] and later by several groups
worked in the epidemiology of cardiovascular diseases and
childhood diseases. Basics findings with particular reference
to the current Greek reality are the following.
Energy intake has occasionally been associated with
adverse health effects. In fact, for a given BMI, higher energy
intake is associated with lower overall mortality, especially
cardiovascular mortality. This is because, to remain stable the
BMI, increased energy intake should be offset by increased
energy consumption, which is largely determined by physical
activity. It is also well known that the luck of physical
activity and obesity that adversely affect health, the former
by increasing the risk of cardiovascular disease, osteoporosis,
colon cancer, and increasing the risk of non-insulin
dependent diabetes mellitus, hypertension and dyslipidemia.
In other words, between two people with the same BMI the
person that consumes less food is more likely to be healthier
than the one who consumes more food. Note that the
male-type obesity is generally considered more morbid than
the female obesity.
According to the NCEP guidelines, the first therapeutic
intervention in dyslipidemias is the diet. The increased
consumption of saturated fats and cholesterol are a part of the
lifestyle and changes should also include the reduction of
body weight, if necessary, and the increase of physical
activity. The dietary treatment, when properly applied, is an
intervention without dangers, the results of which have been
accepted in many clinical studies [11].
Many countries have formulated their own dietary
guidelines for foods [06] and the US Department of
Agriculture-US Deparment of Health and Human Services
[12] depicted in the shape of a pyramid and have repeatedly
published. A group was organized in the US Harvard
University, with a major contribution by Greek scientists, it
has also developed an alternative pyramid, based on the
principles of the traditional Mediterranean diet [07]. In
Europe, many countries have drawn up their own dietary
guidelines. A report to the European Parliament [13]
observed that the traditional Mediterranean diet has many
advantages over other dietary patterns. The dietary guidelines
configuration for Europe is the subject of a project funded by
the European Union.
A series of studies conducted in Greece the past twenty
years provide evidence that many forms of cancer, coronary
heart disease and other chronic diseases strongly associated
negatively with basic elements of traditional Greek food [14],
[01], [02], [15], [16], [17]. These findings are consistent with
findings from other major investigations that preceded or
followed the Greek investigations. Several studies in Greece
showed significant changes in diet of Greek population [18],
[19], [20], [21], [22]. These changes could be the target for
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reversal. In addition, changes have been identified in
biological parameters related to nutrition, such as obesity and
blood lipid levels. These changes could also represent
important intermediate objectives in any strategy for
nutritional changes.
The role of nutrition and diet to reduce chronic diseases
such as cardiovascular disease, diabetes and some kind of
cancers has proved to be very important in many
investigations. The Dietary Guidelines and Food Pyramid are
eating a variety of foods, choosing a diet with low fat and
cholesterol and moderate use of salt and sodium. The food
consumption of the average person generally does not meet
these conditions. Usually the diet is high in fat and saturated
fat and low in fiber and carbohydrates. On the other hand,
there are no regular reports to determine whether improved
diet quality of individuals. For this reason, the US
Department of Agriculture (USDA) constructed an index
which is called Healthy Eating Index (Healthy Eating Index),
so there is a simple and comprehensive assessment of the
quality of the diet of a person. Before this work were
designed some assessment tools, but which could not
evaluate some portions of food, such as the consumption of
fat and cholesterol. The Healthy Eating Index (SDS) but
evaluates fully the quality of food.
The Healthy Eating Index developed to assess whether a
person's diet is adjusted to the recommended healthy diet
guidelines. Based on different aspects of a healthy diet and
designed to give an assessment of the overall quality of the
diet. It gives a picture of the food consumed by the people.
The variety that must exist in their diet consists of 10
categories. The possible total score of Healthy Eating Index
ranging from 0 to 100. The range of scores in each of the 10
food categories is from 0 to 10. In those subjects food intake
agrees with the recommended levels, and then they take the
maximum score of 10 points. A score of zero take those who
do not consume any food from this food group nutrition
pyramid, while the intermediate scores are calculated
accordingly. The higher the score in the Healthy Eating Index,
the best considered to be the person's diet because this diet
better adapted and more consistent in the Dietary Guidelines
and Food Pyramid.
Healthy Eating Index as a valid indicator [23] has been
used for the assessment of food consumption [23], measuring
dietary changes due to intervention programs in the school
environment [24], monitoring the quality of nutrition in
populations with low income [25] and to monitor changes in
the quality of food in large national surveys related to diet
[26], [23], [27], [28], [29], [30], [31]. Based on the above and
the lack of similar studies in the Greek area and the limited
data on young people and adolescents on the diet and eating
habits, this research aims to evaluate the quality of food to
Greek students aged 10-14.

B. Measurements
Food questionnaire 24 hours
The completion of the questionnaire was to recall from
memory in the classroom. The questionnaire aimed to
describe students with as much detail and precision as
possible, the type and quantity of food, the food and drink
consumed throughout the previous day. It was recorded the
type of food consumed and the amount of them in portions.
The students used a wizard to encode portions of food. The
guide was included photos of typical food portions that
consumed frequently.
C. Calculation of the Healthy Eating Index
The Healthy Eating Index (HEI) was developed by using
24-h-recall and food-record data from the Continuing Survey
of Food Intakes by Individuals (CSFII), a nation-wide survey
conducted by the Agricultural Research Service of the US
Department of Agriculture [32]. It consists of 10 equally
weighted components, each representing different dietary
recommendations from the food guide pyramid [32] and the
1995 Dietary Guidelines for Americans [33].
Each component has a maximum score of 10 (for perfect
diet) and a minimum score of 0. Intermediate degrees are
calculated proportionately. High component scores indicate
intakes close to the recommended ranges or amounts and low
component scores indicate less compliance with the
recommended ranges or amounts. To obtain a total HEI score
ranging from 0 (worst) to 100 (best) the scores from the 10
components are added.
The five first components of the HEI quantify the serving
recommendations for the five food groups the grains, the
vegetables, the fruits, the milk and the meat [34], [23].The
next four components of the HEI were nutrient based and
were adapted from the Dietary Guidelines for Americans [35],
[36]. A maximum score of 10 points was awarded for diets
with <30% of energy from fat, <10% of energy from
saturated fat, <300 mg cholesterol, and <2400 mg Na. The
tenth component of the HEI was calculated by counting the
total number of different foods and food groups consumed by
the student [37]. The possible total score of HEI ranged from
0 to 100. The range of scores in each of the 10 food categories
was of 0 to 10. The higher the score was the HEI, the better
was the diet of the individual, because it is better adapted to
the Dietary Guidelines [36] and the Food Pyramid.
III. STATISTICAL ANALYSIS

A. Participants
The sample consisted of 431 students (204 boys and 227 girls)
aged 10-14 years, which were chosen randomly and were not
involved in any form of diet.

For the statistical analysis it was used descriptive statistics
for each variable and multivariate analysis of variance
(MANOVA) to examine possible differences in the
combination of dependent Healthy Eating Index variables,
and the ten sub-categories comprising the Healthy Eating
Index (consumption of meat, milk, fruit, vegetables and
cereals, intake of saturated fat, total fat, cholesterol, sodium
and variety in the diet), gender (male, female) and age
(10years, 11 years, 12 years, 13 years, 14 years). For the
statistical analysis of the survey used the statistical package
SPSS 20 (SPSS inc., Chicago, Illinois, USA) and a level of
significance was set to p <0.5.
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IV. RESULTS
Age

The results of descriptive statistics, number of participants
and percentage of participants by age and sex are presented in

years

Ν
parti
cipants

Meat
Group
(Mean)
(SD)

Table 1. . Participants by gender and age
10 years
Males
Females

Males
Females

No

%

No

%

55
67

26,96
29,52

49
58

24,01
25,55

10

55

11

49

12

65

13

23

14

12

13 years

No

%

No

%

65
58

31,86
25,55

23
25

11,29
11,01

6,79
(4,26)
7,90
(3,67)
7,60
(4,24)
9,56
(2,08)
7,50
(4,52)

No

%

10

67

12
19

5,88
8,37

11

58

12

58

13

25

14

19

It was applied Analysis of Variance of the dependent
variables, Healthy Eating Index as well as the ten categories
of which consists the Healthy Eating Index. Independent
variable was the age (10 years, 11 years, 12 years, 13 years
and 14 years) and gender (boys, girls). It was examined
whether there are differences in Healthy Eating Index and
their categories due to age and gender. The mean values and
standard deviations of Healthy Eating Index and their
categories by age and sex are shown in Tables 2, 3, 4.

6,49
(3,15)
5,85
(3,09)
4,84
(3,27)
7,25
(2,90)
4,05
(3,22)

6,64
(4,37)
8,12
(3,40)
7,52
(4,12)
8,52
(3,49)
5,78
(5,07)

7,44
(3,16)
5,13
(3,07)
5,30
(3,21)
5,49
(2,86)
6,08
(3,70)

Ν
partic
ipants

Total
fat
(Mean)
(SD)

Saturat
ed fat
(Mean)
(SD)

10

55

11

49

9,56
(1,89)
9,69
(1,47)
9,78
(0,89)
9,83
(0,78)

Age
years

2,14
(2,57)
1,59
(2,21)
1,56
(2,04)
1,75
(2,98)
2,98
(3,04)

3,35
(3,28)
3,92
(3,41)
3,51
(3,19)
4,76
(3,65)
3,52
(3,84)

6,54
(3,01)
6,22
(3,25)
4,01
(3,42)
6,66
(2,88)
7,34
(3,35)

2,51
(3,06)
2,37
(3,05)
2,60
(2,92)
2,28
(3,38)
1,73
(3,18)

3,86
(3,71)
3,61
(2,45)
3,83
(3,29)
3,94
(3,02)
4,85
(3,74)

6,46
(3,29)
5,13
(3,60)
5,58
(3,52)
5,82
(3,44)
5,82
(3,21)

Cholest
erol
(Mean)
(SD)

Sodium
(Mean)
(SD)

Variety
(Mean)
(SD)

2,71
(3,65)
3,49
(3,99)
2,75
(3,57)
3,69
(3,88)

7,61
(4,22)
9,30
(2,43)
8,60
(3,28)
8,55
(3,45)

10,00
(0,00)
10,00
(0,00)
10,00
(0,00)
10,00
(0,00)

9,45
(1,39)
9,56
(0,93)
8,73
(1,93)
9,67
(1,08)

7,50
(4,52)

10,00
(0,00)

9,47
(1,80)

Boys

HEI
(ΜΟ) (TA)

Ν

Crain
Group
(Mean)
(SD)

Table 4. Average values and standard deviations of the
intake of saturated fat, total fat, cholesterol, sodium and
variety in the diet by age and sex.

Table 2. Mean values and standard deviations of Healthy
Eating Index by age and gender.

Age (years)

Vegetab
les
Group
(Mean)
(SD)

Girls

14 years
Males
Females

Fruits
Group
(Mean)
(SD)

Boys

11 years

12 years

Milk
Group
(Mean)
(SD)

Boys
10

55

64,14 (11,18)

11

49

67,55 (10,39)

12

65

12

65

61,42 (10,56)

13

23

13

23

71,75 (8,63)
65,17 (9,56)

14

12

14

12

9,63
(0,85)

5,83
(5,14)

10

67

11

58

12

58

13

25

9,88
(0,47)
9,79
(0,92)
9,81
(0,96)
9,84
(0,75)

3,17
(4,02)
3,76
(4,38)
2,86
(3,88)
4,87
(4,22)

8,86
(3,08)
9,12
(2,79)
8,16
(3,77)
8,4
(3,74)

10,00
(0,00)
10,00
(0,00)
9,99
(0,00)
10,00
(0,00)

9,30
(1,38)
9,18
(1,47)
9,33
(1,30)
8,85
(1,87)

14

19

9,75
(0,74)

3,99
(4,59)

7,36
(4,52)

9,74
(0,75)

9,21
(1,57)

Girls

Girls

10

67

68,15 (14,22)

11

58

66,24 (11,29)

12

58

65,03 (9,61)

13

25

67,49 (11,69)

14

19

64,36 (10,09)

Table 3. Mean values and standard deviations of the
consumption of meat, milk, fruit, vegetables, grains, by age
and gender.

It was applied Multivariate Analysis of Variance
(Manova). The dependent variables were the Healthy Eating
Index, the consumption of meat, milk, fruit, vegetables, and
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cereals, the intake of saturated fat, total fat, cholesterol,
sodium and the variety in diet. Independent variables were
the age (10 years, 11 years, 12 years, 13 years, 14 years) and
gender (boys, girls). It was examined whether there were
differences in the quality of nutrition, age, gender and
because of age and gender interaction.
Table 5. The results of the Multivariate Analysis of Variance
(Manova) for the dependent variables of age and gender.

Τιμή

(1)
Wilks'(a)
Lambda
Age

Wilks'
Lambda

Age × Gender

Wilks'
Lambda

G
0,96
e
n
d
0,74
e
r
0,83

F

Eta
Sig. Square
d

1,45

0,67

0,38

2,63

0,00

0,06

1,74

0,00

0,04

Table 6. Percentage per category of Healthy Eating Index
Healthy Eating Index score
Best dietary (HEI>80)
Needs improvement
(50<HEI <80)
Poor dietary (HEI <50)

Frequency

Percentage

39

9,05%

351

81,44%

41

9,51%

Based to Wilks 'L it was revealed a statistically significant
difference in age Wilks' L=0,74 F(11,411)=2,63 p<0,00. The
relationship of the combination of the dependent variables to
the independent variable age was low (n2=0.06) (Table 4).
Also it was revealed a statistically significant difference in
the interaction of age and sex Wilks' L=0,83 F(11,411)=1,74
p<0,00. Then it was applied separate variance analysis, which
indicated that there were small but statistically significant
differences because of age for the variable grain consumption
F(4,421)=4,74 p<0,05, the variable consumption of meat
F(4,277)=3,69 p <0,05, the consumption of milk
F(4,421)=6,71 p<0,05, the intake of saturated fat
F(4,421)=3,28 p<0,05. Regarding gender, there were small
but statistically significant differences in sodium
consumption F(4,421)=8,08 p<0,00. There were no
statistically significant differences for the Healthy Eating
Index by gender and the interaction of age with gender.
V. DISCUSSION
The present study examined the quality of food for the
students of primary school and high school. For this purpose
was chosen to implement the Healthy Εeating Index, which
includes the evaluation of the food contained in the main food
groups and the variety of the food consumption. The previous
indicators existed for assessing the quality of one's diet,
mainly focused on the content of fat and oil containing foods
consumed (Patterson, Haines, et al., 1994).
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The results at this study revealed that boys had a HEI score
of 65.17, while this score for girls was 66.47. By following
the Healthy Eating Index instructions, a score of HEI over 80
represents a "good diet", while scores between 50 and 80
represents a diet that “Needs improvement”, while a score
below 50 represents the "Poor dietary". Accordingly results
the diet of most students (approximately 81%) “Needs
improvement” percentage of 9.05% of students according to
the study had a “Best dietary”, while 9.51% had a “Poor
dietary”. In a similar survey conducted in the United States to
assess the quality of the nutrition [31], found similar results,
with the total score of HEI ranging 63.8. The percentage of
people of the same research that belonged to the “Best
dietary” was 10%, while the percentage of people belonging
to “Needs improvement” and the “Poor dietary” was 74% and
16 % respectively.
From the study results revealed that among the boys and
girls who participated in the investigation there were no
differences in the quality of dietary by following the
instructions of the Healthy Eating Index. Differences existed
in relation to the age and their diet of the young students and
more specifically, we observe that with increasing of the age
decreases the consumption of meat and dairy products. The
HEI score for consumption of the fruits is the smallest of all
food groups while in a good level was the consumption of
meat and dairy products. The survey results are consistent
with the results of other researchers [37], [38], indicating that
the products contained in the group of fruit consumed in very
small quantities, while, conversely, the meat is the product
with the most consumption among young people and
adolescents.
The development of the Greek economy and the attendant
social and cultural changes that have taken place, have
influenced the dietary habits of a typical Mediterranean
country. Characteristic of these changes is the reduced
consumption of green vegetables, cereals and pulses and
increased consumption of meat, fat and ready meals [39],
[40]. This trend that is away from the "Mediterranean diet",
has resulted the high consumption of fat and low
carbohydrate intake, thereby increasing the percentage of
obese and overweight youth [41].
The lowest scores for categories of HEI had the students in
the consumption of fruits (1.56 with the upper of 10) and the
consumption of vegetables (3.35 with the upper 10). The girls
had slightly higher average scores than boys (66.52 versus
63.81). All but two scores are in the food category of “Needs
improvement”. The highest average score of the categories of
HEI for pupils, found in the category of sodium intake (10
with the upper 10), and total fat (9.88 with the upper 10),
which means that the quantities of salt and total fat consumed
by the participants students were the recommended.
The consumption of milk was also low (score 5.4) [23],
similar to the Greek students' levels. About the categories of
the HEI [31] quite a high score showed the category of
cholesterol and variety in diet averaging 7.7 when the
maximum score was 10. The results seem to agree with other
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studies, according to which, among the categories of HEI, the
highest score showed to be from the intake of cholesterol and
variety in diet categories, with an average of 7,7 [31]. The
lowest scores were at the fruit category, with a score of 3.8,
which agrees with the scores of our investigation.
In conclusion, the Healthy Eating Index is an important
tool for proper assessment of maintenance and design
appropriate interventions related to nutrition in youth and
adolescents to promote health. Many Greek young and teens
consume foods that enhance the development of risk factors
for cardiovascular diseases. Both young and teens regardless
of their social and economic situation could benefit by
increasing the consumption of fruit, vegetables, cereals and
choosing foods with little saturated fat and reduced salt
intake. Therefore the survey results show such figures give us
a clear picture in understanding the quality of nutrition and
dietary changes needed to improve the eating habits of young
people and adolescents in Greece.
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