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Objective: The aim of this study was to identify dietary patterns in 13-y-old adolescents and to
evaluate their association with socioeconomic and behavioral factors.
Methods: Data from 1489 adolescents born in 1990 and enrolled in schools of Porto, Portugal, in
2003–2004 (EPITeen study) were analyzed, after excluding those without information on the food
frequency questionnaire and the outliers. The questionnaire items were grouped into 14 food
groups and dietary patterns were identified by cluster analysis (k-means). Their association with
participants’ characteristics was computed using multinomial logistic regression.
Results: Four dietary patterns were identified. The pattern healthier (16.1%) was characterized by
the highest consumption of seafood, soup, vegetables/legumes, fruit, and added fats. The dairy
products pattern (29.7%) showed the highest consumption of dairies. The pattern fast food and
sweets (14.2%) presented the highest intake of fast food, sweets and pastry, soft drinks and coffee or
tea. The lower intake pattern (40%) was characterized by a lower consumption of the majority of
food groups. A higher odds of belonging to the fast food and sweets pattern, compared with the
lower intake pattern was found among adolescents spending more time watching TV on the
weekends (>360 min: odds ratio [OR], 2.09; 95% confidence interval [CI], 1.23–3.57) and among
those consuming four to seven fried meals per week (OR, 3.96; 95% CI, 2.27–6.90). Adolescents
with highly educated parents were less likely to belong to the fast food and sweets group.
Conclusion: Unhealthier behaviors and lower socioeconomic position were the main factors asso-
ciated with the unhealthier dietary pattern (fast food and sweets). This information should be
considered in the development of health-promotion interventions.

� 2015 Elsevier Inc. All rights reserved.
Introduction limitations related to the inability of taking into account the
In nutritional epidemiology the relationship between health
and diet has traditionally been examined using the single-food
or nutrient approach. However, this approach presents several
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interactive or synergistic effects of nutrients and foods [1–3].
The study of dietary patterns has been proposed to overcome

these issues. This approach has been considered valuable
because dietary patterns account for combinations of foods and
nutrients and are characterized on the basis of the actual eating
behaviors of a specific population [1].

Additionally, the information on dietary patterns of a specific
population could be used to develop nutritional or dietary in-
terventions and to create guidelines based on dietary patterns
rather than using messages based on separate foods or nutrients
as the overall eating patterns might be easier for the public to
translate into diets [4].

Two main approaches can be used to study dietary patterns:
one denominated a priori and other a posteriori [5,6]. Both
methods present advantages and limitations, but the data-driven
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Table 1
The 14 food groups considered in the study*

Food groups Item

Dairy products Skim, semi-skim, and whole milk; yogurt; cheese
Seafood Fish (included canned), seafood, shellfish, molluscs
Red meat Beef, pork, lamb, viscera, fresh bacon
White meat Chicken, turkey, rabbit
Cereals Bread and breakfast cereals (refined and

whole-grain cereals)
Pasta/potatoes/rice Pasta, potatoes, rice
Soup Vegetable soups
Vegetables/legumes Yellow and green vegetables, salads, beans
Fruit Fresh and canned fruits
Added fats Vegetable oils, butter, margarine
Fast foods Pizza, burgers, sausages, chorizos, meat pies, chips
Sweets and pastries Biscuits, cookies, cakes, pastries, chocolate

preserves, dairy desserts, ice cream
Soft drinks Carbonated and noncarbonated soft drinks
Coffee/tea Coffee, green and black teas

* Items aggregated according to nutritional similarities.
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methods (a posteriori approaches) characterize total diet,
providing the description of the actual dietary consumption of
the population under study [5,6].

Dietary patterns have been mainly studied in adult pop-
ulations, and previous studies have reported that dietary pat-
terns found in adolescents differ from those in adults [7,8].
Additionally, although some of the patterns may be similar be-
tween adolescents and adults, the number of patterns found is
different between the two age groups [9]. A previous study
developed in our population found that some food groups
contribute differently to the nutrient intake of adolescents and
adults, particularly regarding seafood, sweets, and pastries [10].
This supports differences in diet according to age groups. Addi-
tionally, information about dietary intake in adolescents is of
crucial importance because changes in diet are expected to occur
in this age group. Adolescents are progressively autonomous and
their personal choices and preferences gain priority over eating
habits of the family [11,12]. For example, sharing fewer meals
with the family, such as family dinner, may contribute to these
changes [13]. Additionally, some dietary habits are acquired at
these ages, making adolescence a potential period for interven-
tion. Previous studies have shown that eating habits, including
unhealthy ones, developed during adolescence may track into
adulthood if no effective interventions have been outlined
[14–16].

Therefore, the aim of this study was to identify and charac-
terize dietary patterns in 13-y-old Portuguese adolescents, using
cluster analysis, and to evaluate their association with socio-
economic and behavioral factors.

Methods

Data collection

Eligible participants were adolescents born in 1990 and enrolled at public
and private schools in Porto, Portugal during the 2003–2004 school year, as part
of the EPITeen study [17]. The study was approved by the Ethics Committee of
Hospital S. Jo~ao and procedures were developed to guarantee data confidentiality
and protection. Parents and adolescents received written and oral information
explaining the purpose and the design of the study andwritten informed consent
was obtained from both.

The evaluation included two self-administered questionnaires (one
completed at home, another at school), comprising information on social, de-
mographic, and behavioral characteristics and individual and family history of
disease. A physical examination also was performed at school, by a team of
experienced nurses, nutritionists, and physicians.

As part of the home questionnaire, food intake was recorded using a food
frequency questionnaire (FFQ) regarding the previous 12 mo, completed by the
adolescents at home with the help of their parents or legal guardians. The pre-
viously designed FFQ [18] was adapted for the Portuguese population, as
described in detail previously [19]. The questionnaire was validated for the adult
population by comparison with 4 � 7-d food records (each one in a different
season of the year) [19,20]. The FFQ was then adapted for adolescents, including
foods more frequently eaten by this age group, and comprised 91 food or
beverage items and a frequency section with nine possible responses ranging
from never to�6 times a day. It also included an open-ended section for foods not
listed in the questionnaire, but eaten at least once a week.

Food intake data was obtained by multiplying the frequency of consumption
of each food item by the nutrient content of a 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 7.2, 1997, ESHA Research, Salem, OR, USA)
based on values from the U.S. Department of Agriculture. Values for typical
Portuguese foods were added, based on the Portuguese Tables of Food Compo-
sition, typical recipes, and data from other studies, as previously described [19,
20]. The nutrient content of the food items that are usually eaten cooked was
estimated considering cooking and processing.

We defined 14 food groups (dairy products, seafood, red meat, white meat,
pasta/potatoes/rice, cereals, soup, vegetables/legumes, fruit, added fats, fast
foods, sweets and pastry, soft drinks and coffee/tea), according to nutritional
similarities, as described in Table 1.
Household composition was evaluated asking with whom the adolescent
was living and then the variable living with both parents (yes/no) was created.
Parental educational level was measured as the number of successfully
completed years of formal schooling; we used the information obtained from the
parent with the higher education level. We also evaluated parental occupation
and classified it as white collar, blue collar, and others (students, housewives,
unemployed, and retired). The self-reported weight and height of the parents
were evaluated and parents were classified as overweight or obese using body
mass index (BMI) and according to theWorld Health Organization definition [21].
Schools were considered public if they were administered by the state, or private
when not administered by local or national government.

Regarding adolescents characteristics, we assessed the frequency of regular
practice of sports as the frequency of spending at least 20 min consecutively in
sporting activities, beyond compulsory school activities. Additionally, self-
perception of leisure-time activities also was evaluated according to four sub-
jective intensity categories (mainly sitting, mainly standing, active, or very
active). Adolescents were asked to report the time spent watching television,
separately for weekends and weekdays. We used time spent watching TV on the
weekends categorized in four categories: �120, 121 to 240, 241 to 360, and
>360 min.

Some questions about how foods were cooked were also asked. The fre-
quency of consumption of fried meals (such as chips, fried snacks, fried meat,
etc.) was assessed using the options: daily, 1 to 3 times, 4 to 6 times, or <1 time a
week.

Adolescents’ weight and height were measured following standardized
procedures [22]. Adolescents were classified according to the age- and sex-
specific BMI reference percentiles developed by the U.S. Centers for Disease
Control and Prevention [23], 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.
Participants

Among the 2787 eligible participants identified, 44 (1.6%) could not be
reached, 583 (20.9%) refused (no signed informed consent form was returned),
and 2160 agreed to participate and provided information at least for part of the
planned assessment, resulting in a 77.5% overall participation, similar in public
and private schools (respectively, 77.7% versus 77%; P ¼ 0.709) [17].

Of the 2160 participants, 247 did not return the home questionnaire, 298 did
not complete the FFQ or were excluded as no information was provided on more
than 10% of food items, and 93 participants were not considered 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. For this
specific analysis, an additional 33 adolescents (13 girls and 20 boys) were iden-
tified as outliers regarding the intake of at least 1 of the 14 food groups
considered for the cluster definition, and were removed from the study. The
classification of outliers was done empirically, analyzing each empirical food
group distribution; at the end, no outlier was below the 99.5th percentile of each
distribution. This analysis was thus based on the information of 1489 partici-
pants. Compared with the excluded adolescents, the sample included in this
analysis presented a higher proportion of girls and a higher proportion of ado-
lescents practicing sports. Additionally, included adolescents were more
frequently enrolled at private schools, were more likely to have parents with
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higher levels of education, and more likely to have mothers with white-collar
occupations.

Statistical analysis

Given that significant differences for food groups among boys and girls
(univariate analysis of variance) were only found for “cereals” and “coffee/tea,”
and that a multivariate analysis of variance did not flag a sex affect, dietary
patterns were identified with no stratification by sex.

Patterns were identified through the k-means algorithm enhanced by boot-
strapping and choice of different centers. For each random sampling (with rep-
etitions) of 100 individuals, the k-means algorithm with a number of clusters
ranging from 1 to 6 was applied to 10 different sets of centers, also obtained
randomly from the sample. The final model was the one presenting the lowest
sum of squares of the intracluster distances (to the centers).

Different choices of food group units (daily g, percentage of energy [%en-
ergy]) and their treatment (e.g., log-transformed, square-root transformed,
adjusted for total energy intake, standardized) were tested as input variables.
Among all methodologies, the model that was thought to best represent the
nutritional profile of this sample was the one that considered the standardized
energy contribution of each food group. These energy contributions were ob-
tained from the linear regression of total energy intake into the 14 food groups,
with systematic component given by.

Total Enery ¼ b0 þ b1FG1 þ.þ b14FG14

where FG1;.; FG14 denote the 14 food groups.
To compare thecharacteristicsbetween includedandnot includedparticipants,

and to compare participants and family characteristics according to dietary pat-
terns, we used the c2 test. Analysis of variance and Tukey’s multiple comparisons
were used to compare mean intake of food groups or nutrients across the dietary
clusters. A multinomial logistic regression model was also computed, considering
the lower intake dietary pattern as the reference class because it was the most
prevalent group. Odds ratios (OR), and respective 95% confidence intervals (95%CI),
were computed, controlling for regular practice of sports and parental education.

The software Statistical Package for the Social Sciences (IBM Corp. Released
2011. IBM SPSS Statistics forWindows, Version 20.0. Armonk, NY: IBM Corp.), and
the R language and software environment for statistical computation (version
2.12.1, R Foundation for Statistic Computing, Austria, 2010) were used. The sig-
nificance level was fixed at 0.05.

Results

Four dietary patterns were identified and are characterized in
Table 2. The pattern named healthier, which included 239 (16.1%)
participants, was characterized by a higher consumption of
Table 2
Mean (SD) consumption of each food group, and mean energy and nutrient intake, ac

Healthier (n ¼ 239; 16.1%) Dairy products (n ¼ 442;

Food groups (g/d) Mean (SD)
Dairy products 538.3 (270.4) 650.6 (338.3)
Seafood 93.9 (46.7) 67.5 (33.7)
Red meat 65.3 (34.2) 70.8 (32.7)
White meat 43.3 (29.3) 50.1 (27.8)
Eggs 15.6 (9.4) 14.4 (9.1)
Cereals 118.8 (58.3) 142.8 (60.0)
Pasta/potatoes/rice 193.6 (79.7) 188.1 (69.8)
Soup 376.0 (190.8) 260.4 (192.7)
Vegetables/legumes 338.4 (140.8) 108.9 (76.1)
Fruit 427.8 (229.2) 302.3 (165.8)
Added fats 21.4 (14.5) 11.9 (8.7)
Fast foods 62.6 (38.1) 73.1 (38.0)
Sweets and pastries 76.5 (45.7) 91.9 (52.6)
Soft drinks 247.5 (207.7) 283.0 (214.8)
Coffee/tea 18.5 (40.7) 12.2 (25.2)

Nutrients Mean (SD)
Energy (kcal/d) 2724.4 (487.5) 2621.3 (362.3)
Protein (%energy) 17.4 (2.4) 17.6 (2.3)
Carbohydrate (%energy) 52.0 (5.8) 52.8 (5.2)
Total fat (%energy) 32.7 (5.2) 31.1 (4.0)

Values of foods/nutrients that present a statistically significant higher intake than ea
Comparisons were performed using Tukey’s post hoc tests

* Values of foods/nutrients that present the lower intake
seafood [mean (SD) ¼ 93.9 (46.7) g/d], soup [376 (190.8) g/d],
vegetables/legumes [338.4 (140.8) g/d], fruit [427.8 (229.2) g/d],
and added fats [21.4 (14.5) g/d], in comparison with the other
patterns. The 442 adolescents (29.7%) included in the dairy
products group did not present any food group that stands for
high or low consumption, in comparisonwith the other patterns,
with the exception of a higher intake of dairy products [650.6
(338.3) g/d]. There were 212 adolescents (14.2%) included in the
fast food and sweets pattern; this group was distinguished by the
higher intake of fast foods [164.2 (95.6) g/d], sweets and pastries
[194.0 (88.8) g/d], soft drinks [671.8 (448.2) g/d], and coffee/tea
[40.1 (62.6) g/d]. Finally, the lower intake group included 596
participants (40%) characterized by lower consumption of the
majority of food groups (dairy products, seafood, red and white
meat, cereals, pasta/potatoes/rice, soup, fruit, and added fats)
(Table 2). Regarding energy intake (Table 2), adolescents from
the fast food and sweets group presented higher total energy
intake [3343.2 (482.1) kcal/d] and those from the lower intake
group had lower energy intake [1811.9 (378.3) kcal/d]. Consid-
ering the intake of macronutrients as the proportion of their
contribution to the total energy intake (Table 2), the pattern fast
food and sweetswas distinguished by a significantly lower intake
of protein [15.2 (2.4) %energy], and the dairy products pattern by
a significantly lower intake of total fat [31.1 (4.0) %energy].

The characterization of adolescents according to the four di-
etary patterns is presented in Table 3. No differences between
dietary patterns were found either by sex (P ¼ 0.077) or by self-
classification of leisure-time activities (P ¼ 0.100). A higher
proportion of adolescents referring to a higher frequency of
regular practice of sports and a lower proportion of those
spending more time watching TV belonged to the healthier
group. Consumption of fried meals was more frequent among
adolescents from the fast food and sweets group and less frequent
among those from the healthier pattern. With regard to BMI, a
higher proportion of obese adolescents (BMI �95th percentile)
were included in the pattern lower intake in comparisonwith the
other patterns. Regarding social and family characteristics,
compared with the other patterns, the healthier and the dairy
products groups presented a higher proportion of adolescents
cording to dietary pattern

29.7%) Fast food and sweets (n ¼ 212; 14.2%) Lower intake (n ¼ 596; 40%)

532.5 (310.6) 404.5 (250.7)*
78.3 (48.4) 49.4 (28.7)*
73.0 (36.4) 46.6 (28.9)*
50.2 (29.7) 34.8 (22.5)*
15.4 (10.2) 11.2 (8.6)*

135.8 (68.9) 70.2 (43.3)*
168.2 (76.9) 120.8 (47.6)*
185.0 (163.6) 137.0 (140.0)*
160.2 (116.1) 104.7 (84.5)*
373.6 (232.6) 208.3 (135.2)*
14.9 (11.5) 8.4 (7.0)*

164.2 (95.6) 68.3 (37.7)*
194.0 (88.8) 74.8 (53.0)*
671.8 (448.2) 262.4 (232.2)*
40.1 (62.6) 16.8 (37.1)*

3443.2 (482.1) 1811.9 (378.3)*
15.2 (2.4) 17.5 (3.0)*
53.9 (6.1) 51.9 (6.2)*
32.8 (4.8) 32.2 (4.5)*

ch of the remaining clusters are printed in bold



Table 3
Distribution of dietary patterns identified according to adolescent/family characteristics

Healthier Dairy products Fast food and sweets Lower intake P-value

n (%)

Sex
Girls 128 (53.6) 217 (49.1) 124 (58.5) 333 (55.9) 0.077
Boys 111 (46.4) 225 (50.9) 88 (41.5) 263 (44.1)

Regular practice of sports
Never 32 (14.4) 65 (15.3) 42 (22.1) 126 (22.3)
�1 time/wk 41 (18.5) 92 (21.7) 41 (21.6) 143 (25.4)
2–3 times/wk 74 (33.3) 154 (36.3) 60 (31.6) 165 (29.3)
>3 times/wk 75 (33.8) 113 (26.7) 47 (24.7) 130 (23.0) 0.003

Leisure-time activities
Mainly sitting 58 (26.4) 129 (30.1) 48 (24.1) 177 (31.2) 0.100
Mainly standing 47 (21.4) 86 (20.1) 49 (24.6) 144 (25.4)
Active/very active 115 (52.3) 213 (49.8) 102 (51.3) 247 (43.5)

TV watching on weekend (min)
�120 59 (25.3) 82 (19.2) 26 (13.2) 130 (22.5)
121–240 91 (39.1) 168 (39.3) 59 (29.9) 177 (30.7)
241–360 45 (19.3) 99 (23.2) 54 (27.4) 144 (25.0)
>360 38 (16.3) 78 (18.3) 58 (29.4) 126 (21.8) <0.001

Frequency of fried meal consumption
<1 time/wk 87 (36.9) 109 (25.0) 29 (13.9) 167 (28.6)
1–3 times/wk 125 (53.0) 270 (61.9) 135 (64.9) 352 (60.4)
4–7 times/wk 24 (10.2) 57 (13.1) 44 (21.2) 64 (11.0) <0.001

BMI*
<85th 179 (77.8) 327 (75.9) 160 (81.2) 390 (68.7) 0.002
�85th & <95th 31 (13.5) 72 (16.7) 24 (12.2) 102 (18.0)
�95th 20 (8.7) 32 (7.4) 13 (6.6) 76 (13.4)

School
Public 160 (66.9) 315 (71.3) 172 (81.1) 439 (73.7) 0.006
Private 79 (33.1) 127 (28.7) 40 (18.9) 157 (26.3)

Living with both parents
No 41 (18.5) 89 (20.8) 44 (22.6) 127 (22.2)
Yes 181 (81.5) 339 (79.2) 151 (77.4) 444 (77.8) 0.656

Parental education (y)
0–6 23 (9.7) 74 (16.9) 69 (33.2) 161 (27.2) <0.001
7–9 34 (14.3) 79 (18.0) 57 (27.4) 131 (22.2)
10–12 75 (31.6) 116 (26.4) 51 (24.5) 173 (29.3)
>12 105 (44.3) 170 (38.7) 31 (14.9) 126 (21.3)

Mother’s occupation
Blue collar 22 (9.8) 77 (17.9) 60 (29.9) 136 (24.1)
White collar 165 (73.7) 281 (65.5) 87 (43.3) 320 (56.6)
Othery 37 (16.5) 71 (16.6) 54 (26.9) 109 (19.3) <0.001

Mother’s BMI (kg/m2)
<25 160 (70.5) 281 (66.3) 116 (59.5) 306 (54.4)
25–29.9 47 (20.7) 110 (25.9) 57 (29.2) 174 (30.9)
�30 20 (8.8) 33 (7.8) 22 (11.3) 83 (14.7) <0.001

BMI, body mass index
* According to U.S. Centers for Disease Control and Prevention [23].
y Others include students, housewives, unemployed, and retired individuals.
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enrolled at private schools, which had parents with higher ed-
ucation level and mainly from white-collar occupations. The
proportion of adolescents with mothers reporting a BMI �30 kg/
m2 was higher among those in the fast food and sweets and in the
lower intake groups.

A multinomial logistic regression model was computed to
estimate the association between adolescents’ and parents’
characteristics and dietary patterns, adjusted for regular practice
of sports and parental education (Table 4). After adjustment and
using the lower intake dietary pattern as reference, adolescents
with higher frequency of sports practice presented higher odds
of being in the healthier pattern (OR, 1.85; 95% CI, 1.13–3.03) or in
the dairy products pattern (OR, 1.49; 95% CI, 1.00–2.22), whereas
those spending more time watching TV on the weekend were
about twice as likely to belong to the fast food and sweets group.
Adolescents reporting a higher frequency of consuming fried
meals were 3.96 times (95% CI, 2.27–6.90)more likely to be in the
fast food and sweets group. Adolescents’ BMI was inversely
associated with inclusion in the dairy products and fast food and
sweets groups. Higher parental education increased the odds of
being included in the healthier or the dairy products groups,
whereas it decreased the odds of being included in the fast food
and sweets group. Adolescents whose mothers were overweight
were less likely to belong to the healthier group (OR, 0.66; 95% CI,
0.45–0.97), and those with obese mothers were less likely to
belong to the dairy products group (OR, 0.54; 95% CI, 0.34–0.84).

Discussion

In this population-based sample of 13-y-old boys and girls,
we identified four dietary patterns: healthier, dairy products, fast
food and sweets, and lower intake. The comparison of patterns
defined a posteriori in a population with those defined in other
studies is difficult due to differences in the methodology used to
evaluate food intake and to define dietary patterns. To our
knowledge, only few studies [7,24,25] have used cluster analysis
to define dietary patterns in this age group. Additionally, eight
other studies [9,26–32] explored this a posteriori approach



Table 4
Multinomial logistic regression model for association between adolescent/family characteristics and dietary patterns

Healthier Dairy products Fast foods and sweets

OR (95% CI)y OR (95% CI)z OR (95% CI)y OR (95% CI)z OR (95% CI)y OR (95% CI)z

Sex
Girls 1 1 1 1 1 1
Boys 1.10 (0.81–1.48) 0.85 (0.61–1.18) 1.31 (1.03–1.68) 1.19 (0.91–1.55) 0.90 (0.65–1.23) 0.83 (0.59–1.17)

Regular practice of sports
Never 1 1 1 1 1 1
�1 times/wk 1.13 (0.67–1.90) 1.04 (0.62–1.78) 1.25 (0.84–1.86) 1.20 (0.80–1.79) 0.86 (0.53–1.41) 0.89 (0.54–1.46)
2–3 times/wk 1.77 (1.10–2.84) 1.42 (0.87–2.30) 1.81 (1.25–2.62) 1.57 (1.08–2.29) 1.09 (0.69–1.72) 1.20 (0.75–1.90)
>3 times/wk 2.27 (1.40–3.68) 1.85 (1.13–3.03) 1.68 (1.14–2.49) 1.49 (1.00–2.22) 1.08 (0.67–1.76) 1.19 (0.73–1.94)

TV watching on weekends (min)
�120 1 1 1 1 1 1
121–240 1.13 (0.76–1.69) 1.29 (0.86–1.95) 1.50 (1.06–2.13) 1.67 (1.17–2.38) 1.67 (1.00–2.79) 1.67 (0.99–2.80)
241–360 0.69 (0.44–1.08) 0.94 (0.58–1.51) 1.09 (0.75–1.59) 1.37 (0.93–2.02) 1.88 (1.11–3.17) 1.82 (1.07–3.10)
>360 0.66 (0.41–1.07) 0.96 (0.59–1.58) 0.98 (0.66–1.46) 1.27 (0.84–1.92) 2.30 (1.36–3.88) 2.09 (1.23–3.57)

Frequency of fried food consumption
<1 times/wk 1 1 1 1 1 1
1–3 times/wk 0.68 (0.49–0.95) 0.75 (0.53–1.05) 1.18 (0.88–1.57) 1.26 (0.94–1.69) 2.21 (1.42–3.43) 2.21 (1.42–3.44)
4–7 times/wk 0.72 (0.42–1.23) 0.75 (0.43–1.30) 1.36 (0.89–2.10) 1.42 (0.91–2.20) 3.96 (2.28–6.86) 3.96 (2.27–6.90)

BMI (kg/m2)*

<85th 1 1 1 1 1 1
�85th & <95th 0.66 (0.43–1.03) 0.64 (0.41–1.01) 0.84 (0.60–1.18) 0.82 (0.58–1.16) 0.57 (0.35–0.93) 0.57 (0.35–0.92)
�95th 0.57 (0.34–0.97) 0.65 (0.38–1.11) 0.50 (0.32–0.78) 0.54 (0.35–0.85) 0.42 (0.22–0.77) 0.41 (0.22–0.77)

Parental education (y)
0–6 1 1 1 1 1 1
7–9 1.82 (1.02–3.24) 1.85 (1.04–3.30) 1.31 (0.89–1.94) 1.30 (0.88–1.93) 1.02 (0.67–1.54) 1.02 (0.67–1.56)
10–12 3.04 (1.82–5.07) 2.95 (1.76–4.94) 1.46 (1.02–2.10) 1.41 (0.98–2.03) 0.69 (0.45–1.05) 0.68 (0.45–1.05)
>12 5.83 (3.51–9.69) 5.50 (3.29–9.18) 2.94 (2.05–4.20) 2.74 (1.91–3.94) 0.57 (0.35–0.93) 0.56 (0.35–0.92)

Mother’s BMI (kg/m2)
<25.0 1 1 1 1 1 1
25.0–29.9 0.52 (0.36–0.75) 0.66 (0.45–0.97) 0.69 (0.52–0.92) 0.80 (0.60–1.08) 0.86 (0.60–1.25) 0.78 (0.54–1.14)
�30.0 0.46 (0.27–0.78) 0.67 (0.39–1.15) 0.43 (0.28–0.67) 0.54 (0.34–0.84) 0.70 (0.42–1.17) 0.61 (0.36–1.04)

BMI, body mass index
The reference class from the dependent variable is the dietary pattern lower intake; statistically significant results are printed in bold

* According to U.S. Centers for Disease Control and Prevention [23].
y Crude.
z Adjusted for regular practice of sports and parental education.
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among adolescents, however, they used factor analysis. We
decided to compare our results with those from all the studies
found in adolescents, as a previous study [7] compared cluster
and principal component analyses and concluded that results
from both methods are comparable. As in our study, studies from
other countries [7,9,25,26,28–31] have found a healthy pattern or
a pattern closer to the healthy diet in adolescents. Most of the
studies [7,9,25–29] reported a pattern similar to our fast food and
sweets pattern, characterized by higher intake of high
energy-dense foods and often labeled as the unhealthy or West-
ern pattern. However, only in our population was a pattern
characterized by higher intake of dairy products found. Other
studies [7,24,26,28] reported some patterns characterized by a
high intake of dairy products among other food groups, but not
exclusively characterized by a high intake of these products. In
our sample, this pattern was closer to the healthier pattern,
namely regarding total energy intake, than to the lower intake
and fast food and sweets patterns. Regarding the lower intake
pattern found in our study, it was the most prevalent in our
sample and it represents adolescents with a generalized lower
food intake; adolescents presented the lowest intake of almost
all food groups, compared with adolescents from other dietary
patterns, and the lowest total energy intake, a median of
1812 kcal/d. This does not mean they have an unhealthy diet;
they probably represent the general diet of our sample, which
does not stand out by the consumption of any particular food
group, either healthy or unhealthy. On the other hand, however,
a higher proportion of overweight/obese adolescents were found
in this pattern. This result and the lower proportion of
overweight/obese adolescents found in the fast food and sweets
pattern might be explained by a potential to underreport food
consumption, which has been described for obese individuals
compared with their normal-weight counterparts [33].

The distribution of dietary patterns in our sample differs ac-
cording to adolescent and family characteristics. Adolescents
reporting higher frequency of fried meals consumption and
having parents with lower education levels were more likely to
belong to the fast food and sweets group comparedwith the lower
intake group. Additionally, and in accordance with previous re-
sults [34], more time spent watching TV on the weekend was
found among adolescents from the fast food and sweets group. In
Australian adolescents, the Western dietary pattern also was
associated with more TV viewing [9]. Additionally, studies con-
ducted in German [29], Greek [28], and Balearic Islands’ ado-
lescents [26] reported more time spent watching TV or higher
screen time among adolescents in unhealthier patterns, such as
those labeled Western or junk food. The HELENA (Healthy Life-
style in Europe by Nutrition in Adolescence) study, presenting
data from European adolescents, also found that more TV
viewing was associated with higher adherence to the snacking
pattern in boys and to the confectionary and snacking pattern in
girls [31]. On the other hand, in Greek adolescents the vege-
tarian/healthy pattern was positively correlated with sports ac-
tivity outside school [28], which is in accordance with our
results. Regarding the indicators of socioeconomic position, in
Australian adolescents the healthy pattern was associated with
higher maternal education [9] and in other populations
unhealthier patterns were associated with lower socioeconomic
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status (SES) [26,29], as in our study higher parental education
level decreased the odds of being in the fast food and sweets
group. Previous studies conducted in our sample of adolescents
also reported unhealthier food sources of nutrients intake among
adolescents from lower SES families [10], and that unhealthier
lifestyles tend to aggregate [35].

In our study, dietary intake was evaluated using an FFQ.
Although this method of food assessment has some limitations,
it has been described as a useful technique for the evaluation of
diet in population-based studies, allowing discrimination ac-
cording to usual energy and nutrient intakes [36]. Our FFQ was
developed by our department, based on the FFQ designed by
Willett et al [18], and adapted for the adult Portuguese popula-
tion, as previously described [10]. It was validated for the adult
population [19,20], and previous evidence has suggested that for
the same population, an FFQ developed for adults could be used
in adolescents [37].

We used the k-means algorithm for the identification of di-
etary clusters. Considering different choices of food group units
and their treatment, the model that was thought to be more
adequate was the one having the set of standardized energy
contribution of each food group as input variables. Because the k-
means algorithm is sensitive to outliers and it might affect the
formation of the clusters, the use of a standardized variable (%
energy) is preferable [38]. Other studies have used principal
component analysis. In our case, however, the first obtained
components from principal component analysis explained a
small percentage of the total variance (<50%, regardless of the
choice of the food group units), which was consider too low to
provide robustness to the analysis.

In the multinomial logistic regression model, we decided not
to include all the variables used in univariate analysis because
some are highly correlated. For example, type of school, mother’s
occupation, and parental education are all indicators of SES and
retrieved similar results when we studied its distribution ac-
cording to dietary patterns. Thus, we decided only to include
parental education in the regression model. Regarding sports
activity, the variable of the frequency of regular practice of
sports, which was more informative than the yes or no question
about sports, was included in the final model. Regarding ad-
justments, after testing the potential confounders, regular
practice of sports and parental educationwere the only variables
that showed a relevant effect for the final model.

One limitation of this study is the exclusion of some partic-
ipants with missing information on diet. These exclusions led to
an underrepresentation of adolescents with lower SES. How-
ever, it was possible to show the effect of SES in the definition of
dietary patterns, which supports that these exclusions did not
greatly affect the results of our study. On the other hand, our
study was conducted on a large sample of population-based
adolescents, with compulsory school education and a high
proportion of participation, supporting the external validity of
our results.

Conclusions

About half of adolescents were classified in the healthier or
dairy products groups, which are characterized by a food intake
closer to a healthy diet. The pattern characterized by higher
consumption of fast food, sweets, and soft drinks is associated
with longer time spent in sedentary activities and with lower
SES. Therefore, interventions promoting healthier dietary habits
should take into account the information here described.
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