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Abstract:
Given the importance of physical activity for the prevention of overweight, this study sought to determine 

the type and number of physical activity risk behaviours that were associated with overweight in Croatian 
school children and their association with maternal characteristics – mothers’ formal education, employment, 
and weight status. This paper used data from the Croatian Childhood Obesity Surveillance Initiative study 
from 2015/2016. During an eight-week period, anthropometric measurements of children were taken. Data on 
children’s physical activity risk behaviours and their mothers’ characteristics were provided by the mothers 
of 4,045 children from the second and third grade (median age 8.6 years) who were included in the analysis. 
Insufficient active play outdoors, excessive screen time and exhibiting two or three physical activity risk 
behaviours were significantly associated with childhood overweight. Children of less educated mothers had 
lower odds for insufficient active play outdoor and higher odds for insufficient frequenting of a sports or 
dancing club and exhibiting one, two or three physical activity risk behaviours. Children of mothers who 
were overweight had higher odds for insufficient sleeping, insufficient frequenting of a sports or dancing 
club and exhibiting two risk behaviours. Children of unemployed mothers had higher odds for insufficient 
frequenting of a sports or dancing club and for exhibiting two or three risk behaviours. Physical activity risk 
behaviours in school children were associated with overweight, as well as their mothers’ characteristics. This 
finding should be taken into consideration when planning and implementing health promotion and childhood 
overweight prevention activities.

Key words: sport, formal education, employment, weight status, risk behaviours, children

Introduction
According to a recent publication from the 

World Health Organization Regional Office for 
Europe (WHO/Europe), the rates of childhood over-
weight and obesity in some countries of the Euro-
pean region of WHO are as high as 40% (WHO, 
2018). Physical activity (PA) is recognized as an 
important factor in prevention of childhood over-
weight and obesity as well as in retention of adult-
hood obesity development (Ariza, et al., 2019). 
There is strong evidence that higher amounts of 
PA are associated with a reduced risk of exces-
sive increases in bodyweight and adiposity and 
with normal growth rates in children aged three to 
17 years (Ekelund, Hildebrand, & Collings, 2014; 
Guinhouya, Samouda, Zitouni, Vilhelm, & Hubert, 
2011; U.S. Department …, 2018). Nevertheless, the 

situation regarding the PA of children and youth 
is a concern worldwide since many children still 
do not meet the minimal recommended levels of 
60 minutes of moderate to vigorous-intensity PA 
(MVPA) per day (Aubert, et al., 2018; Mendis, et 
al., 2014; WHO, 2020).

Active transportation going to and from school 
(cycling or walking), active play (unstructured, 
outdoor PA in children’s free time) and participation 
in sports or dancing clubs are considered to be major 
contributors to total PA among children (Whiting, 
et al., 2020), so the absence of these behaviours 
could be considered as a risk factor. Previous 
studies have mostly looked at children’s weight 
status in relation to a global measure of PA and 
there is a scarcity of research on the specific types 
of PA and their association with childhood weight 
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status (Gunnarsdottir, Rogers, Jakicic, & Hill, 2014; 
Masoumi, 2017). Specific sedentary behaviours 
such as TV-viewing may also be associated with 
childhood overweight independent of PA but there 
is also no consensus on this since these results may 
be explained by residual confounding (Ekelund, 
et al., 2014). Short sleep duration, according to 
existing evidence, can result in metabolic changes 
that contribute to the development of obesity, as 
well (Taheri, 2006), which is why recently more and 
more studies and guidelines focus on the combined 
effects of time spent in PA, sedentary behaviours 
and sleep (Chastin, Palarea-Albaladejo, Dontje, 
& Skelton, 2015; Tremblay, et al., 2016). An inte-
grated view of all movement behaviours is neces-
sary, since these behaviours, apart from their inde-
pendent association with childhood weight status, 
are also in constant interaction. One example of this 
is a negative loop in which a sedentary lifestyle with 
low levels of PA leads to low motor skills, and the 
low perceptions of motor competence then further 
predict physical inactivity, poor fitness and obesity 
(Stodden, et al., 2008).

Parents exert an important influence on their 
child’s PA behaviour (Welk, Wood, & Morss, 2003). 
Specifically, mother’s work arrangements have been 
found to be strongly associated with children’s and 
adolescents’ sedentary behaviour (Brown, Broom, 
Nicholson, & Bittman, 2010; Martin, Lippert, Chan-
dler, & Lemmon, 2018). One British study found 
that children whose mothers were employed were 
more likely to use the television/computer at least 
two hours daily or be driven to school than chil-
dren whose mothers had never been employed 
(Sherburne Hawkins, et al., 2009). A recent pooled 
analysis also showed that children whose mothers 
reported a higher level of education had lower levels 
of objectively measured PA and spent more time 
sedentary (Sherar, et al., 2016). A systematic review 
encompassing 150 studies mainly from North 
American, European, and a few Oceanian coun-
tries found that maternal education was positively 
correlated with PA among adolescents (12-18 years) 
but not children (3-12 years) (Ferreira, et al., 2007). 
Although few studies investigated the correlation 
of maternal weight status and children’s movement 
behaviours, there is some evidence indicating that 
maternal overweight is linked to more sedentary 
time in children (Pahkala, et al., 2010; Péneau, Sala-
nave, Rolland-Cachera, Hercberg, & Castetbon, 
2011). Given the importance of PA for prevention 
of overweight, this study sought to determine the 
type and number of PA risk behaviours that were 
associated with overweight in Croatian school chil-
dren. The study also sought to examine the associa-
tion between the presence of PA risk behaviours and 
maternal characteristics – mothers’ formal educa-
tion, employment and weight status.

Methods 
The Childhood Obesity Surveillance Initiative 

(COSI) was established by WHO/Europe in 2007 
with the aim of collecting data on children’s body 
weight, height, and hip and waist circumference in 
order to make this data comparable among children 
aged 6.0-9.9 years in European countries (Musić 
Milanović, Lang Morović, & Markelić, 2018). This 
paper was based on the Croatian COSI study from 
2015/2016.

Sample 
The sampling was conducted at a national level 

and in accordance with the standardized COSI 
Protocol (WHO, 2016). So 182 second grade classes 
from 164 elementary schools were randomly selected 
using the STATISTICA program and paired with 
third grade classes from the same school. Overall, 
out of 7,150 children invited to participate, 5,662 
children (79.2%), aged 6.33 to 11.08 years, partici-
pated in the study. After selecting only children that 
had Family Forms filled in by their mothers (and 
not other family members) and children that had no 
missing values on any of the investigated variables, 
the final sample size was 4,045. 

Data collection
During an eight-week period in 2015, trained 

investigators have acquired anthropometric meas-
urements of children. Measuring was performed 
in schools, in gym halls or classrooms. Children 
were measured using standardized anthropometric 
instruments: a weight scale (SECA 877) measuring 
body weight to the nearest 0.1 kg and a stadiometer 
(SECA 217) measuring body height to the nearest 
0.1 cm. Additional socioeconomic and lifestyle data 
were gathered using the standardized COSI Family 
Form. The Form was filled in by the child’s parents 
or caregivers. A detailed description of the data 
collection procedures was given elsewhere (Musić 
Milanović, et al., 2018). 

Variables
Studied variables included children’s anthro-

pometric measures as well as data on children’s 
PA risk behaviours and mothers’ characteristics. 
The child’s geographical region was determined 
according to his/her place of residence and classi-
fied according to the NUTS classification (Euro-
pean Union, 2015), with the City of Zagreb consid-
ered as a separate category because of its cultural 
and sociodemographic specificities.

Body mass index (BMI) for each child and 
mother was calculated as weight in kilograms 
divided by height in square metres. In this study, 
overweight was defined by and presented using the 
set of cut-off points published by WHO (WHO, 
2013).
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For the purpose of this paper a PA risk score was 
created for each child, based on a study published 
by Wijnhoven et al. (2015). The following PA risk 
behaviours were considered: using inactive trans-
portation going to and from school, actively playing 
outside <one h/day, screen time ≥two h/day, sleep 
duration <nine h/day and going to a sports or 
dancing club <two h/week. Questions and answers 
categories, on which the presence of risk behaviour 
was determined, were described elsewhere (Wijn-
hoven, et al., 2015). To calculate the score, one point 
was assigned to the presence of each PA risk behav-
iour (zero otherwise) and subsequently all points 
were added together. 

The following maternal characteristics were 
analysed:
• Maternal education – three categories: 1) 

elementary school or less; 2) high school; 3) 
undergraduate degree or higher

• Maternal employment status – two categories: 
1) employed; 2) unemployed. Mothers were 
classified as employed if they were govern-
ment employed, non-government employed or 
self-employed. They were classified as unem-
ployed if they were unemployed, able to work, 
unemployed, unable to work, student, home-
maker or retired.

• Maternal overweight – two categories: 1) not 
overweight; 2) overweight. As part of the Family 
Form mothers gave information on their weight 
and height. If the calculated BMI was greater 
than or equal to 25, mothers were classified as 
overweight; if it was under 25, mothers were 
classified as not overweight.

Ethical issues
COSI research in Croatia was approved by 

the Ethics Committee of the Croatian Institute of 
Public Health (Class: 602-01/15-01/0242) in July 
2015. Parents were fully informed about all study 
procedures, and their written informed consent 
was obtained for taking measurements of children. 
Additionally, immediately before the measuring, 
children were also asked if they were willing to 
participate in the research.

Statistical analysis
All statistical analyses were performed using 

the statistical package SPSS Statistics 21.0 (IBM 
Corporation, Chicago, IL, USA). The level of signif-
icance was set at p<.05. Post-stratification weights 
to adjust for the sampling design, oversampling and 
nonresponse were used in all analyses to infer the 
results from the sample to the population.

The sample was analysed descriptively using 
medians, interquartile range and frequencies where 
appropriate. 

Adjusted odds ratios (AdjORs) and 95% 
confidence intervals (CIs) of being overweight 
(compared to not being overweight) related to PA 
risk behaviours and PA risk score were estimated 
through logistic regression analyses. All five PA 
risk behaviours were modelled in the same model. 
AdjORs and 95%CIs of exhibiting a PA risk behav-
iour (compared to not exhibiting one) and having a 
certain PA risk score (compared to having a score of 
zero) related to maternal characteristics were esti-
mated through logistic regression analyses. Results 
for having five PA risk behaviours were not shown 
because of a too small number of observations to 
calculate odds ratios. All models included child’s 
age and geographical region among covariates. All 
models were performed on the overall sample and 
stratified by sex, with sex included as a covariate 
in models on the overall sample.

RESULTS 
Descriptive characteristics of the sample

A description of the study sample, according 
to the investigated variables, is shown in Table 1.

When looking at the number of PA risk behav-
iours present in a single child, it was determined 
that most children, 39.4% of them, had one risk 
behaviour. Two risk behaviours could be found 
in 29.5% and three risk behaviours in 9.9% of the 
studied children. A very small share of children 
had four or all five risk behaviours, 0.9 and 0.0%, 
respectively. According to their mothers, around 
one fifth of children, 20.3%, exhibited none of the 
observed risk behaviours.

Association of physical activity 
behaviours and childhood overweight

Results of a binary logistic regression (Table 2) 
showed that actively playing outside for less than 
one hour per day and spending more than two hours 
per day in front of the screen were significantly 
associated with childhood overweight. When strati-
fied by sex, these two associations remained signifi-
cant for both boys and girls, with the highest odds 
ratio observed, 1.63, being for boys who insuffi-
ciently actively play outside.

Association of maternal characteristics 
and physical activity behaviours

Maternal education was significantly associated 
with actively playing outside for less than one hour 
a day and going to a sports or dancing club for less 
than two hours a week. Children of less educated 
mothers had lower odds for insufficiently active 
playing outside and higher odds for not going to a 
sports or dancing club regularly in comparison to 
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Table 1. Descriptive analysis of investigated variables. Childhood Obesity Surveillance Initiative 2015-2016, Croatia

Age (years) Physical activity risk behaviours (%)

Median 8.6 Using inactive transportation going to and from school 30.0

Q1 -Q3 8.1- 9.2 Actively playing outside <1 h/d 8.3

Gender (%) Screen time ≥2 h/d 52.4

Boys 50.6 Sleep duration <9 h/d 5.9

Girls 49.4 Going to a sports or dancing club <2 h/week 35.1

Geographical region (%) Maternal education level (%)

Continental 50.2 Elementary school 6.6

Adriatic 32.4 High school 60.7

City of Zagreb 17.4 Undergraduate degree or higher 32.7

Nutritional status (%) Maternal employment status (%)

Underweight 0.8 Employed 76.4

Normal weight 62.5 Unemployed 23.6

Overweight 21.7 Maternal overweight status (%)
Obese 15.1 Overweight 30.2

Not overweight 69.8

Note. Q1 – first quartile; Q3 – third quartile

Table 2. Adjusted odds ratios (adjORs) and 95% confidence intervals (CIs) of being overweight (compared to not being overweight) 
related to physical activity risk behaviours and the physical activity risk behaviour score

Physical activity risk behaviours 
(reference=no risk)

– adjOR [95%CI]

Physical activity risk behaviour score 
(reference=0)

– adjOR [95%CI]

Using inactive 
transportation 
going to and 
from school

Actively 
playing 
outside 
<1 h/d

Screen 
time ≥2 

h/d

Sleep 
duration 

<9 h/d

Going to a 
sports or 
dancing 

club <2 h/
week

1 2 3 4

Overall 1.08 
[0.94-1.25]

1.50 
[1.20-1.88]

1.23 
[1.08-1.40]

0.98
[0.74-1.29]

1.01
[0.88-1.15]

1.02 
[0.86-1.22]

1.23
[1.02-1.49]

1.57 
[1.23-2.01]

0.75
[0.35-1.58]

Boys 1.10 
[0.91-1.34]

1.63 
[1.16-2.28]

1.20 
[1.00-1.44]

0.92 
[0.63-1.35]

1.11
[0.91-1.34]

1.01
[0.80-1.28]

1.24 
[0.96-1.60]

1.75
[1.24-2.48]

0.72
[0.21-2.44]

Girls 1.07 
[0.87-1.31]

1.41 
[1.03-1.92]

1.27 
[1.05-1.54]

1.07 
[0.72-1.59]

0.92
[0.76-1.11]

1.04 
[0.79-1.36]

1.23 
[0.93-1.62]

1.44 
[1.01-2.05]

0.78 
[0.30-2.02]

Note. AdjORs and 95%CI were estimated using binary logistic regression analyses. Score categories were defined as the number of 
physical activity risk behaviours. Results for having five risk behaviours were not shown because of a too small number of observations 
to calculate odds ratios. Besides physical activity risk behaviours or the physical activity risk behaviour score, all models included 
child’s age and geographical region among covariates. Overall model included sex as well. 

children of mothers with an undergraduate degree 
or higher. When stratified by sex, the same pattern 
could be applied to each group except for the girls 
whose mothers finished elementary school; they 
did not have significantly lower odds for insuffi-
cient active play outside. Children of mothers who 
were overweight had 46% higher odds for sleeping 
under nine hours and 22% higher odds for going 
to a sports or dancing club for less than two hours 
a week. Maternal overweight was not found to be 
significantly associated with any PA risk behaviour 

among girls, and among boys it was only associated 
with not going to a sports or dancing club regularly.

Children of unemployed mothers had higher 
odds for going to a sports or dancing club for less 
than two hours a week, both overall and stratified 
by sex (Table 3). 

As seen in Table 2, children with two and three 
PA risk behaviours had significantly higher odds 
for overweight, 1.23 and 1.57 times, respectively, 
in comparison to those who exhibited zero behav-
iours. When stratified by sex, only boys and girls 
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Table 3. Adjusted odds ratios (adjORs) and 95% confidence intervals (CIs) of exhibiting a physical activity risk behaviour (compared 
to not exhibiting one) related to maternal education, maternal employment status and maternal overweight 

Maternal education 
(reference=undergraduate degree or higher)

Maternal overweight 
(reference=not 

overweight)

Maternal employment
(reference=employed)

Elementary school High school Overweight Unemployed

Using inactive transportation going to and from school – adjOR [95%CI]

Overall 0.91 [0.67-1.25] 1.03 [0.88-1.20] 0.98 [0.85-1.14] 1.12 [0.95-1.32]

Boys 0.82 [0.53-1.26] 1.05 [0.85-1.30] 0.93 [0.75-1.14] 1.10 [0.87-1.39]

Girls 1.05 [0.66-1.65] 1.01 [0.81-1.25] 1.04 [0.84-1.29] 1.14 [0.89-1.45]

Actively playing outside<1 h/d – adjOR [95%CI]
Overall 0.41 [0.23-0.72] 0.44 [0.35-0.56] 1.02 [0.80-1.32] 0.96 [0.71-1.31]

Boys 0.33 [0.14-0.78] 0.40 [0.28-0.58] 0.97 [0.66-1.41] 0.97 [0.62-1.54]

Girls 0.48 [0.22-1.03] 0.46 [0.34-0.64] 1.07 [0.76-1.50] 0.96 [0.63-1.45]

Screen time≥2 h/d – adjOR [95%CI]
Overall 1.07 [0.80-1.42] 1.06 [0.93-1.22] 1.12 [0.98-1.29] 1.07 [0.92-1.25]

Boys 1.08 [0.73-1.59] 0.98 [0.81-1.20] 1.18 [0.97-1.43] 1.06 [0.86-1.32]

Girls 1.03 [0.67-1.57] 1.15 [0.95-1.41] 1.06 [0.87-1.28] 1.09 [0.87-1.36]

Sleep duration <9 h/d – adjOR [95%CI]
Overall 0.79 [0.42-1.47] 0.86 [0.65-1.15] 1.46 [1.10-1.92] 0.81 [0.57-1.14]

Boys 1.03 [0.48-2.20] 0.88 [0.58-1.33] 1.43 [0.98-2.11] 0.98 [0.62-1.56]

Girls 0.43 [0.13-1.46] 0.85 [0.57-1.27] 1.49 [1.00-2.22] 0.64 [0.37-1.10]

Going to a sports or dancing club <2 h/week – adjOR [95%CI]
Overall 5.38 [3.98-7.28] 2.28 [1.94-2.68] 1.22 [1.06-1.41] 1.47 [1.26-1.73]

Boys 3.95 [2.63-5.93] 2.29 [1.80-2.91] 1.40 [1.14-1.72] 1.49 [1.18-1.86]

Girls 8.67 [5.29-14.22] 2.28 [1.83-2.84] 1.08 [0.88-1.32] 1.47 [1.17-1.85]

Note. AdjORs and 95% CIs were estimated using a binary logistic regression analysis. Besides maternal characteristics, all models 
included child’s age and geographical region among covariates. Overall models included sex as well. 

Table 4. Adjusted odds ratios (adjORs) and 95% confidence intervals (CIs) of having a certain physical activity risk behaviour 
score (compared to having a score of zero) related to maternal education, employment status and maternal overweight 

Score

Maternal education 
(reference= undergraduate degree 

or higher)

Maternal overweight
(reference=not 

overweight)

Maternal employment 
status

(reference= employed)

Elementary school High school Overweight Unemployed

1
Overall 1.85 [1.17-2.91] 1.34 [1.11-1.61] 1.09 [0.90-1.33] 1.14 [0.91-1.43]

Boys 1.44 [0.82-2.51] 1.24 [0.97-1.60] 1.15 [0.88-1.49] 1.28 [0.94-1.73]

Girls 2.99 [1.31-6.80] 1.47 [1.12-1.91] 1.04 [0.78-1.38] 1.00 [0.71-1.41]

2
Overall 2.28 [1.44-3.62] 1.39 [1.14-1.69] 1.36 [1.11-1.66] 1.41 [1.12-1.78]

Boys 1.59 [0.89-2.83] 1.17 [0.90-1.54] 1.34 [1.02-1.77] 1.45 [1.06-2.00]

Girls 4.17 [1.83-9.50] 1.66 [1.24-2.21] 1.35 [1.01-1.82] 1.35 [0.95-1.90]

3
Overall 3.59 [2.07-6.24] 1.67 [1.26-2.21] 1.24 [0.95-1.62] 1.41 [1.04-1.90]

Boys 2.39 [1.13-5.04] 1.65 [1.10-2.50] 1.38 [0.95-2.01] 1.55 [1.02-2.36]

Girls 6.71 [2.70-16.67] 1.73 [1.17-2.54] 1.11 [0.76-1.62] 1.27 [0.82-1.96]

4
Overall 0.62 [0.09-4.34] 0.89 [0.43-1.85] 1.54 [0.76-3.12] 1.73 [0.77-3.86]

Boys 0.98 [0.11-8.88] 0.63 [0.18-2.21] 2.97 [0.94-9.34] 1.51 [0.37-6.09]

Girls * 1.12 [0.45-2.76] 1.00 [0.39-2.59] 1.83 [0.68-4.94]

Note. * – A too small number of observations to calculate odds ratios.
Score categories were defined as the number of physical activity risk behaviours. AdjORs and 95% CIs were estimated using a 
multinomial logistic regression analysis. Besides maternal characteristics, all models included child’s age and geographical region 
among covariates. Overall model included sex as well. Results for having five risk behaviours were not shown because of a too small 
number of observations to calculate odds ratios. 
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with three risk behaviours had higher odds for over-
weight. 

Overall, as seen in Table 4, lower maternal 
education was significantly associated with exhib-
iting one, two or three PA risk behaviours. The same 
result was found among girls, but among boys lower 
maternal education was only associated with exhib-
iting three risk behaviours. 

Children of overweight mothers had signifi-
cantly higher odds for exhibiting two risk behav-
iours with the same result found among boys and 
girls separately as well.

Children of unemployed mothers had 41% 
higher odds for exhibiting two or three risk behav-
iours. Maternal unemployment was significantly 
associated with having two or three risk behaviours 
only among boys and not among girls.

Discussion and conclusions
This study investigated the relationship between 

children’s PA risk behaviours, childhood over-
weight and maternal characteristics. 

Physical activity risk behaviours and 
childhood overweight 

We found two key PA risk behaviours associ-
ated with overweight in children. First, children who 
actively played outside less than one hour a day had 
higher odds for overweight in comparison to their 
peers who spent longer time playing outdoors. This 
result is concurrent with the results from previous 
studies showing that, when playing outside, children 
are usually physically active (Stone & Faulkner, 
2014). When spending one hour or longer every 
day in active outdoor play, children get the oppor-
tunity to meet the WHO PA recommendations 
which serves as a protective factor for overweight/
obesity (Tremblay, et al., 2015). Secondly, children 
who spent more than two hours per day in front of 
a screen had higher odds for overweight confirming 
that screen time activities present a substantial risk 
factor for the development of overweight/obesity 
in children (Allen & Vella, 2015). Nowadays, the 
multitude of ways in which screens and media are 
being used is broadening at an increasingly high 
pace and it is almost impossible to expect that the 
children will not be using them more frequently. 
Accordingly, it is important to bear in mind that 
in order to preserve children’s health, we need to 
make sure that they get enough opportunities for 
regular PA, sufficient sleep, social communications 
and adequate nutrition (Reid Chassiakos, Radesky, 
Christakis, Moreno, & Cross, 2016).

Maternal characteristics and physical 
activity risk behaviours 

The determined positive association of active 
free-time outdoor play and a negative impact of 

prolonged screen time on children’s weight status 
is also vital from the perspective of creating healthy 
habits in children. In this process, parents, who build 
the foundation of child’s lifestyle habits throughout 
the early years, should set an example for their chil-
dren and encourage them to actively spend their free 
time (Natale, et al., 2014). Traditionally, in Croatia, 
mothers have a predominant role in child rearing 
(Leinert Novosel, 2018), for which reason maternal 
characteristics greatly influence the development 
of child’s habits. In our study, we found that indi-
vidual PA risk behaviours in children were associ-
ated with specific maternal characteristics. Lower 
maternal education levels were found to be protec-
tive for playing outside sufficiently. This confirms 
previous findings showing a negative association 
between parental education and playing outside 
(Loprinzi, Schary, & Cardinal, 2013). It is possible 
to hypothesize that children whose mothers have 
higher levels of education and are employed, more 
often choose to send their children to sport or 
dancing clubs rather than let them play outside, a 
privilege that children of less educated and unem-
ployed mothers with usually lower financial possi-
bilities mostly lack (Quinto Romani, 2011). This 
argument is supported by our finding that lower 
maternal education, unemployment and overweight 
presented lower odds for regularly frequenting a 
sports or dancing club. Additionally, children of 
overweight mothers had higher odds for insuffi-
cient sleep duration and not frequenting a sports 
or dancing club regularly. Healthy weight mothers 
may have a higher awareness of the importance of 
healthy lifestyles and hence make sure their chil-
dren get sufficient sleep and PA by attending sports 
or dancing clubs regularly. Interestingly, screen 
time was not associated with neither of the studied 
maternal characteristics.

Furthermore, when addressing examined 
PA risk behaviours as a cumulative score value, 
our study found that children with two and three 
co-existing PA risk behaviours were more likely 
to be overweight. These findings are in line with 
a previous study on the same risk behaviours that 
found children with two to four PA risk behaviours 
to have the highest odds for obesity (Wijnhoven, et 
al., 2015).

When examining the relationship between 
maternal characteristics and children’s PA risk 
behaviour scores, we found that lower levels of 
maternal education were associated with higher 
odds for one, two or three PA risk behaviours, 
especially among girls. This finding is in line with 
previous research showing that maternal education 
is inversely associated with high inactivity patterns 
(Gordon-Larsen, McMurray, & Popkin, 2000). In 
this case, higher education may be associated with 
a higher health literacy enabling more educated 
mothers to use their knowledge about healthy life-
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styles and apply it to their children (Hernandez 
& Napierala, 2014). Furthermore, we found that 
children, especially sons of unemployed mothers 
had higher odds for having a PA risk score of two 
or three. This is in contradiction with a previous 
study that explored the mechanism behind the rela-
tionship between maternal employment and chil-
dren’s obesity and found that employed women 
spend significantly less time playing and playing 
sports with their children, possibly triggering risk 
PA behaviours (Cawley & Liu, 2012). This finding 
could be explained by the burden brought by unem-
ployment where mothers cannot financially afford 
to enrol their children in organized sports activities 
and are too preoccupied by their financial struggle 
to consciously support their children in healthy life-
styles. In relation to maternal overweight, we found 
that children of overweight mothers had higher 
odds for a PA risk score of two, which is a deter-
mined risk factor for overweight. Other studies also 
confirmed the relationship between a high maternal 
BMI and low levels of children’s PA, as well as more 
sedentary time (Sijtsma, Sauer, & Corpeleijn, 2015).

Limitations of the study
The present study is not without limitations. 

First, the response rate was 79.2%, suggesting that a 
non-response bias might be at play. However, when 

implementing a national study using anthropo-
metric measurements, such as this one, the achieved 
response rate is to be expected and is in line with 
achieved response rates in other countries using 
COSI methodology. Second, data on maternal over-
weight was self-reported suggesting that mothers 
may have given inaccurate answers. Third, this 
study did not consider any other information on 
family’s socioeconomic status, such as family 
income, parental employment, paternal education or 
family form which could have affected the results. 
Future research would benefit from involving infor-
mation on both parents in order to gain a clearer 
picture of parental characteristics associated with 
children’s PA risk behaviours.

Conclusively, this is the first Croatian national 
study investigating the associations between PA 
risk behaviours and overweight in children as well 
as maternal characteristics and PA risk behaviours 
in children. The research confirmed association 
between PA risk behaviours in children and over-
weight, and maternal characteristics as well. There-
fore, maternal characteristics should be taken into 
consideration when planning and implementing 
public health policies and interventions directed 
to the promotion of children’s healthy weight and 
regular PA.
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