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Abstract

Background: Screen-time and eating behaviours are associated in adolescents, but few studies have examined
the clustering of these health behaviours in this age group. The identification of clustered health behaviours, and
influences on adolescents’ clustered health behaviours, at the time when they are most likely to become habitual,
is important for intervention design. The purpose of this study was to assess the prevalence and clustering of
health behaviours in adolescents, and examine the sociodemographic, individual, behavioural, and home social
and physical environmental correlates of clustered health behaviours.

Methods: Adolescents aged 11–12 years (n = 527, 48% boys) completed a questionnaire during class-time which
assessed screen-time (ST), fruit and vegetable (FV), and energy-dense (ED) snack consumption using a Food Frequency
Questionnaire. Health behaviours were categorised into high and low frequencies based on recommendations for FV
and ST and median splits for ED snacks. Adolescents reported on their habits, self-efficacy, eating at the television (TV),
eating and watching TV together with parents, restrictive parenting practices, and the availability and accessibility of
foods within the home. Behavioural clustering was assessed using an observed over expected ratio (O/E). Correlates of
clustered behaviours were examined using multivariate multinomial logistic regression.

Results: Approximately 70% reported having two or three health risk behaviours. Overall, O/E ratios were close to
1, which indicates clustering. The three risk behaviour combination of low FV, high ED, and high ST occurred
more frequently than expected (O/E ratio = 1.06 95% CI 1.01, 1.15. Individual, behavioural, and social and physical
home environmental correlates were differentially associated with behavioural clusters. Correlates consistently
associated with clusters included eating ED snacks while watching TV, eating at the TV with parents, and the
availability and accessibility of ED snack foods within the home.

Conclusions: There is a high prevalence of screen time and unhealthy eating, and screen time is coupled with
unhealthy dietary behaviours. Strategies and policies are required that simultaneously address reductions in
screen time and changes to habitual dietary patterns, such as TV snacking and snack availability and accessibility.
These may require a combination of individual, social and environmental changes alongside conscious and more
automatic (nudging) strategies.
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Background
The topic of adolescent health has been considered as
paradoxical because, while adolescence is often a healthy
stage of life, many young people form unhealthy beha-
vioural habits. Health behaviours such as low intakes of
fruit and vegetables, high intakes of energy-dense snack
foods, and excessive sedentary behaviour are commonly
established during this life stage [1–3], and these beha-
viours have been shown to persist into adulthood [3, 4].
Modifiable health behaviours such as those just men-
tioned, have been associated with overweight and obesity,
cardio-metabolic risk, and poorer mental and physical
health [5–8]. Furthermore, such health behaviours do not
occur in isolation, and there is a growing body of research
suggesting that ‘unhealthy’ behaviours such as low fruit
and vegetable consumption and sedentary screen-time co-
occur as risk behavioural clusters in adolescents [9, 10].
The odds of having multiple risk behaviours increase over
the course of development, especially during the teenage
years [11]. While individual adolescent health behaviours
are of public health concern as independent behaviours,
arguably it may be more important to look at the extent of
‘clustering’ of unhealthy behaviours (i.e. screen time and
low fruit and vegetable consumption). As young people
form clusters of unhealthy behaviours that contribute to
the development of disease biomarkers, they launch syner-
gistic trajectories towards chronic disease [12, 13]. This
parody makes adolescents’ lifestyle choices, particularly
those relating to health behaviours, an important area for
public health consideration.
Identifying the interrelationship (or clustering) of

health risk behaviours in adolescents, and focusing on
the contextual factors that may either increase risk or
operate as protective factors, is imperative for the deve-
lopment of targeted prevention initiatives. However, the
predominant focus on individual health behaviours tends
to dominate the literature to date. Studies examining the
prevalence and influences on individual health beha-
viours are in abundance, while there are far fewer studies
examining the clustering, or the co-occurrence of beha-
viours [14–18]. Furthermore, we know very little about
the contextual factors that influence the clustering of
these health behaviours [19]. A recent study by Elsenberg
and colleagues [15] found evidence of clustering of screen
time and unhealthy dietary behaviours in British children,
and that older children and children who attended a school
with a physical activity or diet related policy were more
likely to have poorer health behaviour risk scores. Whereas
girls, participants with siblings, and those with more highly
educated parents were less likely to have a poor health
behaviour profile [15]. Furthermore, Hardy et al. [17]
found evidence of clustering of sedentary behaviour,
physical activity and dietary behaviours in Australian
adolescents, particularly among adolescents from low

income households. To date, research examining factors
associated with clustering of health behaviours has
focussed on sociodemographic predictors [19].
While sociodemographic factors are important for iden-

tifying subgroups for targeted intervention approaches,
there are a multitude of other factors that could be of
importance in the prevention or promotion of adoles-
cent health behaviours. There is growing support of the
use of social–ecological models in understanding health
behaviours [20]. Such models posit that factors at the
individual (e.g. self-efficacy), social (parental modelling
of screen behaviours), and physical (e.g. home availabi-
lity of foods) environmental levels interact to influence
health behaviours [21] such as eating behaviours and
sedentary screen-time. However, whether factors at the
individual, social and physical levels are associated with
clusters of health behaviours is understudied. There-
fore, to further understand clustering of health risk be-
haviours, this paper examines the prevalence and
clustering of screen-time and eating behaviours in a
sample of young adolescents. Additionally, we adopted
a novel approach by investigating the sociodemo-
graphic, individual, behavioural, and home social and
physical environmental correlates of clustered health
behaviours in this group.

Methods
Study procedure
Cross-sectional data were collected between May 2013
and June 2014. Study procedures were approved by the
Loughborough University Ethical Advisory Committee.
Data were obtained from young adolescents in their first
year (Year 7) of secondary school (aged 11–12 years)
recruited from four secondary schools in the East
Midlands region of the UK. All students in Year 7 of
participating schools were eligible and received an in-
formation leaflet to take home for a parent or guardian
with details of the study (n = 683). Under existing
ethical guidelines, it was necessary to seek written con-
sent from parents for each child’s participation, and no
information could be accessed regarding characteristics
of non-respondents. In total, 562 parents provided con-
sent (82% response rate). Adolescent participants pro-
vided assent before completing written questionnaires
during class time, and 527 were present on the data
collection days and completed the questionnaire (77%
response rate).

Measures
Participants completed questionnaires during a school
lesson under the supervision of trained researchers and
class teachers.
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Eating behaviours
Consistent with large scale studies of eating behaviours
and dietary intake, food intake was assessed using a
Food Frequency Questionnaire which was based on pre-
viously validated indices of food intake [22] but options
were reduced to focus on the specific foods of interest
(namely, fruit, vegetables, and energy-dense snacks) and
assessed intake frequency during the past week. Adoles-
cents indicated how frequently they consumed 18 food
items during a usual week. Seven response categories
ranged from ‘never’ to ‘more than three a day’. The fre-
quency of consumption of the 18 food items in a usual
week was converted to a daily equivalent, which is an
established method [23] that has been used successfully
in other dietary studies [24, 25]. Daily equivalents were
calculated as follows: never (0·00 per d); 1–2 days a week
(0·2 per d); 3–4 days a week (0·5 per d); 5–6 days a week
(0·7 per d); once a day (1.0 per d); twice a day (2.0 per
d); three or more a day (3.0 per d). The daily intake of
fruit, vegetables, and energy-dense snacks was calculated
by summing the daily equivalence for the food items in
each food group. The estimated daily intake of ‘fruit’
included the summed equivalence of five fruit items
(apples, bananas, oranges, grapes, and other fruit), the
daily equivalent of ‘vegetables’ included the summed
equivalence of five vegetable items (carrots, peas, broc-
coli, salad, and other vegetables), the daily equivalence
of ‘energy-dense snacks’ included the summed equiva-
lence of eight snack food items (potato crisps, snack
crackers, sweets (candy), chocolate, chocolate biscuits,
regular biscuits, muffins/cakes, and cereal bars). For the
present research question, fruit and vegetables were
combined to create a composite ‘fruit and vegetable’
score. Children with a frequency of consumption of fruit
and vegetables of five or more were coded as meeting
the current fruit and vegetable guidelines of five or more
a day [26] (high or low FV). Currently there are no
guidelines for the consumption of energy-dense (ED)
snack foods, therefore, frequency of consumption of
energy-dense snacks were split at the median (a fre-
quency of consumption of 2.8 per day) to create a high
and low ED category.

Screen-time
Adolescents reported the time (in hours and minutes)
that they spent watching TV and watching videos/DVDs
on a usual school day and on a usual weekend day using
an adaptation of the Adolescent Sedentary Activity
Questionnaire (ASAQ) [27, 28]. Time spent watching
TV and watching videos/DVDs was converted into mi-
nutes per school day and weekend day respectively.
Weighted mean duration of each behaviour per day
((5*schoolday + 2*weekend day)/7) was derived and
summed to provide a measure of screen-time (ST).

Adolescents accumulating an average of less than 2 h of
TV/DVDs per day were coded as meeting established
guidelines regarding screen viewing [29]. The value of
2 h ST per day was used to classify participants into high
and low ST groups.

Demographic, individual, behavioural, social, and physical
environmental factors
Demographics
Adolescents self-reported their age, sex, ethnicity,
whether or not they had siblings living at home, the
adults they lived with at home, and their home postcode.
Adolescents were coded as ‘male’ or ‘female’, aged ‘11’ or
‘12’ years, ‘White/White British’, ‘Asian/Asian British’ or
‘other’, as having ‘one or more’ or ‘no’ brothers and/or
sisters respectively, living at home with their ‘mother
and father’ or ‘other’ adults. Socioeconomic position
(SEP) was determined using the Index of Multiple
Deprivation (IMD), a measure of compound social and
material deprivation, calculated from a variety of data
including income, employment, health, education, and
housing. It is based on the postcode of the participant’s
home, and thus represents an area level approximation
of SEP. Adolescents were coded as ‘low’, ‘middle’, or ‘high’
SEP based on their IMD.

Individual
Adolescents were asked four questions about their habits
for eating snack foods in front of the television using the
previously validated Self-Report Behavioural Automaticity
Index (SRBAI) [30]: ‘eating energy-dense (ED) snack foods
(e.g. chocolate/biscuits/crisps) while watching television
(TV) is something I do automatically’; ‘… without having
to remember’; ‘… without thinking’; ‘… before I realise
I’m doing it’. They were asked the same four questions
regarding eating fruit and vegetables in front of the TV,
and regarding habit for watching TV. Response options
were given on a five-point Likert scale, ranging from
(1) ‘strongly disagree’ to (5) ‘strongly agree’. Responses
were summed separately to provide three habit scores;
one for eating ED snacks in front of the TV (Cronbach’s
α = 0.86), one for eating fruit and vegetables in front of
the TV (Cronbach’s α = 0.91), and one for watching TV
(Cronbach’s α = 0.74). Each habit score was dichotomised
at the median to create a ‘high’ and ‘low’ habit score. See
Additional file 1: Table S1 for all median scores, descrip-
tions and distributions of all predictor variables.
Based on a previously used scale [24], adolescents were

asked six questions about their self-efficacy for reducing
their energy-dense snack food consumption (i.e. snacks
including chocolate, crisps, biscuits, and sweets (candy)):
‘How sure are you that you could not eat snack foods
when you’re with your friends’; ‘…you’re with your
family’; ‘…after school’; ‘…when you’re alone’; ‘…when
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you’re bored’; ‘…when you’re feeling down’. They were
asked the same six questions about not eating snack
foods in front of the TV, about eating more fruit and
vegetables, and about reducing their TV viewing. Re-
sponse options were given on a five-point Likert scale,
ranging from (1) ‘not at all sure’ to (5) ‘very sure’. Re-
sponses were summed separately to provide four self-
efficacy scores; one for not eating energy-dense snacks
(Cronbach’s α = 0.89), one for not eating energy-dense
snacks in front of the TV (Cronbach’s α = 0.88), one for
eating more fruit and vegetables (Cronbach’s α = 0.90),
and one for reducing TV viewing (Cronbach’s α = 0.73).
Each self-efficacy score was dichotomised at the median
to create a ‘high’ and ‘low’ self-efficacy score.

Behavioural
Adolescents were asked how often they ate breakfast,
lunch, dinner, energy-dense snacks, and fruit and vegeta-
bles while also watching the TV during a typical week
using an adaptation of a previously used questionnaire
by Matheson et al. [31]. Response options were given on
a four-point Likert scale ranging from (1) ‘Never’ to (4)
‘every day’. The frequency of consumption of the meals
and snacks while watching TV was coded as ‘2 or less
days a week’ and ‘3 or more days a week’.

Social environmental
Adolescents were asked how often, during a typical
week, they did the following activities together with their
parents: ate breakfast in front of the TV, dinner in front
of the TV, snacks in front of the TV, and watched TV.
Response options were given on a five-point Likert scale
ranging from (1) ‘Never/less than once a week’ to (5)
‘Every day’. The frequency of consumption of the meals
and snacks with parents was coded as ‘less than twice a
week’ and ‘2 or more times a week’.
Adolescents were asked seven questions regarding

parental food related restriction using items from the
Kid’s Child Feeding Questionnaire [32, 33] (e.g. ‘Does
your parent ever say things like “you've had enough to
eat now, you need to stop”?’). Response options were
given on a three-point Likert scale: (1) ‘No’, (2) Some-
times, and (3) ‘Yes’. Scores of the seven items were
summed and divided by seven to create the ‘restriction’
score (Cronbach’s α = 0.71), which was dichotomised at
the median to create a ‘high’ and ‘low’ score.
Adolescents were asked three questions regarding

their perceptions of their parents’ restriction of screen-
media in the home. Response options were provided on
a 3-point Likert scale: (1) No, (2) Sometimes, and (3)
Yes. Items related to restriction of screen-media in
the home included, for example, ‘my parents limit
how much television I can watch’. The score of the
three items were summed and divided by three to

create the ‘screen-time restriction’ score (Cronbach’s
α = 0.73), which was dichotomised at the median to
create a ‘high’ and ‘low’ score.

Physical environmental
Adolescents were asked whether or not they had a TV
in their bedroom. Response options were ‘yes’ and ‘no’.
Adolescents were asked four questions regarding

availability of energy-dense snacks in the home in the
past week (e.g. ‘how frequently were the following
items available to you at home last week’: cakes/bis-
cuits, crisps, chocolates, sweets), and two questions
regarding the availability of fruit and vegetables (fruit
and vegetables). Response options were given on a
four-point Likert scale ranging from (1) ‘Never/rarely’
to (4) ‘Always’. Scores of the four energy-dense snacks
were summed to create the ‘home availability of
energy-dense snacks’ score (Cronbach’s α = 0.84) and
scores of the fruit and vegetables were summed to
create the ‘home availability of fruit and vegetables’
score (Cronbach’s α = 0.83), which were dichotomised
at the median to create a ‘high’ and ‘low’ score.
Adolescents were asked two questions regarding the

accessibility of energy-dense snacks in the home and
four questions regarding accessibility of fruit and vegeta-
bles in the home in the past week (e.g. ‘in the past week,
were there any fruits that were prepared and ready for
you to eat as part of a meal or snack?’). Response options
were given on a three-point Likert scale: (1) No, (2) Some-
times, and (3) Yes. Scores of the two energy-dense snacks
questions were summed to create the ‘home accessibility
of energy-dense snacks’ score (Cronbach’s α = 0.71), and
scores of the four fruit and vegetable questions were
summed to create the ‘home accessibility of fruit and
vegetables’ score (Cronbach’s α = 0.70), which were
dichotomised at the median to create a ‘high’ and
‘low’ score.

Statistical analysis
Analysis was conducted using Stata V12 (Stata, College
Station, TX). Sample characteristics were summarised
using descriptive statistics.
Prevalence of health risk behaviours were investigated

in the study population. Behavioural clustering of two or
more health risk behaviours was determined by the ratio
of the observed to the expected prevalence of one, two,
and three simultaneously occurring risk behaviours, as
described previously [15, 34]. Observed prevalence was
calculated as the number of participants that did or did
not meet guideline levels for each health behaviour
divided by the total number of participants (e.g. the pro-
portion of children that had low fruit and vegetable con-
sumption and high TV/DVD time, but consumed less
energy-dense snacks than the median). The expected
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prevalence for single behaviours was calculated as the
proportion of participants not meeting a specific guide-
line multiplied by the proportion of participants that
met the guidelines for all remaining behaviours (e.g. the
proportion of children that consumed above the median
amount of energy dense snacks multiplied by the pro-
portion that had low TV/DVD time, and the proportion
that had high levels of fruit and vegetable intake). The
expected prevalence for multiple health behaviours was
calculated by multiplying the proportion of participants
that did not meet guideline levels for a specific set of
behaviours and the proportion that met guideline levels
for the remaining behaviours. The difference between
the observed and the expected prevalence (O/E) was
calculated to examine whether health behaviours co-
occurred at a higher or lower rate than would be ex-
pected if there was no association between behaviours.
Ninety five percent confidence intervals were calculated
using bootstrap techniques. Observed over expected
ratios >1 are indicative of clustering.
Five behavioural cluster categories were created and

coded on the basis of met/unmet guidelines: 0: one or
no risk behaviours; 1: Low FV / high ED; 2: High ST /
Low FV; 3: High ST / High ED; 4: 3 risk behaviours. The
proportion of adolescents in each behavioural cluster
was compared by gender using Pearson chi-square tests
of significance. Multinomial logistic regression analyses
were conducted to examine the likelihood of being in
each of these categories according to demographic,
individual, behavioural, and home social and physical
environmental variables. The ‘one or no risk behaviours’
category was used as the referent category. Demo-
graphic, individual, behavioural, and home social and
physical environmental variables that were significantly
associated with combinations of risk behaviours in the
univariate multinomial logistic regression analyses were
entered into multivariate multinomial logistic regression
models simultaneously.

Results
Sample characteristics
Just over half of the adolescent sample was female (52%)
and the mean age was 11.64 (SD 0.48) years. Table 1
presents the prevalence of not meeting individual health
behaviour guidelines as well as the prevalence of combi-
nations of behaviour according to adolescent gender. No
statistical differences were found between boys and girls
for individual or combined health behaviours. Seventy
percent of participants exceeded the screen-time recom-
mendations and 73.6% failed to consume sufficient fruits
and vegetables. Almost 30% had none or one risk beha-
viour (3.9% of boys and 5.1% of girls had no risk beha-
viours, and 28.1% of boys and 22.6% of girls had one
risk behaviour), and 27% had all three risk behaviours.

Clustering of health behaviours
Eight possible combinations of the three health beha-
viours were examined, and the observed and expected
prevalence ratios of these health behaviours and their
combinations are displayed in Table 2. Overall, observed
over expected ratios were close to 1 and ranged from
0.65 to 1.23. The three risk behaviour combination of
insufficient fruit and vegetable consumption, high
energy-dense snack consumption, and excessive screen-
time occurred more frequently than expected (1.06
(1.01, 1.15)), as did the two risk behaviour combination
of high energy-dense snack consumption and excessive
screen-time, although not significant according to the
confidence intervals (1.16 (0.98, 1.38)).

Factors associated with combinations of adolescent risk
behaviours
Additional file 1: Table S1, shows the description and
distribution of the demographic, individual, behavioural,
and social and physical home environmental variables.
Several variables were associated with combinations of
adolescent risk behaviours in the univariate multinomial
logistic regression analysis (Table 3). The results of the
multivariate multinomial logistic regression analysis are
presented in Table 4. Results are described according to
health behaviour combinations.

All three risk behaviours
Thirteen variables were associated with an increased
likelihood of reporting all three risk behaviours in the
univariate analyses (Table 3), these included high
deprivation, habit for watching TV, habit for eating
snacks while watching TV, eating breakfast, lunch, din-
ner, and snacks while watching TV, watching TV and
eating dinner, breakfast and snacks in front of the TV
together with parents, having a TV in the bedroom and
home availability and accessibility of energy-dense snack
foods. Six variables were associated with a lower like-
lihood of reporting all three risk behaviours, these in-
cluded self-efficacy to not watch TV, to not eat snacks
while watching TV, to increase fruit and vegetable con-
sumption, to decrease energy-dense snack food con-
sumption, and parental food and screen-time restriction.
In the multivariate analyses, three variables remained

significantly associated with an increased likelihood of
reporting all three risk behaviours, these were eating
energy-dense snacks while watching TV, and both the
availability and accessibility of energy-dense snack foods
within the home (Table 4).

High ST/high ED
Fourteen variables were associated with an increased
likelihood of reporting high ST / high ED snacks in the
univariate analyses (Table 3). These included, habit for
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watching TV, habit for eating snacks while watching TV,
habit for eating fruit and vegetables while watching TV,
eating breakfast, lunch, dinner, fruit and vegetables, and
snacks while watching TV, watching TV and eating din-
ner, breakfast, and snacks in front of the TV together
with parents, and home availability and accessibility of
energy-dense snack foods. In the multivariate analyses
(Table 4), three variables remained significantly asso-
ciated with an increased likelihood of reporting high ST/
high ED, these were eating fruit and vegetables while
watching TV, watching TV together with parents, and
home accessibility of energy dense snack foods.

High ST/low FV
Six variables were associated with an increased likelihood
of reporting high ST / low FV in the univariate analyses
(Table 3), these included, eating dinner and ED snacks
while watching TV, eating snacks in front of the TV

together with parents, having a TV in the bedroom, and
home availability of energy-dense snack foods and fruit
and vegetables. Parental food restriction was associated
with a lower likelihood of reporting high ST/low FV.
No variables remained significantly associated with an

increased likelihood of reporting high ST/low FV in the
multivariate analyses.

Low FV/high ED
Seven variables were associated with an increased likeli-
hood of reporting low FV/high ED in the univariate ana-
lyses (Table 3), these included habit for eating snacks
while watching TV, eating breakfast and ED snacks while
watching TV, eating snacks in front of the TV together,
watching TV together with parents, and home availabi-
lity and accessibility of energy-dense snack foods.
Four of these variables remained significantly asso-

ciated with an increased likelihood of reporting low FV/

Table 2 Observed and expected prevalence of health risk behaviours, individually and in combination

No. of health
behaviours

High TV/DVD Low fruit and vegetable
consumption

High energy-dense snack
food consumption

O (%) E (%) O/E (95% CI)

3 x x x 26.57 25.06 1.06 (1.01, 1.15)

2 x x - 25.81 25.93 0.99 (0.90, 1.08)

- x x 7.02 10.71 0.65 (0.49, 0.82)

x - x 10.44 8.98 1.16 (0.95, 1.38)

1 x - - 6.45 9.29 0.69 (0.51, 0.88)

- x - 13.28 11.08 1.20 (1.02, 1.38)

- - x 4.74 3.84 1.23 (0.84, 1.63)

0 - - - 4.55 3.97 1.15 (0.75, 1.54)

O observed prevalence; E expected prevalence; 95% CI 95% confidence interval; X guideline not met; − guideline met
Bold: observed over expected ratios >1 are indicative of clustering

Table 1 Descriptive characteristics of adolescent participants (n = 527)

All Boys Girls

N (%) 527 253 (48) 274 (52)

Age, years (mean (SD)) 11.64 (0.48) 11.59 (0.49) 11.68 (0.47)

TV/DVD viewing (mins/day) (mean (SD)) 190.98 (112.77) 192.55 (113.98) 189.56 (111.87)

> 120 min/day, % 69.7 70.2 70

Fruit and vegetable intake (frequency of consumption/day) (mean (SD)) 3.77 (2.58) 3.80 (2.67) 3.75 (2.49)

< 5 a day (frequency of consumption/day), % 73.6 72.7 74.5

Energy-dense snack intake (frequency of consumption/day) (mean (SD)) 3.77 (3.07) 3.93 (3.31) 3.62 (2.83)

> 2.8 a day (frequency of consumption/day), % 49.1 47.4 50.7

Risk behaviour groups, N (%)

None or one risk behaviour 157 (29.8) 81 (32) 76 (27.7)

Low FV / high ED 43 (8.2) 21 (8.3) 22 (8)

High ST / low FV 134 (25.4) 62 (24.5) 72 (26.3)

High ST / high ED 50 (9.5) 23 (9.1) 27 (9.9)

3 risk behaviours (Low FV / high ST / high ED) 143 (27.1) 66 (26.1) 77 (28.1)

Pearson’s chi-square analyses between boys and girls for risk behaviour groups; Independent T-tests for comparison of means between boys and girls for
all continuous variables
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Table 3 Univariate multinomial logistic regression analysis of factors associated with combinations of risk behaviours among
adolescents

Low FV / high ED
OR (95% CI)

High ST / Low FV
OR (95% CI)

High ST / High ED
OR (95% CI)

3 risk behaviours
OR (95% CI)

Demographic

Gender (ref: female)

Male 0.89 (0.46–1.76) 0.81 (0.51–1.28) 0.80 (0.42–1.51) 0.80 (0.51–1.27)

Age (ref: age 12 years)

11 years 0.61 (0.30–1.27) 0.84 (0.53–1.35) 0.87 (0.45–1.67) 0.65 (0.40–1.05)

Ethnicity (ref: Other)

White / white British 2.08 (0.25–17.21) 1.07 (0.36–3.19) 0.80 (0.20–3.16) 0.53 (0.21–1.35)

Asian / Asian British 2.80 (0.30–26.56) 1.67 (0.50–5.59) 1.20 (0.30–5.61) 0.93 (0.32–2.70)

Brothers (ref: one or more)

None 1.21 (0.61–2.43) 0.89 (0.54–1.45) 1.18 (0.61–2.28) 1.13 (0.70–1.80)

Sisters (ref: one or more)

None 1.04 (0.53–2.04) 0.95 (0.60–1.52) 0.83 (0.43–1.60) 0.79 (0.50–1.26)

Parents at home (ref: other)

Mother and Father 1.19 (0.55–2.66) 0.66 (0.40–1.08) 0.96 (0.48–1.92) 0.79 (0.49–1.30)

Deprivation scale (ref: low)

Middle 1.44 (0.58–3.57) 0.92 (0.49–1.73) 1.93 (0.83–4.47) 1.21 (0.63–2.32)

High 0.97 (0.37–2.55) 1.07 (0.58–1.94) 1.44 (0.58–3.56) 1.86* (1.02–3.37)

Individual

Habit for watching television (ref: low habit) 1.81 (0.88–3.73) 1.49 (0.93–2.42) 2.20 (1.12–4.29)* 2.29 (1.43–3.70)***

Habit for eating snack foods while watching TV
(ref: low habit)

2.24 (1.09–4.62)* 1.23 (0.73–1.98) 3.62 (1.75–7.49)*** 3.35 (2.04–5.51)***

Habit for eating FV while watching TV (ref:
low habit)

0.95 (0.46–1.95) 1.12 (0.70–1.80) 2.84 (1.38–5.87)** 0.94 (0.59–1.49)

Self-efficacy for not watching TV/DVD’s or using
computers (ref: low self-efficacy)

1.13 (0.55–2.29) 0.73 (0.45–1.18) 1.29 (0.66–2.50) 0.48 (0.30–0.77)**

Self-efficacy for not eating snack foods when
watching TV/DVD’s (ref: low self-efficacy)

0.89 (0.44–1.80) 0.84 (0.52–1.36) 0.56 (0.28–1.11) 0.40 (0.24–0.66)***

Self-efficacy for increasing fruit and vegetable
consumption (ref: low self-efficacy)

0.58 (0.28–1.20) 0.70 (0.42–1.15) 0.75 (0.38–1.48) 0.45 (0.27–0.73)***

Self-efficacy for reducing energy-dense snack
food consumption (ref: low self-efficacy)

0.78 (0.39–1.55) 0.80 (0.50–1.30) 0.93 (0.48–1.80) 0.45 (0.28–0.72)***

Behavioural

Eating breakfast while watching TV (ref: [2] or
less days a week)

2.54 (1.24–5.20)** 1.35 (0.85–2.15) 3.26 (1.63–6.54)*** 1.71 (1.08–2.70)*

Eating lunch while watching TV (ref: [2] or less
days a week)

1.59 (0.80–3.16) 1.26 (0.79–2.01) 2.77 (1.40–5.50)** 1.89 (1.19–3.02)**

Eating dinner while watching TV (ref: [2] or less
days a week)

1.58 (0.78–3.20) 1.75 (1.08–2.85)* 2.42 (1.19–4.93)** 2.24 (1.38–3.66)***

Eating fruit and vegetables while watching TV
(ref: [2] or less days a week)

0.68 (0.34–1.39) 0.92 (0.57–1.47) 2.75 (1.37–5.52)** 0.86 (0.54–1.37)

Eating ED snacks while watching TV (ref: [2] or
less days a week)

6.22 (2.92–13.27)*** 2.14 (1.31–3.50)** 5.47 (2.70–11.09)*** 11.45 (6.65–20.02***

Home social environment

Eating dinner in front of the TV with parents
(ref: less than twice a week)

1.67 (0.84–3.32) 1.60 (0.99–2.59) 2.66 (1.38–5.11)** 1.70 (1.06–2.71)*

Eating breakfast in front of the TV with parents
(ref: less than twice a week)

1.56 (0.68–3.58) 1.40 (0.77–2.55) 3.16 (1.55–6.45)** 2.50 (1.44–4.35)***
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high ED in the multivariate analysis (Table 4), these were
eating breakfast and ED snacks while watching TV, ea-
ting snacks in front of the TV together with parents, and
home availability of ED snacks.

Discussion
This study examined the prevalence, clustering, and corre-
lates of screen-time and eating behaviours in a sample of
young adolescents. Additionally, we investigated the
individual, behavioural, and home social and physical
environmental correlates of clustered health behaviours.
Analyses revealed that behavioural risk factors are preva-
lent among young adolescents as the majority failed to
meet guidelines for one or more health behaviour(s),
Furthermore, high levels of screen viewing, low fruit and
vegetable consumption, and high ED snack food con-
sumption tend to cluster in this population. Our results
show that individual, behavioural, and social and physical
home environmental correlates were differentially asso-
ciated with behavioural clusters. Correlates consistently
associated with behavioural clusters included eating while
watching TV, eating at the TV with parents, and the avai-
lability and accessibility of energy-dense snack foods
within the home. Given the growing body of research
which suggests that ‘unhealthy’ behaviours such as low
fruit and vegetable consumption and sedentary screen-
time co-occur as risk behavioural clusters in adolescents,
and that the formation of clusters of unhealthy behaviours
has the potential for synergistic negative effects on health
outcomes, work such as ours, which aims to understand
the clustering of health behaviours in young people, is
important for preventative efforts.

In the current study at least 48% of adolescents failed to
meet recommendations for each of the health behaviours
studied and 27% of adolescents displayed all three risk
behaviours. In contrast to previous studies no gender dif-
ferences were found in either the prevalence of individual
health behaviours or clusters of health behaviours [19].
Otherwise, our findings are similar to those of previous
studies that have examined behavioural risk factors. For
example, Elsenburg et al. [15] reported that around 30% of
British adolescents failed to meet guidelines for five health
behaviours including fruit and vegetable intake and
screen-time, and Plotnikoff et al. [35] found that 43% of
boys and 53% of girls from a sample of Canadian adoles-
cents displayed two or more risk factors. In a US study
which examined fruit and vegetable intake and screen-
time in adolescents, Driskell et al. [36] reported that being
at risk for one behaviour significantly increased the risk
for another behaviour. Similarly, in a large European
sample, increased television viewing and computer use
was associated with lower fruit consumption [37]. While
the trends across studies indicate a high prevalence of
health risk behaviours among adolescents, direct compari-
son between studies is difficult due to the different me-
thodologies undertaken to not only examine behaviours
(which are diverse across studies), but also in the analysis
to examine co-occurrence. Nonetheless, the evidence to
date on the prevalence and clustering of these behaviours
suggests that the further study of health behaviour risk
patterns, as well as the investigation into understanding a
wide range of correlates and determinants of these
clusters of behaviours, is warranted to inform future pre-
vention efforts.

Table 3 Univariate multinomial logistic regression analysis of factors associated with combinations of risk behaviours among
adolescents (Continued)

Eating snacks in front of the TV with parents
(ref: less than twice a week)

4.31 (2.09–8.87)*** 1.69 (1.04–2.72)* 2.65 (1.38–5.08)** 3.99 (2.46–6.47)***

Watching TV/DVD’s together with parents (ref:
less than twice a week)

2.05 (1.03–4.06)* 1.44 (0.89–2.30) 4.17 (2.07–8.38)*** 1.72 (1.08–2.73)*

Parental food restriction (ref: low – below median
score of 2.4)

0.53 (0.26–1.07) 0.52 (0.32–0.84)** 0.78 (0.40–1.54) 0.33 (0.20–0.56)***

Parental screen-time restriction (ref: low – below
median score of 2)

0.46 (0.21–1.00) 0.80 (0.49–1.32) 0.76 (0.39–1.50) 0.43 (0.25–0.71)***

Home physical environment

Television in the bedroom (ref: no) 1.88 (0.85–4.15) 1.77 (1.05–2.97)* 1.57 (0.77–3.19) 1.63 (1.01–2.68)*

Home availability of energy-dense snack foods
(ref: low – below median score of 9)

5.83 (2.77–12.96)*** 2.03 (1.18–3.50)** 4.07 (2.01–8.24)*** 9.19 (5.31–15.90)***

Home availability of fruit and vegetables (ref:
low – below median score of 6)

1.76 (0.84–3.68) 1.38 (0.97–2.77) 1.36 (0.70–2.67) 1.55 (0.96–2.51)

Home accessibility of energy-dense snack foods
(ref: low – below median score of 8)

2.07 (0.97–4.40) 1.86 (1.13–3.06)* 1.96 (1.01–3.93)* 8.77 (4.53–16.95)***

Home accessibility of fruit and vegetables (ref:
low – below median score of 4)

0.56 (0.27–1.17) 0.82 (0.50–1.34) 1.61 (0.79–3.27) 1.23 (0.75–2.01)

*p < 0.05; **p < 0.01; ***p < 0.001
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Table 4 Multivariate multinomial logistic regression analysis of factors associated with combinations of risk behaviours among
adolescents

Low FV / high ED
OR (95% CI)

High ST / Low FV
OR (95% CI)

High ST / High ED
OR (95% CI)

3 risk behaviours
OR (95% CI)

Demographic

Deprivation scale (ref: low)

Middle 0.69 (0.19, 2.51) 0.60 (0.26, 1.39) 1.70 (0.41, 7.07) 0.83 (0.30, 2.24)

High 0.49 (0.12, 2.06) 0.73 (0.30, 1.77) 0.97 (0.23, 4.03) 1.23 (0.44, 3.41)

Individual

Habit for watching television (ref: low habit) 1.37 (0.43, 4.36) 1.03 (0.47, 2.27) 1.58 (0.46, 5.36) 1.04 (0.43, 2.51)

Habit for eating snack foods while watching
TV (ref: low habit)

1.75 (0.50, 6.14) 0.61 (0.28, 1.34) 2.72 (0.68, 10.89) 1.44 (0.56, 3.66)

Habit for eating FV while watching TV (ref:
low habit)

1.58 (0.48, 5.19) 1.41 (0.68, 2.93) 3.05 (0.94, 9.94) 1.93 (0.79, 4.75)

Self-efficacy for not watching TV/DVD’s or
using computers (ref: low self-efficacy)

1.55 (0.48, 5.00) 0.85 (0.40, 1.79) 2.28 (0.67, 7.77) 0.78 (0.31, 1.92)

Self-efficacy for not eating snack foods when
watching TV/DVD’s (ref: low self-efficacy)

2.90 (0.78, 10.84) 1.08 (0.48, 2.42) 0.41 (0.11, 1.54) 1.39 (0.51, 3.76)

Self-efficacy for increasing fruit and vegetable
consumption (ref: low self-efficacy)

0.87 (0.26, 2.90) 0.78 (0.37, 1.63) 0.44 (0.13, 1.48) 0.54 (0.22, 1.34)

Self-efficacy for reducing energy-dense snack
food consumption (ref: low self-efficacy)

0.61 (0.17, 2.15) 1.51 (0.69, 3.33) 1.40 (0.41, 4.81) 0.79 (0.30, 2.06)

Behavioural

Eating breakfast while watching TV (ref: [2] or
less days a week)

6.12 (1.50, 25.35)** 0.96 (0.41, 2.25) 3.86 (0.96, 16.11) 1.91 (0.68, 5.35)

Eating lunch while watching TV (ref: [2] or
less days a week)

0.33 (0.10, 1.41) 0.71 (0.26, 1.98) 0.27 (0.05, 1.42) 0.75 (0.24, 2.33)

Eating dinner while watching TV (ref: [2] or
less days a week)

1.10 (0.24, 5.11) 1.76 (0.68, 4.59) 1.76 (0.31, 9.89) 1.34 (0.42, 4.34)

Eating fruit and vegetables while watching
TV (ref: [2] or less days a week)

0.53 (0.16, 1.78) 1.05 (0.50, 2.19) 3.69 (1.04, 13.16)* 0.56 (0.23, 1.34)

Eating ED snacks while watching TV (ref: [2]
or less days a week)

4.53 (1.24, 16.53)* 2.00 (0.89, 4.30) 1.37 (0.36, 5.33) 7.68 (2.75, 21.45)***

Home social environment

Eating dinner in front of the TV with parents
(ref: less than twice a week)

0.80 (0.21, 3.03) 1.24 (0.54, 2.89) 1.84 (0.48, 7.11) 0.88 (0.33, 2.41)

Eating breakfast in front of the TV with parents
(ref: less than twice a week)

0.30 (0.06, 1.42) 0.90 (0.34, 2.40) 1.51 (0.36, 6.33) 0.66 (0.22, 1.99)

Eating snacks in front of the TV with parents
(ref: less than twice a week)

6.64 (1.85, 23.85)** 1.24 (0.56, 2.74) 0.98 (0.29, 3.36) 1.86 (0.74, 4.67)

Watching TV/DVD’s together with parents
(ref: less than twice a week)

0.63 (0.19, 2.03) 0.86 (0.41, 1.78) 4.50 (1.15, 17.57)* 1.17 (0.49, 2.79)

Parental food restriction (ref: low – below
median score of 2.4)

0.70 (0.23, 2.15) 0.51 (0.25, 1.05) 2.42 (0.75, 7.78) 0.61 (0.26, 1.46)

Parental screen-time restriction (ref: low –
below median score of 2)

1.17 (0.35, 3.93) 1.61 (0.77, 3.39) 1.46 (0.42, 5.05) 1.22 (0.50, 3.10)

Home physical environment

Television in the bedroom (ref: no) 0.71 (0.21, 2.40) 1.78 (0.82, 3.86) 0.64 (0.17, 2.41) 0.87 (0.33, 2.27)

Home availability of energy-dense snack foods
(ref: low – below median score of 9)

4.95 (1.45, 16.88)** 1.78 (0.82, 3.86) 3.22 (0.86, 12.16) 3.93 (1.52, 10.12)**

Home availability of fruit and vegetables (ref:
low – below median score of 6)

1.83 (0.54, 6.22) 1.12 (0.48, 2.65) 0.87 (0.24, 3.09) 1.20 (0.48, 2.98)
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The three risk behaviour combination of insufficient
fruit and vegetable consumption, high energy-dense
snack consumption, and excessive screen-time occurred
more frequently than expected, as did the two risk be-
haviour combination of high energy-dense snack con-
sumption and excessive screen-time. The clustering of
high screen-time with unhealthy eating behaviours is
consistent with previous findings from Hardy et al. who
reported an observed/expected ratio of 2.3 (95% CI 1.3,
3.9) for high screen-time, low fruit and vegetable intake,
and high soft-drink and snacking in adolescent girls [17],
and with Elsenburg et al. who found an observed/ex-
pected ratio of 1.31 (95% CI 1.04, 1.59) for low physical
activity, high screen-time, low fruit and vegetable intake
and a high dietary fat/non-milk extrinsic sugar (MAR)
score [15]. The odds of having multiple risk behaviours
increase over the course of development, especially
during the teenage years [11], and the risk of synergistic
trajectories towards chronic disease [11–13] is likely
greater than for individual health behaviours. It would
be opportune, therefore, for efforts to be made to pre-
vent the coupling of health behaviours at the time when
they are likely to develop. Findings from our study indi-
cate that such coupling is already highly prevalent by
ages 11–12 years suggesting a need for preventative
efforts prior to this age.
Identifying factors that could either increase the possi-

bility of engaging in multiple risk behaviours or act as
preventative factors is the first step towards targeted inter-
vention efforts. To date, research examining factors asso-
ciated with clustering of health behaviours has focussed
on sociodemographic factors [19]. The present study
builds upon the current evidence base by examining
factors across multiple levels of the social-ecological
model. High deprivation level was the only sociodemo-
graphic factor significantly associated with the three risk
behaviour combination, and was only significant in the
univariate model. In a recent review of the clustering of
health behaviours in children and adolescents it was
concluded that young people from a low socioeconomic
status background were more likely to be in clusters de-
fined by high levels of sedentary behaviour [19]. However,
these conclusions were based on a small number of stu-
dies that were inconsistent not only in their assessments
of dietary intake and sedentary behaviour, but in the fac-
tors used to define socioeconomic status. The lack of

significance in the multivariate model in our study sug-
gests that the inequalities identified in the univariate
model are explained by the other significant factors in the
multivariate model. This means that deprivation is likely
related to these factors. Future research is warranted to
understand the pathways to the significance of deprivation
or socioeconomic status on clustered health behaviours in
adolescents.
In addition to sociodemographic factors, the present

study investigated individual, behavioural, and home
social and physical environmental correlates of clustered
health behaviours. No individual level factors were asso-
ciated with clusters of health behaviours. Behavioural
and home social and physical factors including energy-
dense snacks seem to be key factors for adolescents
reporting all three health risk behaviours and those
reporting the two risk behaviour combination of low
FV/high ED. Those with these combinations of two and
three risk behaviours were more likely to be eating such
ED snacks in front of the TV and have high availability
and accessibility of these snacks in the home. Moreover,
eating breakfast in front of the TV, and eating snacks
with parents in front of the TV were also predictive of
this two risk behaviour cluster membership. These
findings advocate several broad intervention possibi-
lities. First, it is prudent to reduce the availability and
accessibility of energy-dense snacks in the home. Pa-
rents will have a clear role here and should negotiate
with their children suitable and acceptable alterna-
tives. Second, strategies are required to reduce food
and meal consumption in front of the TV. The ideal
meal option should be to have all TV and other elec-
tronic media switched off during mealtimes. Eating in
front of the TV is likely to be a highly habitual beha-
viour developed over time through context-dependent
repetition [38]. Strategies are required to break the
habits of TV viewing and meal/snack consumption in
front of the TV, by uncoupling the link between the
behaviour and context. This might be done by plan-
ning TV programmes to watch rather than simply
surfing for anything, and also by making snacks avai-
lable only away from the context of the TV. We also
need to understand why screen-time and unhealthy
eating behaviours coexist in populations to address
the root causes. Do some parents encourage these
joint behaviours because they result in a happy quiet

Table 4 Multivariate multinomial logistic regression analysis of factors associated with combinations of risk behaviours among
adolescents (Continued)

Home accessibility of energy-dense snack foods
(ref: low – below median score of 8)

0.86 (0.26, 2.82) 1.56 (0.75, 3.26) 5.64 (1.35, 23.59)** 4.24 (1.52, 11.80)**

Home accessibility of fruit and vegetables (ref:
low – below median score of 4)

*p < 0.05; **p < 0.01; ***p < 0.001
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child when they are trying to do another task for
instance? Do commercials on TV lead children to ask
about snacks whilst watching TV or surfing the inter-
net? There are a multitude of possible reasons for the
clustering of these health behaviours. Qualitative re-
search methods would allow us to better understand
why these behaviours coexist to better design inter-
ventions that target changing the mediating variables
associated with behaviours.
There are two clusters of dietary behaviours in the

context of screen-time that have typically concerned
health professionals. These concern screen-time and the
consumption of energy-dense snacks and low fruit and
vegetable consumption, as there is evidence linking
screen-time and these unhealthy dietary behaviours
[9, 10]. Results from the present study show that
there was an increased likelihood of being in the high
screen time and high ED cluster if adolescents
watched TV with their parents and had high access
to ED snacks in the home. Parental modelling of TV
viewing has been associated with higher TV viewing
in young people [39], hence one strategy to consider
is that of targeting TV reduction in parents per se.
To achieve this, suitable alternative behaviours must
be found. Furthermore, home accessibility of healthy
and unhealthy foods is a consistent predictor of
healthy and healthy food consumption [40]. Limiting
access to unhealthy snack foods in the home by either not
having these types of snacks in the home or by providing
increased accessibility to healthy snack options are stra-
tegies that warrant further investigation in the pursuit of
reducing unhealthy snack food consumption and poten-
tially uncoupling the cluster of screen-time and unhealthy
eating behaviours.
Strengths of this study include the representative

sampling methodology and the high response rate.
Furthermore, a strength of this study is its inclusion
of potential correlates from multiple levels of the
social-ecological model, expanding the previous focus
of literature in this field on sociodemographic factors.
A limitation of this study is the use of self-reported
questionnaires to assess behaviours. While this limita-
tion is acknowledged, this method is common in this
field, the administration of questionnaires was super-
vised by trained research staff, and validated questions
were used where available. Future research studies in
this area would be strengthened by the use of objec-
tive methods where possible. The cross-sectional na-
ture of this study limits our ability to ascertain cause
and effect. Longitudinal research examining the trac-
king of clusters of risk behaviours over time, as well
as predictors of clusters, would strengthen this field
of research that is currently dominated by cross-
sectional studies.

Conclusions
Recent reviews have confirmed the association between
high screen time and less healthy dietary patterns in all
age groups [9, 10], which is of public health concern as
clusters of health behaviours are likely to have a greater
impact on poor health than individual behaviours. How-
ever, it has not been easy to determine the correlates
that might underline such patterns. The present study
has addressed this gap by investigating correlates, at
multiple levels of the social-ecological model, of combi-
nations of behaviours, including screen time and diet.
Findings of this study carry several important implica-
tions for public health practitioners. The study has
shown that there is a high prevalence of screen-time and
unhealthy eating in young adolescents, and that screen-
time viewing is coupled with unhealthy dietary behav-
iours. Health promotion strategies and policies are re-
quired that address reductions in multiple health
behaviours rather than the traditional focus on individ-
ual health behaviours. Efforts should be made to further
examine and test modifiable factors associated with clus-
ters of health behaviours, with a focus on alternative be-
haviours to replace some screen time, and changes to
habitual dietary patterns, such as eating snacks and
meals at the TV, and snack availability and accessibility
in the home environment. These may require a combin-
ation of individual, social, and environmental changes
that include parental behaviours, alongside conscious
and more automatic (nudging) strategies.

Additional file

Additional file 1: Table S1. Description and distribution (%) of
demographic, individual, behavioural, and home social and physical
environmental variables. (DOC 89 kb)

Abbreviations
ED snacks: Energy-dense snacks; FV: Fruit and vegetables; SB: Sedentary
behaviour; ST: Screen-time; TV: Television viewing

Acknowledgements
We would like to thank all of the schools, teachers, children and parents
who participated in the Kids FIRST project.

Funding
This research was funded by a British Heart Foundation project grant (PG/12/
70/29777). The funding body had no role in the analysis or preparation of
the manuscript.

Availability of data and materials
The dataset supporting the conclusions of this article are available on
request of the corresponding author. All materials (questionnaires) used for the
purpose of this study are available on request of the corresponding author.

Authors’ contributions
The contribution of authors was as follows: NP conceptualised the study, and
conducted the study with JPJ. NP carried out the statistical analyses and drafted
the manuscript. EH, PG, SJHB, and SM were involved in the design of the study
and contributed to the drafting of the manuscript. All authors read, contributed
to and approved the final manuscript .

Pearson et al. BMC Public Health  (2017) 17:533 Page 11 of 12

dx.doi.org/10.1186/s12889-017-4441-2


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

Consent for publication
Not applicable.

Ethics approval and consent to participate
Study procedures were approved by the Loughborough University Ethical
Advisory Committee (R13-P25). Under existing ethical guidelines, it was
necessary to seek written consent from parents for each child’s participation,
and no information could be accessed regarding characteristics of non-
respondents. Verbal assent was given from each child before completing
the questionnaire.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1School of Sport, Exercise & Health Sciences, National Centre for Sport &
Exercise Medicine, Loughborough University, Loughborough, Leicestershire
LE11 3TU, UK. 2Institute for Resilient Regions, University of Southern
Queensland, Queensland, Australia. 3Department of Sport Science, School of
Science and Technology, Nottingham Trent University, Nottingham, UK.

Received: 3 June 2016 Accepted: 15 May 2017

References
1. Brodersen NH, Steptoe A, Boniface DR, Wardle J. Trends in physical activity

and sedentary behaviour in adolescence: ethnic and socioeconomic
differences. Br J Sports Med. 2007;41:140–4.

2. Lytle LA, Seifert S, Greenstein J, McGovern P. How do children's eating
patterns and food choices change over time? Results from a cohort study.
Am J Health Promot. 2000;14:222–8.

3. Lipsky LM, Haynie DL, Liu D, Chaurasia A, Gee B, Li K, et al. Trajectories of
eating behaviors in a nationally representative cohort of U.S. adolescents
during the transition to young adulthood. Int J Behav Nutr Phys Act.
2015;12:1–11.

4. Biddle SJ, Pearson N, Ross GM, Braithwaite R. Tracking of sedentary behaviours
of young people: a systematic review. Prev Med. 2010;51:345–51.

5. Zhang G, Wu L, Zhou L, Lu W, Mao C. Television watching and risk of
childhood obesity: a meta-analysis. Eur J Pub Health. 2015; http://dx.doi.org/
10.1093/eurpub/ckv213

6. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al.
Systematic review of sedentary behaviour and health indicators in school-
aged children and youth. Int J Behav Nutr Phys Act. 2011;8:98.

7. Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, et al. Critical
review: vegetables and fruit in the prevention of chronic diseases. Eur J
Nutr. 2012;51:637–63.

8. Spruijt-Metz D. Etiology, treatment, and prevention of obesity in childhood
and adolescence: a decade in review. J Res Adolesc. 2011;21:129–52.

9. Pearson N, Biddle SJ. Sedentary behavior and dietary intake in children,
adolescents, and adults. A systematic review. Am J Prev Med. 2011;41:178–88.

10. Hobbs M, Pearson N, Foster PJ, Biddle SJ. Sedentary behaviour and diet
across the lifespan: an updated systematic review. Br J Sports Med.
2015;49:1179–88.

11. Spring B, Moller AC, Coons MJ. Multiple health behaviours: overview and
implications. Aust J Public Health. 2012;34(Suppl 1):i3–10.

12. Daniels SR. Diet and primordial prevention of cardiovascular disease in
children and adolescents. Circulation. 2007;116:973–4.

13. Labarthe D. Preventing the risk to heart health, from womb to tomb. CVD
Prev. 1998;1:259–65.

14. Leech RM, McNaughton SA, Timperio A. Clustering of children's obesity-
related behaviours: associations with sociodemographic indicators. Eur J
Clin Nutr. 2014;68:623–8.

15. Elsenburg LK, Corpeleijn E, van Sluijs EM, Atkin AJ. Clustering and
correlates of multiple health behaviours in 9-10 year old children.
PLoS One. 2014;9:e99498.

16. Pearson N, Atkin AJ, Biddle SJ, Gorely T, Edwardson C. Patterns of adolescent
physical activity and dietary behaviours. Int J Behav Nutr Phys Act. 2009;6:45.

17. Hardy LL, Grunseit A, Khambalia A, Bell C, Wolfenden L, Milat AJ.
Co-occurrence of obesogenic risk factors among adolescents. J Adolesc
Health. 2012;51:265–71.

18. Alamian A, Paradis G. Clustering of chronic disease behavioral risk factors in
Canadian children and adolescents. Prev Med. 2009;48:493–9.

19. Leech RM, McNaughton SA, Timperio A. The clustering of diet, physical
activity and sedentary behavior in children and adolescents: a review. Int J
Behav Nutr Phys Act. 2014;11:4.

20. Golden SD, Earp JAL. Social ecological approaches to individuals and their
contexts: twenty years of Health Education & Behavior Health Promotion
Interventions. Health Educ Behav. 2012;39:364–72.

21. Sallis JF, Owen N, Fisher EB. Ecological models of health Bhevaiour.
In: Glanz K, Rimer BK, Viswanath K, editors. Health Bheavior and health
education theory, research and practice. 4th ed. San Francisco: Jossey-
Bass; 2008. p. 465–85.

22. Rockett HR, Breitenbach M, Frazier AL, Witschi J, Wolf AM, Field AE, et al.
Validation of a youth/adolescent food frequency questionnaire. Prev Med.
1997;26:808–16.

23. Willett W. Nutritional epidemiology. New York: Oxford University Press; 1998.
24. Pearson N, Ball K, Crawford D. Predictors of changes in adolescents'

consumption of fruit, vegetables, and energy-dense snacks. Br J Nutr.
2011;105:795–803.

25. Neumark-Sztainer D, Wall M, Perry C, Story M. Correlates of fruit and
vegetable intake among adolescents. Findings from project EAT. Prev
Med. 2003;37:198–208.

26. Why 5 A Day? Available: http://www.nhs.uk/Livewell/5ADAY/Pages/
Why5ADAY.aspx

27. Hardy LL, Booth ML, Okely AD. The reliability of the adolescent sedentary
activity questionnaire (ASAQ). Prev Med. 2007;45:71–4.

28. Vereecken CA, Todd J, Roberts C, Mulvihill C, Maes L. Television viewing
behaviour and associations with food habits in different countries. Pub
Health Nutr. 2006;9:244–50.

29. American Academy of Pediatrics CoCaM. Children, adolescents, obesity, and
the media. Pediatrics. 2011;128:201–8.

30. Gardner B, Abraham C, Lally P, de Bruijn GJ. Towards parsimony in habit
measurement: testing the convergent and predictive validity of an
automaticity subscale of the self-Report habit Index. Int J Behav Nutr Phys
Act. 2012;9:102.

31. Matheson DM, Killen JD, Wang Y, Varady A, Robinson TN. Children's food
consumption during television viewing. Am J Clin Nutr. 2004;79:1088–94.

32. Carper JL, Orlet Fisher J, Birch LL. Young girls' emerging dietary restraint
and disinhibition are related to parental control in child feeding. Appetite.
2000;35:121–9.

33. Kaur H, Li C, Nazir N, Choi WS, Resnicow K, Birch LL, et al. Confirmatory
factor analysis of the child-feeding questionnaire among parents of
adolescents. Appetite. 2006;47:36–45.

34. Schuit AJ, van Loon AJ, Tijhuis M, Ocke M. Clustering of lifestyle risk factors
in a general adult population. Prev Med. 2002;35:219–24.

35. Plotnikoff RC, Karunamuni N, Spence JC, Storey K, Forbes L, Raine K, et al.
Chronic disease-related lifestyle risk factors in a sample of Canadian
adolescents. J Adolesc Health. 2009;44:606–9.

36. Driskell MM, Dyment S, Mauriello L, Castle P, Sherman K. Relationships
among multiple behaviors for childhood and adolescent obesity
prevention. Prev Med. 2008;46:209–15.

37. Santaliestra-Pasías AM, Mouratidou T, Verbestel V, et al. Food consumption
and screen-based sedentary behaviors in european adolescents: the helena
study. Arch Pediatr Adolesc Med. 2012;166:1010–20.

38. Gardner B, de Bruijn GJ, Lally P. A systematic review and meta-analysis of
applications of the self-Report habit Index to nutrition and physical activity
behaviours. Ann Behav Med. 2011;42:174–87.

39. Gorely T, Marshall SJ, Biddle SJ. Couch kids: correlates of television viewing
among youth. Int J Behav Med. 2004;11:152–63.

40. Reinaerts E, de Nooijer J, Candel M, de Vries N. Explaining school children's
fruit and vegetable consumption: the contributions of availability,
accessibility, exposure, parental consumption and habit in addition to
psychosocial factors. Appetite. 2007;48:248–58.

Pearson et al. BMC Public Health  (2017) 17:533 Page 12 of 12

http://dx.doi.org/10.1093/eurpub/ckv213
http://dx.doi.org/10.1093/eurpub/ckv213
http://www.nhs.uk/Livewell/5ADAY/Pages/Why5ADAY.aspx
http://www.nhs.uk/Livewell/5ADAY/Pages/Why5ADAY.aspx

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study procedure

	Measures
	Eating behaviours
	Screen-time
	Demographic, individual, behavioural, social, and physical environmental factors
	Demographics
	Individual
	Behavioural
	Social environmental
	Physical environmental


	Statistical analysis
	Results
	Sample characteristics
	Clustering of health behaviours
	Factors associated with combinations of adolescent risk behaviours
	All three risk behaviours
	High ST/high ED
	High ST/low FV
	Low FV/high ED

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

