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Irregular breakfast habits are associated
with children’s increased adiposity and
children’s and parents’ lifestyle-related
behaviors: a population-based cross-
sectional study
Paulo Rogério Melo Rodrigues1,8*, Rosangela Alves Pereira2, Ana Margarida Sebastião Santana3,8, Augusta Gama4,8,

Isabel Mourão Carvalhal5, Helena Nogueira6,8, Vitor Rosado-Marques7,8 and Cristina Padez3,8

Abstract

Background: Skipping meals, especially breakfast, is related to an increase in adiposity indicators, and this behavior

is related to metabolic changes that predispose to the development of chronic diseases, recognized as major

causes of death worldwide. The objective of the present paper was estimated the association between irregular

breakfast habits with adiposity indices in schoolchildren and other lifestyle factors.

Methods: A population-based cross-sectional study was conducted in 2009–2010, including schoolchildren (n =

10,243) between 6 and 9 years old (51.3 % girls) from 18 districts of mainland Portugal. Breakfast habits were

ascertained by asking a yes/no question (“Does your child eat breakfast regularly?”). An index estimated by

performing principal component analysis was used to assess body adiposity from three different adiposity

indicators (body mass index (BMI), waist circumference (WC), and the triceps, subscapular, and suprailiac skinfolds

(used to estimate body fat percentage (BFP))). Multivariate logistic regression and multiple linear regression models

were used to estimate the association of irregular breakfast habits with anthropometric indicators (BMI, BMI z score,

WC, BFP, and adiposity index) and with children’s and parents’ lifestyle and socioeconomic characteristics.

Results: A total of 3.5 % of the children did not have breakfast regularly (girls 3.9 %; boys 3.1 %; P = 0.02). Among

boys, irregular breakfast habits were associated with lower fathers’ education level, television time ≥2 h/day, and

soft drink consumption ≥2 times/week. For girls, irregular breakfast habits were associated with lower mothers’

education level and physical inactivity, soft drink consumption ≥2 times/week, and <1 portion of milk/day.

Multivariate linear models revealed a positive association between irregular breakfast habits with increased adiposity

indicators among boys (BMI (kg/m2): β = 1.33; BMI z score: β = 0.48; WC (cm): β = 2.00; BFP (%): β = 2.20; adiposity

index: β = 0.37; P < 0.01 for all). No significant association was found for girls.

Conclusions: Irregular breakfast habits were positively associated with boys’ increased global adiposity and were

significantly affected by children’s and parents’ lifestyle-related behaviors.
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Background

The European Association for the Study of Obesity [1]

estimates that 20 million European schoolchildren are

overweight or obese. In Portugal, studies have also re-

vealed a high prevalence of childhood obesity. Padez

et al. [2] reported a nationwide prevalence of 31.5 % for

overweight children (including obesity). In 2008, data

published by the International Association for the Study

of Obesity [3] also reported a high prevalence of over-

weight (including obesity) boys (23.5 %) and girls

(21.6 %) in Portugal.

Obesity is a complex disease with a multifactorial eti-

ology involving non-modifiable (age, sex, and family his-

tory) and modifiable factors, especially lifestyle-related

behaviors such as physical activity and eating patterns

[4], including meal habits, like skipping breakfast, which

has become common among children and adolescents

[5–7].

Regularly eating breakfast has been related to different

childhood health benefits such as improved cognitive

performance [8], preventing chronic diseases [9], and

improved diet quality [10–13]. Conversely, the habit of

skipping breakfast may be a marker of lifestyle behaviors,

health and nutrition condition, and quality of life, be-

cause it has been associated with unhealthy lifestyle-

related behaviors [12–14], higher body mass index

(BMI) [10, 11, 13, 15–20], larger waist circumference

[11, 17], high body fat percentage [13, 17], and other

cardiometabolic risk factors [21, 22], all of which are

often perpetuated in adult life [21, 23].

The aim of this study was to estimate the frequency of

irregular breakfast habits among Portuguese schoolchil-

dren and to assess the factors associated with this behav-

ior and its association with adiposity indicators.

Methods

Subjects and design

This study was a secondary analysis of the Portuguese

Prevalence Study of Obesity in Childhood (PPSOC), a

cross-sectional study carried out with Portuguese

schoolchildren between March 2009 and January 2010.

The sample was randomly selected from each district of

mainland Portugal using a proportional sampling strat-

egy stratified by the age and sex of the children. The

children were selected from the Ministry of Education

database. More details on sampling can be found else-

where [24–26].

Ethical approval for PPSOC was given by the Portu-

guese Commission for Data Protection which requires

anonymity and nontransmissibility of data, corroborated

by the Direcção Geral de Inovação e Desenvolvimento

Curricular (Portuguese Institution of the Ministry of

Education). In addition, the study was conducted ac-

cording to the guidelines in the Declaration of Helsinki

protocols, and the permission to collect the data was

also obtained from the principal’s office of the schools

and from the parents or guardians of the children, who

signed an informed consent form indicating their con-

sent to participate in the study.

Data collection

Data were collected using a questionnaire standardized

answered by children’s parents. The questionnaire used

in the present study was designed specifically for this re-

search, and was designed to study the different aspects

of the following characteristics: demographic and socio-

economic, lifestyle-related behaviors, eating habits, and

other information on health and nutrition. The ques-

tionnaire content was evaluated by conducting a pilot

test on a group of children similar to those in the study,

and the questionnaire was revised based on the pilot re-

sults. To reduce the non-response rate, three visits were

made to each school to examine previously absent

students.

In this study, the following issues were considered

with respect to the children: regular breakfast habits and

number of meals per day, frequency of food consump-

tion, physical activity outside of school and in physical

education classes, time per day spent watching television

(TV), and whether there was a TV set in the child’s bed-

room. The following characteristics were investigated

with respect to the parents: self-reported weight and

height, education level, physical activity, and time spent

watching TV. These measures have already been evalu-

ated for their association with cardiovascular risk

markers in previous publications [25, 26].

Regular breakfast habits were ascertained by the fol-

lowing yes/no question: “Does your child eat breakfast

regularly?” The main interest of the study was in chil-

dren who did not have breakfast regularly; namely, those

who responded “no” were classified as “breakfast skip-

pers” and those who responded “yes” as “breakfast

eaters.” The number of daily meals was evaluated by ask-

ing if the child regularly had breakfast, lunch, an after-

noon snack, and dinner.

The consumption of specific healthy and unhealthy eat-

ing markers was assessed through specific questions on

the frequency of vegetable, soft drink, iced tea, and milk

consumption. These questions had six response options

for reporting the usual frequency of consumption ranging

from never to two to three times/day. Fruit intake was

measured with the question: “In the last week, how many

portions of fruit did your child eat, on average, every day?”

To evaluate the time spent watching TV, the following

question was used: “Indicate the time (in hours) that

your child spent watching TV during weekdays and on

Saturdays and Sundays” with the following answer op-

tions: none, up to 1 h, 1 h, 2 h, 3 h, 4 h, and more than
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5 h. Total time spent watching TV per week was esti-

mated as the average daily time watching TV, which was

categorized into <2 and ≥2 h/day [27]. Additionally, par-

ents were asked whether the child had a TV set in his or

her bedroom (yes or no).

Time spent watching TV was evaluated for parents

based on the same questions and criteria used to assess

children’s TV time. The parents’ physical activity was

evaluated based on the yes/no question “Do you regu-

larly practice any sports?” Finally, parents’ education

level (in years of education) was evaluated according to

the highest level achieved by each parent; the results

were grouped into the following categories: ≤6 years,

7–9 years, 10–12 years, and ≥13 years.

Anthropometric evaluation

Children’s anthropometric measurements were conducted

by a trained team using standardized techniques [28].

Weight was measured using a digital scale with a precision

of 0.1 kg (Seca 770, Medical Measuring Systems and Scales

Ltd., Hamburg, Germany) and height was measured using

a portable stadiometer with variation of 0.1 cm (Seca 217).

The weight status was assessed by using the BMI (weight/

stature2) z scores according to specific age and sex distribu-

tions from the World Health Organization [29]. The waist

circumference (WC) was measured using a flexible, non-

stretchable body measuring tape (Seca 201) at the midpoint

between the anterior superior iliac crest and the last rib.

Triceps, subscapular, and suprailiac skinfold thickness was

measured using a Holtain compass (Holtain Ltd., Crymych,

UK). The body fat percentage (BFP) was estimated using

equations suggested for children and youths by Slaughter

et al. [30] based on the triceps and subscapular skinfolds.

Parents’ weight status was evaluated by using the BMI

according to the World Health Organization cutoff

points [31] and based on self-reported weight and height

values. The use of such self-reported measures has been

previously validated [32, 33].

Data analysis

Student’s t test was used to assess differences in adipos-

ity indicator means according to breakfast habits cat-

egories. The chi-square test was applied to assess the

association between children’s and parents’ breakfast

habits characteristics. Simple and multivariate logistic

regression models were used to estimate the magnitude

of the association between children’s and parents’ char-

acteristics with skipping breakfast.

In this study, three different adiposity indicators (BMI,

WC, and BFP) were considered because more accurate

measurements of total adiposity (for example, dual-

energy X-ray absorptiometry (DXA)) are less feasible in

large epidemiological studies due to logistics and costs.

Although the three adiposity indicators were not error-

free, each measure provided specific information regard-

ing body fat mass [34]. Based on this caveat and because

of the high correlation among the three indicators and

body fat (Spearman correlation coefficient >0.74), a prin-

cipal component analysis was performed (similarly to a

previous study performed by Ledoux et al. [34]) through

exploratory factor analysis (EFA) to obtain a construct

(i.e., factor or latent variable) for the global adiposity

based on these three anthropometric indicators. The

EFA aims to identify the latent structure of a group of

interrelated variables based on the understanding that if

the variables are correlated, then they are correlated be-

cause the association results from a common but not

directly observable characteristic [35, 36].

Thus, the principal component analysis developed

using the three anthropometric indicators revealed a

construct representing 91 % of the shared variance, with

Cronbach’s α index equal to 0.88 and factors loadings

equal to 0.96 for BMI, 0.95 for WC, and 0.94 for BFP,

and in addition, high communalities were observed

(0.93, 0.91, and 0.89, respectively). This construct was

named “adiposity index” and was composed of the stan-

dardized means of the BMI, WC, and BFP as a represen-

tation of the global adiposity. Higher scores from the

EFA were taken to indicate higher global adiposity.

Likewise, EFA allows estimating a score that weights

highly correlated responses, parsimoniously representing

the different variables analyzed [35]. Moreover, in the

present study, another latent variable was used to adjust

the linear regression models, which corresponded to the

parents’ education level. This latent variable was chosen

because of the observed correlation between the level of

the mother’s and father’s education. EFA revealed a con-

struct representing 82 % of the shared variance. The

high communality (0.82 for both father’s and mother’s

education) and Cronbach’s alpha values (0.78 for both

the father’s and mother’s education) observed for the

educational level of parents models revealed that this

construct is appropriate to describe the latent correl-

ation structure between the original variables.

Finally, to evaluate the association between irregular

breakfast habits and body adiposity indicators (BMI,

BMI z score, WC, BFP, and adiposity index), linear re-

gression models were developed. Each indicator was

considered as a dependent variable, and irregular break-

fast habits were designated as the independent variable

in each model. Children’s age, parental BMI, and the la-

tent variable parents’ education level were included in

the models because these factors exhibited significant

correlation with the dependent variables in the univari-

ate analysis (P < 0.01 for all). The statistical analyses were

performed with the Statistical Package for the Social Sci-

ences software, version 19.0 (SPSS Inc., Chicago, IL)

using the complex samples module.
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Results

The participation rate was 63.6 %, and 10,624 children,

residing in 18 districts of mainland Portugal, were

assessed. Four percent (n = 381) of the participants did

not answer the question on breakfast habits; therefore,

this analysis was performed based on the data of 10,243

children (51 % girls) with a mean age of 8.03 years of

age (standard deviation = 1.12). The frequency of irregu-

lar breakfast habits was 3.5 % and was higher among

girls than boys. However, irregular breakfast habits were

not associated with age (Table 1).

Irregular breakfast habits occurred less frequently in

children of parents with higher levels of education and

were higher among children whose parents did not en-

gage in physical activity and whose parents watched TV

for more than 2 h/day. Additionally, irregular breakfast

habits were more common among children of over-

weight mothers (Table 1).

Breakfast skippers presented higher anthropometric

indicator means than breakfast eaters. Irregular breakfast

habits were more common among children who did not

engage in physical activities outside of school, who

watched TV for more than 2 h/day, and who had TV

sets in their bedrooms. Moreover, irregular breakfast

habits were associated with lower frequencies of fruit,

vegetable, and milk consumption. Irregular breakfast

habits were also associated with children who consumed

fewer than four meals per day and with a higher fre-

quency of soft drink and iced tea consumption (Table 1).

Because of the sex-based differences in the irregular

breakfast habits, regression models were developed separ-

ately for boys and girls. After analysis of the crude logistic

regression model, analysis of logistic regression models

mutually adjusted for factors associated with the irregular

breakfast habits was performed. In the adjusted models,

for boys, the lower father’s education level (≤6 years: odds

ratio (OR) = 2.64), the habit of watching TV ≥2 h/day

(OR = 1.89), and frequent soft drink consumption (≥2

times/week: OR = 1.68) showed significant association

with the irregular breakfast habits. For girls, significant

ORs were observed for mother’s education level (≤6 years:

OR = 2.11; 7–9 years: OR = 2.20; 10–12 years: OR = 2.67),

and physical inactivity (OR = 2.07). Additionally, girls with

a TV set in the bedroom (OR = 2.13), frequent soft drink

consumption (≥2 times/week: OR = 1.63), and low milk

consumption (<1 portion/day: OR = 1.83) had more

chance of irregular breakfast habits (data not shown).

In the multiple linear regression models, a significant as-

sociation between skipping breakfast and an increase in

adiposity indicators was observed for boys independently

of the confounding variables used as the control. No sig-

nificant association between skipping breakfast and the

adiposity indicators was observed in girls after adjusting

for parents’ education level and weight status (Table 2).

Discussion

Irregular breakfast habits were associated with unhealthy

lifestyle-related behaviors among Portuguese schoolchil-

dren between 6 and 9 years of age. Children who regu-

larly skipped breakfast were more likely to have a TV in

the bedroom and consume soft drinks more frequently

and milk less often than those who had regular breakfast

habits. Additionally, children who skipped breakfast

were also more likely to have parents who watched TV

≥2 h/day, have parents with lower level of education,

and have mothers who did not engage in leisure physical

activity. For boys, irregular breakfast habits were consist-

ently associated with adiposity indicators. An increase of

1.33 kg/m2 in BMI, 0.48 standard deviation in BMI z

score, 2.00 cm in WC, 2.20 % in BFP, and 0.37 points in

the body adiposity index was observed for breakfast

skippers even after adjusting for confounding factors.

However, for girls, the association between irregular

breakfast habits and body adiposity indicators was not

significant after adjusting for parents’ characteristics.

The prevalence of skipping breakfast among Portuguese

schoolchildren was lower than among German children of

the same age range (13.4 %) [16], Australian children be-

tween 9 and 15 years (14.2 %) [21], Chinese children be-

tween 9 and 11 years (5.2 %) [12], and Spanish children

between 8 and 17 years of age (6.5 %) [37]. These differ-

ences may be due to the data collection method and age

range analyzed in each study. In Spain [37] and Australia

[21], breakfast consumption information was collected

through a meal frequency questionnaire, whereas in

Germany [16] and China [12], specific questions regarding

breakfast consumption similar to the one used in this

study were used. Additionally, as older children were eval-

uated in the cited studies, higher frequency of breakfast

skipping could expected, as previous studies have sug-

gested that this habit increases with age [10–12, 37].

As observed in the current study, irregular breakfast

habits have been commonly associated with a high

prevalence of excess weight gain and higher WC and

BFP [6, 10, 11, 13, 15–20], suggesting that irregular

breakfast habits may be a potential risk factor or can en-

hance the effect of other risk factors for weight gain in

children and adolescents. Thus, this habit can be a

marker of an unhealthy lifestyle. One possible explan-

ation for this association is that skipping specific meals

may lead to a nutritional imbalance that could lead to

lower postprandial energy expenditure. Decreased en-

ergy expenditure is associated with reduction in the

thermogenic effect of food consumption, which can

affect long-term weight gain [38, 39].

An important question to consider in cross-sectional

studies is the causal relationship between irregular

breakfast habits and the weight status [13], because it is

possible that this behavior could be a consequence of
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Table 1 Characteristics of the children (6–9 years old; n = 10,243) according to breakfast habits. Portuguese prevalence study of

obesity in childhood (2008–2009)

Characteristics Total N (%) Breakfast eaters Breakfast skippers P value*

N (%)

Totala 10,243 96.5 3.5 –

Child characteristics

Sex

Boys 5179 (48.7) 4826 (96.9) 153 (3.1) 0.02

Girls 5445 (51.3) 5057 (96.1) 207 (3.9)

Body adiposity indicators (mean (SD))

Body mass index (kg/m2) 17.60 (2.87) 17.55 (2.82) 18.51 (3.75) <0.01

Body mass index z score 0.76 (1.19) 0.74 (1.18) 1.04 (1.32) <0.01

Waist circumference (cm) 59.90 (7.24) 59.84 (7.17) 61.74 (8.63) <0.01

Percent body fat (%) 17.40 (7.14) 17.32 (7.08) 19.48 (8.09) <0.01

Adiposity index 0.00 (1.00) −0.01 (0.99) 0.29 (1.18) <0.01

Father characteristics

Excess weightb

No 3337 (38.8) 3182 (96.8) 104 (3.2) 0.48

Yes 5254 (61.2) 5009 (96.5) 179 (3.5)

Educational level (in years of education)

≤6 years 2669 (27.7) 2458 (94.5) 144 (5.5) <0.01c

7–9 years 1936 (20.1) 1837 (96.5) 66 (3.5)

10–12 years 2678 (27.8) 2564 (96.9) 83 (3.1)

≥13 years 2357 (24.5) 2311 (98.5) 36 (1.5)

Practice physical activity

Yes 2889 (31.0) 2782 (97.6) 67 (2.4) <0.01

No 6440 (69.0) 6107 (96.1) 251 (3.9)

Time watching TV

<2 h/day 7123 (86.0) 6815 (96.9) 220 (3.1) 0.05

≥2 h/day 1159 (14.0) 1080 (95.7) 48 (4.3)

Mother characteristics

Excess weightb

No 6490 (67.7) 6208 (96.9) 197 (3.1) 0.02

Yes 3098 (32.3) 2919 (96.0) 123 (4.0)

Educational level (in years of education)

≤ 6 years 1991 (19.6) 1835 (94.8) 100 (5.2) <0.01c

7–9 years 1776 (17.5) 1663 (95.7) 75 (4.3)

10–12 years 3039 (30.0) 2881 (96.1) 117 (3.9)

≥13 years 3331 (32.9) 3255 (98.2) 58 (1.8)

Practice physical activity

Yes 2176 (21.9) 2114 (98.0) 43 (2.0) <0.01

No 7746 (78.1) 7358 (96.2) 288 (3.8)

Time watching TV

<2 h/day 8300 (91.5) 7934 (96.9) 256 (3.1) <0.01

≥2 h/day 773 (8.5) 712 (94.7) 40 (5.3)
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excessive body weight [7]. Two longitudinal studies,

Growing Up Today and Eating Among Teens, found that

irregular breakfast frequency was associated with exces-

sive body weight based on cross-sectional analysis but

not on longitudinal analysis [14, 40].

However, other longitudinal studies have demonstrated

the short- and long-term effects of irregular breakfast

habits and the tendency for that behavior to continue

from infancy to adult life [20, 21, 41]. The study

Childhood Determinants of Adult Health found that

irregular breakfast habits during childhood tends to

continue through adulthood and that the skipping break-

fast is associated with increased WC and higher fasting in-

sulin values, homeostatic model assessment index, BMI

indices, and the concentrations of total cholesterol and

low-density lipoprotein cholesterol fraction [21].

Based on the evidence that eating behaviors acquired

during childhood have a high probability of continuing

from childhood to adulthood [21, 23], identifying the

factors that influence the presence of inadequate behav-

iors, such as irregular breakfast habits, is essential for

planning intervention actions to minimize the long-term

Table 1 Characteristics of the children (6–9 years old; n = 10,243) according to breakfast habits. Portuguese prevalence study of

obesity in childhood (2008–2009) (Continued)

Child behavioral factors

Physical education classes at school

Yes 8566 (81.3) 7995 (96.6) 282 (3.4) 0.19

No 1975 (18.7) 1811 (96.0) 76 (4.0)

Physical activity outside school

Yes 5190 (50.6) 5009 (97.9) 108 (2.1) <0.01

No 5071 (49.4) 4723 (95.1) 245 (4.9)

Time watching TV

<2 h/day 6227 (69.2) 5998 (97.4) 158 (2.6) <0.01

≥2 h/day 2766 (30.8) 2583 (95.2) 130 (4.8)

TV in the child bedroom

Yes 5026 (52.3) 4750 (95.6) 217 (4.4) <0.01

No 4582 (47.7) 4429 (97.5) 113 (2.5)

Fruit consumption

≥2 portions/day 6241 (61.6) 6021 (97.1) 181 (2.9) <0.01

<2 portions/day 3891 (38.4) 3612 (95.6) 165 (4.4)

Vegetables consumption

≥1 portion/day 8031 (79.8) 7757 (96.8) 260 (3.2) 0.01

<1 portion/day 2029 (20.2) 1929 (95.5) 91 (4.5)

Soda consumption

<2 times/week 6791 (69.4) 6592 (97.2) 187 (2.8) <0.01

≥2 times/week 2990 (30.6) 2830 (95.0) 150 (5.0)

Iced tea consumption

<2 times/week 4659 (48.2) 4529 (97.4) 122 (2.6) <0.01

≥2 times/week 5017 (51.8) 4792 (95.8) 210 (4.2)

Milk consumption

≥1 portion/day 9132 (90.5) 8828 (96.9) 284 (3.1) <0.01

<1 portion/day 959 (9.5) 888 (93.1) 66 (6.9)

Daily meals

≥4 meals/day 8975 (98.2) 8635 (96.7) 291 (3.3) <0.01

<4 meals/day 166 (1.8) 143 (87.2) 21 (12.8)

*P value by chi-square test for all characteristics, and Student’s t test for continuous variables
aGiven as row percentage
bExcess weight = overweight + obesity
cGiven as linear trend P value
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effects. In the present study, the parents’ characteristics

such as education, weight status, and physical activity

were associated with breakfast habits. Similar results

were reported by Utter et al. [10], Tin et al. [12], and

Pearson et al. [42]. According to Pearson et al. [42], par-

ents’ characteristics influence children’s behavior because

of the parental influence of the daily home environment,

which is crucial to the development of eating behaviors.

The study Eating Among Teens found that weight con-

cerns, lack of time to eat healthy foods at breakfast, socio-

economic status, and parents’ concerns about children’s

health were factors observed at baseline that were associ-

ated with irregular breakfast habits 5 years later [41].

However, the associations tested between 1998 and 1999

and 2003 and 2004 did not remain significant after adjust-

ing for those who skipped breakfast at the baseline

analysis [41].

The association between irregular breakfast habits and

unhealthy lifestyle-related behaviors such as more time

spent watching TV and decreased physical activity, as

observed with Portuguese children, was also observed in

Pakistani children between 5 and 12 years of age [18]

Table 2 Association between irregular breakfast habits and adiposity indicators in Portuguese schoolchildren (6–9 years old;

n = 10,243). Portuguese prevalence study of obesity in childhood (2008–2009)

Boys Girls

β (95 % CI) P value β (95 % CI) P value

Body mass index Body mass index

Crude 1.24 (0.78, 1.69) <0.01 0.74 (0.34, 1.15) <0.01

Model 1 1.14 (0.70, 1.59) <0.01 0.70 (0.31, 1.09) <0.01

Model 2 1.40 (0.91, 1.89) <0.01 0.25 (−0.18, 0.67) 0.25

Model 3 1.41 (0.89, 1.93) <0.01 0.33 (−0.12, 0.78) 0.15

Model 4 1.33 (0.84, 1.82) <0.01 0.19 (−0.24, 0.62) 0.39

Body Mass Index z score Body Mass Index z score

Crude 0.40 (0.20, 0.60) <0.01 0.24 (0.08, 0.39) <0.01

Model 1a – – – –

Model 2 0.51 (0.28, 0.73) <0.01 0.08 (−0.09, 0.26) 0.34

Model 3 0.52 (0.29, 0.76) <0.01 0.10 (−0.08, 0.28) 0.28

Model 4 0.48 (0.26, 0.70) <0.01 0.05 (−0.12, 0.22) 0.58

Waist circumference Waist circumference

Crude 2.50 (1.32, 3.69) <0.01 1.55 (0.53, 2.57) <0.01

Model 1 2.05 (0.95, 3.15) <0.01 1.33 (0.38, 2.29) 0.01

Model 2 2.19 (0.95, 3.42) <0.01 0.34 (−0.72, 1.40) 0.53

Model 3 2.16 (0.87, 3.46) <0.01 0.37 (−0.74, 1.47) 0.52

Model 4 2,00 (0.75, 3.24) <0.01 0.06 (−1.00, 1.12) 0.91

Body fat percentage Body fat percentage

Crude 2.37 (1.17, 3.56) <0.01 1.75 (0.76, 2.74) <0.01

Model 1 2.14 (0.97, 3.31) <0.01 1.63 (0.67, 2.59) <0.01

Model 2 2.46 (1.13, 3.78) <0.01 0.63 (−0.45, 1.71) 0.26

Model 3 2.40 (1.02, 3.77) <0.01 0.69 (−0.44, 1.82) 0.23

Model 4 2.20 (0.87, 3.53) <0.01 0.43 (−0.65, 1.52) 0.43

Adiposity index Adiposity index

Crude 0.38 (0.21, 0.54) <0.01 0.23 (0.09, 0.38) <0.01

Model 1 0.34 (0.18, 0.49) <0.01 0.21 (0.08, 0.35) <0.01

Model 2 0.40 (0.22, 0.58) <0.01 0.05 (−0.11, 0.20) 0.55

Model 3 0.40 (0.21, 0.58) <0.01 0.05 (−0.11, 0.21) 0.51

Model 4 0.37 (0.19, 0.55) <0.01 0.01 (−0.14, 0.17) 0.85

Adiposity index = was computed averaging the normalized values of body mass index, waist circumference, and body fat percentage, from principal components

analysis. Model 1 = adjusted for child’s age in years as a continuous variable. Model 2 = model 1 + mother and father weight status. Model 3 = model 1 + parent’s

education level. Model 4 = model 1 + mother and father weight status and parent’s education level
aThis model was not estimated since the z score is already adjusted for age
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and Chinese children between 9 and 11 years of age [12]

and between 9 and 18 years of age [13]. Based on these

results, irregular breakfast habits may be considered not

only a result of inadequate eating habits, but also an in-

dicator of behaviors linked to an unhealthy lifestyle [7,

13], which can be used to identify population subgroups

that require greater attention when planning public

health actions and promoting healthy habits.

The limitations of the present study must be acknowl-

edged. First, the current results are based on a cross-

sectional study, making it possible to report associations

only and not a causal relationship between independent

variables and the outcomes observed. However, associa-

tions similar to the main correlations observed in the

present study, especially between irregular breakfast

habits and an increase in body adiposity indicators, have

also been observed in longitudinal studies [20, 21]. Sec-

ond, the question used to evaluate breakfast habits was

meant to capture habitual consumption but may have

excluded children who occasionally skip breakfast, thus

resulting in lower prevalence than actually exists. How-

ever, similar questions were also used in other studies

[12, 15, 16]. Nevertheless, it can be inferred that this

question presented high sensitivity to capture the regular

omission of breakfast, because mothers whose children

omit this meal occasionally likely would not answer that

their children regularly skip breakfast, and this answer

also would not be affected by breakfast consumption on

the day of data collection. Thus, it is believed that the

children that regularly skip breakfast do have this habit;

therefore, this type of question may be important for

surveillance studies on risk behaviors identifying chil-

dren that must be accompanied on intervention studies.

Third, there was lack of specific information on the

nutritional quality of the breakfasts these children were

eating. However, previous studies that evaluated this re-

lationship found that children who regularly consumed

breakfast had a significantly higher intake of fruits, vege-

tables, milk and dairy products, fiber, vitamins, and min-

erals [10, 11]. Conversely, skipping breakfast has been

associated with a higher consumption of fat, sweets, junk

food, sugary drinks, and fried foods [10–13]. Finally,

there was a considerable rate of non-response in this

study (42.6 %) and there was no information available on

the characteristics of non-respondents. Therefore, the

study generalizability is compromised and under- or

overestimation may have occurred.

Despite these limitations, the results of the present

study have important implications for public health

and the promotion of children’s health in Portugal.

First, this study analyzed data of a representative

sample of Portuguese schoolchildren, a group that

presents with a high prevalence of being overweight

(28 % among children between 3 and 10 years of age

[25]). However, the increasing frequency of irregular

breakfast habits and its association with weight gain

observed in other countries justify efforts to include

incentives for the daily consumption of breakfast in

actions promoting healthy eating habits, especially in

subgroups at greater risk of weight gain or skipping

breakfast, such as the schoolchildren studied here.

Understanding the relationship between inadequate

eating habits such as irregular breakfast habits may help

develop future intervention programs to control the

child obesity epidemic and promote healthy lifestyle

habits. Future studies are necessary, with a focus on the

importance of studies with longitudinal designs and rep-

resentative samples such as the population evaluated in

the present study. These future studies should aim to

clarify the role of consuming breakfast on the long-term

development and prevention of childhood obesity. An-

other important aspect to consider is the incorporation

of information on the nutritional quality of the breakfast

to further determine the effects of consuming breakfast

of differing nutritional quality on child development.

Conclusions

Among Portuguese schoolchildren, irregular breakfast

habits were associated with unhealthy lifestyle and lower

parental levels of education. Additionally, an association

between irregular breakfast habits and increased occur-

rence of overweight and global body adiposity was ob-

served. The results suggest that irregular breakfast

habits may be a marker of unhealthy lifestyle that should

be monitored, and that the evaluation the breakfast

habits may help identify groups at higher risk of devel-

oping health problems and may support the design of

intervention programs.
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