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Abstract
Objective: To evaluate daily eating frequency (main meals and snacks) in relation to
weight status in children aged3–9 years, representative of the Portuguese population.
Design: Cross-sectional study. Dietary intake was estimated as the mean of two non-
consecutive days of food diaries, followed by face-to-face interviews. Weight and
height were measured by trained observers. Eating occasions (EO) were defined
by the children’s caregiver; an EOwas considered separate if the time of consumption
was different from other EO and it provided at least 209 kJ (50 kcal). Main meals
defined as ‘breakfast’, ‘lunch’ and ‘dinner’ could be selected only once per day.
The remaining EO were considered snacks. The association between eating fre-
quency and overweight/obesity was evaluated through logistic regressions weighted
for the population distribution.
Setting: National Food, Nutrition and Physical Activity Survey of the Portuguese
population, 2015–2016.
Participants: Portuguese children aged 3–9 years with complete dietary data and
anthropometric measurements (n 517).
Results: Overall, the number of daily EO ranged from 3·5 to 11, and on average
children had 5·7 daily EO. After adjustment for child’s sex, age and total energy intake,
and considering only plausible energy intake reporters, having < 3 snacks/d was
positively associated with being overweight/obese (OR= 1·98; 95 % CI 1·00, 3·90),
compared with having ≥ 3 snacks/d.
Conclusions: Lower daily frequency of EO was associated with increased odds of
being overweight or obese in children. A higher eating frequency, maintaining the
same energy intake, seems to contribute to a healthy body weight in children.
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The WHO estimates that over 340 million children and ado-
lescents aged 5–19 years are classified as overweight or
obese(1). Among pre-school children (< 5 years of age),
the global prevalence of excessive weight (overweight
and obesity) increased from 4·2 % in 1990 to 6·7 % in
2010. This trend is expected to reach 9·1 %, representing
60 million children, in 2020(2). Childhood obesity is a com-
plex disease with several adverse sequalae, including
psychological, social and health consequences(3,4). Poor
self-esteem, depression and eating disorders have been

described more extensively in obese children than in their
normal-weight peers(4–6). Furthermore, obese children are
more susceptible to CVD risk factors such as hypertension(7),
dyslipidaemia(7), chronic inflammation(8), endothelial dys-
function(9,10) and insulin resistance(11). Researchhas suggested
that early childhood may be a particularly sensitive period for
the development of obesity later in life(12), thus early-life pre-
vention of overweight and obesity should be valued.

There is evidence that meal pattern characteristics, such
as irregularity of meals or ‘skipping breakfast’, could neg-
atively influence diet quality(13,14) and cardiometabolic
health outcomes including obesity(15,16). On the topic of
eating frequency, increasing the number of daily meals† Members of the IAN-AF Consortium are listed in the Appendix.
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might lead to a higher exposure to energy-dense foods,
such as fast foods and soft drinks, and large-portion-size
foods, resulting in increased hunger, excess energy
intake and ultimately unhealthy body weight gain(17–19).
Nevertheless, a recent systematic review(20) of observatio-
nal studies among adults included fourteen original studies
reporting an inverse association between eating frequency
and body weight or body composition, and seven studies
reporting a positive association. Among children and ado-
lescents, a previous meta-analysis(21) described an overall
inverse association between eating frequency and the like-
lihood of being overweight or obese. However, when
stratified by sex, the effect remained significant only in
boys. The presence of publication bias and heterogeneity
of studies might in part explain these differences, and fur-
ther research was advised. The inconsistency in definitions
of eating frequency might also impact the associations with
body weight and hamper data interpretation and compari-
son between studies(22).

There is no general agreement on the most appropriate
definition of eating occasion, particularly the differentiation
between what constitutes a main meal or a snack(23). The
literature describes a variety of approaches to defining eat-
ing occasions (main meals and snacks), using, for example,
the time of consumption (‘time-of-day’), food groups or
nutritional profile (‘food-based classification’) or identifica-
tion by the participant (‘participant-identified’)(23). These
approaches can be contradictory or complement one
another depending on the context(24,25).

A lack of public health recommendations on eating
frequency or temporal distribution is common among
European authorities(26). There is a lack of a universal def-
inition of what constitutes an eating occasion, and for the
differentiation between a main meal and a meal snack-
type(23). The characterization of meal patterns among chil-
dren using European harmonized methodology to collect
dietary data and a national representative sample will sup-
port the improvement of the research field and aid the
development of specific dietary guidelines.

The present study aimed to characterize eating frequency
(daily number of eating occasions, main meals and snacks)
in relation to weight status in Portuguese children aged 3–9
years, using data from a national dietary survey.

Materials and methods

Participants and design
The present studywas conductedwithin theNational Food,
Nutrition and Physical Activity Survey of the Portuguese
population, 2015–2016 (IAN-AF 2015–2016)(27).

The IAN-AF 2015–2016 aimed to collect nationwide and
regional data on dietary habits and physical activity and to
assess their relationship with health determinants, namely
socio-economic factors. A representative sample of the
Portuguese population, aged between 3 months and

84 years old, was selected from the National Health
Registry by multistage sampling in each of the seven geo-
graphical regions (NUTS II), and weighted according to
sex and age groups. Data were collected by trained inter-
viewers using computer-assisted personal interviewing, in
two interviews (8–15 d apart) during 12 months(27), distrib-
uted over the four seasons and including all days of the
week, and following European standard guidelines(28). A
total of 5811 participants completed two interviews and
6553 completed only the first one. Participants’ characteris-
tics were compared with participants who refused to
participate but accepted to answer a short questionnaire
by telephone. Non-participants were older (> 65 years:
22 v. 13 %) and less educated (> 12 years: 19 v. 27 %).
Regarding variables representing the main research areas
of the survey, the differences between participants and
non-participants were considered of small magnitude: fruit
and vegetable consumption (≥ 5 portions/d: 18·6 v. 18·1 %),
practice of regular structured physical activity (33 v. 39 %)
and obesity (12·4 v. 12·7 %)(27). As the children younger than
3 years and adolescents had different methods of collection
of dietary data(27), we decided to include only children aged
3–9 years. From the total children (< 10 years, n 1514), 1329
had complete data in the two face-to-face interviews. Our
analysis included children 3–9 years of age (n 604) who had
completed two interviews (n 521). Children’s characteristics
were also compared with children whowere not allowed to
participate. Non-participants were similar for consumption
of fruits and vegetables (≥ 5 portions/d: 31·2 v. 31·6 %)
and for practice of regular structured physical activity
(50·4 v. 51·2 %); however, non-participants had a slightly
higher prevalence of obesity (5·0 v. 2·4 %). Four children
did not have data on measured weight and height and were
excluded, achieving a final sample of 517 children.

Dietary intake
For children under 10 years, dietary intake was obtained by
two, non-consecutive, one-day food diaries followed by a
face-to-face interview allowing the parent or another main
caregiver to add details related to food description and
quantification. The time between interviews was between
8 and 15 d and the days of reporting were selected (includ-
ing all days of the week), but participants were able to
change them, according to their own availability for the
interview. During the face-to-face interview with a trained
researcher, the food diaries completed by the caregiver in
the previous day were included in the ‘eAT24’ module
(Electronic Assessment Tool for 24-hours recall) which
allowed the assessment of dietary data by an automated
multiple-pass method for 24 h(27). All foods, including
beverages and dietary supplements consumed during a
24 h period, were recorded per food consumption occasion
(and quantified and described as eaten). The place and
time of consumptionwere also recorded for each food con-
sumption occasion. For food and recipe quantification
several methods were used, such as standard unit method
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(for foods consumed in distinguishable units with more or
less standard weights), household measures and food
photographs (a digital colour food picture book(29) was
developed, based on a previously validated one(30), includ-
ing 176 food photo series with six portions of each
food/recipe item and eleven household measures photo
series). The total children’s energy intake was obtained
through conversion of foods into nutrients by the software,
using by default the Portuguese food composition table(31).

Eating frequency
The ‘eAT24’ comprises twelve predefined food consump-
tion occasions to standardize the reporting of events (intake
of foods and/or drinks) during the 24 h period: ‘before
breakfast’, ‘breakfast’, ‘during morning’, ‘before lunch’,
‘lunch’, ‘after lunch’, ‘during afternoon’, ‘before dinner’,
‘dinner’, ‘after dinner’, ‘during evening/at night’ and ‘liquids
intake’. All eating occasions reported in the fooddiarieswere
recorded and considered as separate intake occasions if the
time of eating was different from another eating occasion;
events consisting of water only (zero-energy foods) were
excluded. To exclude negligible amounts of energy intake,
eating occasions providing less than 209 kJ (50 kcal) were
also excluded(23). Main meals defined as ‘breakfast’, ‘lunch’
and ‘dinner’ were unique and could be selected only once
per day. The remaining eating occasions were considered
snacks, and they could be selected more than once in case
of having a snack on several occasions during the day.

Daily eating frequency describes the total number of
separate eating occasions during a 24 h period, as the result
of the average of the two reported days.

Anthropometrics
Children’s weight and height were measured by trained
observers, according to standard procedures(32). Weight
was measured in the same conditions, to the nearest tenth
of a kilogram, using a digital scale (SECA® 813, Hamburg,
Germany). Height was measured to the nearest centimetre,
with children in a standing position with light clothing and
barefoot, using a portable wall stadiometer (SECA® 213).
The child’s age- and sex-specific BMI Z-score was calcu-
lated according to the WHO criteria(33). The BMI Z-score
was categorized as underweight (<−2), normal weight
(≥−2 to ≤ 1) or overweight/obese (> 1), according to
the WHO cut-off points(33).

Covariables
For socio-economic characterization, mother’s and father’s
education and maternal age were considered. Parental
education was defined as the maximum level of education
of any of the parents and categorized as ‘no formal educa-
tion or primary education’ (less than 6 years), ‘secondary or
post-secondary education’ (between 6 and 12 years plus
post-secondary education not including tertiary education)
and ‘tertiary education’ (university degree, master and PhD).

Parents also reported if their child had regular practice of
physical exercise (reported as non-practitioners v. practi-
tioners) and the daily minutes spent watching television or
playing video games during both weekdays and weekend
days. This variable was combined; the number of minutes
were averaged between weekdays and weekend days, con-
verted into hours (categorized as watching television TV or
playing video games for < 2 h/d, 2–3 h/d or ≥ 3 h/d) and
used as an indicator of a more sedentary lifestyle(34). For
children aged 6 years or older, physical activity was also
assessed by an activity diary adapted from a model previ-
ously proposed(35), including two consecutive days during
the week and two days on the weekend. This information
was used only to classify dietary report of children aged
6 years or older into plausible reports or not. The diary con-
sisted of a grid dividing each day (24 h) into 15min periods.
Children registered the primary activity performed in each
15min interval, over the four days, according to previous
written instructions. Each activity refers to a specific level
of energy expenditure and was converted into metabolic
ratios of expended energy. Individual daily energy expendi-
ture was obtained as the mean expenditure of the 4 d
diaries(27).

Statistical analysis
To evaluate the extent of misreporting of energy intake, the
ratio of proxy-reported energy intake to predicted BMR
was used to classify the dietary report into under-reports,
plausible reports and over-reports, based on Goldberg
cut-offs(36). The BMR was estimated using the equations
published by Schofield(37), considering age, sex, body
weight and height. The physical activity level was defined
according to Torun(38) for children aged less than 6 years.
For the remaining children, the individual physical activity
level obtained by the diaries was used.

The characteristics of Portuguese children aged 3–9 years
were examined according to BMI (non-overweight v.
overweight/obese). Datawere presented as prevalence esti-
mates weighted by the inverse of its sampling probability for
the Portuguese population distribution, according to the
complex sampling design, considering in each region
(NUTS II Statistical Geographic Units of Portugal) a cluster
effect for the Primary Health Care Unit selected and stratifi-
cation by sex and age groups(27). Mixed weighting was used
to correct proportions of the sample in order to coincide to
the population proportions and to expand to the population
size. The respective 95% CI were also obtained. Prevalence
estimates according to socio-economic variables, eating
occasions (main meals and snacks), energy intake, physical
activity and sedentary habits were compared using second-
order Rao–Scott corrections to the Pearson χ2 test for cat-
egorical variables and by generalized linear models with
Gauss family and identity link function for continuous var-
iables. The number of eating occasions per day was catego-
rized as ≤ 5, > 5–< 7 and ≥ 7 and the number of snacks per
day was categorized as < 3 and ≥ 3.
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The probability of a child having a specific food con-
sumption occasion was calculated using two trials binomial
regression with logit link function.

To evaluate the association between eating frequency
and overweight and obesity, weighted logistic regressions
were used, obtaining crude and adjusted OR and respective
95% CI. The significance of coefficients was estimated
using the Wald test. The following potential confounders
were tested: children’s sex and age, maternal age and
education, maximum level of parents’ education, NUTS II,
child’s practice of sports and sedentary lifestyle. To
select which of the above variables to include in the models
we used the change-in-estimate criterion with a cut-off
point of 10% and/or the statistical significance of the
variable for the model. Only children’s sex and age (as a
quadratic term) were significant to the models and included
as confounder variables (model 2). To assess the effect of
eating frequency on obesity independently of increasing
energy intake, we also adjusted for the child’s energy
intake averaged from the two days (model 3). Interactions
between children’s sex, sport and maternal education were
also tested. Tests for interactions were not significant and
therefore we present results for all children together.

Statistical analyses were performed using R software
version 3·4·1 for Windows and library ‘survey’(39). A signifi-
cance level of 5 % was assumed.

Results

Table 1 presents characteristics of the children, for the
total sample and according to weight status (no over-
weight v. overweight or obese). Only three children were
classified as underweight and were added to the group of
normal-weight children. Compared with normal-weight
children, overweight/obese children were older on aver-
age and the majority were girls (55 v. 46 %). The number
of daily eating occasions ranged from 3·5 to 11, and on
average children had 5·7 (95 % CI 5·5, 5·8) eating occa-
sions per day. In the overweight/obese children, the
mean number of daily eating occasions (5·5 (95 % CI
5·2, 5·9)) was lower than in the normal-weight children
(5·8 (95 % CI 5·6, 5·9)), although the difference was not
statistically significant. The number of daily main meals
was similar in both groups, but normal-weight children
(mean = 2·8 (95 % CI 2·7, 2·9)) had on average more
snacks than the overweight children (mean = 2·6 (95 %
CI 2·2, 2·9)), although the difference was not statistically
significant. The numbers of daily eating occasions and
snacks were categorized; for the inclusion of these cat-
egorical variables in the regression models, the ‘refer-
ence category’ was considered as the mean of daily
frequency: the middle category in the overall eating
occasions (> 5–< 7) and the second category in the
snacks frequency (≥ 3). The majority of overweight chil-
dren had <3 snacks/d, compared with normal-weight

children (66·9 (95 % CI 54·4, 79·4) % v. 48·9 (95 % CI
42·1, 55·7) %; P = 0·024). On average, overweight chil-
dren had a higher daily energy intake than normal-
weight children (7590 (95 % CI 7084, 8100) kJ (1814
(95 % CI 1693, 1936) kcal) v. 6958 (95 % CI 6724, 7196) kJ
(1663 (95 % CI 1607, 1720) kcal)). Normal-weight chil-
dren had younger mothers and higher level of parents’
education than did the overweight/obese children.
However, normal-weight children practised sports less
frequently and watched television/played video games
less than the overweight/obese group. Regarding the
misreporting evaluation, 93 % of the sample had plau-
sible reports.

Table 2 shows the percentage of children having eating
occasions during the two recall days by food consumption
occasion. For the three main meals, the percentage of
children who consumed meals during both days was
95, 97 and 96 % for breakfast, lunch and dinner, respec-
tively. About 90 % of the children did not have a meal
before breakfast, before or after lunch, and before or after
dinner. These results were similar across normal-weight
and overweight/obese children. The average time of
day that each food consumption occasion occurred is
shown in Fig. 1. Usually, children had breakfast between
07.30 and 09.30 hours, lunch was reported as early as
12.00 hours until 13.30 hours, and dinner between
19.30 and 20.45 hours. The period of time when
usually meals occurred did not seem to be different
between underweight/normal-weight and overweight/
obese children.

Energy intake increased significantly with increasing
eating occasions and snacks in all children and in nor-
mal-weight children. The overweight and obese children
had an average energy intake higher than the non-over-
weight children (Table 3).

Table 4 presents the results for the association between
eating frequency and weight status. Considering the total
sample, and after adjustment for child’s sex, age and total
energy intake, having ≤ 5 eating occasions/d was posi-
tively associated with being overweight or obese
(OR = 1·93; 95 % CI 1·00, 3·73). Having< 3 snacks/d, com-
pared with having ≥ 3 snacks/d, was also positively asso-
ciatedwith overweight or obesity (OR = 2·17; 95 % CI 1·13,
4·16; Table 4). Due to the low number of misreporting
reporters, we decided to perform the regression analysis
excluding these children (n 33). Including only plausible
reporters for energy intake, the association remained sig-
nificant only for snack frequency and overweight/obesity
(OR = 1·98; 95 % CI 1·00, 3·90, < 3 snacks/d v. ≥ 3
snacks/d).

Discussion

Portuguese children aged 3–9 years had on average six
daily eating occasions: three main meals and three snacks.
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The distribution of the meal schedule throughout the day
had a higher variation for ‘before breakfast’, ‘breakfast’,
‘during afternoon’ and ‘before dinner’. Overweight or
obese children had on average fewer eating occasions than
normal-weight children. Among these children, having five
or fewer eating occasions, and particularly having fewer
than three daily snacks, increased the odds of having exces-
sive weight, after adjustment for potential confounders.
Taking into consideration misreporting, the positive associ-
ation with body weight was found only for having fewer
than three daily snacks.

We opted for not analysing main meals separated from
snacks, as the variability was low and the majority of chil-
dren had the three main meals. So our analyses included all
eating occasions and then separated by daily snacks.

Several pathways might explain the association between
a lower eating frequency and higher body weight.

Theoretically, eating frequency could modify metabolism,
increasing satiety and improving glucose and insulin
metabolism(40,41). Controlled feeding studies in adults(40)

showed that reduced eating frequency had a negative
impact on appetite control, increasing perceived appetite
and reducing perceived satiety. In a randomized crossover
trial among normal-weight women, meal regularity was
associated with a greater thermic effect of food and
lower glucose response, which might benefit weight man-
agement and metabolic health(42). Moreover, increased eat-
ing frequency has been associated with higher levels of
physical activity and improved composition of snacks and
breakfast, in terms of fruit and vegetables, fat, fibre and car-
bohydrates, in healthy-weight children aged 9–10 years(25).

Obesity is a complex disorder and some remaining
uncontrolled confounding may not be ruled out.
However, we tested several potential confounder

Table 1 Characteristics of the 3–9-year-old Portuguese children, for the total sample and according to BMI category*, weighted for the
Portuguese population distribution

All children (n 517) Normal weight (n 375) Overweight/obese (n 142)

n, mean or% % or 95% CI n, mean or% % or 95% CI n, mean or% % or 95% CI P value

Estimated population, n and% 630 731 100·0 436 241 69·2 194 338 30·8
Age (years), mean and 95% CI 5·8 5·5, 6·0 5·4 5·1, 5·7 6·5 6·3, 6·8 <0·001
Sex (girls), % and 95% CI 49·1 45·7, 52·5 46·4 41·5, 51·3 55·1 46·7, 63·5 0·136
Eating occasions (frequency per
day), mean and 95% CI

5·7 5·5, 5·8 5·8 5·6, 5·9 5·5 5·2, 5·9 0·205

Main meals (frequency per day),
mean and 95% CI

2·9 2·9, 3·0 2·9 2·9, 3·0 2·9 2·9, 3·0 0·720

Snacks (frequency per day),
mean and 95% CI

2·7 2·6, 2·9 2·8 2·7, 2·9 2·6 2·2, 2·9 0·215

Eating occasions per day, % and 95% CI
≤5 35·0 29·2, 41·0 31·4 24·9, 37·9 43·6 30·6, 56·5
>5–<7 49·9 43·4, 56·4 53·8 45·9, 61·8 40·9 29·4, 52·4
≥7 15·0 10·6, 19·4 14·8 9·7, 19·8 15·5 7·0, 24·1 0·166

Snacks per day, % and 95% CI
<3 54·4 48·4, 60·5 48·9 42·1, 55·7 66·9 54·4, 79·4
≥3 45·6 39·5, 51·6 51·1 44·3, 57·9 33·1 20·6, 45·6 0·024

Energy intake (kJ/d), mean and
95% CI

7155 6925, 7381 6958 6724, 7196 7590 7084, 8100 0·031

Energy intake (kcal/d), mean and
95% CI

1710 1655, 1764 1663 1607, 1720 1814 1693, 1936 0·031

Mother’s age (years), mean and
95% CI

37·2 36·5, 37·9 36·8 36·1, 37·5 38·0 36·8, 39·4 0·091

Level maximum of parents’ education, % and 95% CI
No formal education or primary

education
8·1 4·8, 11·4 7·7 3·8, 11·5 9·2 3·0, 15·4

Secondary or post-secondary
education (but non-tertiary
education)

47·4 49·9, 53·8 46·7 39·5, 53·9 48·8 37·9, 59·7

Tertiary education 44·5 37·0, 52·0 45·6 37·9, 53·3 42·0 29·5, 54·5 0·814
Physical activity practice,% and 95% CI
Yes 61·1 53·5, 68·6 59·0 51·2, 66·8 65·8 53·4, 78·2 0·299

Watching television/playing video games,% and 95% CI
<2 h/d 47·1 40·1, 54·0 50·0 42·1, 57·8 40·4 28·4, 52·4
>2–<3 h/d 28·6 22·7, 34·6 27·4 20·4, 34·4 31·5 20·2, 42·8
≥3 h/d 24·3 18·1, 30·4 22·6 15·8, 29·4 28·1 15·4, 40·8 0·448

Misreporting
Plausible 93·4 90·2, 96·6 93·4 89·8, 97·1 93·3 86·6, 100·0
Under-report 1·4 0·0, 3·4 0·3 0·0, 0·7 4·0 0·0, 10·0
Over-report 5·2 2·5, 7·9 6·3 2·6, 9·9 2·7 0·0, 6·0 0·013

P values are determined by generalized linear models with Gauss family and identity link function for continuous variables and by second-order Rao–Scott corrections to the
Pearson χ2 test for categorical variables.
*BMI categories defined according to the WHO criteria(33).
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Table 2 Percentage of the 3–9-year-old Portuguese children having eating occasions by specific food consumption occasions (FCO), for the
total sample and according to BMI category*, weighted for the Portuguese population distribution

Before
breakfast Breakfast

During
morning

Before
lunch Lunch

After
lunch

During
afternoon

Before
dinner Dinner

After
dinner

During
evening

All children
Probability of having the FCO
None of the days (%) 92·81 0·00 20·92 95·28 0·00 96·40 0·03 87·81 0·12 93·06 52·99
One of the days (%) 4·94 4·87 29·74 4·69 2·58 3·52 6·67 10·62 4·11 6·57 30·87
Both days (%) 2·25 95·13 49·35 0·03 97·42 0·08 93·30 1·57 95·76 0·38 16·14

Normal weight
Probability of having the FCO
None of the days (%) 92·58 0·00 18·01 94·61 0·00 97·31 0·05 84·11 0·18 91·64 53·51
One of the days (%) 4·35 5·78 32·54 5·34 1·61 2·58 5·12 13·78 3·25 7·88 28·81
Both days (%) 3·07 94·22 49·45 0·05 98·39 0·11 94·83 2·11 96·57 0·48 17·68

Overweight/obese
Probability of having the FCO
None of the days (%) 93·34 0·00 27·44 96·76 0·00 94·37 0·00 96·09 0·00 96·23 51·83
One of the days (%) 6·25 2·83 23·46 3·24 4·75 5·63 10·14 3·54 6·05 3·63 35·49
Both days (%) 0·41 97·17 49·11 0·00 95·25 0·00 89·86 0·37 93·95 0·14 12·68

*BMI categories defined according to the WHO criteria(33).
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Fig. 1 Distribution of time of consumption (mean, with standard deviation represented by horizontal bars), in hours, for each of the
food consumption occasions among 3–9-year-old Portuguese children, weighted for the Portuguese population distribution

Table 3 Mean energy intake across categories of eating occasions and snack events among 3–9-year-old Portuguese children, for the total
sample and according to BMI category*, weighted for the Portuguese population distribution

All children Normal weight Overweight/obese

Energy intake
(kJ/d)

Energy intake
(kcal/d)

Energy intake
(kJ/d)

Energy intake
(kcal/d)

Energy intake
(kJ/d)

Energy intake
(kcal/d)

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Eating occasions, per day
≤5 6506 6104, 6904 1555 1459, 1650 6184 5820, 6544 1478 1391, 1564 7021 6113, 7929 1678 1461, 1895
>5–<7 7351 7084, 7619 1757 1693, 1821 7159 6849, 7464 1711 1637, 1784 7920 7314, 8527 1893 1748, 2038
≥7 8029 7418, 8640 1919 1773, 2065 7891 7209, 8577 1886 1723, 2050 8318 7443, 9196 1988 1779, 2198
P value <0·001 <0·001 <0·001 <0·001 0·080 0·080

Snacks, per day
<3 6845 6489, 7205 1636 1551, 1722 6498 6188, 6807 1553 1479, 1627 7414 6715, 8113 1772 1605, 1939
≥3 7523 7213, 7837 1798 1724, 1873 7401 7012, 7791 1769 1676, 1862 7950 7489, 8410 1900 1790, 2010
P value 0·011 0·011 0·002 0·002 0·201 0·201

P values were calculated with the likelihood ratio test with Rao–Scott corrections and the F test.
*BMI categories defined according to the WHO criteria(33).
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variables, namely children’s sex and age, maternal age and
education, parental education, geographic region, child’s
sports practice and sedentary lifestyle. Only children’s
sex and age remained significant in the models and were
included as confounder variables, as well as children’s
energy intake (averaged from the two days). Interactions
between children’s sex, sport and maternal education were
also tested but no modifying effect was found.

Irregular consumption of energy intake at breakfast and
between meals was previously associated with a higher
cardiometabolic risk in adults, including an increased waist
circumference and BMI, in a cross-sectional study(16);
another cross-sectional study showed that in children larger
variability in eating frequency was already associated with
a disruption in total and LDL cholesterol concentrations(43).
Although we did not assess these effects (since we evalu-
ated dietary intake of only two days) in the present study,
we were successful in finding a significant association
between eating frequency, namely snacks frequency,
and BMI in children.

A previous meta-analysis(21), that included ten cross-
sectional studies and one case–control study, among
children and adolescents, described an overall inverse
association between eating frequency and the likelihood
of being overweight or obese. However, when stratified
by sex, the effect remained significant only in boys. In
the present study, we tested an interaction effect between
sex and eating frequency in the association with obesity;
because we did not find a statistically significant effect we
decided to present the results for the entire sample, and
not stratified by sex.

More recently, a cross-sectional study(44) failed to find
any association between eating frequency and BMI in
UK children aged 4–10 years, while another cross-sectional
study(25) found an inverse association in healthy-weight
children aged 9–10 years, but not in centrally obese

children. In a longitudinal study(45) in very young children,
the daily eating frequency was not associated with the cur-
rent or subsequent change in BMI. The authors highlighted
that these null associations might be due to an improve-
ment of internal energy self-regulation by young children,
in comparison with older children(45).

Methodological differences between studies might
explain the discrepancy of results regarding the association
between eating frequency and weight. In the present study,
the weight and height of the children were measured by
trained examiners, following standard procedures. The
BMI Z-scores were then calculated and categorized accord-
ing to theWHO criteria. In themajority of previous research,
childrenwere categorized as overweight or obese according
to other criteria, such as the International Obesity Task
Force, hampering comparisons between different
studies(21).

There is also variability in the dietary assessment
method and in the definition of eating frequency, meal
and snack frequency. Food diaries, 24 h dietary recalls
and self-reported questionnaires (by children or by their
caregivers) have been used to assess eating frequency.
In the present study we defined eating occasions using
the ‘participant-identified’ approach, as it was the child’s
caregiver who decided the food consumption occasions
in the food diaries, but it was the researchers who catego-
rized the food consumption occasions, that provided at
least 209 kJ (50 kcal), into main meals (breakfast, lunch
and dinner) and snacks (the remaining food consumption
occasions). We were also able to identify the time of day
when children usually had each of the food consumption
occasions.

Furthermore, different studies used different cut-offs to
determine high or low eating frequency or using the expo-
sure as a continuous variable. This last approach might not
be the best one as we believe the association between

Table 4 Association between eating frequency (daily eating occasions and daily snacks) and overweight and obesity, in a national
representative sample of children aged 3–9 years of age, weighted for the Portuguese population distribution, for the total sample (n 517)
and excluding misreporters (n 484)

OR for overweight/obesity (95% CI)

All children (n 517) Only plausible reporters (n 484)

Model 1
(unadjusted) Model 2 Model 3

Model 1
(unadjusted) Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Eating occasions, per day
≤5 1·83 0·95, 3·51 1·78 0·90, 3·52 1·93 1·00, 3·73 1·73 0·89, 3·35 1·64 0·83, 3·24 1·91 0·97, 3·77
>5–<7 Reference Reference Reference Reference Reference Reference
≥7 1·38 0·63, 3·04 1·48 0·68, 3·22 1·40 0·61, 3·23 1·66 0·73, 3·79 1·88 0·84, 4·22 1·40 0·67, 4·05

Snacks, per day
<3 2·11 1·11, 4·04 2·00 1·05, 3·80 2·17 1·13, 4·16 1·88 0·95, 3·69 1·72 0·88, 3·35 1·98 1·00, 3·90
≥3 Reference Reference Reference Reference Reference Reference

Model 1, unadjusted; model 2, adjusted for child’s sex and age (quadratic term); model 3, adjusted for child’s sex and age (quadratic term) and daily children’s energy
intake (kcal).
Bold entries denote statistical significance.
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eating frequency and obesity is not linear, and the extremes
are the ones most harmful; correspondingly, we used the
middle category as the reference in the eating occasion
variable.

The strengths of the present study include a national rep-
resentative sample of children and results weighted for the
Portuguese population distribution regarding sex, age and
region, following harmonized European methodology(28).
We also used two non-consecutive one-day food diaries
followed by a face-to-face interview to estimate children’s
eating frequency, which is an advantage in comparison to
simply asking parents to specify the usual eating frequency
of their child. Trained interviewers, following standard
procedures, performed objectives measures of children’s
body size, which is also a strength compared with parents
reporting the weight and height of the children.

There are also some limitations that deserve discussion.
First, under-reporting of dietary intake among overweight
or obese people is widely described in the literature(46,47)

and might have an impact on the association between eat-
ing frequency and obesity. When we included only plau-
sible reporters for energy intake, the association between
daily eating occasions and body weight ceased to be sta-
tistically significant. This effect might be due to a loss of
power, as we excluded some children, and not due to a bias
regarding the dietary report. Literature has reported a mis-
match in mothers’ perception regarding their children’s
weight. For example, in a cohort study among children
aged 6–8 years, the majority of mothers misclassified the
child’s weight and had the tendency to normalize the
child’s weight status(48). Mothers were also poor at recog-
nizing overweight and obesity in their children at 4 or 6
years(49) or in pre-school children(50). As parents might fail
to recognize their child as overweight or obese, it is not
expected that they change their report based on the child’s
weight status. A residual confounding because of the use of
a broad categorization of physical activity level cannot be
ruled out. However, in a sensitivity analysis, we included
information for physical activity level evaluated by diaries
for children aged 6 years or above, and for younger chil-
dren, we have assumed the values defined according to
Torun(38). This variable was tested as a confounder in the
association between eating frequency and children’s over-
weight/obesity, but it did not change the estimate by 10 %
nor was it significant.

A social desirability bias might have occurred, resulting
in an over-reporting of healthy foods and/or under-report-
ing of unhealthy foods. However, this bias might have been
minimized as our main exposure variable, eating fre-
quency, was calculated independently of the quality or
types of foods.

Another limitation is the cross-sectional nature of the
study, which does not allow assessing the temporal relation-
ship between eating frequency and obesity. Moreover, we
could not exclude a potential reverse causality effect, since
obese people could change their frequency of meals in an

attempt to lose weight. However, this approach is more
likely to occur in adults than in children(51).

Conclusion

Portuguese children aged 3–9 years had on average six
daily eating occasions, divided into three main meals and
three snacks. In these children, and after adjustment for
potential confounders, lower daily snack frequency
(<3/d) was positively associated with being overweight
or obese. The present study supports that increasing the
number of daily meals, maintaining the same energy
intake, contributes to a healthy body weight in children.
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