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Abstract.
BACKGROUND: The phenomenon of nutrition transition has been considered to greatly affect diet quality, especially of
younger generations.
OBJECTIVE: The aim of this study was to evaluate, through the use of the Diet Quality Index-International (DQI-I), several
aspects of the diet quality in a sample of Mediterranean adolescents.
METHODS: A cross-sectional investigation was conducted during two scholastic years (period October-May of 2012-13
and 2013-14) on 1643 adolescents attending 15 secondary schools of Sicily, southern Italy. Dietary information (through
food frequency questionnaire), socio-demographic and lifestyle habits were collected.
RESULTS: The mean age of adolescents was 12.4 years and the mean total modified DQI-I score was 52.3% of the total
possible score. Adolescents reported an intake of fruit between 50 and 100% of the recommended intake, while for vegetable
and fibers more than 40% did not achieve the 50% of the recommendation. BMI, physical activity, breakfast habit and
KIDMED were positively associated with DQI-I.
CONCLUSIONS: Diet quality of adolescent is low with a low adherence to traditional dietary patterns. Future intervention
programs have to focus on increasing consumption of fresh fruits, vegetables and grains as well as in moderation of fat intake
in order to achieve a better diet quality.
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1. Introduction

During last 50 years, a growing body of literature was made to explore the relation between health and overall
diet quality from diverse perspectives and in a more comprehensive manner [1]. Indeed, most of recent studies
focused on examining the contemporary consumption of many foods and multiple nutrients intake rather than
studying the effects of single foods or nutrients as an indicator of diet quality [2]. This holistic approach of
overall diet measure has been suggested to be more biologically plausible in assessing the role of dietary habits
on modulating the risk of chronic diseases and results more strongly associated with disease risk than are single-
index measures [3]. Many overall diet measures have been developed, including the Diet Quality Index (DQI) [4].
This diet quality measure represents one of the most complete tool to assess diet quality since take into account
several nutritional concerns of both developed and developing countries considered necessary as a measure of a
healthy diet (i.e., food variety, adequacy, moderation and overall balance). Moreover, a modified version of this
instrument called Diet Quality Index-International (DQI-I) has been demonstrated to be effective to be used for
international comparisons [5].

Assessment of diet quality is a major public health concern because it would provide information on dietary
habits related to health status. The upcoming phenomenon of nutrition transition, intended as modification of
food preferences from traditional to unhealthier dietary patterns, has been considered to greatly affect diet quality,
especially of younger generations [6]. Among the most studied traditional dietary pattern, the Mediterranean
diet has been the focus of attention over the last decades due to its association with decreased risk of metabolic,
cardiovascular disease, and certain cancers [7–9].The Mediterranean diet has been considered a model of quality
diet due to its main components: high consumption of fruit, vegetable, and legume as main source of fiber and
plant antioxidant, such as vitamins and polyphenols [10–12]; frequent consumption of fish as main sources
of proteins and poly-unsaturated fatty acids (PUFA), which demonstrated beneficial effects on cardiovascular
and mental health [13, 14]; daily consumption of olive oil, as main source of mono-unsaturated fatty acids
(MUFA) [15, 16]; moderate consumption of alcohol, which has been reported to be related with decreased risk
of cardiovascular diseases [17, 18]; low consumption of meat and sweets, considered source of unhealthy fats,
such as cholesterol and trans-fatty acids [19]. All together, the components of the Mediterranean diet resulted
beneficial to a number of chronic diseases and supposed to be responsible for longer lifespan [20–22].

Adherence to Mediterranean diet has been lately reported to be decreased in Italy over the last decades,
although higher adherence was yet associated with better metabolic outcomes [23–29]. Up to now, very few
studies explored the association between adherence to the Mediterranean diet and diet quality evaluated with the
DQI-I in young people living in Mediterranean countries [30, 31]. These studies suggested that higher adherence
to a Mediterranean dietary pattern may be associated with better diet quality, although some concerns regarding
the application of the DQI-I were found when applied to a Mediterranean population. The aim of this study was
to evaluate, through the use of the Diet Quality Index-International (DQI-I), several aspects of the diet quality
in a sample of Mediterranean adolescents.

2. Methods

2.1. Design, setting, participants

This study was a cross-sectional investigation conducted during two scholastic years (period October-May of
2012-13 and 2013-14) on 1643 adolescents of 13–16 years attending 15 secondary schools of Sicily, southern
Italy. The schools were randomly selected in the urban area of the municipality of Catania. This was a stratified
selection based on the socioeconomic level of the ten districts of the city to obtain a various range of socio-
economic status (SES) among the participants. The classification of schools by SES was based on estimates of
the district’s socioeconomic level in which schools were located. For all enrolled school, adolescents attending
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last year were invited to participate (n = 1766) and 1643 (93%) provided informed consent from parents and oral
consent themselves prior to filling out the questionnaire. Participation was not compulsory and participants were
assured of complete anonymity. The study was approved by the ethic committee of the Department of School
Policies of Catania.

2.2. Data collection

Participants completed a self-administred questionnaire during school hours in the classroom in presence of
a teacher and researchers, and attended a short clinical visit to perform anthropometric measurements (height
and weight) in a separate room. BMI was then computed as weight in kilograms divided by the square of height
in meters, and international age- and gender-specific cut-off points for children according to the International
Obesity Task Force were used to define their weight status in terms of underweight, overweight and obesity [32].

Data collection was performed by three medical doctors and a member of the Department of the School
Policies following a specific protocol to ensure that the same conditions were met for all participants.

The questionnaire consisted in a first part including demographic information, such as the adolescents’ age,
their parent’s education level and job. Socio-cultural categories were given by other surveys taking into account
education (primary, secondary/high school, and university) and occupation [unemployed and unskilled profes-
sions (i.e., manual workers); partially skilled professions (i.e., professors, nurses, etc.); skilled professions and
white collars (i.e., medical doctors, lawyers, managers, etc.)] of participants’ parents and was categorized in high,
medium, and low according to the highest category achieved [33, 34]. Physical activity status was evaluated by
Physical Activity Questionnaire for Adolescents (PAQ-A) [35].

2.3. Dietary intake measurements

The second part of the questionnaire focused on the dietary assessment based on a of food frequency ques-
tionnaires (FFQs) developed for Italian adolescents [36–38]. The food list included 62 items grouped in 11
principal food categories: i) breads and cereals; ii) meat and meat products; iii) fish; iv) milk and dairy products;
v) legumes; vi) fresh fruits and nuts; vii) vegetables; viii) beverages; ix) sweets; x) olive oil; and xi) snacks
and fast-foods. The response options for each food item were categorized in 9 categories: “seldom/never”,
“2–3 times/month”, “once a week”, “2–3 times/week”, “4–6 times/week”, “once a day”, “2–3 times/day”, “4–5
times/day”, “6 or more times/day”. The average portion sizes were identified through pictures of three different
portions. Reproducibility and consistency of the questionnaire was measured throughout test–retest stability in
50 adolescents (64% girls, mean age of 12.7 years) and resulted acceptable in all groups except for oils and
snacks.

For the analyses, the items of the FFQ containing more food components were separated according to their
ingredients. The monthly or weekly food consumption was calculated in gr (or mL) and then converted in 24-h
intake. Energy density and nutrient intakes were calculated according the Italian nutrition facts tables of the
Research Centre for Food and Nutrition (CREA) [39].

2.4. Structure of the diet quality index

The DQI-I explores four major domains considered necessary to a healthy diet, i.e., variety, adequacy, mod-
eration, and overall balance. The DQI-I incorporates an amount of both nutrients and foods in the assessment,
providing a means with which to better describe the diversity of consumption from country to country. The basic
rationale for the construction of the DQI-I has been described elsewhere [5]. In brief, current worldwide and
individual national dietary guidelines encourage an adequate consumption of group of foods (variety) and key
nutrients (adequacy) and suggest moderation in intake of certain compounds such as saturated fat, cholesterol,
sodium and sugar. Finally, attention is pointed on overall balance, considered as a healthy proportion among
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major components of the diet. However, the proposed cut-off points and corresponding scores by Tur et al [31]
were used as more suitable to be applied to a Mediterranean population. The main four domains were evalu-
ated as follow: (i) Variety was assessed by considering inclusion of serving per day of five main food groups
(meat/poultry/fish/egg, dairy/beans, grains, fruits, and vegetables), with consumption of at least one of each food
group indicating maximum overall variety score; (ii) Adequacy was assessed considering minimum intakes of
key dietary elements, such as fruit, vegetables, grains and fiber, dependent on energy intake. Cut off values of
7118 kJ (1700 kcal), 9211 kJ (2200 kcal) and 11,304 kJ (2700 kcal) were used to define better diet quality with
daily consumption of two, three, and four portions of fruit; three, four, and five portions of vegetable; >6, >9 and
>11 portions of grains; and >20, >25 and >30 g of fiber, respectively. Proportion of total energy from protein
>10% was considered adequate. Cut-off values for iron, calcium and vitamin C intake were derived from the
recommended daily intakes for Italian adolescents [40]; (iii) Moderation was assessed considering maximum
intakes of food and nutrients that may need restriction. Modification of the original DQI-I were used according
results of the aforementioned study [31] suggesting an increase optimally to <30% of total energy/d (instead
of 20%), due to presence of olive oil as main source of monounsaturated fatty acids (MUFA) in Mediterranean
populations (other cut-off points are showed in Table 1); (iv) Overall balance indicated the proportion of energy
sources and fatty acid composition. The scoring system consisted in an individual score for each of the main
categories and an overall summary of all points ranging from 0 to 100 (0 being the poorest and 100 being the
highest possible score). The analysis of the distinct domains of the index may help to identify aspects of the diet
that most need improvement.

2.5. Structure of Mediterranean adherence score

The KIDMED index (Mediterranean Diet Quality Index for children and adolescent) developed by Serra-
Majem et al. [41] was used to evaluate the different adherence to the Mediterranean diet. Increased consumption
of foods characterizing the Mediterranean diet, such as fruit and vegetables, dairy products, grains and cereals,
nuts, fish, and olive oil provided one point, while foods supposed to be away from this dietary patterns, such as
sweets, meat and fast foods as well as lack of breakfast provided inverse points. For a maximum score of 12, a
total score of 0–3 reflected poor adherence, a score of 4–7 described average adherence, and a score of 8–12 a
good adherence to the Mediterranean diet.

2.6. Statistical analysis

The continuous measure of the DQI-I scores was presented as mean and standard deviations (SD) and sum-
marized both as overall scores and individual scores in the four domains. Person’s correlation coefficient
was calculated to test correlation between the DQI-I scores (total and distinct domains) and the KIDMED
scores. The total DQI-I scores were subsequently categorized into 2 categories identifying a good diet qual-
ity score >60 and multivariate regression analyses were used to study the association between the DQI-I
scores and values of socio-economic status, habits, and body composition variables. A P-value < 0.05 was
used to denote significant differences in all analyses. Tests were performed using SPSS 21.0 (SPSS Inc,
Chicago, IL).

3. Results

The mean age of adolescents was 12.4 years (0.7 SD), the 53.9% were males and the 46.7% were overweight
or obese. The mean total modified DQI-I score was 52.3% of the total possible score and 27% scored more
than 60 (indicating an intermediate/good diet quality). The highest score was for variety, followed by adequacy
and moderation. The lowest score was for overall balance (Table 1). Regarding the adequacy scores, most of
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Table 1

Diet Quality Index-International (DQI-I) scores and the correlation coefficient with adherence to

the Mediterranean Diet Quality Index for children and adolescent (KIDMED)

Score ranges (points) Mean and SD r∗

DQI-I, total 0–100 52.31 ± 8.89 0.38

Variety 0–20 13.09 ± 2.46 0.31

Overall food group variety 0–15 9.53 ± 2.19 0.27

Within-group variety for protein sources 0–5 3.56 ± 1.05 0.21

Adequacy 0–40 22.51 ± 3.81 0.33

Vegetable group 0–5 2.50 ± 1.29 0.32

Fruit group 0–5 3.15 ± 1.54 0.31

Grain group 0–5 2.11 ± 1.23 0.15

Fiber 0–5 2.51 ± 1.07 0.09

Iron 0–5 3.22 ± 1.32 0.11

Protein 0–5 3.73 ± 0.88 0.16

Calcium 0–5 2.84 ± 1.44 0.17

Vitamin C 0–5 2.45 ± 1.41 0.21

Moderation 0–30 13.48 ± 6.56 0.30

Total fat 0–6 2.41 ± 1.66 0.14

Saturated fat 0–6 2.41 ± 1.21 0.31

Cholesterol 0–6 2.93 ± 2.17 0.30

Sodium 0–6 3.82 ± 2.52 0.08

‘Empty calorie foods’ 0–6 1.91 ± 1.57 0.02

Overall balance 0–10 3.33 ± 2.07 0.10

Macronutrient ratio 0–6 1.12 ± 2.15 0.04

Fatty acid ratio 0–4 2.11 ± 1.64 0.12

∗Person’s correlation.

adolescents reported an intake of fruit between 50 and 100% of the recommended intake, while for vegetable
and fibers more than 40% did not achieve the 50% of the recommendation (Table 2). Also regarding variety most
of participants did not meet the recommended daily consumption of the aforementioned food groups (Table 2).
Regarding moderation, the score in both total and saturated fat did not reach the half of the recommended intake.
Intake of cholesterol was >300 mg/d in 47.8% of the participants and >400 mg/d in almost one third. Finally, poor
overall balance was found for macronutrients ratio while MUFA+PUFA/SFA ratio was acceptable in more than
half of adolescents. Correlation between the scores obtained for the overall DQI-I as well as the scores for each
category and subcategory of the index and the KIDMED score showed a medium to low association between
the two measures (Table 1). Among the four main domains, adequacy limited to fruit and vegetable intake and
moderation to saturated fat and cholesterol were the highest correlated with the adherence to the Mediterranean
diet (Table 1).

Potential determinants of and related factors to the DQI-I are shown in Table 3. BMI, physical activity, breakfast
habit and KIDMED score were factors associated with DQI-I (Table 3). Overweight/Obese adolescents were
less likely to have higher DQI-I scores than younger normal weight and underweight peers. Conversely, higher
physical activity level and a daily breakfast consumption were positively associated with DQI-I score. Finally,
adolescent with a good adherence to Mediterranean diet were 1.49 times more likely to have a higher DQI-I
score.
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Table 2

Components of Diet Quality Index-International (DQI-I) and the percentage of the study population in component subcategories

Score ranges Points Scoring criteria %

(points)

Variety 0–20

Overall food group variety 0–15 15 ≥1 serving from each food group/d 17.4

12 Any 1 food group missing/d 15.2

9 Any 2 food groups missing/d 29.3

6 Any 3 food groups missing/d 29.8

3 ≥4 food groups missing/d 8.3

0 None from any food group 0.0

Within-group variety for 0–5 5 >100% recommendations 69.9

protein sources 3 50–100% recommendations 28.4

1 <50% recommendations 1.7

0 0% recommendations 0.0

Adequacy 0–40

Vegetable group 0–5 5 >100% recommendations 27.1

3 50–100% recommendations 32.4

1 <50% recommendations 40.4

0 0% recommendations 0.1

Fruit group 0–5 5 >100% recommendations 31.6

3 50–100% recommendations 49.9

1 <50% recommendations 18.5

0 0% recommendations 0.0

Grain group 0–5 5 >100% recommendations 5.0

3 50–100% recommendations 40.7

1 <50% recommendations 48.7

0 0% recommendations 5.6

Fiber 0–5 5 >100% recommendations 2.6

3 50–100% recommendations 41.2

1 <50% recommendations 53.1

0 0% recommendations 3.1

Iron 0–5 5 >100% recommendations 29.6

3 50–100% recommendations 56.4

1 <50% recommendations 14.0

0 0% recommendations 0.0

Protein 0–5 5 >100% recommendations 94.8

3 50–100% recommendations 5.2

1 <50% recommendations 0.0

0 0% recommendations 0.0

Calcium 0–5 5 >100% recommendations 30.1

3 50–100% recommendations 59.4

1 <50% recommendations 10.5

0 0% recommendations 0.0

(Continued)
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Table 2

(Continued)

Score ranges Points Scoring criteria %

(points)

Vitamin C 0–5 5 >100% recommendations 55.1

3 50–100% recommendations 26.4

1 <50% recommendations 18.3

0 0% recommendations 0.2

Moderation 0–30

Total fat 0–6 6 ≤30% of total energy/d 10.2

3 30–35% of total energy/d 18.6

0 >35% of total energy/d 71.2

Saturated fat 0–6 6 ≤7% of total energy/d 9.9

3 7–10% of total energy/d 24.7

0 >10% of total energy/d 65.4

Cholesterol 0–6 6 ≤300 mg/d 52.2

3 300–400 mg/d 20.4

0 >400 mg/d 27.4

Sodium 0–6 6 ≤2400 mg/d 60.1

3 2400–3400 mg/d 28.8

0 >3400 mg/d 11.1

‘Empty calorie foods’ 0–6 6 ≤3% of total energy/d 7.7

3 3–10% of total energy/d 14.3

0 >10% of total energy/d 78.0

Overall balance 0–10

Macronutrient ratio∗ 0–6 6 55–65 : 10–15 : 15–30 0.5

4 65–68 : 9–16 : 13–32 1.9

2 50–70 : 8–17 : 12–35 5.9

0 Otherwise 89.7

Fatty acid ratio∗∗ 0–4 4 >2 24.2

2 2–1.7 53.7

0 <1.7 22.1

∗carbohydrate:protein:fat; ∗∗(PUFA + MUFA)/SFA.

4. Discussion

In this study the diet quality of a sample of Mediterranean adolescents has been examined through the DQI-I, a
composite measure of diet quality created to evaluate healthfulness of diet across countries for comparative work.
Moreover, the effectiveness of the DQI-I has been tested according to its relation with background characteristics.
Total DQI-I of the adolescents involved in our investigation reached around 50% of the total score, in line with
previous studies conducted in Mediterranean and non-Mediterranean countries [5, 30, 31]. However, more than
one third of the sample scored less than 50% of the total score, suggesting that a significant percentage of
adolescents had low diet quality. Compared with previous similar investigations, we found a lower variety and
adequacy score than those reported in other Mediterranean populations [30]. Similar values have been described
in individuals living in Balearic Islands [30] whereas higher moderation scores have been encountered in southern
Spain [31]. These results may reflect the economic development of rural areas that allow better financial resources



144 R. Ferranti et al. / Diet quality evaluated with the DQI-I

Table 3

Multivariate logistic regression between Diet Quality Index (DQI-I), socio-demographic variables and Mediterranean Diet Quality Index

for children and adolescent (KIDMED) score

DQI Logistic regression

Mean SD OR (95% CI)

Gender

Male 52.5 8.9 1 –

Female 52.1 8.8 1.24 (0.79–3.66)

BMI

Under/Normal 52.5 8.6 1 –

Overweight 50.7 9.6 0·84 (0.72–0.97)

Obese 48.7 8.2 0·77 (0.66–0.89)

Physical activity level

Low 50.8 9.2 1 –

Medium 52.1 8.6 0.98 (0.65–1.51)

High 54.2 8.7 1.22 (1.07–1.40)

Parents’ education, n (%)

Secondary or lower 51.1 9.9 1 –

High school 52.2 8.4 1.01 (0.75–1.45)

University 52.1 8.5 1.05 (0.98–1.25)

Parents’ occupation, n (%)

Partially skilled professions or lower 50.5 9.7 1 –

Skilled professions 52.1 8.6 0.87 (0.62–1.23)

Specialized/managerial 54.2 8.7 0.97 (0.76–1.24)

Daily breakfast

No 48.1 8.6 1 –

Yes 52.5 9.1 1.38 (1.05–1.81)

KIDMED score

Low 50.1 8.8 1 –

Average 52.8 8.5 1.11 (0.92–1.34)

Good 52.9 9.2 1.49 (1.03–2.14)

and higher food availability observed in southern European countries [42]. The nutrition transition phenomenon
and the “Westernization” of diet may have led to an increase in high-caloric high fat foods leading to the
worldwide problem of overnutrition [42]. Notably, the total fat intake cut-off points were adjusted to <40%,
thus results are not fully comparable with by Tur et al [31]. Nevertheless, the new cut-off points did not fully
capture the optimal nutrients intakes in our sample. In contrast, although we reported that overnutrition represent
a notable issue affecting the diet quality in our cohort, a high proportion of adolescents reported to have a
weak consumption of the recommended intakes of many nutrients. The low intakes regarded fruit, vegetable,
and fiber.

When comparing the scores of the DQI-I to the KIDMED score, a moderate correlation was found for total
points and for some individual components of the index, including adequacy to vegetable and fruit, as well as
moderation for saturated fats and cholesterol. In contrast, the lowest correlation was found for protein adequacy
and total fat moderation. Regarding protein intake, the KIDMED score assign negative points to meat consumers
while the DQI-I higher protein intake is indicating higher quality values. Regarding fat intake, olive oil is one
of the main components of the Mediterranean diet but significantly contributes to total fat composition of the
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diet due to its content in mono-unsaturated fatty acids. Olive oil is currently used in Mediterranean countries
and similar proportion of PUFA, MUFA, and saturated fatty acids has been reported compared with previous
investigations [30, 31]. However, in our sample we did not find a much higher intake of MUFA than PUFA, as
previously reported. This may be explained because Sicilian inhabitants are also consuming high quantities of
fish, which is the main source of PUFA in Mediterranean countries [23].

In this study we found that physical activity, having breakfast, and BMI status were independently associated
with diet quality. Adolescents engaged in less physical activity and with higher BMI levels were more likely to
have lower diet quality. A possible reason could be lack of control from parents that may lead to engagement in
unhealthy behaviors. For instance, lack of breakfast may lead to more frequent out-of-home snaking during the
day, which in turn increases the chances to eat junk and empty-calorie foods [43]. Higher BMI may be the results
of such unhealthy behavior, which may occur as a result of lower diet quality and lower adherence to traditional
dietary patterns [44, 45].

Results of this study should be considered in light of some limitations. First, a FFQ was used to test dietary
intakes, but supplements or unknown foods items potentially not investigated in the questionnaire may affect
accuracy of the study. The misreporting bias may lead to an underestimation of such food consumption and thus
nutrients. Second, this method may be also affected by recall bias and participants may involuntarily under- or
overestimate food intake. Regardless of these issues, this study allowed us to identify weaknesses of usual diet
adopted by young populations living in Mediterranean countries. The main nutrition concern regarded the low
intake of fruits and vegetables, and the lack of moderation in saturated fat, as reflected overall by low adherence to
a Mediterranean dietary pattern. In the Sicilian setting, achieving overall balance through increased consumption
of fresh fruits, vegetables and grains as well as moderation in fat intake is desired and technically possible due
to the high availability of such foods. The results of this study provide insights that can be useful for public
health experts to develop intervention programs focused on the weakness highlined. These finding may also be
of interest to be compared with other countries experiencing similar nutrition transition level.
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