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Abstract

Objective: To identify food sources of nutrients in adolescents’ diets and to
identify differences in food sources according to individual characteristics.
Design: A cross-sectional evaluation was carried out in the 2003/2004 school year.
Self-administered questionnaires were used and a physical examination was
performed. Diet was evaluated using an FFQ.

Setting: Public and private schools in Porto, Portugal.

Subjects: Adolescents aged 13 years (n 1522) enrolled at school.

Results: The main sources of energy were starchy foods (26-5%), dairy (12-5 %)
and meat (12:0%). The major contributors to carbohydrate intake were starchy
foods (38:2%) and fruit (13-8%) and to protein intake were meat (28:0%), dairy
products (20-3 %), starchy foods (15-3 %) and seafood (13-6%). The main sources
of total fat were meat (22-0 %), starchy foods (13-4 %) and dairy products (12-7 %).
Sweets and pastries presented important contributions to energy (11-1%),
carbohydrate (12-4%), total fat (13-3%) and saturated fat (16-6%) intakes.
Parental education was inversely associated with the contribution of sweets and
pastries to energy, carbohydrate and fat intakes and it was positively associated
with the seafood contribution to protein intake.

Conclusions: The major sources of carbohydrates were starchy foods, which also
accounted for a quarter of energy intake. Dairy products plus meat accounted for

another quarter of energy. Meat was a major source of protein and fats. Sweets Dieilu(:yy‘s':z:i:
and pastries contributed more than 10% to energy, carbohydrates, total and Adolescents
saturated fat. Parental education was the strongest determinant of food sources Nutrients
and was positively associated with a healthier contribution of food groups. Diet

The burden of chronic diseases has been increasing in
recent decades. In 2005 these diseases caused an esti-
mated 35 million deaths, which represents 60% of all
deaths worldwide”. The preventable nature of chronic
diseases increases the importance of intervention as an
instrument to decrease their burden®.

Food intake is an important modifiable determinant of
many of these diseases and its role throughout the life
course in the promotion and maintenance of good health
is well established®. Early interventions are important
due to the tracking of behaviours throughout life, which
makes it more difficult for people to change their habits in
later life®. Adolescence is a particularly important period
because it is a time of greater autonomy, where personal
choices and preferences gain priority over family eating
habits and in which adolescents progressively gain more
control over what, when and where they eat™>.

Although a good deal of research has been done into
nutrient intake and its relationship to health, from a
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public health point of view a transition is needed from a
nutrient orientation to food-based strategies, preferably
derived from existing patterns of food intake in the
target population rather than from a theoretical basis® .
Additionally, identification of the main dietary sources of
target nutrients is also important, because it allows the
identification of differences in the relative contributions
of various food groups to nutrient intake™”

For public health interventions we need to be aware that
food intake is determined by the interplay of many factors,
such as public policies, food availability, food choices and
personal characteristics®. Socio-economic status is among
the most widely described individual characteristic related
to food intake, and many studies have shown that people
with high education tend to have a diet closer to national
or international recommendations®® Y. What is more, age,
gender and sport activities are often described as food
intake determinants"'?. Therefore, the knowledge of diff-
erences in diet and specifically in food sources according
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to individual characteristics is important in order to adapt
the messages to the general population and thus to pro-
vide efficient food-based programmes.

The aim of the present study was to identify the
food sources of energy and ten nutrients in the diets of
13-year-old Portuguese adolescents. We also aimed to
identify differences in food sources according to individual
characteristics.

Methods

Eligible participants were adolescents born in 1990 and
enrolled at public and private schools in Porto, Portugal,
during the 2003/2004 school year, as described else-
where"?. Two thousand seven hundred and eighty-
seven eligible participants were identified: 2126 (76-3 %)
from public and 661 (23-7%) from private schools.
Among them, forty-four (1-:6 %) could not be reached, 583
(20-9%) were refusals (no signed informed consent form
was returned) and 2160 (1651 public and 509 private
school students) agreed to participate and provided
information at least for part of the planned assessment,
resulting in an overall participation rate of 77-5%, similar
in public (777 %) and private (77-0%) schools.

Of the 2160 participants, 247 did not return the home
questionnaire and 298 did not fill in the FFQ or were
excluded because no information was provided on more
than 10 % of food items. A further ninety-three participants
were not considered for the current analysis because their
total energy intake was more than 3 times the interquartile
range or their intake of fruit or vegetables was more than
1-5 times the interquartile range. Thus, the analysis was
based on the information of 1522 participants.

The evaluation included two self-administered ques-
tionnaires (one completed at home, another at school),
comprising information on social, demographic and
behavioural characteristics and individual and family
history of disease. A physical examination was also per-
formed at school, by a team of experienced nurses,
nutritionists and physicians.

As part of the home questionnaire, food intake was
recorded using an FFQ regarding the previous 12 months,
completed by the adolescents at home with the help of
their parents or legal guardians. The FFQ was designed
according to Willett and colleagues™® and adapted for
the Portuguese population based on the food items most
commonly consumed and with a relevant contribution to
the intakes of total energy, protein, fat, carbohydrates,
cholesterol, dietary fibre, vitamin A, carotenoids, vitamins
C and E, Ca, alcohol and caffeine, according to dietary
data available for our country, namely the Portuguese
food balance sheets and other specific studies>'®,
Foods with similar nutrient composition were grouped
together as a single food item. The questionnaire was
validated for the adult population by comparison with
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four 7 d food records (each one in a different season of
the year)"”'® The FFQ was then adapted for adolescents
by including foods more frequently eaten by this age
group™?; the adolescents’ version comprised ninety-one
food items or beverage categories and a frequency sec-
tion with nine possible responses ranging from never to
six or more times daily. It also included an open-ended
section for foods not listed in the questionnaire, but eaten
at least once weekly.

Food intake data were obtained by multiplying the fre-
quency of consumption of each food item by the nutrient
content of the specified portion size. Seasonal variation
of food consumption was also considered according to
participants’ replies. To estimate nutrient intake from the
evaluated food intake, we used the software Food Processor
Plus version 7 (ESHA Research, Salem, OR, USA) based
on values from the US Department of Agriculture. Values
for typical Portuguese foods were added, based on the
Portuguese tables of food composition, typical recipes and
data from previous studies”™®. The nutrient content of food
items which are usually eaten cooked was estimated by
considering cooking and processing.

We defined fourteen food groups: (i) dairy (milk,
yoghurt, cheese); (ii) meat (red and white meat, ham,
sausages, pepperoni, smoked ham, bacon); (iii) seafood
(fresh and canned fish, codfish, molluscs and crusta-
ceans); (iv) eggs; (v) fats and oils (olive and other vege-
table oils, margarine and butter); (vi) starchy foods (white
bread or rusks and similar toasted products, brown bread,
rye bread, cereal flakes, simple biscuits, wholegrain
biscuits, rice, pasta, chips and boiled, baked and mashed
potatoes); (vii) legumes (beans, chickpeas, peas, etc.);
(viil) vegetables (cabbage, spinach, broccoli, onion, carrot,
lettuce, peppers, tomato, cucumbers, etc.); (ix) vegetable
soup; (x) fruit (fresh fruit, including tropical fruit and
fresh fruit juice); (xi) sweets and pastry (other biscuits
apart from simple ones, croissants, pastry, doughnuts,
cakes, chocolates, chocolate snacks, dairy desserts, ice
creams, quince jam, compote, jelly, honey, sugar, candy);
(xii) non-alcoholic beverages (soda, juice, fruit juice);
(xiii) fast food (pizza, hamburger, mayonnaise, salted
snacks); and (xiv) others (canned fruit, nuts, olives, coffee,
barley coffee, black tea, green tea, barley).

Food sources were computed for energy, protein, fats
(total, saturated, polyunsaturated, monounsaturated and
cholesterol), carbohydrates, fibre, Ca and Na. The amount
of a specific nutrient provided by each food was calcu-
lated for each person and then each amount was divided
by the total intake of that nutrient, resulting in the per-
centage contribution. The proportion of contribution of
each food within the same group was added, to create the
contribution of food groups. The results of the contribu-
tion of each food group to nutrient intake were presented
as medians of the calculated contribution.

Parental education level was measured as the number
of successfully completed years of formal schooling;
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in the analysis we used the information from the parent
with the highest education level. Each school was con-
sidered public if it was state administered or private when
it was not administered by local or national government.
Parental education level and the type of school were used
as indicators of socio-economic class.

We considered as practice of sports any planned, reg-
ular exercise, regardless of intensity, that was not part of
obligatory curricular activities.

Weight and height were measured following standardized
procedures®”. Adolescents were classified according to the
age- and sex-specific BMI reference percentiles developed
by the US Centers for Disease Control and Prevention®”,
considering those at or above the 95th percentile as obese
and those at or above the 85th percentile but below the 95th
percentile as overweight.

Statistical analysis

Statistical analyses were performed using the SPSS statis-
tical software package version 17-0 (SPPS Inc., Chicago,
IL, USA).

The x* test was used to compare qualitative variables
according to gender. The contribution of each food group
was presented as median (25th percentile—75th percentile).
For each nutrient, food sources according to gender, type
of school, parental education, practice of sports and BMI
categories were computed only for food groups that pro-
vided 10% or more of the nutrient intake. To estimate the
magnitude of the association between the contribution of
each food group and participants’ characteristics, odds
ratios and 95 % confidence intervals were computed using
unconditional logistic regression. In order to do this, the
contribution of each food group was divided into two
categories: one corresponding to those with an intake
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lower than or equal to the median contribution and the
other for those with an intake higher than the median
contribution. Final models were adjusted for total energy
intake in kilojoules (except in the model of energy sources)
as a continuous variable and for gender, type of school,
parental education, practice of sports and BMI categories as
categorical variables. Logistic regression models included
only 1398 individuals, because 124 adolescents had missing
information in at least one covariate.

Etbical considerations

The study was approved by the Ethics Committee of
Hospital S. Jodo and written consent was obtained from
both legal guardians and adolescents.

Results

From the 2160 eligible adolescents, we excluded 638 and
considered 1522 subjects in the present analysis. The
participants excluded were significantly more often male
(52:8% v. 46°5%, P=0-008), with less educated parents
(parental education >12 years: 18:8% 0. 27-7%) and
mostly from public schools (84:3% v. 73-1%, P<<0-00D).
In terms of BMI categories and practice of sports, ado-
lescents excluded were not significantly different from
those included in the analysis.

The participants’ characteristics are described in Table 1.
The majority of adolescents attended public schools
(731%) and 23-4% had parents with 6 years or less
of education, while 27-7% had parents with more than
12 years of education, with no significant differences
according to gender. A higher proportion of boys referred
to practising sports compared with girls (62:4% v. 41+3 %,
P<0-001). Prevalence of BMI categories did not differ

Table 1 Description and comparison of participants’ characteristics, according to gender: 13-year-old adolescents,

Porto, Portugal, 2003/2004 school year

Total (n 1522)

Girls (n 815, 53-5%)

Boys (n 707, 46-5%)

n % n % n % P
School
Public 1113 731 583 715 530 75-0 0-148
Private 409 26-9 232 285 177 25-0
Parental education (years)
0-6 345 234 198 25-0 147 21-5 0-077
7-9 294 19-9 169 21-3 125 18-3
10-12 429 29-0 213 26-9 216 316
>12 409 277 213 26-8 196 28-6
Missing 45
Sports
No 734 48-9 471 58-7 263 37-6 <0-001
Yes 767 511 331 41-3 436 62-4
Missing 21
BMI percentilet
<85th 1062 72-8 585 74-6 477 70-7 0-223
=85th and <95th 243 16-6 120 15-3 123 18:2
=95th 154 10-6 79 101 75 111
Missing 63

tAccording to Centers for Disease Control and Prevention®",
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according to gender: 15-3% of girls and 18:2% of boys
were overweight and 10-1% of girls and 11-1% of boys
were obese.

The major contributors to energy intake were starchy
foods (26-5 %), followed by dairy foods (12+5 %) and meat
(12-0%; Table 2). Sweets and pastry accounted for about
10% of energy intake. The three most important sources
of carbohydrates were starchy foods (38:2%), fruit
(13-89%) and sweets and pastry (12-4%). Meat was the most
important source of protein intake and its contribution was
more than double that of seafood (28:0% v. 13-6%,
respectively). The second protein source was the dairy
group (20-3%). The major contributor to total fat intake
was meat (22:0%), with starchy foods, dairy and sweets
and pastry each accounting for about 13% of the total fat
intake. Meat was one of the highest sources of all types of
fat, overtaken in saturated fat (23-0%) only by dairy foods
and by starchy foods in polyunsaturated fat (27-1%). The
two major contributors to fibre were starchy foods and fruit
(38:09% and 22-1 %, respectively). The leading source of Ca
intake was dairy foods, providing almost 60 % of the total
intake. Finally, the most important sources of Na intake
were starchy foods, accounting for 34-6%, followed by
meat (14+9%) and dairy foods (14-1%).

Comparing food contributions according to gender,
we found statistically significant differences in the con-
tribution of starchy foods to energy (respectively among
girls and boys: 25:8% v. 27-5%, P= 0-002), carbohydrate
(36-8% v. 39-3%, P=0-001) and Na (34-0% v. 35-9%,
P=0-006) intakes; and the contribution of fruit to car-
bohydrates (14:6% v. 13-2%, P<0-001).

For all nutrients, Tables 3 and 4 show the association
between food sources that provided 10% or more of the
total intake of each nutrient according to some participant
characteristics, presented as odds ratio adjusted for gender,
type of school, parental education, sports, BMI and total
energy intake. In comparison to girls, boys were more
likely to have a higher contribution from starchy foods,
significant for energy, carbohydrates and fibre; and to
have a higher contribution from meat to saturated fat
and monounsaturated fat intakes. However, being a boy
was inversely associated with the contribution of fruit to
carbohydrate intake (Table 3).

Considering the indicators of socio-economic class,
adolescents from private schools presented a significantly
lower contribution from sweets and pastry to carbohy-
drate intake and a lower contribution from starchy foods
to fibre intake. Parental education was inversely asso-
ciated with the contribution of sweets and pastry, sig-
nificant for energy, carbohydrates and total, saturated and
monounsaturated fats. It was also inversely associated
with the contribution of starchy foods to total and
monounsaturated fat intakes and with meat contribution
to Na intake. A positive association was found between
parental education and: seafood contribution, significant
for protein and cholesterol; dairy contribution to Na and
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Table 2 Proportional contribution of food groups to energy and nutrient intakes: 13-year-old adolescents (n 1522), Porto, Portugal, 2003/2004 school year

Food sources (%)

Carbohydrates Protein Total fat SFA PUFA MUFA Cholesterol Fibre Ca Na

Energy

Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75

Food group

9-7-19-6

14-9 10-0-21-2
0-1-0-2

73  4-9-105
0-6-1-9
0-2-1-2
0-3-1-6
0-2-1-1
3-8-10-9
0-5-1-8
0-2-0-7

10
0-1
0-6
08
0-6
69
11
0-4

5-3-10-2 346 25-6-425
1441

59-8 48:6-68-6
1-1-2-2

2:1-5-0
0-3-1-0
2-2-5-9
0-3-2-1
1-0-6-6
0-6-3-7
3-7-11-2
0-0-0-1
0-2-1-2

7-3
15
3-3
0-6
3-8
1-0
3-0
2:0
6-4
0-1
0-6

0-2-0-9
0-0-0-1
0-1-0-4
0-0-0-0
14-9-30-2
2-:2-12-0
3-3-13-8
1-9-9-2
2-:8-8-5
0-0-0-0
0-1-1-0

38:0 29-6-48-2

0-4
0-0
0-2
0-0
8-0
52
5-0
0-0
0-3

221
6-3

1-5-2-7
8-3-19-8
9-2-19-5
8-3-22-2
0-0-0-0
0-0-0-0
0-0-0-0
0-0-0-0
5-2-16-3
0-4-3-0
0-0-0-0

2:0
135
0-0
0-0
0-0
0-0
9-5
15
0-0

17-1-29-5 32-4 25-2-40-6
136
127

2:1-4-8
0-9-2-7
0-3-0-9
0-0-0-2

8:8-15-9
0-0-0-1

5-7-13-6
1-8-10-5
7-3-18-7
6-8-23-6

0-0-0-1

120
9-2
34
14
0-6
0-1
0-0
6-0

122

14-4
0-0

21-4-34-1
1-8-4-6
132230 230
5-2-120
0-9-2-8
1-2-31

-1-4

—1-3

-39
5-3-15-0
3-4-16-2
0-1-0-4

0-1
0-2
0-6

29
177
8-2
15
2-:0
0-7
0-7
2:0
9-3

8-0
0-2

6-3-12-3 27-1
14-9-32-1
16-2-28-0

1-5-3-5

0-8-2-5
0-0-0-2
0-0-0-2
0-4-2-5
10-7-25-1
5-5-14-4
0-0-0-0

0-4-1-1

9-0
2:3
1-3
0-7
0-1
0-1
1-3
16-6
9-3
0-0

10-0-17-3
8-:0-18-4 23-0
16-3-27-7 22-0
2:6-5-9
0-9-2-8
0-8-1-9
0-0-0-5
0-1-0-5
1-0-6-0
8:1-19-5
6-1-18-2
0-0-0-1

13-4
127
4-0
1-4
1-3
0-3
0-2
3-3
13-3
11-6
0-0

11-7-19-4

13-:7-27-0
9-3-18-8
0-8-2-4
1-2-3-0
0-6-3-3
0-4-2-1
0-3-1-7
2:2-6-2
0-0-0-1
0-0-0-3

15-3

28-0 21-6-34-4 220
13-6
1-2
19
1-8
141
0-9
3-8
0-0
0-2

6-2-13-3 20-3

0-1-0-4
0-4-0-9
0-0-0-1

9-1-19-4

0-6-3-3
0-6-3-2
0-7-4-2
8-:0-18-7
0-0-0-1
3-2-12:4

9-4
0-2
0-6
0-0
13-8
17
1-8
2-4
0-0

124
71

8-5-17-4
9-1-15.7
2.6-57
0-4-1-4
4-6-10-1
0-4-2-4
0-4-2-0
0-7-4-2
6-9-16-5
1-8-5-8
1-6-6-4

26-5 21-8-31-7 382 30-8-454
7

1

-2

1

4

125
120

41

0

7

1

1

2
111

Starchy foods
Dairy

Meat

Seafood

Eggs

Fruit

Legumes
Vegetables
Vegetable soup
Sweets and pastry
Fats and oils
Non-alcoholic

beverages
Fast food
Others

4.7-10-5
0-0-3-6

30 1847 71

1-0-2-5
0-2-2:6

©

—

2.4-6:0
0-0-00

3-8
0-0

2:5-6-2
0-0-5-3

41

2:0-5-8
0-0-4-8

36

2.9-6-9
0-0-1-2

4.7
0-2

2:9-6:9
0-0-3-4

46
04

2:6-6-3
0-0-1-1

41

16-36
4

0-1-1

1 24
02-19 07

2:3-5

3-5
0-7

0-1-0-9 1-3

0-4

@

—

0-8

0-4

0-2

P25, 25th percentile; P75, 75th percentile.

1973
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Table 3 Adjusted odds ratio of having a highert v. a lower contribution of the indicated food groups to daily energy and nutrient intakes: 13-year-old adolescents (n 1398), Porto, Portugal, 2003/
2004 school year

Gendert School§ Parental education (years)ll
Boys Private 7-9 10-12 >12
Adjusted ORS¢ 95% Cl Adjusted ORY| 95% CI Adjusted ORY| 95% CI Adjusted ORY 95% ClI Adjusted ORS¢ 95% ClI

Starchy foods

Energy 1-26* 1-02, 1-57 0-99 0-77,1-28 1-22 0-88, 1-68 1-11 0-82, 1-51 1-05 0-77,1-45

Carbohydrates 1-34* 1-07, 1-66 0-93 0-72, 1-19 1-00 0-72, 1-38 1-31 0-97, 1-78 1-44* 1-04, 1-98

Protein 1-22 0-98, 1-52 0-99 0-76, 1-26 1-04 0-75, 1-44 0-94 0-69, 1-27 0-95 0-69, 1-31

Fibre 1-28* 1-03, 1-58 0-77* 0-60, 0-99 0-96 0-70, 1-33 1-12 0-83, 1-52 0-75 0-55, 1-02

Total fat 1-06 0-85, 1:32 1-02 0-80, 1-:32 1-25 0-90, 1-74 0-78 0-58, 1-06 0-53* 0-38, 0-73

MUFA 0-97 0-85, 1:32 1-05 0-82, 1-34 1-26 0-91, 1:75 0-73* 0-54, 0-99 0-52* 0-38, 0-71

PUFA 1-08 0-87, 1-34 0-97 0-76, 1-24 1-37 0-99, 1-90 0-84 0-62, 1-14 0-76 0-55, 1-03

Na 1-21 0-97, 1-50 1-08 0-84, 1-38 1-30 0-94, 1-80 1-22 0-90, 1-65 1-57* 1-14, 2-17
Dairy

Energy 0-94 0-76, 1-16 1-09 0-85, 1-:40 0-78 0-57, 1-08 1-06 0-78, 1-43 1-19 0-86, 1-:63

Protein 0-89 072, 1-11 1-12 0-88, 1-44 0-88 0-63, 1-21 1-05 0-78, 1-42 1-06 077, 1-45

Total fat 1-02 0-82, 1-26 1-11 0-87, 1-43 0-96 0-70, 1-32 1-21 0-89, 1-64 1-33 0-97, 1-84

Cholesterol 1-13 0-91, 1-40 117 0-91, 1-50 1-01 0-73, 1-40 1-32 0-97, 1-79 1-49* 1-09, 2:04

SFA 1-04 0-84, 1-30 1-20 0-94, 1-54 0-83 0-60, 1-14 1-15 0-85, 1-56 1-20 0-88, 1-64

Ca 1-12 0-90, 1-39 1-05 0-82, 1-34 0-91 0-66, 1:26 1-12 0-83, 1-51 1-22 0-90, 1-67

Na 0-93 0-75, 1-16 117 0-91, 1-50 1-00 0-72, 1-38 1-25 0-92, 1-69 1-61* 1-17, 2:20
Meat

Energy 1-22 0-98, 1-51 0-97 0-75, 1-24 0-99 0-72, 1-37 0-82 0-61, 1-12 0-99 0-72, 1-36

Protein 1-15 0-93, 1-44 1-04 0-81, 1-34 1-08 0-78, 1-50 0-69* 0-51, 0-94 0-83 0-60, 1-15

Total fat 1-26* 1-01, 1-57 0-99 077, 1-28 1-00 0-72, 1-39 0:77 0-57, 1-05 1-00 0-72, 1-38

Cholesterol 1-04 0-84, 1-29 1-08 0-85, 1-39 0-98 0-71, 1-36 0-65* 0-48, 0-88 0-80 0-58, 1-09

SFA 1-29* 1-04, 1-61 0-88 0-69, 1-13 1-07 0-77, 1-48 0-92 0-68, 1:26 1-32 0-97, 1-82

MUFA 1-24* 1-00, 1-54 0-97 0-76, 1-24 0-98 0-71, 1-36 0-72* 0-53, 0-97 0-86 0-63, 1-17

PUFA 1-14 0-92, 1-42 1-05 0-82, 1-:35 1-00 0-72, 1-39 0-80 0-59, 1-09 0-99 0-72,1-35

Na 1-14 0-91, 1-42 0-96 075, 1-24 0-66* 0-48, 0-92 0-56* 0-41, 0-76 0-48* 0-35, 0-66
Seafood

Protein 1-02 0-82, 1-27 1-02 0-79, 1-30 1-31 0-94, 1-81 1-43* 1-06, 1-94 1-38* 1-00, 1-90

Cholesterol 0-91 0-73, 1-13 1-11 0-87, 1-42 1-51* 1-08, 2-09 1-83* 1-34, 2-49 1-98* 1-45, 2-72
Eggs

Cholesterol 116 0-94, 1-44 0-85 0-66, 1-08 1-09 0-79, 1-51 1-72* 1-27, 2-34 1-53* 1-12, 2-08
Fruit

Carbohydrates 0-76* 0-61, 0-95 1-12 0-87, 1-44 1-02 0-73, 1-41 1-02 0-75, 1-38 1-99* 1-44, 2-75

Fibre 0-82 0-66, 1-02 1-06 0-83, 1:36 1-05 0-76, 1-46 0-96 0-71, 1-29 1-48* 1-08, 2:02
Sweets and pastry

Energy 1-01 0-81, 1:26 0-81 0-62, 1-04 0-75 0-54, 1-04 0-58* 0-42, 0-79 0-48* 0-35, 0-67

Carbohydrates 0-98 0-79, 1-23 0-77* 0-60, 0-99 0-78 0-56, 1-10 0-56* 0-41, 0-77 0-46* 0-33, 0-64

Total fat 1-04 0-83, 1-29 0-91 0-70, 1-17 0-72* 0-51, 1-00 0-54* 0-40, 0-74 0-52* 0-37,0-72

SFA 0-99 0-80, 1-:23 0-98 0-76, 1:25 0-79 0-57, 110 0-63* 0-46, 0-86 0-54* 0-39, 0-:74

MUFA 1-09 0-87, 1-:35 0-90 0-70, 1-15 0-63* 0-45, 0-88 0-49* 0-36, 0-67 0-46* 0-33, 0-63
Fats and oils

Total fat 1-16 0-93, 1-44 0-90 0-70, 1-15 1-61* 1-16, 2-24 2-00* 1-47,2:72 2-13* 1-54, 2-95

MUFA 1-09 0-88, 1-:35 0-85 0-66, 1-08 1-64* 1-18, 2:27 2-25* 1-65, 3-:06 2-18* 1-59, 2-99

*OR and 95 % ClI are statistically significant.

tHave a food contribution above the median.

tReference class: girls.

§Reference class: public school.

IIReference class: 06 years of education.

YOR adjusted for total energy intake, as a continuous variable, and for gender, type of school, parental education, sports and BMI as categorical variables.
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Table 4 Adjusted odds ratio having a highert v. a lower contribution of the indicated food groups to daily energy and nutrient intakes:
13-year-old adolescents (n 1398), Porto, Portugal, 2003/2004 school year

Sportst BMI percentile§
Yes =85th and <95th =95th
Adjusted ORI 95% ClI Adjusted ORI 95% Cl Adjusted ORI 95% Cl

Starchy foods

Energy 112 0-90, 1-40 1-11 0-83, 1-48 1-18 0-84, 1-67

Carbohydrates 1-04 0-83, 1-30 1-04 0-78, 1-40 1-06 0-75, 1-51

Protein 1-23 0-98, 1-54 1-03 0-77,1-38 0-88 0-62, 1-25

Fibre 1-08 0-86, 1-34 0-94 0-71, 1-26 0-84 0-60, 1-19

Total fat 1-00 0-80, 1-25 1-02 0-76, 1-36 1.22 0-86, 1-74

MUFA 0-99 0-79, 1-23 0-91 0-68, 1-21 1-18 0-83, 1-68

PUFA 1-01 0-81, 1-26 0-79 0-59, 1-05 1-07 0-76, 1-52

Na 1-30* 1-04, 1-62 0-84 0-63, 1-13 0-87 0-61, 1-24
Dairy

Energy 1-16 0-93, 1-45 0-99 0-75, 1-33 1-18 0-83, 1-67

Protein 1-04 0-83, 1-30 1-12 0-84, 1-49 1-05 0-74, 1-48

Total fat 1-20 0-96, 1-50 0-86 0-64, 1-15 1-00 0-71, 1-42

Cholesterol 1-09 0-87, 1-36 0-92 0-69, 1-23 0-90 0-64, 1-28

SFA 1-25* 1-00, 1-56 0-91 0-69, 1-22 0-98 0-70, 1-39

Ca 1-06 0-85, 1-32 1-17 0-88, 1-56 1-06 0-75, 1-50

Na 1-06 0-85, 1-33 1-02 0-77,1-37 1-20 0-85, 1-71
Meat

Energy 0-96 0-77, 1-20 1-03 0-77,1-37 1-44* 1-01, 2-04

Protein 1-04 0-83, 1-30 0-87 0-65, 1-16 1-11 0-78, 1-58

Total fat 0-95 0-76, 1-19 1-16 0-86, 1-55 1-33 0-93, 1-90

Cholesterol 1-07 0-86, 1-33 1-05 0-79, 1-39 1-10 0-78, 1-56

SFA 0-90 0-72,1-13 1-29 0-96, 1-72 1.27 0-89, 1-80

MUFA 0-89 0-72, 1-11 0-95 0-71, 1-26 1.22 0-86, 1-73

PUFA 1-07 0-86, 1-34 1-01 0-76, 1-35 1-10 0-78, 1-57

Na 0-88 0-70, 1-10 1-17 0-88, 1-57 1-31 0-92, 1-87
Seafood

Protein 1-06 0-84, 1-32 0-84 0-63, 1-13 0-92 0-65, 1-30

Cholesterol 1-14 0-92, 1-42 0-92 0-69, 1-23 1-04 0-73, 1-47
Eggs

Cholesterol 0-91 073, 1-14 1-00 0-75, 1-33 1-10 0-78, 1-56
Fruit

Carbohydrates 1-25* 1-00, 1-56 1-39* 1-04, 1-87 1-34 0-94, 1-90

Fibre 1-07 0-86, 1-34 1-24 0-94, 1-66 1-43* 1-01, 2-03
Sweets and pastry

Energy 0-87 0-69, 1-09 0-66* 0-50, 0-89 0-41* 0-28, 0-59

Carbohydrates 0-80 0-63, 1-00 0-58* 0-43, 0-78 0-42* 0-29, 0-62

Total fat 0-94 0-75, 1-18 0-86 0-64, 1-15 0-48* 0-34, 0-70

SFA 0-94 0-75, 1-17 0-82 0-62, 1-10 0-62* 0-43, 0-88

MUFA 0-93 0-74, 1-16 0-73* 0-55, 0-98 0-47* 0-32, 0-68
Fats and oils

Total fat 0-79* 0-63, 0-99 1-06 0-80, 1-41 0-91 0-64, 1-30

MUFA 0-88 0-71, 1-10 1-16 0-88, 1 0-95 0-67, 1-35

*OR and 95 % ClI are statistically significant.
tHave a food contribution above the median.
tReference class: do not practice sports.
§Reference class: BMI < 85th percentile.

IIOR adjusted for total energy intake, as a continuous variable, and for gender, type of school, parental education, sports and BMI as categorical variables.

cholesterol intakes; the contribution of eggs to cholesterol
intake; and the contribution of starchy foods to carbo-
hydrate and Na intakes (Table 3).

Adolescents who referred to practising sports were
more likely to have a significantly higher contribution of:
starchy foods to Na intake; fruit to carbohydrate intake;
and dairy foods to saturated fat intake (Table 4). On the
other hand, the practice of sports was inversely associated
with the contribution of fats and oils to total fat intake.

BMI was inversely associated with the contribution of
sweets and pastry, significant for energy, carbohydrates
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and for total, saturated and monounsaturated fats. It was
directly associated with the contribution of meat to energy
intake and with the contribution of fruit to carbohydrate
and fibre intakes (Table 4).

Discussion
In this sample of 13-year-old adolescents, starchy foods

were one of the main food sources of the nutrients ana-
lysed, presenting an important contribution to energy,
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carbohydrates, total and polyunsaturated fat, fibre and
Na. The high contribution of this group to fat intake or
even to Na intake could seem unexpected; however, this
is because cooked food is taken into account (for instance
potatoes, pasta and rice), which contains added fats and
salt. Additionally, processed foods, such as bread, biscuits
and breakfast cereals, have a high salt content, since it is
used as a preservative. Sweets and pastry, a group of
high-energy-dense foods, presented an undesirably high
contribution to energy intake, carbohydrates and fats.
This contribution indicates the high consumption of
these foods, which is in fact evident in data on Portuguese
household food availability using the Data Food Net-
working (DAFNE) classification system®®, which showed
an increase in the household availability of bakery and
sugar products between 1990 and 2000,

The contribution of fish to the diet of the adolescents
in our sample was much lower than that of meat, since
we found that the contribution of seafood to protein
intake was less than half that of meat. Additionally, the
contribution of seafood to the intake of total and poly-
unsaturated fats was much lower than the contribution of
meat, which could be undesirable because of the known
benefits of fats from fish®* regarding specific fatty acids,
which were not analysed separately in this work. Since
Portugal presented the highest food availability of fish in
1990 and 1995 among European countries participating
in the DAFNE project®”, our data may indicate that in
other European countries the contribution of seafood to
different nutrients may be much lower.

This high consumption of meat in our sample explains
the high contribution of this food group to the intake of
MUFA, even in a country with a high consumption of
olive oil which is richer in this type of fat, but much less
consumed than meat.

The importance of the consumption of fruit and
vegetables is widely recognized. Since 1990 the WHO has
recommended a minimum consumption of approxi-
mately 5 portions of fruit or/and vegetables daily*®, with
a higher consumption of vegetables than fruit. However,
in adolescents, more fruit was consumed than vegetables,
since its contribution to fibre intake (22-1%) was similar
to or even higher than the contribution of vegetables
(13-2%, including the 5-2 % provided by vegetable soup).

When we made a comparison with the food sources of
Portuguese adults”” assessed using a similar methodology
of nutrient intake evaluation, our results were, in general,
similar. Only few differences were found: while in adults
seafood was the second highest source of protein, in ado-
lescents it was the fourth; adolescents presented a higher
contribution of sweets and pastry to total and saturated fat
intakes and a lower contribution of soup and seafood to
Na intake. All these differences were expected, based on
the general reported differences according to age, with a
lower consumption of seafood and soup and a higher

consumption of sweets and pastry in younger ages'**>".
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Analysis of food sources according to individuals’ char-
acteristics showed an important effect of socio-economic
class. Adolescents of high socio-economic class seemed to
present a healthier contribution of food groups to nutrient
intake. In general, adolescents whose parents were more
educated presented higher contributions from high-nutrient-
dense foods (fruit and vegetables) to carbohydrate and fibre
intakes and lower contributions of high-energy-dense foods
(sweets and pastry) to energy, carbohydrates and fats. Our
results are in accordance with previous data from a repre-
sentative sample of Portuguese adults, which showed that a
high educational level was related to a higher frequency of
milk, vegetable soup, vegetable, fruit and fish consump-
tion®?, and also with data from other countries*3? .

Overweight and obese adolescents presented a lower
contribution of sweets and pastry to energy and other
nutrients. This could be related to the previously described
effect that obese adolescents under-report their food
intake more than their normal-weight counterparts®®’. On
the other hand, as the present study was cross-sectional,
these results might also be due to reverse causation, in
which the temporal relationship between diet and weight
is distorted — possibly overweight adolescents decreased
food intake, and particularly some high-energy-dense
foods, in order to lose weight.

In our work we used an FFQ and this method has
some limitations in assessing dietary intake, such as using a
predetermined food list that might not be representative of
foods eaten by a specific population®”. Nevertheless, we
believe that this possible bias had a very low effect, because
this FFQ was validated for the adult population”'®
and furthermore some foods or food groups eaten more
frequently by the adolescent age group were included in the
questionnaire. Moreover, in an open section, adolescents
were also encouraged to list foods eaten at least once
weekly that were not in the FFQ. However, the non-
validation of the FFQ in adolescents may have led to some
bias in the assessment of dietary intake and consequently to
misclassification, and an overestimation was to be expected,
particularly for fruit and vegetables, which are perceived as
healthy and socially acceptable foods®>.

Another limitation of the FFQ is the reliance on partici-
pants’ recall and the requirement of motivated participants,
especially in self-administered questionnaires®”. Our FFQ
was self-administered, but adolescents were given oral
instructions on filling it in and written instructions were
also sent home along with the questionnaire. Moreover,
adolescents completed it with the help of their parents or
legal guardians, which may have improved the quality of
information. However, the extent to which parents might
have an influence on overestimating healthy foods
(according to what is socially acceptable) and on under-
estimating unhealthy foods is unknown.

Although the FFQ was filled in with the help of the
parents, portion size information was not collected
because Willett®® suggests that to record information on
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portion size does not substantially improve the assess-
ment of dietary intake, which may be even more relevant
in adolescents who may have difficulty in estimating the
portions and frequently ignore these questions when
questionnaires are self-administered>®.

Apart from the exclusions by total energy intake, we
also excluded those participants with an intake of fruit
or vegetables equal to or higher than 1-5 times the inter-
quartile range. This decision was taken because of the
expected overestimation in their consumption related with
this method®”. Moreover, fruit and vegetables intake is
assessed by a long list of different items, some of them
consumed only seasonally, making the evaluation of their
intake more difficult and more likely to be overestimated.
Additionally, as they are not energy-dense foods, over-
estimating them might not be reflected in a high total
energy intake so those participants would not be excluded
by the criterion of the total energy intake.

Adolescents included in the present analysis were
significantly more often female, with highly educated
parents and more from private schools, compared with
those excluded. This over-representation of adolescents
from high social classes may affect the external validity of
our results, because these participants over-represent
food sources of a healthier dietary pattern. Thus, we can
expect that the contribution from starchy foods to nutrient
intake could be lower than that found in our sample and
the contribution from sweets and pastry could be higher
than that estimated by us.

Despite these limitations, our study is one of the few
that has assessed the food sources of dietary intake in
adolescents and the first in Portugal. To our knowledge,
the articles that describe food sources in samples of
adolescents are mostly from the 1990s and some of them
describe food sources of only one nutrient®**® Their
results might be not comparable with our data, due
to changes in food and nutrient intakes in recent
decades™* and changes in food sources of energy
and nutrients””*®. In addition, our work is one of the
few =" that, in this age group, explores food sources by
social, demographic and behavioural characteristics of
the participants. Two of those studies*>> were pub-
lished in 1986 and the other one®® only presents food
sources according to participation in the National Food
Lunch Program, in the USA. Since few data are published
on this topic and because globalization appears to have
contributed to the reduction in the differences in food
intake between populations®?, the data described here
could be useful, not only for Portugal but also for health
planning in other countries.

Conclusions

One quarter of energy intake was provided by starchy
foods, and dairy foods plus meat accounted for another
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quarter. Starchy foods were also the major source of
carbohydrates and fibre.

The contribution of meat to protein intake was more
than double that of seafood, and meat was a major source
of all types of fat. Sweets and pastry contributed more
than 10% to the intakes of energy, carbohydrates, total
and saturated fat.

Parental education was the characteristic most related
with food sources and a higher education was associated
with a higher contribution from healthier food groups.
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