
Abstract  Longitudinal study, whose objective 
was to present a better strategy and statistical 
methods, and demonstrate its use with the data 
across the 2013-2015 period in schoolchildren 
aged 7 to 11 years, covered with the same food 
questionnaire (WebCAAFE) survey in Flori-
anopolis, southern Brazil. Six meals/snacks and 
32 foods/beverages yielded 192 possible combi-
nations denominated meal/snack-Specific Food/
beverage item (MSFIs). LASSO algorithm (LAS-
SO-logistic regression) was used to determine the 
MSFIs predictive of overweight/obesity, and then 
binary (logistic) regression was used to further 
analyze a subset of these variables. Late break-
fast, lunch and dinner were all associated with in-
creased overweight/obesity risk, as was an antic-
ipated lunch. Time-of-day or meal-tagged food/
beverage intake result in large number of vari-
ables whose predictive patterns regarding weight 
status can be analyzed by machine learning such 
as LASSO, which in turn may identify the pat-
terns not amenable to other popular statistical 
methods such as binary logistic regression.
Key words Diet surveys, Machine learning, 
Overweight, Obesity, Childhood

Resumo  Estudo longitudinal cujo objetivo foi 
apresentar melhores estratégia e métodos estatís-
ticos e demonstrar sua utilização com os dados do 
período 2013-2015 em escolares de 7 a 11 anos, 
contemplados com o mesmo questionário alimen-
tar (WebCAAFE) em Florianópolis, Sul do Bra-
sil. Seis refeições/lanches e 32 alimentos/bebidas 
resultaram em 192 combinações possíveis deno-
minadas item refeição/lanche-alimentos/bebidas 
específicos (MSFIs). O algoritmo LASSO (LAS-
SO-regressão logística) foi usado para determinar 
os MSFIs preditivos de sobrepeso/obesidade e, em 
seguida, a regressão binária (logística) foi usada 
para analisar um subconjunto dessas variáveis. 
Café da manhã, almoço e jantar tardios foram to-
dos associados ao aumento do risco de sobrepeso/
obesidade, assim como um almoço antecipado. O 
consumo de alimentos/bebidas marcados na hora 
do dia ou na refeição resulta em um grande nú-
mero de variáveis ​​cujos padrões preditivos em re-
lação ao status do peso podem ser analisados ​​por 
LASSO. Essa análise pode identificar os padrões 
não passíveis de outros métodos estatísticos popu-
lares, como a regressão logística binária.
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Introduction 

Most food questionnaires applied at early school 
age are limited to asking about the frequency of 
consuming foods and beverages of interest, and 
avoid the questions on their quantity to reduce 
the cognitive burden of respondents. The studies 
based on food frequency questionnaires (FFQ) 
provided only sparse evidence of the association 
between meal/snack frequency and overweight 
or obesity1. On the other hand, a nationally rep-
resentative UK study found that boys ate larger 
portions in the later part of the day2.

Furthermore, two recent reviews of dietary 
patterns derived by dimension reduction tech-
niques for school-age children3,4 found that only 
a few were predictive of overweight, especially 
when adjusted for well-established factors that 
contribute to this outcome, such as child age, sex, 
family income, and educational level. Although 
the reviews found high consistency in identify-
ing specific food/beverage items associated with 
overweight/obesity, no evidence of relevant asso-
ciations could not be verified through meta-anal-
ysis because of the heterogeneity of the studies.

There are few longitudinal studies with chil-
dren of primary school age. Various studies 
showed that eating behavior at a later age is in-
fluenced by the food intake patterns acquired in 
the early school years, so that about half of obese 
children become obese adults5-7. Furthermore, 
dietary patterns of macronutrients are consid-
ered a better representation of complex interac-
tions between nutrients8, thus highlighting the 
need for longitudinal studies of schoolchildren’s 
dietary patterns.

Virtually all publications on food patterns’ 
association with overweight first derive the pat-
terns by a dimension-reduction method, such as 
principal components, and factor/cluster/latent 
class analysis, then relate these patterns to the 
outcome through logistic or multinomial regres-
sion3,4. The latter is applied when overweight in-
cludes two categories (with and without obesity), 
so that the weight status has three levels, and nor-
mal weight is a natural reference category. 

However, this strategy is not optimal if the 
predictive value of eating patterns is the prima-
ry goal of the analysis. The present study aims to 
present a better strategy and statistical methods 
to respond to this question and demonstrate its 
use with the data from a longitudinal study of 
7-11-year old children in southern Brazil. 

Material and methods

The data were collected in a longitudinal popu-
lation study of 7-11-year-old children, recruited 
in 2013, and followed up in 2014 and 2015 with 
the same WebCAAFE (acronym for “web-based 
food intake and physical activity evaluation” in 
Portuguese) questionnaire9. Only public schools 
were targeted and about 95% of these fully partic-
ipated in the data collection. Three schools with-
out a computer room were excluded. Primary 
sampling units were 2nd to 5th-grade classrooms, 
all of whom participated in the surveys. Mental-
ly handicapped and visually impaired children 
did not take part in this research. Both child and 
parental consent were obtained for 81.6% of the 
children. 

Among the children with informed consent 
and complete information on age, sex, weight, 
height, and food consumption, 9.1% were ex-
cluded because of implausible dietary data, such 
as reporting less than four food items per day or 
out of the mean ± 3 standard deviation interval. 

The studies were conducted according to the 
guidelines set out in the Code of Ethics of the 
World Medical Association (Declaration of Hel-
sinki) and all procedures involving human sub-
jects were approved by the Human Studies Com-
mittee of the Federal University of Santa Catarina 
(protocols 037/02, 028/06). Written informed 
consent was obtained from the parents and oral 
assent was obtained from the children.

WebCAAFE questionnaire included 32 food 
and beverage items (bread/biscuits, chocolate 
milk, coffee with milk, milk, yogurt, cheese, rice, 
beans, pasta, beef/poultry, fish/seafood, leafy 
vegetables, cooked vegetables, vegetable soup, 
fruits, fruit juices, French fries, pizza/hamburg-
er, sweets, salty snacks, and soft drinks) for six 
meals/snacks: breakfast, morning snack, lunch, 
afternoon lunch, dinner, night snack. The multi-
plication of all meals/snacks and foods/beverages 
combinations yield 192 (6 x 32) items, abbreviat-
ed as MSFIs (Meal/snack-Specific Food/beverage 
Item).

Schoolteachers instructed the children to click 
on the WebCAAFE icon on the computer screen 
and start answering the questions; they also made 
themselves available to clarify possible doubts. An 
animated robot-like Avatar guided the children 
while answering the questionnaire. Before closing 
the block on food consumption, the children were 
presented with a tray of the foods/beverages they 
selected for each meal and asked to check and re-
vise their answers if necessary.  
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Being overweight or obese was the primary 
outcome of interest. It was defined as a body mass 
index (BMI) z-score of 2.00 or higher, adjusted 
for child sex and age10, following the definition of 
the World Health Organization. Anthropometric 
weight and height measurements were obtained 
by trained physical education teachers following 
standard procedures11 from the children who were 
present at the school on the day of data collection. 

Statistical analysis used three steps to evaluate 
the additional predictive value of food/beverage 
items and their patterns concerning overweight/
obesity as a binary dependent variable, in addi-
tion to already established factors predictive of 
this outcome available from the WebCAAFE: 
child age, sex, school shift, and the survey year. 
In the first step, the lasso (least absolute selection 
and shrinkage operator) based on accuracy im-
provement in five-fold cross-validation, was used 
to select the variables associated with the out-
come over and above the control variables (child 
age, sex, school shift, and survey year). In the 
second step, the lasso-selected and control vari-
ables were independent variables for overweight/
obesity in multiple logistic regression, and the 
time-of-day food patterns were extracted from 
the results, such as drinking milk for breakfast 
and after dinner, eating sweets only for dinner, 
and similar. In the third step, post hoc contrasts 
were calculated to compare the children with a 
particular food pattern to all other children. 

Family income was available only through 
the mean census sector income depending on 
the school location and was transformed into 
quintiles of the income distributions. The choice 
of the control variables was based on the publi-
cations in the area of schoolchild nutrition, in 
particular with earlier research of the same pop-
ulation12. In total, 192 exposure variables (MSFI) 
and five control variables (child age, sex, school 
shift, survey year, and family income) were con-
sidered for statistical analysis.

Descriptive statistics presented key demo-
graphic characteristics and the most frequent 
MSFIs choices. The commando “xpologit” with 
the accuracy improvement based on five-fold 
cross-validation was used within Stata software, 
version 16.1 (StataCorp. Stata: Release 16. Sta-
tistical Software. College Station, TX: StataCorp 
LLC, 2019). The area under the ROC curve (AU-
ROC) for logistic model accuracy was calculated 
using a five-fold cross-validation implemented in 
the cvauroc Stata program.

WebCAAFE has been amply validated and 
showed good external validity13,14, reproducibil-

ity15,16, and usability9. Its accuracy was shown to 
be close to that of other similar instruments13. 

The appeal of machine learning methods, 
such as lasso, to select independent variables pre-
dictive of overweight among 192 MSFI variables, 
lies in their better statistical properties over more 
traditional methods such as stepwise, especial-
ly when there is a large number of independent 
variables, possibly highly correlated. Stepwise is 
known as a “greedy” algorithm with a tendency 
to select too many independent variables, thus 
overfitting the regression model, whereas lasso 
is less prone to this difficulty17. While the step-
wise method produces an inconsistent estimator 
whose asymptotic distribution is not normal in 
this situation and does not converge to the true 
value18, the lasso selection is consistent19,20 and 
has better finite-sample properties, especially 
when combined with cross-validation21. The lat-
ter was employed in the present study by parti-
tioning the data into five non-overlapping sub-
sets and averaging over these to calculate the 
model estimates. 

Results

Approximately 3.18% of the WebCAAFE reports 
over the 2013-2015 period were excluded from 
analysis due to implausibly low (< 4) total fre-
quency of foods and beverages reported for 24 
h, resulting in the analytical sample size of 6585 
(Table 1). There were fewer children at the ex-
tremes of the age distribution. Also, only a small 
fraction of the children went to all-day school, 
and only 1.42% were underweight. Overweight 
(including obesity) was found in about 35% of 
the participants.

About 87% of the children consumed break-
fast regularly. A typical breakfast (Table 2) con-
sisted of bread/biscuits (45%) and milk with cof-
fee (24%) or chocolate (21%). Less frequently, it 
also included cream biscuits (11%), milk (10%), 
and yogurt (8%).

Morning snack was consumed by 63% of the 
children and typically included bread/biscuits 
(15%), fruits (12%), yogurt (10%), cream biscuits 
(9%), and fruit juice (6%) (Table 2). Almost 96% 
of the children reported having lunch, consisting 
mainly of rice (57%), cooked beans (44%), chick-
en/meat (44%), and accompanied by soda drinks 
(16%) or fruit juice (14%). Afternoon snack was 
regularly consumed by 81% of the children and 
predominantly included bread/biscuits (28%), 
cream biscuits (13%), fruits (12%), yogurt (12%), 
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chocolate drinks (10%), and coffee with milk 
(10%) (Table 2). 

Dinner was regularly consumed by 90% of 
the children. Its composition resembled that of 
the lunch, with rice (34%), beans (25%), chicken/
meat (26%), sodas (14%), and fruit juice (13%) 
being the most frequently consumed items (Table 
2). Eating the night snack was reported by 63% of 
the children, with a menu more varied compared 
to the other meals, thus making it more difficult 
to establish a clear food preference. Fruits (9%), 
sweets (8%), cream biscuits (8%), sodas (7%), 
fruit juice (7%), and bread/biscuits (7%) were the 
most frequent choices (Table 2). 

Lasso-based odds ratios (OR) for multiple 
binary logistic regression produced 192 P-values 
but only those ≤ 0.05 are presented in Table 3. 

Eating a traditional Brazilian breakfast in-
cluding bread/biscuits and milk, possibly with 
chocolate, was associated with a significant re-
duction in the risk of being overweight/obese. 
Reporting consumption of fried food or cream 
biscuits for the morning snack was also associ-
ated with lowering this risk, whereas eating meat 
or chicken at lunch increased the risk, as did nug-
gets consumed for the afternoon snack. The chil-
dren eating sweets or cream biscuits during the 
latter snack had lower odds of being overweight/
obese. Canned foods, eggs, seafood, chips, or 
similar products consumed for dinner increased 
the chance of being overweight/obese, whereas 
eating cooked beans had the opposite effect. The 

Table 2. Percentage of top five foods, highlighted in bold letters, consumed for each meal/snack.
Food  Breakfast Morning snack Lunch Afternoon snack Dinner Night snack

Rice  2.85 2.29 57.30 1.92 33.94 2.65
Green leaves 0.81 0.94 12.06 0.61 6.55 0.89
Beans  2.84 2.14 43.71 1.42 25.08 2.20
Pasta  1.70 2.21 13.27 1.95 11.49 2.32
Chicken/meat 1.87 2.00 44.26 2.28 26.08 2.56
Fruits  7.74 12.01 2.39 12.27 2.87 8.72
Bread/biscuit  45.23 15.10 1.82 27.84 8.13 6.63
Cream biscuit 11.51 9.09 0.89 13.19 1.93 7.91
Coffee & milk 23.63 4.60 0.55 9.76 2.84 2.59
Milk  9.67 2.79 0.47 3.88 1.56 4.35
Yogurt 8.48 10.01 0.48 11.68 1.34 5.40
Chocolate  21.15 5.36 0.70 9.87 2.37 6.71
Fruit juice 6.41 6.24 13.96 8.69 12.66 6.85
Sodas  2.92 3.20 15.70 6.22 14.25 7.36
Sweets  1.54 2.32 1.61 6.07 2.57 8.41
Cake without cream 6.88 4.43 0.89 9.15 2.57 4.18

Source: Authors.

Table 1. Socio-demographic characteristics and weight 
status of 7-11-year-old schoolchildren from public 
schools in Florianopolis, Brazil.

Characteristic Description 2013-2015
Sample size obtained 6,801
Analytical sample size 6,585
Excluded from analysis (%)a 3.18
Sex girls 49.25

boys 50.75 
Age
(years)

7 (6.50-7.49) 11.29
8 (7.50-8.49) 22.71
9 (8.50-9.49) 25.50
10 (9.50-10.49) 26.12
11 (10.50-11.49) 14.38

School shift morning 46.44
afternoon 51.45
all day 2.11

Family income 
quintiles

1st 21.46
2nd 19.73
3rd 22.15
4th 16.73
5th 19.93

Weight status Underweight 1.42
Normal weight 63.58
Overweight not 
obese

20.88

Obese 14.11
a due to implausibly low (< 4) total frequency of foods and 
beverages reported for 24h.

Source: Authors.
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vegetables consumed at the night snack were as-
sociated with the increase in the odds of being 
overweight/obese while eating cream biscuits for 
this snack pointed to a decrease in these odds.

The lasso-selected variables predictive of 
overweight/obesity were further analyzed in 
multiple binary logistic regression to look for 
time-of-day patterns in consuming specific foods 
or beverages associated with the outcome (Table 
4). 

Eating cereals and drinking milk at lunch-
time may be indicative of late breakfast as these 
items are typically consumed in the first-morning 
meal. A small group of 38 (17 + 21) children with 
these MSFIs had their risk of being overweight 
increased by 24.7% and 17%, respectively, com-
pared to those with different MSFIs (Table 4). 

Eating green leaves (salad) only after dinner 
may be due to dieting, and was associated with an 
additional overweight risk of 15.2% compared to 
those who did not share this eating pattern. The 
same magnitude of effect was found for eating 
nuggets for lunch. 

Drinking milk exclusively for dinner may 
be indicative of dieting, and increased the risk 
of being overweight by 13.8% in comparison 
to all other children (Table 4). A slightly lesser 
magnitude of the risk effect was found for eating 
cooked beans at morning snacks, suggesting an 
anticipated lunch, and for consuming vegetable 
soup at major meals, possibly indicative of diet-
ing. 

Table 3. Lasso-based odds ratios for overweight/obesity 
with P-value < 0.05 among 192 binary independent 
food/beverage variables, controlled for age, sex, school 
shift, family income, and survey year.

Meal/
snack

Food/
beverage

OR, 95%CI limits
P

OR lower upper
Breakfast Chocolate 

milk
0.81 0.71 0.94 0.005

Milk 0.82 0.68 0.99 0.043
Bread/
biscuit

0.88 0.78 0.99 0.028

Morning 
snack

Chips & 
similar

0.51 0.30 0.89 0.017

French fries 0.61 0.40 0.94 0.027
Cream 
biscuit

0.81 0.67 0.99 0.042

Lunch Meat/
chicken

1.13 1.00 1.27 0.049

Afternoon
snack

Sweets 0.76 0.60 0.97 0.026
Cream 
biscuit

0.81 0.69 0.96 0.016

Nuggets 2.35 1.08 5.14 0.032
Dinner Cooked 

beans
0.77 0.65 0.92 0.004

Canned 1.25 1.02 1.52 0.031
Eggs 1.32 1.02 1.71 0.035
Seafood 1.38 1.02 1.88 0.035
Chips & 
similar

1.61 1.01 2.57 0.047

Night 
snack

Cream 
biscuit

0.79 0.64 0.98 0.028

Vegetables 1.81 1.00 3.25 0.049
OR = odds ratio, CI = confidence interval.

Source: Authors.

Table 4. Statistically significant (P < 0.1) average marginal increase in the probability of overweight regarding 
selected eating patterns, based on post-hoc multivariate logistic regression contrasts (N = 6,420).

Food/
beverage

Daily meals
Interpretation n % DPO (95% CI) P-value

B M L A D N
Cereals X Late B 17 0.26 24.7 (4.3 - 45.2) 0.018
Milk X Late B 21 0.33 17.0 (-1.8 - 35.8) 0.077
Green leaves X Late D, dieting? 27 0.42 15.2 (0.3 - 30.2) 0.045
Nuggets X Fast food 50 0.78 15.2 (1.0 - 29.4) 0.036
Milk X Dieting? 64 1.00 13.8 (1.3 - 26.3) 0.031
Beans X Anticipated L 64 1.00 13.6 (1.0 - 26.1) 0.034
Vegetable soup X X Dieting? 63 0.98 13.4 (0.7 - 26.1) 0.038
Instant pasta X Late D 102 1.59 12.3 (2.6 - 22.1) 0.013
Sweets X L + sweets 72 1.12 11.7 (0.2 - 23.2) 0.047
Canned X Fast food, late L  95 1.48 11.3 (1.2 - 21.4) 0.029
Vegetables X X Dieting? 168 2.62 11.2 (3.7 - 8.8) 0.004
Fish/seafood X Mainly fried? 194 3.02 8.5 (1.4 - 15.5) 0.019

B = breakfast, M = morning snack, L = lunch, A = afternoon snack, D = dinner, N = night snack (after dinner), n = group size, % = 
percentage of the total (n/N · 100), DPO = difference in the probability of overweight adjusted for age, sex, survey year, school shift 
and family income, CI = confidence interval.

Source: Authors.
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Eating instant pasta exclusively after dinner 
may be suggestive of fast food being prepared 
for late dinner, and added 12.3% of overweight 
risk compared to all other eating patterns (Table 
4). Having sweets on the lunch menu only was 
associated with a risk increase of 11.7%. Eating 
canned food as an afternoon snack may be indic-
ative of a fast-food solution for late lunch, with an 
11.3% risk increase. A similar risk increase was 
found for eating vegetables for major meals, pos-
sibly associated with dieting. The 8.5% risk in-
crease for eating fish/seafood exclusively at din-
ner may be due to the local cultural preference 
for frying these foods, thus adding a significant 
amount of fat. 

In total, 940 (14.6%) of the children belonged 
to the patterns with increased overweight/obesity 
risk, with the median risk increase in the proba-
bility of 13.5% and interquartile range between 
11.5 and 15.2% (Table 4).

Finally, two multiple logistic regression mod-
els with overweight as the dependent variable 
were compared in terms of the AUROC: using 
five control variables as the only independent 
predictors versus adding lasso-selected variables. 
The former model showed an AUROC of 0.55 
(95%CI 0.52-0.56), compared to the latter with 
a significantly improved AUROC of 0.62 (95%CI 
0.60-0.63). 

Discussion

To the best of the author’s knowledge, this is the 
first study to derive MSFIs predictive of over-
weight directly by penalized binary (logistic) 
regression using a lasso. It allowed simultaneous 
analysis of 192 binary exposure variables and 
identified 12 eating patterns with an increased 
risk of being overweight.

A major methodological shift in the present 
study compared to the other eating pattern stud-
ies was to search for the patterns based on their 
predictive value instead of based on the homoge-
neity regarding food/beverage intake. The latter 
needs an additional step to relate the patterns to 
the outcome of interest, and their extraction is 
not guided by the power to separate those with 
versus those without the outcome. Principal com-
ponent, common factors, cluster, and latent class 
analyses are the most popular dimension-reduc-
tion techniques to identify food intake, physical 
activity, and other lifestyle patterns3,4. 

However, it is a discriminant analysis that 
searches for distinct combinations of indepen-

dent variables regarding the outcome. Binary 
logistic regression breaks down with hundreds 
of exposure variables, especially when many of 
these are low-frequency binary variables. In oth-
er words, there is a need for sparse discriminant 
analysis to identify dietary patterns in this situ-
ation22. A modest but significant increase in the 
predictive accuracy of overweight/obesity with 
the addition of lasso-selected variables points to 
the potential of this analysis to improve the clas-
sification of individuals at risk of excess weight 
during childhood and early adolescence.

Machine learning algorithms sometimes 
used to be criticized as a “black box” approach 
but their utility has proved indispensable in ge-
nomics, chemometrics, and other “big data” re-
search, especially when the number of subjects/
units relative to the number of variables is small. 
With time-of-the-day or meal tag, the number of 
variables easily reaches hundreds, not to mention 
other lifestyle indicators such as physical activity 
and screen behavior. 

Among many machine learning algorithms 
such as optimal pruning, bagging, boosting, and 
neural networks, lasso was chosen for its solid 
statistical theory as opposed to predominantly 
computational definitions of some of these algo-
rithms. Moreover, the lasso has been extensively 
tested and widely applied in many areas of sci-
ence17.

Most of the results from the present study are 
in line with those of other dietary pattern stud-
ies3,4 regarding obesogenic foods, such as high-fat 
and/or fast-food items (nuggets, instant pasta, 
fried fish/seafood, and canned food) and dieting 
(consuming green leaves/salad after dinner, vege-
tables and vegetable soup for major meals). Post-
poning meals may result in consuming MSFIs 
later in the day or skipping them altogether. The 
present study showed that late breakfast, lunch, 
and dinner were all associated with increased 
overweight/obesity risk, as was anticipating 
lunch. This is in line with other studies that found 
evidence for the importance of the meal timing, 
such as chronobiological studies related to diet. 

Negative feedback regulates the intake of 
macronutrients both in the short and long term, 
with the latter peaking at two days23. Eating reg-
ular meals and snacks with higher frequency and 
stable schedule helps regulate weight24. In adults, 
higher energy intake at lunchtime and lower in-
take in the evening are both associated with a 
lower risk of overweight/obesity25. 

A similar conclusion can be drawn for school-
children whose dietary patterns include ener-
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gy-dense traditional Brazilian foods, such as rice 
and cooked beans, consumed at midday26. In 
mice, eating during nighttime disturbed circadian 
rhythms and led to leptin resistance, physical in-
activity, excessive eating, adiposity increase, met-
abolic disorders, and obesity27. The latter points to 
likely physiological mechanisms in humans too.

The results of a study based on daily food/
beverage intake of the same data used in the pres-
ent study showed no statistically significant as-
sociation between the dietary patterns extracted 
by latent class analysis and child weight status28. 
However, when the data were meal-tagged and 
analyzed with lasso, the association was found 
for several patterns, thus reinforcing the impor-
tance of the time-of-day analysis. The finding of 
such analysis is important to develop effective in-
terventions toward a healthy diet, that take into 
account both group-specific (age, sex, income, 
culture) and time-of-day-specific dietary pat-
terns28,29. 

A notable sparsity of time trend studies on 
food consumption in early school age makes it 
difficult to compare the present study findings 
with those of the other trend analysis, such as sim-
ilar studies with adolescents. In Brazil, unhealthy 
eating habits showed a significant increase, es-
pecially among adolescents from low-income 
families30. The consumption of ultra-processed 
foods has increased at the expense of unpro-
cessed foods such as rice, beans, and fruits, al-
though sugary drink intake has decreased in the 
last decade31. A similar decreasing trend in the 
consumption of sugary drinks was found in the 
USA among children and adolescents32,33. Euro-
pean adolescents have increased their intake of 
fruits and vegetables over the decade of 201034. 
In most developed countries, the consumption of 

dairy products decreases significantly in adoles-
cence compared to childhood35.

Among the limitations of the present study, 
the lack of the food/beverage quantity and possi-
ble information bias, inherent to all FFQs, should 
be kept in mind. Also, each child responded 
about his/her diet for only one 24-hour period, 
but the representativeness of the response on the 
population level should have been maintained 
as the questionnaires applied referred to every 
day of the week and one weekend day (Sunday). 
Furthermore, the meaning assigned to the MS-
FIs was rather qualitative than quantitative, thus 
prone to misinterpretation, in particular con-
cerning dieting. Also, the values of AUROC ob-
tained in the present study were still rather low 
for individual classification, and require further 
investigation and improvement before a routine 
use in school settings.

The strengths of this study include large cov-
erage (95%) of the target population and large 
sample size, thus resulting in large statistical 
power to detect relatively small associations be-
tween dietary patterns and overweight/obesity, as 
well as the use of an amply validated instrument. 

Conclusions

Late breakfast, lunch, and dinner were all asso-
ciated with increased overweight/obesity risk, as 
was an anticipated lunch. Time-of-day or meal-
tagged food/beverage intake results in a large 
number of variables whose predictive patterns 
regarding weight status can be analyzed by las-
so. Such analysis may identify the patterns not 
amenable to be found by other popular statistical 
methods such as binary logistic regression.
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