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Abstract

Background: Until recently increasing prevalence of overweight and obesity among pediatric population in Europe
and worldwide contributes to major well-known risks for metabolic consequences in later life. The aim of this study
was to determine the prevalence of overweight/obesity among children and adolescents in Lithuania and assess its
association with energy balance related behaviors as well as familial demographic and socioeconomic factors.

Methods: Cross-sectional study included 3990 7-17 years old schoolchildren from 40 schools of Kaunas region,
Lithuania. Study participants underwent anthropometric measurements. Body mass index (BMI) was evaluated
according to International Obesity Task Force (IOTF) criteria for children and adolescents. Children and adolescents
and their parents filled in the questionnaires on parental sociodemographic characteristics, dietary habits, TV
watching time, and family socioeconomic status.

Results: The prevalence of underweight, overweight, and obesity among boys and girls was 6.9 and 11.7 %
(P<0.05), 126 and 12.6 % (P> 0.05), and 4.9 and 3.4 % (P < 0.05), respectively. Obesity was significantly more
prevalent in the 7-9 years old group (6.7 and 4.8 % in boys and girls, respectively, P < 0.05). Lower meals frequency
and breakfast skipping were directly associated with overweight/obesity (P < 0.05); however, physical inactivity was
not associated with higher BMI. Children’s overweight/obesity was directly associated with lower paternal education
and unemployment (OR 1.30, P=0.013 and OR 1.56, P=0.003, respectively).

Conclusions: The prevalence of overweight and obesity among 7-17 years old Lithuanian children and adolescents
was more prevalent in younger age, still being one of the lowest across the European countries. Meals frequency,
breakfast skipping, paternal education and unemployment as well as a family history of arterial hypertension were
found to be associated with children’s and adolescents’ overweight/obesity.

Keywords: Overweight, Obesity, Underweight, Children, Adolescents, Schoolchildren, Body mass index, Dietary
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Background

During the last 2 decades overweight and obesity have
increased globally among children, adolescents, and
adults [1]. The reviews of recent studies, however,
showed an establishment and, in some countries, even
a decrease in rates of obesity among children and
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adolescents [2, 3]. Despite these positive tendencies, obes-
ity remains a major public health issue as it is well known
to increases the risk of cardiovascular diseases, diabetes,
hyperlipidemia, and musculoskeletal disorders in adults
[4-6]. Recent studies have shown that obesity is less
prominently associated with morbidity in adolescence but
is a strong precursor for obesity and related morbidity in
adulthood, with 50 to 80 % of obese adolescents becoming
obese adults [6].

Previous studies reported a large variation in the
prevalence of childhood overweight and obesity ranging
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from 2.9 to 44.4 % across various countries [7—14], with
significant gender differences and considerable impact of
familial socioeconomic background [15-17] highlighting
the importance of familial psychosocial environment [18].
Genetic factors, absence of breastfeeding, inappropriate
eating habits in the early years of life [19], consumption of
large quantities of beverages rich in sugar, breakfast skip-
ping, high-energy, high fat and low-fiber food [20], insuffi-
cient physical activity, and shortened night-time sleep
duration [7, 17] were shown to be related with overweight
and obesity in children and adolescents.

Studies addressing the issue of obesity among children
and adolescents in Lithuania are scarce; to our know-
ledge, since 2002, no study investigating the prevalence
of obesity among children has been carried out in
Lithuania. World Health Organization (WHO) Child-
hood Obesity Surveillance Initiative (COSI) project
presented data on the level of overweight among 6-9
year-old children [21]. Therefore, the aim of this study
was to determine the prevalence of overweight and obes-
ity among 7-17 years old children and adolescents of
Kaunas region, Lithuania, and to assess its association
with energy balance related behaviors as well as familial
demographic and socioeconomic factors.

Methods

This cross-sectional survey included 3990 7—-17 years old
schoolchildren from 40 schools of Kaunas region, which
were randomly selected from the institutional registry list
of the Ministry of Education and Science. The calculated
population-based sample was 5000 schoolchildren; the re-
sponse rate was 79.8 %. The study was conducted from
October 2008 to February 2010. Intra- and inter- observer
variability were 0.81 and 0.73, respectively, with the
ranges 0.0-0.2 kg for weight and 0.0-0.4 cm for
height. Agreement between observers Cohen’s kappa
was 0.89. The study was performed in collaboration
of Institute of Endocrinology with the Laboratory of
Child and Youth Health of Health Research Institute of
Lithuanian University of Health Sciences. Lithuanian Bio-
ethics Committee approved the study. Written informed
consent was obtained from the parents of all study
participants.

The measurements were performed by the same trained
and standardized researchers using the same standard
tools. Inter- and intra-investigators validation process
showed no significant variation. Height was measured to
the nearest 0.1 cm with a portable SECA stadiometer
(Seca214). Weight was measured to the nearest 0.1 kg
using portable SECA electronic scales (Seca®813). Body
mass index (BMI) was calculated by using the standard
equation: BMI = weight (kg)/height (m?).

The BMI category (underweight, overweight, and
obesity) was defined using the International Obesity

Page 2 of 9

Task Force (IOTF) BMI cut-offs according to age and
gender [22, 23].

Data of study participants’ dietary habits, physical in-
activity and family socioeconomic status were collected
from the study questionnaire, which was formed of
modified WHO questionnaires (conducted by Health
Behaviour in School-aged Children (HBSC) and COSI
study groups) [24, 25]. The study questionnaire included
10 questions on food intake items (food frequency ques-
tionnaire (FFQ) part: breakfast eating frequency per
week and meal frequency per day, consumption of dif-
ferent meals (fresh fruits and vegetables, sweets, sweet-
ened beverages, energy-dense fast food) frequency per
week), 4 questions on screen time (TV and personal
computer (PC) use) on weekdays and weekends (how
many hours do respondents spend daily) and 5 questions
on family socioeconomic status (parental marital status
(live in single or two parents’ family), parents’ education
level, employment and type of their job).

All study children/adolescents were asked to fill-in the
questionnaire: parents of younger age (7-9 years old)
participants filled-in the questionnaire at home and
older children and adolescents filled-in it themselves at
school. Anthropometric measurements of study partici-
pants were done at school.

For further analysis, schoolchildren were grouped into
3 age groups: 1) 7 to 9 years old, 2) 10 to 13 years old,
and 3) 14 to 17 years old. The participants were asked
how many times per day they had their meal. The an-
swers were combined into 3 groups: 1) “3 or fewer times
per day”, 2) “4-5 times per day”, and 3) “more than 6
times per day”. The answers of the question “How often
does your child have his/her breakfast” were combined
into 3 groups as follows: 1) “Everyday” (“Everyday” and
“4-6 times per week”), 2) “1-3 times per week”, and 3)
“Never”. Physical activity was evaluated by questions
about watching TV, time spent by the computer during
working days and if did they spend more time with the
same activity during weekend. The answers to the
questions about TV and PC use were grouped as fol-
lows: 1) “never”, 2) “1-2 h per day”, and 3) “more
than 3 h per day”.

Statistical analysis was performed using the SPSS 20
software package for Windows. The two-sided z test was
used to assess differences between study groups. Logistic
regression analysis was performed in order to identify
factors significantly associated with overweight and
obesity. A P value <0.05 was considered significant.

Results

Nutritional status

A total sample of 3990 children and adolescents aged 7—
17 years were included in the study (1920 boys (48.1 %)
and 2070 girls (51.9 %)).
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Table 1 shows the distribution of study participants by
age and gender. Study results showed that 9.4 % of chil-
dren were underweight, 73.9 % had normal weight,
12.6 % were overweight, and 4.1 % were obese.

Distribution of nutritional status by genders is pre-
sented in Table 2. The percentages of underweight boys
were significantly lower in all 3 age groups as compared
with the corresponding percentages in girls, meanwhile
overweight and obesity were significantly more preva-
lent among 14—17 years old and 7-9 years old boys, re-
spectively, than among the girls of the same age groups
(P<0.05).

Comparison of schoolchildren by the BMI category
and age within the gender groups showed that over-
weight was significantly more prevalent among the 7-9
and 10-13 years old girls than their older counterparts.
The percentage of both obese boys and girls was signifi-
cantly higher in the youngest than the oldest age group.
Underweight was significantly less prevalent in the 7-9
year-old group in both boys and girls.

Nutritional status & dietary habits

The analysis of dietary habits showed that 58.4 % of
schoolchildren had their breakfast every day. The per-
centage of schoolchildren eating breakfast daily de-
creased with age: 66.5 % of 7-9 years old children had
their breakfast daily, while this percentage among 10-13
year olds and 14—17 year olds was 57.9 and 52.3 %, re-
spectively. Overweight and obese children and adoles-
cents skipped breakfast more often than those of normal
or low weight; however, this difference was not signifi-
cant. Boys had breakfast daily significantly more often
than girls (61.5 and 55.9 %, respectively; P < 0.05) (data
not shown).

The majority (70.9 %) of 7-9 years old children had
their meal 4-5 times per day, which was significantly
more frequent compared to the 10-13 and 14-17 year-
old groups. The greatest percentage of schoolchildren
eating 6 and more times per day was among the oldest
schoolchildren, significantly different from that of their
younger counterparts (4.6 % versus 2.5 % and 1.8 %,
P <0.05). Less than half (46.7 %) of schoolchildren
had their meals 4-5 times per day, and half (50.3 %)

Table 1 Distribution of 7-17 years old children and adolescents
by gender and age

Age group Boys, number Girls, number Total, number
(percentage) (percentage) (percentage)
7-9 years 807 (42.0) 829 (40.1) 1636 (41.0)
10-13 years 606 (31.6) 685 (33.1) 1291 (324)
14-17 years 507 (26.4) 556 (26.8) 1063 (26.6)
Total 1920 (100.0) 2070 (100.0) 3990 (100.0)
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Table 2 Prevalence of underweight, normal weight, overweight
and obesity by gender among 7-17 years old schoolchildren

7-9 years 10-13 years 14-17 years

Boys Girls Boys  Girls Boys  Girls
Underweight 5.7%*% 8.9%** 69% 127 89% 146
Normal weight ~ 74.5 718 769% 693 759 76.8
Overweight 13.1 14.5%% 1.6 14.9%* 12.8% 6.8
Obesity 6.7%* 4.8%* 46 3.1 24 18

Values are percentages

*P < 0.05 in comparison with girls

**P < 0.05 in comparison with 14-17-year age group

***P < 0.05 in comparison with 10-13-year and 14-17-year age groups

of schoolchildren ate 3 or fewer times per day, equally
boys and girls. Figure 1 depicts the distribution of study
participants by the age groups and number of meals per
day. Less than one-third (26.6 %) of 7-9 years old school-
children had their meals 3 or fewer times per day, mean-
while the percentage of rarely eating children increased
with age: in 10-13 and 14-17 year-old adolescents it was
66.8 and 53.2 %, respectively, with the difference being sig-
nificant between age groups (P < 0.05).

The comparison of meals per day by gender showed
significant differences: girls had their meals significantly
less times per day than boys (P < 0.05) (Fig. 2).

Figure 3 shows the distribution of schoolchildren by
the BMI category and the frequency of breakfast eat-
ing. Underweight children and adolescents had their
breakfast every day more frequently than those with
normal weight or overweight/obese (74.8 % versus
69.7 % and 65.9 %, respectively; P <0.05). Every tenth
overweight or obese child/adolescent never had his/
her breakfast, and overweight and obese children and
adolescents were significantly more likely to skip
breakfast than normal weight counterparts (9.6 % ver-
sus 6.5 %, P <0.05).

Daily food preferences are presented in Table 3. Only
every third 7-9 years old and every fourth 10-13 and
14-17 years old child consumed fresh fruits every day.
Boys and girls aged 7 to 9 years consumed fresh fruits
more frequently than those aged 14 to 17 years (P < 0.05).
Both 7-9 years old boys and girls consumed fresh
vegetables less frequently than their older counterparts
did (P <0.05). Boys aged 10 to 13 and 14 to 17 years ate
candies and chocolate less frequently than the girls of the
same age groups did, but reported eating snacks more fre-
quently than girls did. Lemonade/soft drinks consumption
was more frequent among 10-13 and 14-17 years old
children and adolescents compared to the younger group
(P <0.05).

Nutritional status & physical inactivity
Nearly half of children and adolescents did not spend
any time at the computer during the week or spent only



Smetanina et al. BMC Public Health (2015) 15:1001

Page 4 of 9

2.5% 1.81 4.6
T = ue— =
%
80
31 .4 42.2
70.9*%
60 -
1 66.8
: 53.2
20
26.6*
0 T T \
7-9 years 10-13 years 14-17 years
up to 3 times meals D 4-5 times meals - more than 6 times meals
per day per day per day
Fig. 1 Distribution of meal frequency per day by the age groups. *P < 0.05 in comparison with 10-13-year and 14-17-year age groups. 1P < 0.05
in comparison with 14-17-year age group

1-2 h per day (46.4 and 40.7 %, respectively). Only
12.9 % of the respondents spent 3 h per day and more
by the computer. Nearly two-thirds (65.4 %) of the
schoolchildren watched TV 1-2 h during the day, 14 %
watched TV for 3 h and longer, and every fifth school-
child (20.6 %) never watched TV or watched it only
30 min per day. Older schoolchildren spent more time
watching TV and by the computer than their younger
counterparts: in the 7-9 years old group 10.8 % spent 3
and more hours watching TV and 2.6 % spent 3 and more
hours at the computer, compared with 16.2 and 17.3 %
in the 10-13 years old group, respectively, (P < 0.001).
However, the comparison of schoolchildren by the BMI
category and time spent at the computer or watching
TV showed no significant differences (Fig. 4).

Nutritional status & socio-demographics

Table 4 summarizes the results of logistic regression ana-
lyses; comparisons of family composition and frequency of
familial hypertension/diabetes between the underweight/
normal weight/overweight groups were made adjusted to
parental educations status.

Having a family history of arterial hypertension was
associated with child/adolescent’s overweight and obesity
(OR 147, 95 % CI 1.31-1.66, P<0.001). Moreover,
paternal unemployment was associated with child/
adolescent’s obesity (OR 1.79, 95 % CI 1.40-2.28, P < 0.001),
meanwhile maternal unemployment as well as family his-
tory of diabetes had no impact on child/adolescent’s weight
(OR 0.97, 95 % CI 0.88-1.06, P=0.47 and OR 1.46,
95 % CI 0.91-1.45, P =0.25, respectively). Living in an

~
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incomplete family was not associated with child/adolescent’s
overweight/obesity (OR 0.902, 95 % CI .70-1.16, P =0.43).
Parental education was not associated with children
overweight/obesity (P > 0.05), except fathers with higher
non-university education, whose children/adolescents
were nearly 1.5 times less likely to be overweight or
obese than schoolchildren whose fathers had primary
education (OR 0.67, 95 % CI 0.46-0.97, P=0.03)
(Table 4).

Discussion

Prevalence of overweight/obesity

The prevalence of overweight is high among school-aged
children across Europe, with an especially worrisome

Table 3 Comparison of frequencies (%) of daily (more than 4
times per week) consumed meal type and soft drinks between
different age groups, adjusted for age and gender

Food/drink 7-9 years 10-13 years 14-17 years

Boys  Girls Boys Girls Boys Girls
Fresh fruits 330" 31.0% 274 283 238 240
Fresh vegetables 183%** 16.1%** 254 263 253 292
Candy/chocolate 13.7 120 169% 228 144* 224
Biscuits/cake 85 57 57 34 60 52
Lemonade/soft drinks 6.0%** 48%* 147 126 125 108
Snacks (chips, peanuts, etc)  2.7** 20 76% 24 52 16
Fast food T4 5% 49 35 42 20

Values are percentages

*P < 0.05 in comparison with girls

**P < 0.05 in comparison with 14-17-year-age group

***P < 0.05 in comparison with 10-13-year and 14-17-year-age groups
*##%P < 0.05 in comparison with 10-13-year-age group

prevalence in South European countries (such as Italy,
Spain, and Greece) [7]. On the other hand, the US Centers
for Disease Control and Prevention (CDC) as well as some
European centers reported the prevalence of overweight
and obesity plateauing and even decreasing [26].

This study showed that the prevalence of underweight,
overweight, and obesity among 7-17 years old children
and adolescents was 9.4, 12.6, and 4.1 %, respectively,
with a higher prevalence among boys. These results are in
line with the results of other studies reporting higher rates
of overweight or obesity in boys than girls [10, 27, 28]. As
compared with the data published in other countries,
Lithuania still has the lowest prevalence of overweight
and obesity among 7—17 years old children and adoles-
cents in Europe, being similar to that in Poland and
Latvia [29, 30].

A Lithuanian study by Tutkuviene showed that in
2000-2002, the prevalence of overweight varied from 1.5
to 10.5 % in girls and 2.6 to 9.9 % in boys, respectively,
and the prevalence of obesity ranged from 0 to 2.9 % in
girls and 0 to 4.37 % in boys, respectively [31]. In con-
trary to study by Tutkuviene, in our study a higher
prevalence of overweight in both sexes and higher preva-
lence of obesity only among girls was found. In our
study, the prevalence of overweight and obesity was
lower among adolescents compared with younger age
school children. Similar tendency was reported in the
studies by Pizarro et al. and Lazzeri et al. [28, 32]. Since
the cross-sectional design of our study do not allow
drawing conclusions on the reasons for these differ-
ences, we may only hypothesize that older children
and adolescents become more interested in their physical
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appearance, especially girls, they have less structured life
and perhaps have more outdoor activities with their coun-
terparts compared to younger children.

Dietary habits

Inappropriate eating habits in the early years of life can
lead to permanent disorders with serious consequences in
adulthood [19]. Eating behaviors such as overeating, un-
healthy food, breakfast skipping, and rare participation in
family meals have been reported to be associated with the
risk for being overweight among preadolescents [7, 33].
Several studies have shown that obese children tend to
skip meals, especially breakfast [7], more often than non-
obese children [34-39], and this habit strengthens with
age [36]. The results of this study showed that one-third
of Lithuanian children and adolescents skipped their
breakfast daily, girls even more frequently than boys. Hav-
ing in mind that breakfast skipping is associated with
obesity, this observation does not explain a lower
prevalence of overweight and obesity among girls, but
may highlight a problem of under-nutrition among
girls as seen in this study, since underweight was
more common among girls than boys and its preva-
lence increased with age.

Our results showed that only half of schoolchildren
had their meals during the day as recommended (4-5
times); other half of children and adolescents ate ir-
regularly (3 or fewer times per day), especially girls.
Daily eating frequency has been reported to be in-
versely associated with overweight [40-42]: eating 3
or fewer meals per day or inadequate intake of carbo-
hydrates [43] has been shown to be associated with a
greater likelihood of being overweight or obese.

The present study found that 7-9 years old children of
both genders consume fresh fruits more than 10-17 years
old adolescents, but vegetables consumption is higher
among adolescents compared to younger children. Ac-
cording to cross-national Health Behavior in School-aged
Children (HBSC) study conducted in 2002, 2006 and
2010, in Lithuania school-aged children have low intakes
of fruits and vegetables. Only 21.1 % of boys and 27.1 % of
girls reported daily fruit consumption. Similarly, 24.9 % of
boys and 29.6 % of girls disclosed vegetable intake at least
once daily [44]. On the contrary, the consumption of fast
food with sweetened beverages was considerable, espe-
cially among girls. Therefore, possible compensation for
insufficient nutrition with unhealthy food is an important
public health issue in these age groups, highlighting the
need for elaborating comprehensive educational strategies
on healthy nutrition in schools programs.

As published earlier, children with normal weight eat
vegetables, fruits and berries more frequently than
overweight children [45], and the consumption of vege-
tables, cooked meals and eating dinner are negatively
associated with overweight in children [46]. However,
some studies have reported that obese adolescents are
more likely to be advised a healthy diet than adoles-
cents who have normal weight [47]. As shown in this
study, overweight and obese children and adolescents
reported to eat healthier and to consume sweetened
beverages less frequently, but skipped breakfast more
often than non-obese children/adolescents. This finding
might explain a weak dietary influence on the etiology
of obesity in some subjects. Alternatively, it may be due to
social desirability and underreporting bias by overweight/
obese respondents.
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Table 4 Distribution of parental socio-demographic characteristics
according to the children/adolescents’ nutritional status

Factors Underweight  Normal Overweight,
(%) weight (%) including
obesity (%)
Maternal education
Secondary 95 730 175
Higher Non-University 9.5 751 154
Higher University 94 75.0 15.6
P=0.760
Paternal education
Secondary 10.1 73.1 16.8*
Higher Non-University 85 796 119
Higher University 9.9 746 155
P=0.201
Family composition®
Living with both parents 106 727 16.7
Living with a single parent 9.2 755 153
P=0397
Family history of arterial
hypertension?
No 100 755 14.5
Yes 10.1 719 18.0%*
P=0.042
Family history of diabetes®
No 100 738 16.3
Yes 8.6 733 182
P=0348

*P < 0.05, z test comparing with Higher Non-University education
**P < 0.05, z test comparing with no family history of arterial hypertension
?Adjusted to parental educational status

TV watching and computer use

Sedentary behavior has been shown to be associated
with higher BMI, weight gain and adiposity in children
and adolescents [48]. Greater TV, computer, video game
and other media exposure time in children is increasing
and is associated with adverse health outcomes such as
becoming overweight [49]. A range of indicators of sed-
entary lifestyle, such as TV watching, especially during
the meals, and the presence of a TV in the child’s bed-
room, has been reported to be associated with over-
weight and obesity [35, 40, 50—52].

Time spent at the computer or TV during the week in
this study was used as a proxy for physical inactivity, but
there was no association between time spent at the com-
puter or TV and being overweight/obese. In our study,
nearly two-thirds of schoolchildren spent up to 2 h at
the computer/TV, as it advised by healthy lifestyle rec-
ommendations. However, there was a trend toward longer
TV watching and computer using time among older
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children and adolescents, probably due to diminished
parental control. Such inactivity might contribute to the
increasing prevalence of overweight among boys.

Absence of the association between the overweight/
obesity and TV/computer use do not reflect the other
side of overweight/obese children inactivity: these chil-
dren might have passive hobbies (music, arts, chorus,
etc.) contrary to normal weight/underweight counter-
parts who could be involved in more active hobbies such
as basketball and football, athletics, tennis, swimming,
street dance, etc. Previously published that overweight/
obese children are more sedentary and report more
screen time than normal weight children [53]. This no-
tion is supported by earlier report of Nitzan Kaluski et
al., who did not find any relationship between time spent
at the computer, viewing TV or videos, or listening to
music as a measure of physical inactivity and obesity
[54]. Another explanation could be a direct type of the
question in the questionnaire (TV/computer use), which
doesn’t cover other gadgets use (PlayStation, Smart-
phone browsing, tablets, and consoles).

As suggested by some authors, a negative effect of
TV/computer use may be associated with increased in-
take of sweets and snacks, both due to an influence on
changing eating behavior and to greater exposure to ad-
vertisements of food high in sugar and fat [36, 52]. How-
ever, the study by Carson and Janssen reported no
relationship of BMI with snacking while watching TV
and junk food consumption [50, 55] . Therefore, the im-
pact of snacking during watching TV on weight gain
needs further elucidation.

Socio-demographic environment

Family socioeconomic status has been reported to be in-
versely related to the prevalence of overweight and obes-
ity [28] with the highest prevalence of overweight being
in the lowest socioeconomic groups [8, 36]. Previous
studies showed that higher level of maternal or paternal
education were associated with lower risk of being over-
weight in children. In our study paternal education and
unemployment were associated with child/adolescent’s
overweight and obesity. Recently published Finnish
LATE study found that paternal education had inverse
association mediated by parent’s own BMI with over-
weight in older boys. Direct association between parental
education and childhood overweight was stronger than
indirect association. However, maternal education had
only indirect association [56]. Parental education is a
strong socioeconomic gradient related to eating behav-
iors and television viewing time [57]; this factor was also
found to be positively associated with the prevalence of
optimal level of physical activity [54]. Children of less
educated parents with low-income consume nutrient-
poor but energy-dense beverages more frequently instead
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of nutrient-dense beverages [7, 58]. However, our study
found no significant associations between family compos-
ition, maternal education, and maternal employment sta-
tus and child/adolescents BMI. In addition, in other
studies family composition had an impact on children’s
BMI: children/adolescents in single-parent household
watch more TV, eat more food high in fat and sugar and
less fresh fruit and vegetables than children from dual-
parent households, although not found in our study.

Strengths and limitations of the study

The present study has several strengths. First, study rep-
resents Kaunas region, which is central and nationally
homogenous part of the country, second largest city of
Lithuania. The study was performed by the same trained
research team using the same standard tools. Study co-
hort is a representative sample of the whole country
having in mind small population of Lithuania.

This study also has few limitations. Firstly, cross-
sectional study design does not allow disclosing trends
of change in adiposity status and energy balance related
behaviors in the same children over time. Secondly, we
could not avoid questionnaire fill in bias as overweight/
obese respondents might consciously conceal improper
dietary habits and physical inactivity. Finally, the time
of physical activity on weekends was not specifically
highlighted by the questionnaire.

Conclusions

Our study showed that the prevalence of overweight and
obesity among 7-17 years old Lithuanian children and
adolescents is still one of the lowest across European
countries. Eating behaviors and breakfast skipping was
related with higher obesity level; however, physical in-
activity was not associated with overweight and obesity
in children and adolescents in this study. Lower paternal
education and unemployment were found to be import-
ant obesogenic factors in children and adolescents. Results
of our study have important implication in planning pub-
lic health strategies, highlighting the need for elaborating
comprehensive educational programs on healthy nutrition
in schools, since energy balance related behaviors in
youths is a modifiable risk factor for obesity and later
metabolic complications.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

NS: performed measurements of 10-17 years old schoolchildren and
contributed to database formation, conducted primary statistical analyses,
wrote the draft of the manuscript and corrected the manuscript according
to comments of co-authors. EA: performed measurements of primary
schoolchildren and contributed to database creation, conducted primary
statistical analyses and interpretation of the results, co-author of the methods
and results in the draft of the manuscript. VB: performed measurements of
10-17 years old schoolchildren and participated to database creation as well

Page 8 of 9

as contributed to writing of the draft of manuscript. LK: performed
measurements of 10-17 years old schoolchildren and participated to
database creation as well as contributed to writing of the draft of
manuscript. KAW: growth expert, project scientific consultant, gave valuable
comments to the project model and data interpretation. AP: designed study
and performed research of primary schoolchildren, discussed data
interpretation, commented and corrected the draft of the manuscript. RV:
initiated, designed and supervised the project, provided statistical expertise,
gave valuable comments to the draft of the manuscript and approved the
final version of manuscript. All authors read and approved the final manuscript.

Authors’ information
Not applicable.

Acknowledgements

The study was supported by Research Council of Lithuania (grant No.
MIP-039/2013) and Swedish Research Foundation (grant Nr. 7509).
Acknowledgements to Edita Sakyte, Junior researcher from Lithuanian
University of Health Sciences, for assistance in statistical management.

Author details

YInstitute of Endocrinology, Medical Academy, Lithuanian University of
Health Sciences, Eiveniu str. 2, LT-50009 Kaunas, Lithuania. 2Laboratory of
Child and Youth Health, Institute of Health Research, Faculty of Public Health,
Medical Academy, Lithuanian University of Health Sciences, Eiveniu str. 4,
LT-50009 Kaunas, Lithuania. *Faculty of Medicine, Medical Academy,
Lithuanian University of Health Sciences, Mickeviciaus str. 9, LT-44307 Kaunas,
Lithuania. “Goteborg Pediatric Growth Research Centre, Sahlgrenska
Academy, Goteborg University, SE-41685 Goteborg, Sweden.

Received: 14 January 2015 Accepted: 23 September 2015
Published online: 01 October 2015

References

1. Lissau I. Overweight and obesity epidemic among children. Answer from
European countries. Int J Obes Relat Metab Disord. 2004;28 Suppl 3:510-5.

2. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al.
Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet. 2014;384(9945):766-81.

3. Rokholm B, Baker JL, Sorensen Tl. The levelling off of the obesity epidemic
since the year 1999-a review of evidence and perspectives. Obes Rev.
2010;11(12):835-46.

4. Mossberg HO. 40-year follow-up of overweight children. Lancet.
1989,2(8661):491-3.

5. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease
burden associated with overweight and obesity. JAMA. 1999;282(16):1523-9.

6. Berenson GS, Srinivasan SR, Bao W, Newman 3rd WP, Tracy RE, Wattigney
WA. Association between multiple cardiovascular risk factors and
atherosclerosis in children and young adults. The Bogalusa Heart Study.

N Engl J Med. 1998;338(23):1650-6.

7. Brug J, van Stralen MM, Te Velde SJ, Chinapaw MJ, De Bourdeaudhuij |, Lien
N, et al. Differences in weight status and energy-balance related behaviors
among schoolchildren across Europe: the ENERGY-project. PLoS One.
2012;7(4), e34742.

8. O'Dea JA, Amy NK. Perceived and desired weight, weight related eating
and exercising behaviours, and advice received from parents among thin,
overweight, obese or normal weight Australian children and adolescents.
Int J Behav Nutr Phys Act. 2011;8:68.

9. Stamatakis E, Wardle J, Cole TJ. Childhood obesity and overweight
prevalence trends in England: evidence for growing socioeconomic
disparities. Int J Obes. 2009;34(1):41-7.

10.  Birbilis M, Moschonis G, Mougios V, Manios Y. Obesity in adolescence is
associated with perinatal risk factors, parental BMI and sociodemographic
characteristics. Eur J Clin Nutr. 2012:67(1):115-21.

11. Kelishadi R, Ardalan G, Gheiratmand R, Majdzadeh R, Hosseini M, Gouya MM,
et al. Thinness, overweight and obesity in a national sample of Iranian
children and adolescents: CASPIAN Study. Child Care Health Dev.
2008;34(1):44-54.

12.  Gates A, Hanning RM, Gates M, Skinner K, Martin ID, Tsuji LJ. Vegetable and
fruit intakes of on-reserve first nations schoolchildren compared to



Smetanina et al. BMC Public Health (2015) 15:1001

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Canadian averages and current recommendations. Int J Environ Res Public
Health. 2012,9(4):1379-97.

Sardinha LB, Santos R, Vale S, Silva AM, Ferreira JP, Raimundo AM, et al.
Prevalence of overweight and obesity among Portuguese youth: a study in
a representative sample of 10-18-year-old children and adolescents. Int J
Pediatr Obes. 2010:6(2-2):e124-8.

Thibault H, Carriere C, Langevin C, Kossi Deti E, Barberger-Gateau P, Maurice
S. Prevalence and factors associated with overweight and obesity in French
primary-school children. Public Health Nutr. 2012;16(2):193-201.

Lobstein T, Frelut ML. Prevalence of overweight among children in Europe.
Obes Rev. 2003;4(4):195-200.

Wang Y, Liang H, Tussing L, Braunschweig C, Caballero B, Flay B. Obesity
and related risk factors among low socio-economic status minority students
in Chicago. Public Health Nutr. 2007;10(9):927-38.

Lobstein T, Baur L, Uauy R. Obesity in children and young people: a crisis in
public health. Obes Rev. 2004;5 Suppl 1:4-104.

Evans GW, Jones-Rounds ML, Belojevic G, Vermeylen F. Family income and
childhood obesity in eight European cities: the mediating roles of neighborhood
characteristics and physical activity. Soc Sci Med. 2012,75(3)477-81.

Mindru DE, Moraru E. Risk factors and their implications in the epidemiology of
pediatric obesity. Rev Med Chir Soc Med Nat lasi. 2013;116(3):739-45.
Ambrosini GL. Childhood dietary patterns and later obesity: a review of the
evidence. Proc Nutr Soc. 2014;73(1):137-46.

Wijnhoven TM, van Raaij JM, Spinelli A, Starc G, Hassapidou M, Spiroski |,

et al. WHO European Childhood Obesity Surveillance Initiative: body mass
index and level of overweight among 6-9-year-old children from school
year 2007/2008 to school year 2009/2010. BMC Public Health. 2014;14:806.
Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to
define thinness in children and adolescents: international survey. BMJ.
2007;335(7612):194.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ.
2000;320(7244):1240-3.

Vereecken CA, Maes L. A Belgian study on the reliability and relative validity
of the Health Behaviour in School-Aged Children food-frequency
questionnaire. Public Health Nutr. 2003;6(6):581-8.

Currie CSO, Boyce W, Smith R. Health Behaviour in School-Aged Children.
In,, Vol. 4. Edinburgh: University of Edinburgh; 2002.

Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity in the United
States, 2009-2010. NCHS Data Brief. 2012,82:1-8.

Kunesova M, Vignerova J, Parizkova J, Prochazka B, Braunerova R, Riedlova J,
et al. Long-term changes in prevalence of overweight and obesity in Czech
7-year-old children: evaluation of different cut-off criteria of childhood
obesity. Obes Rev. 2011;12(7):483-91.

Valdes Pizarro J, Royo-Bordonada MA. Prevalence of childhood obesity in
Spain: National Health Survey 2006-2007. Nutr Hosp. 2012;27(1):154-60.
Matusik P, Malecka-Tendera E, Klimek K. Nutritional state of Polish
prepubertal children assessed by population-specific and international
standards. Acta Paediatr. 2007;96(2):276-80.

Bac A, Wozniacka R, Matusik S, Golec J, Golec E. Prevalence of overweight
and obesity in children aged 6-13 years-alarming increase in obesity in
Cracow, Poland. Eur J Pediatr. 2011;171(2):245-51.

Tutkuviene J. Body mass index, prevalence of overweight and obesity in
Lithuanian children and adolescents, 1985-2002. Coll Antropol. 2007;31(1):109-21.
Lazzeri G, Rossi S, Pammolli A, Pilato V, Pozzi T, Giacchi MV. Underweight
and overweight among children and adolescents in Tuscany (ltaly).
Prevalence and short-term trends. J Prev Med Hyg. 2008;49(1):13-21.

Lee HA, Lee WK, Kong KA, Chang N, Ha EH, Hong YS, et al. The effect of
eating behavior on being overweight or obese during preadolescence.

J Prev Med Public Health. 2011,44(5):226-33.

Janus D, Dziatkowiak H, Starzyk J, Ostrowska M, Paprota P. Assessment of
nutritional status of prepubertal students in Southeast Poland. Przegl Lek.
2003;60(6):400-2.

Baldinger N, Krebs A, Muller R, Aeberli I. Swiss children consuming breakfast
regularly have better motor functional skills and are less overweight than
breakfast skippers. J Am Coll Nutr. 2012;31(2):87-93.

Groholt EK, Stigum H, Nordhagen R. Overweight and obesity among
adolescents in Norway: cultural and socio-economic differences. J Public
Health (Oxf). 2008;30(3):258-65.

Freitas Junior IF, Christofaro DG, Codogno JS, Monteiro PA, Silveira LS,
Fernandes RA. The association between skipping breakfast and biochemical

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

Page 9 of 9

variables in sedentary obese children and adolescents. J Pediatr.
2012;161(5):871-4.

Eng S, Wagstaff DA, Kranz S. Eating late in the evening is associated with
childhood obesity in some age groups but not in all children: the
relationship between time of consumption and body weight status in U.S.
children. Int J Behav Nutr Phys Act. 2009;6:27.

Dundar C, Oz H. Obesity-related factors in Turkish school children.
ScientificWorldJournal. 2012;2012:353485.

Lagiou A, Parava M. Correlates of childhood obesity in Athens, Greece.
Public Health Nutr. 2008;11(9):940-5.

Toschke AM, Thorsteinsdottir KH, von Kries R. Meal frequency, breakfast
consumption and childhood obesity. Int J Pediatr Obes. 2009;4(4):242-8.
Jennings A, Cassidy A, van Sluijs EM, Griffin SJ, Welch AA. Associations
between eating frequency, adiposity, diet, and activity in 9-10 year old
healthy-weight and centrally obese children. Obesity (Silver Spring).
2012;20(7):1462-8.

Rosaneli CF, Auler F, Manfrinato CB, Sganzerla C, Bonatto MG, Cerqueira ML,
et al. Evaluation of the prevalence and nutritional and social determinants
of overweight in a population of schoolchildren: a cross-sectional analysis of
5,037 children. Rev Assoc Med Bras. 2012,58(4):472-6.

Zaborskis A, Lagunaite R, Busha R, Lubiene J. Trend in eating habits among
Lithuanian school-aged children in context of social inequality: three cross-
sectional surveys 2002, 2006 and 2010. BMC Public Health. 2012;12:52.
Vanhala ML, Laitinen J, Kaikkonen K, Keinanen-Kiukaanniemi S, Korpelainen
R. Parental predictors of fruit and vegetable consumption in treatment-
seeking overweight children. J Hum Nutr Diet. 2010;24(1):47-53.
Yannakoulia M, Ntalla |, Papoutsakis C, Farmaki AE, Dedoussis GV.
Consumption of vegetables, cooked meals, and eating dinner is negatively
associated with overweight status in children. J Pediatr. 2010;157(5):815-20.
Liang L, Meyerhoefer C, Wang J. Obesity counseling by pediatric health
professionals: an assessment using nationally representative data. Pediatrics.
2012;130(1):67-77.

Chaput JP, Leduc G, Boyer C, Belanger P, LeBlanc AG, Borghese MM, et al.
Objectively measured physical activity, sedentary time and sleep duration:
independent and combined associations with adiposity in canadian
children. Nutr Diabetes. 20144, e117.

Steffen LM, Dai S, Fulton JE, Labarthe DR. Overweight in children and
adolescents associated with TV viewing and parental weight: Project
HeartBeat! Am J Prev Med. 2009;37(1 Suppl):S50-5.

Bukara-Radujkovic G, Zdravkovic D. Physical activity as an important
determinant in developing childhood obesity. Med Pregl. 2009;62(3-4):107-13.
Kristiansen H, Juliusson PB, Eide GE, Roelants M, Bjerknes R. TV viewing and
obesity among Norwegian children: the importance of parental education.
Acta Paediatr. 2012;102(2):199-205.

Lissner L, Lanfer A, Gwozdz W, Olafsdottir S, Eiben G, Moreno LA, et al.
Television habits in relation to overweight, diet and taste preferences in
European children: the IDEFICS study. Eur J Epidemiol. 2012;27(9):705-15.
Herman KM, Sabiston CM, Mathieu ME, Tremblay A, Paradis G. Sedentary
behavior in a cohort of 8- to 10-year-old children at elevated risk of obesity.
Prev Med. 2014;60:115-20.

Nitzan Kaluski D, Demem Mazengia G, Shimony T, Goldsmith R, Berry EM.
Prevalence and determinants of physical activity and lifestyle in relation to
obesity among schoolchildren in Israel. Public Health Nutr. 2009;12(6):774-82.
Carson V, Janssen |. The mediating effects of dietary habits on the
relationship between television viewing and body mass index among
youth. Pediatr Obes. 2012,7(5):391-8.

Parikka S, Maki P, Levalahti E, Lehtinen-Jacks S, Martelin T, Laatikainen T.
Associations between parental BMI, socioeconomic factors, family structure
and overweight in Finnish children: a path model approach. BMC Public
Health. 2015;15:271.

Cameron AJ, Ball K, Pearson N, Lioret S, Crawford DA, Campbell K, et al.
Socioeconomic variation in diet and activity-related behaviours of Australian
children and adolescents aged 2-16 years. Pediatr Obes. 2012;7(4):329-42.
Pinard CA, Davy BM, Estabrooks PA. Beverage intake in low-income parent-
child dyads. Eat Behav. 2011;12(4):313-6.



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Nutritional status
	Nutritional status & dietary habits
	Nutritional status & physical inactivity
	Nutritional status & socio-demographics

	Discussion
	Prevalence of overweight/obesity
	Dietary habits
	TV watching and computer use
	Socio-demographic environment
	Strengths and limitations of the study

	Conclusions
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References



