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Summary

Background: Previous research on the association between sports participation and

body composition has shown mixed findings. The family home is considered one of

the most influential environments on childhood obesity. Thus, the association

between sports participation and body composition in children may be influenced by

an obesogenic home environment.

Objectives: To investigate if an obesogenic family environment moderates the asso-

ciation between sports participation and body composition in children.

Methods: A total of 3999 children (54% girls; 11.6 ± 0.7 years) and their parent(s)

were included from the ENERGY project. A composite obesogenic family environ-

ment risk score was created from 10 questionnaire items. Height, weight (to calculate

body mass index), and waist circumference were obtained by trained researchers and

used as indicators of body composition.

Abbreviations: BMI, body mass index; CI, confidence interval; ICC, intraclass correlation coefficients; MVPA, moderate-to-vigorous PA; PA, physical activity; SD, standard deviation; SES,

socio-economic status; WC, waist circumference.
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Results: The composite risk score significantly moderated the association between

sports participation and both waist circumference and body mass index. In children

from families with moderate and high obesogenic risk, organized sports participation

was significantly associated with smaller waist circumference (moderate risk: �0.29,

95% CI �0.45 to �0.14; high risk: �0.46, 95% CI �0.66 to �0.25) and lower body

mass index (moderate risk: �0.10, 95% CI �0.16 to �0.04; high risk: �0.14, 95% CI

�0.22 to �0.06), but not in children with a low obesogenic family risk score.

Conclusions: Enrolling children in sports activities from an early age can be important

for healthy weight maintenance, especially among children from obesogenic family

environments.
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1 | INTRODUCTION

Paediatric obesity is a global public health concern associated with a myr-

iad of adverse health consequences.1 Physical activity (PA) is important

for the maintenance of a healthy weight, in addition to other health ben-

efits.2 Leisure time sport is one component of PA that can contribute to

public health. For instance, children and adolescents participating in

sporting clubs are more likely to meet overall PA recommendations of

60 min of moderate-to-vigorous intensity PA (MVPA) daily.3 Thus, sport-

ing clubs are an important venue for PA and health promotion. Some

studies report higher sports participation to be associated with healthier

indicators of body composition, such as body mass index (BMI) and waist

circumference (WC) among children (i.e., from the ENERGY project).4 In

general, however, the evidence is mixed. In a systematic review by Lee

et al.,5 six out of 17 studies found no statistically significant associations

between sports participation and child obesity or only partial or weak

associations among subgroups of children. Despite these inconsistent

findings, PA is hypothesized to protect against the development of obe-

sity resulting in higher energy expenditure and resting metabolic rate.6

Obesity is, nevertheless, both a complex and multifactorial condition.

Socio-ecological models can be helpful to understand the complexity

of risk factors contributing to childhood obesity.7,8 Especially among

younger children, the home (or family) environment is considered the

most important influencing factor.7 Although there is no consensus

regarding the exact risk factors an obesogenic family environment

encompasses, researchers have highlighted the importance of factors

related to PA, food intake, and media use, which can be expressed in

both the physical- (i.e., accessibility to foods and media) and social-

(i.e., parental role modelling and rules) family environment.8

In the EuropeaN Energy balance Research to prevent excessive

weight Gain among Youth (ENERGY) project,9 data were collected on

several physical and social factors in a family environment that have been

associated with increased risk of child obesity. Findings from the

ENERGY project show that families dinning together and parenting rules

regarding media use (e.g., not allowing TV while eating and TV in the

child's bedroom) are associated with healthier body composition among

children.10–13 Furthermore, parental socioeconomic status (SES) and

BMI,14,15 in addition toparental behaviours such as daily intake of sugar

sweetened drinks, PA levels, and sedentary time,4,16–18 have been asso-

ciated with their children's weight-related health behaviours and weight

status. Although each of these factors have shown to be associated with

weight-related outcomes among children, a composite measure should

capture overall obesogenic risk in the family home environment more

efficiently than single risk factors.19

A better understanding of the mixed findings regarding the asso-

ciations between child sports participation and body composition is

warranted. Some children may benefit more from increased PA and

sports participation than others, for instance, children with multiple

unhealthy lifestyle behaviours.20 This reasoning is supported by inter-

vention studies showing that increased sports participation particu-

larly seem to benefit overweight children living in environments with

higher obesogenic risk (e.g., low-income families and obese par-

ents).21,22 Based on previous research it is reasonable to assume that

different risk (i.e., obesogenic family environment risk) and protective

factors (i.e., sports participation) may interact in their influence on

child body composition.23 More specifically, the protective effect of

sports participation against obesity might be more pronounced among

children with an increased risk of developing excessive weight due to

an obesogenic family environment. Therefore, the present study aims to

examine whethera composite obesogenic family environmental risk

score, based on factors related to both the physical and social environ-

ment in the family, moderates the association between sports participa-

tion and body composition in 10-to-12-year-old children across Europe.

We hypothesize that the association between sports participation and

body composition is stronger in children from high obesogenic risk envi-

ronments compared to children from low obesogenic risk environments.

2 | METHODS

2.1 | Procedure and sample

The current study used data from the ENERGY (European Energy bal-

ance Research to prevent excessive weight Gain among Youth)
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project, more specifically from the cross-sectional study conducted in

seven European countries (Belgium, Greece, Hungary, The

Netherlands, Norway, Slovenia, and Spain).9 Each country was repre-

sented by a local research institute or university department, being

responsible for the data collection in the respective country. Ethical

approval was obtained in all seven participating countries from Medi-

cal Ethical review committees and all participants and legal guardians

provided informed consent prior to commencement of investigation.

The standardized sampling procedures, data collection, data handling,

and ethical approval in the separate countries are described in detail

elsewhere.9 Briefly, the cross-sectional survey was carried out in pri-

mary schools among 10–12-year-old children. The study aimed to

include a minimum sample of 1000 school children from each partici-

pating country and one parent/caretaker for each child. The recruit-

ment and data collection took place from March–July 2010.

Nationally representative samples were obtained from Greece,

Hungary, The Netherlands, and Slovenia. In Belgium, schools were

selected from Flanders (i.e., the northern Dutch-speaking part of

Belgium), Norway selected schools from the southern regions of the

country, and Spain selected schools in the region of Arag�on. Between

15 (Slovenia) and 37 (Greece) schools participated, with a response

rate at the school level between 5% (The Netherlands) and 100%

(Slovenia). Response rates were in general high at the child level

(<85%); however, lower in Hungary (33%) and Norway (45%), primar-

ily due to a lack of completed parental consent forms. At the parental

level, general response rates were also relatively high (80%).

In total, 7234 children and 6002 parents completed the question-

naires. Children completed the child questionnaire during class-time

with guidance from a research assistant or project worker, and each

child brought home a parental questionnaire to be completed by one

of the parents.9

2.2 | Measures

2.2.1 | Child sports participation

Children were asked how many hours per week they participated in

one or two sports (ICCtest–retest = 0.74 for sport 1; 1.00 for sport 2).24

Total hours of sport participation per week was calculated for each

child.4

2.2.2 | Child body composition

Body height, weight, and WC were measured by trained research

assistants according to standardized protocols (ICCtest–retest = 1.00

for weight and height; 0.99 for WC).9,24 The children were measured

in light clothing without shoes. Body height was measured with a

SECA Leicester Portable stadiometer (accuracy of 0.1 cm) and weight

measured with a calibrated electronic scale SECA 861 (accuracy of

0.1 kg). Waist circumference was measured with a SECA 201 measur-

ing band (accuracy of 0.1 cm). Two readings of each measurement

(height, weight, and WC) were obtained. A third measure was taken if

the two readings differed more than 1%.9 Body mass index (kg/m2)

was calculated as weight (kg) divided by height squared (m2), and

weight categories based on the International Obesity Task Force cri-

teria (IOTF).25

2.2.3 | Ethnicity

Ethnicity was assessed in the child questionnaire and operationalized

as a distinction between children of immigrant origin (non-native) and

of native origin, based on the primary language spoken at home. The

answering categories were tailored to the different countries. This

included the official language or languages of the specific country or

region, the native languages of the largest ethnic minorities, and a cat-

egory ‘other’. A dichotomous variable was created that distinguished

children for whom the official language of the country of administra-

tion was the main language spoken at home (native) coded 0, from

those where another language was the main language spoken at home

(non-native) coded 1.26

2.2.4 | Parental marital status

Parental marital status was assessed in the parental questionnaire.

The answer ‘married’ or ‘living with my partner but not married’ was

considered a dual marital status (coded 0), and the answers ‘single’,
‘divorced’, or ‘separated’ as single status (coded 1).9

2.2.5 | Obesogenic family environment variables

Parental education levels

Educational level was assessed in the parental questionnaire by asking

how many years of education both parents had. In line with previous

publications from the ENERGY project,13,26 educational level was

dichotomized as follows: if both parents had <14 years of education

each, corresponding to high school across countries as the highest

education level, parental educational level was determined as low

(coded 1), and if at least one parent had >14 years of education,

parental educational level was categorized as high (coded 0).

Parental anthropometrics

Parental BMI was calculated from self-reported weight and height

obtained in the parental questionnaire.9 The BMI variable was dichot-

omized into normal weight (including underweight) <25 (coded as 0)

and overweight/obese ≥25 (coded as 1) according to cut-offs by the

IOTF criteria.25

Parental physical activity

In the parental questionnaire, active commuting by bicycle to work

was assessed by asking how many days a week the parent usually

biked. Response categories were between 0 to 5 days/week.9

STAVNSBO ET AL. 3 of 11
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Dichotomization was done according to earlier used cut-offs in the

ENERGY study for active commuting to work. Four days or more of

bicycling to work was considered a regular routine in weekdays and

defined as a high mode (coded as 0), while <4 days was considered as

a low mode (coded 1).27

Parental leisure time PA was assessed separately for weekdays

and weekend days by asking how many days the parents usually par-

ticipated in physical activities/sports in their leisure time. Response

categories were between 0 and 5 days for weekdays, and between

0 and 2 days for weekends.9 Total days of leisure time PA/sports par-

ticipation per week was calculated. In the lack of an official recom-

mendation or reference to guide our decision of a cut-off point, we

based our decision on the median split similar to how other composite

risk scores have been created.28 The central tendency for the sample

was 2 days/week, thus, parental PA/sports participation >2 days per

week was defined as high (coded as 0), and weekly PA/sports partici-

pation ≤2 days defined as low (coded as 1).

Parental screen time

Parents were asked about the average time spent daily watching TV

(including video and DVD) and time spent on the computer in their lei-

sure time, separately for weekdays and weekend days.9 Total hours of

parental screen time per week (weekday and weekend days) from

both TV and computer was calculated by summing up the average

reported hours. No official recommendations of total screen time

exist, thus the median split was used to categorize parental screen

time into low levels (coded 0) if the weekly average was <5 h of total

screen time, while ≥5 h of total screentime was categorized into high

levels (coded 1).

TV during meals and TV in child bedroom

Parents were asked how often they watched TV during meals (break-

fast, lunch and dinner) and reported on a 5-point scale from never to

always. According to earlier used cut-offs in the ENERGY project the

answer ‘never’ or ‘not often’ was considered as a low occurrence and

recoded as 0, and ‘sometimes, often or always’ was recoded 1.10 The

parents were also asked if the child had a TV in the bedroom. The

answer ‘no’ was coded 0 and ‘yes’ coded 1.9

Parental intake of sugared drinks

Parents were asked how many times a week they drank sweetened

beverages and reported on a 7-point scale from never to more than

once a day.9 In lack of official recommendations, the median split was

used to categorize the variable into low intake of sugared drinks

(coded 0) representing ‘never or less than once a week’ and high

intake of sugared drinks (coded 1) ‘once a week, 2–4 days a week,

5–6 days a week, every day (once a day), and every day (more than

once a day)’.

Eating breakfast together as a family

Parents were asked how often at least one of the parents were eating

breakfast together with the child, answering on a 5-point scale from

never to everyday. According to earlier used cut-offs in the ENERGY

project, the answers were dichotomized into 5–7 days representing

‘every day’ (coded 0) and 2–4 days or less as ‘not every day’
(coded 1).13

2.3 | Statistical analysis

Descriptive statistics were performed to present the sample charac-

teristics. Results are presented as mean and standard deviation

(SD) or numbers and percentage (%). In addition, bivariate correlations

coefficients between the single obesogenic family environment vari-

ables, WC, BMI, and sports participation can be found in the supple-

mentary material (Table S1).

The composite obesogenic family environment risk score was

defined per child by summing up the dichotomized obesogenic family

environment variables, where 0 represented ‘low risk’ and 1 ‘high
risk’. Thus, a composite risk score was generated with a possible score

between 0 (lowest risk) and 9 (highest risk). The composite risk score

was normally distributed (mean 4.5 (SD ±1.9)).

The analytical sample included children with complete data on

each obesogenic family environment variable, covariates, and depen-

dent variables (n = 3999). Compared to those excluded, the analytical

sample had slightly lower child sports participation (�0.14 h, 95% CI

(�0.27 to �0.01), p < 0.050), lower child WC (�0.43 cm, 95% CI

(�0.85 to �0.02), p < 0.050), more often parents with partners/

married (X2 (1) ≥ 801.946, ν = 0.37, p < 0.001), and parents with

higher education levels (X2 (1) ≥ 5.501, ν = 0.03, p < 0.050), whereas

no statistically significant differences were found between groups in

child BMI, ethnicity, parental PA levels, or parental weight status.

Linear regression analysis was used to explore the association

between the main variables of interest. A significant inverse associa-

tion between sports participation and both WC and BMI have been

reported earlier,4 thus only the association between the obesogenic

composite risk score and body composition was presented in this

study.

Path analysis and cluster-robust standard error estimation,29 to

account for a potential clustering effect by school, was used to inves-

tigate the moderating effect of the composite obesogenic family envi-

ronment risk score on the association between sports participation

and body composition. First, the interaction term (sports participa-

tion*composite risk score) was calculated, after mean centring the var-

iables. Path models included the interaction term sports

participation*composite risk score to investigate the moderation effect

of the composite obesogenic family environment risk score on the

association between sports participation and both measures of body

composition (WC and BMI). The school intraclass correlation coeffi-

cients were low (all ICC <0.03), in line with what have been reported

earlier from the ENERGY study.4 Thus, sensitivity analysis was per-

formed to investigate the degree of influence by school clustering,

comparing models with and without school as a cluster variable. Very

small or no changes in coefficients were observed between the two

models, thus no cluster adjustment for school was included in the final

model (see model output including clustering by school in the

4 of 11 STAVNSBO ET AL.
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supplementary material Table 1). Further, differences between coun-

tries in the magnitude of the association(s) was examined using multi-

group analysis. Models with these associations forced to equality

between countries was compared to models where they were freely

estimated. The unconstrained models had lower Bayesian information

criteria (BIC) values than the constrained models, thus indicating bet-

ter model fit. However, since the difference in BIC values between

the constrained and unconstrained models were very small (BIC

difference <1%),30 path models were run with and without country as

a fixed effect to further investigate the influence by country on these

associations. The sensitivity analyses confirmed the small differences

in BIC values and country was excluded from the final models (see

output for models adjusting for country in Table S2). Thus, the final

path models, did not adjust for clustering within school and country. If

a statistically significant moderation was observed by the composite

obesogenic family risk score, the difference in magnitude of the asso-

ciation between sports participation and body composition variable

was further explored in tertiles (low, moderate, and high composite

risk score). Second, regions of significance were calculated using the

Johnson-Neyman technique31 to derive points along the continuum

of the moderator where the regression coefficients of the predictor

transitions between statistically significant and non-significant. All

analyses were adjusted for age, sex, ethnicity of the child, and paren-

tal marital status that earlier have shown an association with sports

participation and body composition.32–34 Results are presented with

beta-coefficients and 95% confidence intervals (95% CI).

An alpha-level of p ≤ 0.05 was considered statistically significant.

IBM SPSS version 23 (IBM SPSS Statistics for Windows, Armonk, NY:

IBM Corp.) was used to perform the descriptive statistics, whereas

the main analyses were conducted using MPlus version 8 (Muthén

and Muthén, 1998–2017).

3 | RESULTS

3.1 | Descriptive statistics

Out of the total of 7234 children (52% girls; 11.6 ± 0.7 years) that

participated in the ENERGY school-based survey, 3999 children (54%

girls; 11.6 ± 0.7 years) had valid data on all variables in the main analy-

sis and thus eligible for the present study.

Compared to girls, boys had higher WC and were more often cat-

egorized as overweight according to their BMI; however, boys spent

more time participating in sports than did girls (Table 1), as also

reported earlier in the ENERGY project.4

3.2 | Association analyses

A statistically significant positive association was found between the

composite obesogenic family environment risk score and both WC

(β 1.11, 95% CI 0.97 to 1.25, p < 0.001) and BMI (β 0.36, 95% CI 0.31

to 0.41, p < 0.001) (Table S3). For every one unit increase in the

composite risk score, WC increased by 1.11 cm and BMI by 0.36.

The moderation analyses showed that the association between

sports participation and WC (�0.10, 95% CI (�0.15 to �0.05),

p < 0.001) as well as the association between sport participation and

BMI (�0.04, 95% CI (�0.06 to �0.02), p < 0.001) were moderated by

the composite risk score. The beta-coefficients for the interaction

terms are the difference in ‘effect’ of sports participation on body

composition per one unit increase in the composite score. Thus, the

inverse association between sports participation and body composi-

tion was stronger in participants with a higher composite obesogenic

family environment risk score.

To further examine these associations, we created tertiles of the

composite risk score and examined the association between sports

participation and body composition within each tertile (Table 2, see

also Figures S1 and S2 in the supporting information). Neither the

association between sports participation and WC nor the association

between sports participation and BMI was statistically significant in

the lowest tertile of the composite risk score. However, for the mod-

erate and highest tertile of the risk score, the association between

sports participation and WC (moderate risk: �0.29, 95% CI (�0.45 to

�0.14); high risk: �0.46, 95% CI (�0.66 to �0.25)) and BMI (moderate

TABLE 1 Descriptive statistics of the included study sample by
sex (N = 3999).

Girls Boys

N children (%)a 2162 (54) 1837 (46)

Age (mean (SD) yrs) 11.6 (0.7) 11.7 (0.7)

Ethnicity (% native) 1765 (81) 1478 (80)

WC (mean (SD) cm) 65.4 (8.4) 67.7 (9.4)

BMI (kg/m2) 19.0 (3.3) 19.2 (3.3)

Normal weight (%)a 1734 (80) 1353 (74)

Overweight (%)a 355 (16) 403 (21)

Obese (%)a 73 (3) 81 (4)

Sports participation (% yes)a 1553 (71) 1510 (81)

Sports participation (mean (SD)) hours/

week)

3.5 (2.7) 4.3 (2.8)

TV on bedroom (% yes) 692 (32) 663 (36)

Composite risk score (mean (SD)) 4.6 (1.9) 4.5 (1.9)

Parental measures

Marital status (% married) 2066 (95) 1774 (95)

Parental education (% with ≥14 years) 1475 (68) 1284 (69)

Parental BMI ((mean SD) kg/m2) 24.6 (4.3) 24.5 (4.2)

Overweight/obese (% yes)a 840 (39) 701 (38)

Leisure time activity (% yes) 1401 (64) 1250 (67)

Leisure time PA (mean (SD)) days/week) 2.0 (2.0) 2.0 (2.1)

Screen time (mean (SD) hours/day) 5.1 (2.6) 5.1 (2.6)

Note: Numbers in bold represent significant differences between

sex (p ≤ 0.05).

Abbreviations: BMI, body mass index; N, number; PA, physical activity; SD,

standard deviation; WC, waist circumference; yrs, years.
aN (%), number (percentage).
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risk: �0.10, 95% CI (�0.16 to �0.04); high risk: �0.14, 95% CI (�0.22

to �0.06)), increased with higher obesogenic family risk. For example,

for every one-hour increase in weekly sports participation, WC

decreased approximately 0.3 cm in children from moderate obeso-

genic environments and 0.5 cm if the child were living in a high obeso-

genic family environment.

3.3 | Regions of significance

Figures 1 and 2 shows the point along the continuum of the com-

posite risk score where the association between sports participa-

tion and WC or BMI transit between statistically non-significant

and significant. The distribution of participants along the modera-

tor was 4.4% (�2 SD), 27.4% (�1 SD), 37.6% (mean), 25.9% (1 SD),

and 4.7% (2 SD), respectively. With regards to the association

between sports participation and WC, the transitional point was

�1.15 SD from the mean of the composite risk score, correspond-

ing to a composite risk score of 2.4. The point where the associa-

tion between sports participation and BMI transitions between

non-statistically and significant was �0.8 SD from the mean,

equivalent to a composite risk score of 3. Thus, sports participa-

tion was only associated with WC when the composite risk score

was equal to or higher than 2.4, and only significantly associated

with BMI when the composite risk score equalled or was higher

than 3.

TABLE 2 Association between weekly sports participation and body composition by tertiles of the composite risk score.

Low risk (n = 1269) Moderate risk (n = 1504) High risk (n = 1226)

β (95% CI) p-value β (95% CI) p-value β (95% CI) p-value

WC

Unadjusted 0.06 (�0.09 to 0.21) 0.446 �0.12 (�0.28 to 0.04) 0.134 �0.33 (�0.53 to �0.14) 0.001

Adjusteda �0.01 (�0.16 to 0.15) 0.947 �0.29 (�0.45 to � 0.14) <0.001 �0.46 (�0.66 to �0.25) <0.001

BMI

Unadjusted 0.02 (�0.04 to 0.08) 0.508 �0.06 (�1.12 to �0.01) 0.034 �0.13 (�021 to �0.06) 0.001

Adjusteda 0.01 (�0.04 to 0.07) 0.667 �0.10 (�0.16 to �0.04) <0.001 �0.14 (�0.22 to �0.06) <0.001

Note: Numbers in bold represent significant associations between sports participation and body composition by each tertile (p ≤ 0.05).

Abbreviations: β, beta-coefficients; CI, confidence interval.
aAdjusted for age, sex, ethnicity, and marital status.

F IGURE 1 Region of significance for the association between sports participation and waist circumference depending on levels of the
composite obesogenic family environment risk score.
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4 | DISCUSSION

To our knowledge, this is the first study to investigate the moderating

effect of the obesogenic level of the family environment on the asso-

ciation between sports participation and body composition in children.

We observed a statistically significant moderating effect of the obeso-

genic family environment on the association between sports participa-

tion and both WC and BMI, respectively. More specifically, sports

participation was inversely associated with WC and BMI only among

children living in a moderate-to-high risk obesogenic family environ-

ment. Furthermore, the strength of the inverse association between

sports participation and body composition increased with higher obe-

sogenic family risk score. The results suggest that sports participation

may protect against obesity among those children more vulnerable or

at higher risk of developing excessive weight, supporting earlier find-

ings in the literature.21

An inverse association between sports participation and both WC

and BMI have previously been demonstrated in the ENERGY project.4

However, the literature has overall demonstrated ambiguous results

regarding the relation between sports participation and body

composition,5 suggesting that this association is complex. Our main anal-

ysis showed no associations between sports participation and body

composition among those children living in a low-risk obesogenic home

environment. One explanation could be that a low obesogenic family

home environment protects against developing overweight, indepen-

dently of participating or not in sports. This would comply with previous

findings indicating that the most influencing environment in regards to

childhood obesity often is the home environment.7 Indeed, sport pro-

grammes for children and adolescents are not necessarily designed to

prevent obesity; however, children who participate in organized sports

are often more active and active at higher levels of intensities than non-

participants.3 Importantly, participating in sports can be beneficial for

children's general physical, psychological, and social health,35,36 and

should be encouraged for all children.

Previous studies examining the association between an obeso-

genic family environment and childhood obesity have found conflict-

ing results.8 The heterogeneity of study outcomes might be a result of

methodological differences in how family environmental risk factors

are operationalized and measured, hampering direct comparisons

between studies. Most studies have investigated only few factors or

domains in the family environment related to excessive weight in chil-

dren.8 The present study used a composite risk score consisting of

nine items primarily related to the PA, food, and media environment

in the home. As also argued by others,37 a composite risk score should

capture the overall obesogenic family environment better than single

risk factors alone. For instance, some families may exhibit both unfa-

vourable and favourable health behaviours simultaneously, such as

high levels of time in sedentary behaviours concurrently with high

levels of physical activity.38 A systematic review by Kininmonth et al.8

investigated the association between different aspects in the home

environment (related to food, PA, and media use) and child obesity,

found that most studies investigated the influence of the media envi-

ronment only (23 out of 62). Consequently, this could increase the risk

of misclassification when defining the degree of an obesogenic family

environment as well as hampering the relationship with obesity. Some

of the inconsistency observed in the literature could also be attributed

to the age of the included samples and individual variation in suscepti-

bility to an obesogenic environment. For instance, the prevalence of

F IGURE 2 Region of significance for the association between sports participation and body mass index depending on levels of the composite
obesogenic family environment risk score.
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overweight increases with age39 as well as BMI heritability.40,41 This

might explain why some studies in children as young as 5–6 years

have not found an association between an obesogenic family environ-

ment and BMI,37 compared to positive associations found in older

children.42 The relative contributions of genetic and social-

environmental factors to body composition are controversial. Some

studies indicate that obesity-related genes are more strongly associ-

ated with BMI in more obesogenic environments,19 thus indicating

that the observed variation in BMI heritability (31%–90%)43 might be

attributed to environmental characteristics. Several surveys have been

utilized to assess the degree of an obesogenic family environment and

how it relates to child obesity.44–46 For instance the Family Nutrition

and Physical Activity (FNPA) screening tool has been associated with

obesity46 and one-year change in BMI in children.47 Both studies used

the originally FNPA questionnaire based on 21 questions related to

parental behaviours, rules, and support of PA, food intake, and media

use in the home. Recently, the FNPA questionnaire was reworded and

updated to ensure its continued relevance,48 showing similar associa-

tions with BMI.49 However, both the old and new version of the

FNPA questionnaires also features child behaviours, like child PA

levels, diet intake and sleep46 and thus does not represent the obeso-

genic environment alone. The composite risk score used in the pre-

sent study was based on fewer variables than the FNPA screening

tool. However, the score was still sensitive enough to capture higher

levels in WC and BMI and importantly, the variables represented

aspects of the family home environment only.

There is an urgent need for effective interventions that can curb

and reverse the obesity trend among children. The importance of such

strategies has become even more crucial as a part of the COVID-19 pan-

demic recovery. Emerging studies reveals that more children has become

affected by overweight and obesity during the COVID-19 lockdown,50

despite recent years of stagnation in BMI trends among children in many

countries.51 In addition to the importance of family-based interventions

to support healthy lifestyle habits for child weight management,52 the

present study indicates that enrolling children in sports, and especially

groups of children at increased risk of overweight, should be a public

health priority. Children participating in sports from an early age are not

only more active, but also more prone to persist in sports and keep a

lifelong interest in PA.5 Thus, developing effective strategies of how to

ease enrolment in sports among subgroups of children with different

family backgrounds and experiences with sports, as well as reduce the

high levels of drop out from sports reported with increasing age, are

important from a public health perspective. In addition, we need more

prospective observational and experimental studies that investigate the

preventive effect of youth sports participation on obesity, especially

among children at increased risk of developing overweight or obesity,

for example due to their obesogenic family environment.

4.1 | Strengths and limitation

Strengths of the present study include a large multinational sample

from different regions across Europe, standardized data collection

protocols, and objectively measured weight, height, and waist circum-

ference among children. We included two indicators of body composi-

tion and found the same results independent of measure used, which

strengthens the conclusions of the current study.

Limitations include the cross-sectional design of the study, thus

implying that causal inferences cannot be made. Further, the majority

of variables were collected through questionnaires, which might have

introduced bias. The obesogenic risk score is limited to nine variables

and other important risk factors in an obesogenic environment might

have been missed out. For instance, some studies find an association

between the physical activity environment, such as sports equipment

and garden space, to be related to unhealthy weight in children.53

However, since this study used data from the ENERGY project, we

could only use the variables that were available in the dataset. Paren-

tal BMI was, on the other hand, incorporated in the composite risk

score and evaluated as a part of healthy parental role modelling. Body

composition underlies a genetic influence as earlier discussed, which

may have strengthened the associations with child body composition

(Table S1). Another limitation is that BMI and WC are only indicators

of body composition and more complex and precise methods

(e.g., bioelectrical impedance, dual-energy x-ray absorptiometry, and

total body water estimates) exist.54 Furthermore, a summed risk score

weights the variables equally, which might not need to be the case,

because some variables may be more strongly related to obesity than

others. Also, the obesogenic risk score was based on dichotomized

variables which, together with choice of cut point, might have resulted

in loss of precision. When no official recommendations were available

to guide our decision of a cut-off point, we used the same cut-offs as

in previous studies from the ENERGY project or based our decision

on the median split. One variable, parental sugared drinks, was not

correlated to either child WC or BMI (Table S1). However, since the

variables were included in our composite risk score a posteriori, based

on earlier findings linking the variables to increased risk of child obe-

sity, we choose to keep this variable in the composite risk score.

Adjustment for child total PA levels was not possible due to lack of

information but could have revealed a more specific association

between sports participation and body composition.

The generalizability of the results may have been influenced by

the differences between participants included and those not included

in the analysis. However, differences were small and most likely of

minor importance. Finally, data was obtained in 2010 and some mea-

sures, such as screen time, lacks current popular screen use such as

smart phones.

5 | CONCLUSION

The present study found that an obesogenic family environment mod-

ified the association between children's sports participation and body

composition. Sports participation was inversely associated with WC

and BMI only among children living in more obesogenic family envi-

ronments, suggesting that sports participation might protect against

unfavourable weight gain in this group of children. In addition to
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strategies aiming to improve family environments from obesogenic to

healthy, we recommend initiatives to increase interest and participa-

tion in sports from an early age, especially among subgroups of chil-

dren at increased risk of excessive weight gain.

AUTHOR CONTRIBUTIONS

Mai J.M. ChinAPaw, Yannis Manios, Dénes Molnár, Maïté Verloigne,

Germàn Vicente-Rodríguez and Elling Bere contributed to the devel-

opment of measurement protocols and instruments, and coordinated

or supervised the data collections in the participating countries. Elling

Bere, Mette Stavnsbo, and Mai J.M. ChinAPaw conceived the original

idea for the manuscript and details were discussed with all authors.

Mette Stavnsbo conducted the analyses with supervision from

Andreas Stenling. All authors assisted in the interpretation of the

results. Mette Stavnsbo drafted the manuscript, and all authors criti-

cally reviewed all drafts and have approved the submitted manuscript.

FUNDING INFORMATION

The ENERGY-project is funded by the Seventh Framework Pro-

gramme (CORDIS FP7) of the European Commission, HEALTH

(FP7-HEALTH-2007-B), grant agreement no. 223254. Additional sup-

port was given from the Netherlands Organization for Health

Research and Development (Grant number 50-50150-98-002). The

content of this article reflects only the authors' views, and the

European Community is not liable for any use that may be made of

the information contained therein.

CONFLICT OF INTEREST STATEMENT

No conflict of interest was declared.

DATA AVAILABILITY STATEMENT

The dataset used and analysed during the current study are available

from the corresponding author on reasonable request.

ORCID

Mette Stavnsbo https://orcid.org/0000-0002-0920-964X

Mai J. M. Chinapaw https://orcid.org/0000-0001-6259-2441

REFERENCES

1. Reilly JJ, Methven E, McDowell ZC, et al. Health consequences of

obesity. Arch Dis Child. 2003;88(9):748-752. doi:10.1136/adc.88.

9.748

2. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits

of physical activity—a systematic review of longitudinal studies. BMC

Public Health. 2013;13:813. doi:10.1186/1471-2458-13-813

3. Kokko S, Martin L, Geidne S, et al. Does sports club participation con-

tribute to physical activity among children and adolescents? A com-

parison across six European countries. Scand J Public Health. 2019;

47(8):851-858. doi:10.1177/1403494818786110

4. Fernandez-Alvira JM, te Velde SJ, De Bourdeaudhuij I, et al. Parental

education associations with children's body composition: mediation

effects of energy balance-related behaviors within the ENERGY-pro-

ject. Int J Behav Nutr Phys Act. 2013;10:80. doi:10.1186/1479-5868-

10-80

5. Lee JE, Pope Z, Gao Z. The role of youth sports in promoting chil-

dren's physical activity and preventing pediatric obesity: a systematic

review. Behav Med. 2018;44(1):62-76. doi:10.1080/08964289.2016.

1193462

6. Poehlman ET. A review: exercise and its influence on resting energy

metabolism in man. Med Sci Sports Exerc. 1989;21(5):515-525.

7. Boonpleng W, Park CG, Gallo AM, Corte C, McCreary L, Bergren MD.

Ecological influences of early childhood obesity: a multilevel analysis.

West J Nurs Res. 2013;35(6):742-759. doi:10.1177/

0193945913480275

8. Kininmonth AR, Smith AD, Llewellyn CH, Dye L, Lawton CL, Fildes A.

The relationship between the home environment and child adiposity:

a systematic review. Int J Behav Nutr Phys Act. 2021;18(1):4. doi:10.

1186/s12966-020-01073-9

9. van Stralen MM, te Velde SJ, Singh AS, et al. EuropeaN Energy bal-

ance Research to prevent excessive weight Gain among Youth

(ENERGY) project: design and methodology of the ENERGY cross-

sectional survey. BMC Public Health. 2011;11:65. doi:10.1186/1471-

2458-11-65

10. Bjornara HB, Vik FN, Brug J, et al. The association of breakfast skip-

ping and television viewing at breakfast with weight status among

parents of 10–12-year-olds in eight European countries; the ENERGY

(EuropeaN Energy balance Research to prevent excessive weight

Gain among Youth) cross-sectional study. Public Health Nutr. 2014;

17(4):906-914. doi:10.1017/S136898001300061X

11. Vik FN, Bjornara HB, Overby NC, et al. Associations between eating

meals, watching TV while eating meals and weight status among chil-

dren, ages 10-12 years in eight European countries: the ENERGY

cross-sectional study. Int J Behav Nutr Phys Act. 2013;10:58. doi:10.

1186/1479-5868-10-58

12. Cameron AJ, van Stralen MM, Brug J, et al. Television in the bedroom

and increased body weight: potential explanations for their relation-

ship among European schoolchildren. Pediatr Obes. 2013;8(2):130-

141. doi:10.1111/j.2047-6310.2012.00094.x

13. Vik FN, Te Velde SJ, Van Lippevelde W, et al. Regular family breakfast

was associated with children's overweight and parental education:

results from the ENERGY cross-sectional study. Prev Med. 2016;91:

197-203. doi:10.1016/j.ypmed.2016.08.013

14. van Stralen MM, te Velde SJ, van Nassau F, et al. Weight status of

European preschool children and associations with family demo-

graphics and energy balance-related behaviours: a pooled analysis of

six European studies. Obes Rev. 2012;13(Suppl 1):29-41. doi:10.

1111/j.1467-789X.2011.00959.x

15. Brug J, van Stralen MM, Te Velde SJ, et al. Differences in weight sta-

tus and energy-balance related behaviors among schoolchildren

across Europe: the ENERGY-project. PLoS One. 2012;7(4):e34742.

doi:10.1371/journal.pone.0034742

16. Van Lippevelde W, te Velde SJ, Verloigne M, et al. Associations

between home- and family-related factors and fruit juice and soft

drink intake among 10- to 12-year old children. The ENERGY project.

Appetite. 2013;61(1):59-65. doi:10.1016/j.appet.2012.10.019

17. Timperio AF, van Stralen MM, Brug J, et al. Direct and indirect associ-

ations between the family physical activity environment and sports

participation among 10–12 year-old European children: testing the

EnRG framework in the ENERGY project. Int J Behav Nutr Phys Act.

2013;10:15. doi:10.1186/1479-5868-10-15

18. te Velde SJ, ChinAPaw MJM, De Bourdeaudhuij I, et al. Parents and

friends both matter: simultaneous and interactive influences of par-

ents and friends on European schoolchildren's energy balance-related

behaviours—the ENERGY cross-sectional study. Int J Behav Nutr Phys

Act. 2014;11:82. doi:10.1186/1479-5868-11-82

19. Schrempft S, van Jaarsveld CHM, Fisher A, et al. Variation in the heri-

tability of child body mass index by obesogenic home environment.

JAMA Pediatr. 2018;172(12):1153-1160. doi:10.1001/jamapediatrics.

2018.1508

20. Stavnsbo M, Aadland E, Anderssen SA, et al. Effects of the active

smarter kids (ASK) physical activity intervention on cardiometabolic

STAVNSBO ET AL. 9 of 11

 20476310, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13031 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [06/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-0920-964X
https://orcid.org/0000-0002-0920-964X
https://orcid.org/0000-0001-6259-2441
https://orcid.org/0000-0001-6259-2441
info:doi/10.1136/adc.88.9.748
info:doi/10.1136/adc.88.9.748
info:doi/10.1186/1471-2458-13-813
info:doi/10.1177/1403494818786110
info:doi/10.1186/1479-5868-10-80
info:doi/10.1186/1479-5868-10-80
info:doi/10.1080/08964289.2016.1193462
info:doi/10.1080/08964289.2016.1193462
info:doi/10.1177/0193945913480275
info:doi/10.1177/0193945913480275
info:doi/10.1186/s12966-020-01073-9
info:doi/10.1186/s12966-020-01073-9
info:doi/10.1186/1471-2458-11-65
info:doi/10.1186/1471-2458-11-65
info:doi/10.1017/S136898001300061X
info:doi/10.1186/1479-5868-10-58
info:doi/10.1186/1479-5868-10-58
info:doi/10.1111/j.2047-6310.2012.00094.x
info:doi/10.1016/j.ypmed.2016.08.013
info:doi/10.1111/j.1467-789X.2011.00959.x
info:doi/10.1111/j.1467-789X.2011.00959.x
info:doi/10.1371/journal.pone.0034742
info:doi/10.1016/j.appet.2012.10.019
info:doi/10.1186/1479-5868-10-15
info:doi/10.1186/1479-5868-11-82
info:doi/10.1001/jamapediatrics.2018.1508
info:doi/10.1001/jamapediatrics.2018.1508


risk factors in children: a cluster-randomized controlled trial. Prev

Med. 2020;130:105868. doi:10.1016/j.ypmed.2019.105868

21. Weintraub DL, Tirumalai EC, Haydel KF, Fujimoto M, Fulton JE,

Robinson TN. Team sports for overweight children: the Stanford Sports

to Prevent Obesity Randomized Trial (SPORT). Arch Pediatr Adolesc

Med. 2008;162(3):232-237. doi:10.1001/archpediatrics.2007.43

22. Nemet D, Barzilay-Teeni N, Eliakim A. Treatment of childhood obesity

in obese families. J Pediatr Endocrinol Metab. 2008;21(5):461-467.

doi:10.1515/JPEM.2008.21.5.461

23. Chaput JP, Saunders TJ, Carson V. Interactions between sleep, move-

ment and other non-movement behaviours in the pathogenesis of

childhood obesity. Obes Rev. 2017;18(Suppl 1):7-14. doi:10.1111/

obr.12508

24. Singh AS, Vik FN, Chinapaw MJ, et al. Test–retest reliability and

construct validity of the ENERGY-child questionnaire on energy

balance-related behaviours and their potential determinants: the

ENERGY-project. Int J Behav Nutr Phys Act. 2011;8:136. doi:10.

1186/1479-5868-8-136

25. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard

definition for child overweight and obesity worldwide: international

survey. BMJ. 2000;320(7244):1240-1243. doi:10.1136/bmj.320.

7244.1240

26. Brug J, van Stralen MM, ChinAPaw MJM, et al. Differences in weight

status and energy-balance related behaviours according to ethnic

background among adolescents in seven countries in Europe: the

ENERGY-project. Pediatr Obes. 2012;7(5):399-411. doi:10.1111/j.

2047-6310.2012.00067.x

27. Velde SJT, Haraldsen E, Vik FN, et al. Associations of commuting to

school and work with demographic variables and with weight status

in eight European countries: the ENERGY-cross sectional study. Prev

Med. 2017;99:305-312. doi:10.1016/j.ypmed.2017.03.005

28. Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence to Medi-

terranean diet and health status: meta-analysis. BMJ. 2008;337:

a1344. doi:10.1136/bmj.a1344

29. McNeish D, Stapleton LM, Silverman RD. On the unnecessary ubiq-

uity of hierarchical linear modeling. Psychol Methods. 2017;22(1):114-

140. doi:10.1037/met0000078

30. Raftery AE. Bayesian model selection in social research. Sociol Metho-

dol. 1995;25:111-163. doi:10.2307/271063

31. Hayes AF, Matthes J. Computational procedures for probing interac-

tions in OLS and logistic regression: SPSS and SAS implementations.

Behav Res Methods. 2009;41(3):924-936. doi:10.3758/BRM.41.3.924

32. Duriancik DM, Goff CR. Children of single-parent households are at a

higher risk of obesity: a systematic review. J Child Health Care. 2019;

23(3):358-369. doi:10.1177/1367493519852463

33. Shah B, Tombeau Cost K, Fuller A, Birken CS, Anderson LN. Sex and

gender differences in childhood obesity: contributing to the research

agenda. BMJ Nutr Prev Health. 2020;3(2):387-390. doi:10.1136/

bmjnph-2020-000074

34. Sallis JF, Zakarian JM, Hovell MF, Hofstetter CR. Ethnic, socioeconomic,

and sex differences in physical activity among adolescents. J Clin Epide-

miol. 1996;49(2):125-134. doi:10.1016/0895-4356(95)00514-5

35. Bjornara HB, Westergren T, Sejersted E, et al. Does organized sports

participation in childhood and adolescence positively influence

health? A review of reviews. Prev Med Rep. 2021;23:101425. doi:10.

1016/j.pmedr.2021.101425

36. Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR. A systematic

review of the psychological and social benefits of participation in

sport for children and adolescents: informing development of a con-

ceptual model of health through sport. Int J Behav Nutr Phys Act.

2013;10:98. doi:10.1186/1479-5868-10-98

37. Schrempft S, van Jaarsveld CH, Fisher A, Wardle J. The obesogenic

quality of the home environment: associations with diet, physical

activity, TV viewing, and BMI in preschool children. PLoS One. 2015;

10(8):e0134490. doi:10.1371/journal.pone.0134490

38. Ekelund U, Luan J, Sherar LB, et al. Moderate to vigorous physical

activity and sedentary time and cardiometabolic risk factors in chil-

dren and adolescents. JAMA. 2012;307(7):704-712. doi:10.1001/

jama.2012.156

39. Collaboration NCDRF. Height and body-mass index trajectories of

school-aged children and adolescents from 1985 to 2019 in

200 countries and territories: a pooled analysis of 2181 population-

based studies with 65 million participants. Lancet. 2020;396(10261):

1511-1524. doi:10.1016/S0140-6736(20)31859-6

40. Silventoinen K, Jelenkovic A, Sund R, et al. Genetic and environmen-

tal effects on body mass index from infancy to the onset of adult-

hood: an individual-based pooled analysis of 45 twin cohorts

participating in the COllaborative project of Development of Anthro-

pometrical measures in Twins (CODATwins) study. Am J Clin Nutr.

2016;104(2):371-379. doi:10.3945/ajcn.116.130252

41. Silventoinen K, Rokholm B, Kaprio J, Sorensen TI. The genetic and

environmental influences on childhood obesity: a systematic review

of twin and adoption studies. Int J Obes (Lond). 2010;34(1):29-40. doi:

10.1038/ijo.2009.177

42. MacFarlane A, Cleland V, Crawford D, Campbell K, Timperio A. Longi-

tudinal examination of the family food environment and weight status

among children. Int J Pediatr Obes. 2009;4(4):343-352. doi:10.3109/

17477160902846211

43. Min J, Chiu DT, Wang Y. Variation in the heritability of body mass

index based on diverse twin studies: a systematic review. Obes Rev.

2013;14(11):871-882. doi:10.1111/obr.12065

44. Pinard CA, Yaroch AL, Hart MH, Serrano EL, McFerren MM,

Estabrooks PA. The validity and reliability of the comprehensive

home environment survey (CHES). Health Promot Pract. 2014;15(1):

109-117. doi:10.1177/1524839913477863

45. Gattshall ML, Shoup JA, Marshall JA, Crane LA, Estabrooks PA. Vali-

dation of a survey instrument to assess home environments for physi-

cal activity and healthy eating in overweight children. Int J Behav Nutr

Phys Act. 2008;5:3. doi:10.1186/1479-5868-5-3

46. Ihmels MA, Welk GJ, Eisenmann JC, Nusser SM. Development and

preliminary validation of a family nutrition and physical activity

(FNPA) screening tool. Int J Behav Nutr Phys Act. 2009;6:14. doi:10.

1186/1479-5868-6-14

47. Ihmels MA, Welk GJ, Eisenmann JC, Nusser SM, Myers EF. Prediction

of BMI change in young children with the family nutrition and physi-

cal activity (FNPA) screening tool. Ann Behav Med. 2009;38(1):60-68.

doi:10.1007/s12160-009-9126-3

48. Peyer KL, Bailey-Davis L, Welk G. Development, applications, and

refinement of the family nutrition and physical activity (FNPA) child

obesity prevention screening. Health Promot Pract. 2021;22(4):456-

461. doi:10.1177/1524839920922486

49. Peyer KL, Welk GJ. Construct validity of an obesity risk screening tool

in two age groups. Int J Environ Res Public Health. 2017;14(4):419.

doi:10.3390/ijerph14040419

50. Salway R, Foster C, de Vocht F, et al. Accelerometer-measured physical

activity and sedentary time among children and their parents in the UK

before and after COVID-19 lockdowns: a natural experiment. Int J

Behav Nutr Phys Act. 2022;19(1):51. doi:10.1186/s12966-022-01290-4

51. Collaboration NCDRF. Worldwide trends in body-mass index, under-

weight, overweight, and obesity from 1975 to 2016: a pooled analysis

of 2416 population-based measurement studies in 128.9 million chil-

dren, adolescents, and adults. Lancet. 2017;390(10113):2627-2642.

doi:10.1016/S0140-6736(17)32129-3

52. Pamungkas RA, Chamroonsawasdi K. Home-based interventions to

treat and prevent childhood obesity: a systematic review and meta-

analysis. Behav Sci (Basel). 2019;9(4):38. doi:10.3390/bs9040038

53. Schalkwijk AAH, van der Zwaard BC, Nijpels G, Elders PJM, Platt L.

The impact of greenspace and condition of the neighbourhood on

child overweight. Eur J Public Health. 2018;28(1):88-94. doi:10.1093/

eurpub/ckx037

10 of 11 STAVNSBO ET AL.

 20476310, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13031 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [06/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1016/j.ypmed.2019.105868
info:doi/10.1001/archpediatrics.2007.43
info:doi/10.1515/JPEM.2008.21.5.461
info:doi/10.1111/obr.12508
info:doi/10.1111/obr.12508
info:doi/10.1186/1479-5868-8-136
info:doi/10.1186/1479-5868-8-136
info:doi/10.1136/bmj.320.7244.1240
info:doi/10.1136/bmj.320.7244.1240
info:doi/10.1111/j.2047-6310.2012.00067.x
info:doi/10.1111/j.2047-6310.2012.00067.x
info:doi/10.1016/j.ypmed.2017.03.005
info:doi/10.1136/bmj.a1344
info:doi/10.1037/met0000078
info:doi/10.2307/271063
info:doi/10.3758/BRM.41.3.924
info:doi/10.1177/1367493519852463
info:doi/10.1136/bmjnph-2020-000074
info:doi/10.1136/bmjnph-2020-000074
info:doi/10.1016/0895-4356(95)00514-5
info:doi/10.1016/j.pmedr.2021.101425
info:doi/10.1016/j.pmedr.2021.101425
info:doi/10.1186/1479-5868-10-98
info:doi/10.1371/journal.pone.0134490
info:doi/10.1001/jama.2012.156
info:doi/10.1001/jama.2012.156
info:doi/10.1016/S0140-6736(20)31859-6
info:doi/10.3945/ajcn.116.130252
info:doi/10.1038/ijo.2009.177
info:doi/10.3109/17477160902846211
info:doi/10.3109/17477160902846211
info:doi/10.1111/obr.12065
info:doi/10.1177/1524839913477863
info:doi/10.1186/1479-5868-5-3
info:doi/10.1186/1479-5868-6-14
info:doi/10.1186/1479-5868-6-14
info:doi/10.1007/s12160-009-9126-3
info:doi/10.1177/1524839920922486
info:doi/10.3390/ijerph14040419
info:doi/10.1186/s12966-022-01290-4
info:doi/10.1016/S0140-6736(17)32129-3
info:doi/10.3390/bs9040038
info:doi/10.1093/eurpub/ckx037
info:doi/10.1093/eurpub/ckx037


54. Duren DL, Sherwood RJ, Czerwinski SA, et al. Body composition

methods: comparisons and interpretation. J Diabetes Sci Technol.

2008;2(6):1139-1146. doi:10.1177/193229680800200623

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Stavnsbo M, Stenling A, Berntsen S,

et al. Does an obesogenic family environment moderate the

association between sports participation and body

composition in children? The ENERGY project. Pediatric

Obesity. 2023;18(7):e13031. doi:10.1111/ijpo.13031

STAVNSBO ET AL. 11 of 11

 20476310, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13031 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [06/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1177/193229680800200623
info:doi/10.1111/ijpo.13031

	Does an obesogenic family environment moderate the association between sports participation and body composition in childre...
	1  INTRODUCTION
	2  METHODS
	2.1  Procedure and sample
	2.2  Measures
	2.2.1  Child sports participation
	2.2.2  Child body composition
	2.2.3  Ethnicity
	2.2.4  Parental marital status
	2.2.5  Obesogenic family environment variables
	Parental education levels
	Parental anthropometrics
	Parental physical activity
	Parental screen time
	TV during meals and TV in child bedroom
	Parental intake of sugared drinks
	Eating breakfast together as a family


	2.3  Statistical analysis

	3  RESULTS
	3.1  Descriptive statistics
	3.2  Association analyses
	3.3  Regions of significance

	4  DISCUSSION
	4.1  Strengths and limitation

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


