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Abstract

Background: The existence of socioeconomic differences in dietary behaviors is well documented. However,
studies exploring the mechanisms behind these differences among adolescents using comprehensive and reliable
measures of mediators are lacking. The aims of this study were (a) to assess the psychometric properties of new
scales assessing the perceived rules and accessibility related to the consumption of vegetables and soft drinks and
(b) to explore their mediating role in the association between parental education and the corresponding dietary
behaviors.

Methods: A cross-sectional survey including 440 adolescents from three counties in Norway (mean age 14.3 years
(SD = 0.6)) was conducted using a web-based questionnaire. Principal component analysis, test-retest and internal
reliability analysis were conducted. The mediating role of perceived accessibility and perceived rules in the
association between parental education and the dietary behaviors was explored using linear regression analyses.

Results: Factor analyses confirmed two separate subscales, named “accessibility” and “rules”, both for vegetables
and soft drinks (factor loadings >0.60). The scales had good internal consistency reliability (0.70–0.87). The
test–retest reliability of the scales was moderate to good (0.44–0.62). Parental education was inversely related to
the consumption of soft drinks and positively related to the consumption of vegetables. Perceived accessibility
and perceived rules related to soft drink consumption were found to mediate the association between parental
education and soft drink consumption (47.5 and 8.5 % of total effect mediated). Accessibility of vegetables was
found to mediate the association between parental education and the consumption of vegetables (51 % of total
effect mediated).

Conclusion: The new scales developed in this study are comprehensive and have adequate validity and reliability;
they are therefore considered appropriate for use among 13–15 year-olds. Parents, in particular those with a low
educational background, should be encouraged to increase the accessibility of vegetables and to decrease the
accessibility of soft drinks, in particular during dinner. Enforcing parental rules limiting soft drink intake in families
with low parental education also appears relevant.
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Background
Promoting healthy dietary behaviors is crucial to combat
the obesity pandemic among youth [1]. In Norway, posi-
tive trends in the consumption of vegetables and soft
drinks have been documented in the past decade; how-
ever a majority of adolescents still do not meet national
dietary recommendations [2]. Efforts to improve dietary
behaviors require knowledge about the factors influen-
cing these behaviors. In this regard, several studies have
explored the correlates of dietary behaviors among youth
[3]. Home environmental factors such as availability and
accessibility of food have consequently been identified as
important correlates of the consumption of fruits and
vegetables (FV) [4–7], as well as sugar-sweetened bever-
ages [8, 9]. Parental rules have also been found to be as-
sociated with the consumption of unhealthy foods
including soft drinks with sugar [10–14], although re-
sults appear to depend on the types of rules measured
[10]. The association between rules and the consump-
tion of healthy foods such as FV is on the other hand
more equivocal. A systematic review found that family
rules (i.e. parents demanding that FV be consumed or
allowing that as much FV as wanted be consumed) were
consistently positively associated with children’s FV con-
sumption whereas such rules were found to be unrelated
to fruit consumption among adolescents [4].
Despite the large volume of literature exploring the

correlates of dietary behaviors, focus on the validity and
reliability of the measures of correlates seems to be lack-
ing [3, 15]. A high variation in the conceptualization and
measurement of correlates is another challenge which
makes comparability between studies difficult. Perceived
accessibility of foods and parental rules can cover differ-
ent dimensions which should be considered when devel-
oping measures, e.g. rules can include aspects related to
when and how much food can be consumed. The mea-
sures should also have adequate psychometric properties
tested among relevant groups in order to ensure the
validity of results when these correlates are used.
There is consistent evidence regarding socioeconomic

differences in dietary behaviors, with youth with a low
socioeconomic position (SEP) having less favourable
dietary behaviors [6, 16–19], including a lower consump-
tion of vegetables and a higher consumption of sugar-
sweetened beverages. However, the mechanisms behind
these socioeconomic differences in dietary behaviors re-
main poorly understood. One explanation for these
differences could be the variation in the correlates of
dietary behaviors among different socioeconomic sub-
groups, as evidenced by a recent systematic review of
the literature among 9–13 year-olds [16]. The review
found that SEP was consistently positively related to nu-
trition knowledge, parental modelling as well as home
food availability and accessibility; associations between

SEP and parental feeding practices were indeterminate
[16]. However, these differences do not reflect if and to
what extent these correlates are responsible for socio-
economic differences in dietary behaviors. Such evidence
is best obtained from studies assessing the mediating
effect of correlates in the relationship between SEP and
dietary behaviors. Identifying modifiable mediators
would provide valuable information for interventions
aimed at tackling socioeconomic differences in these be-
haviors. Accessibility and parental rules are two such im-
portant modifiable correlates of soft drink and vegetable
intake [5–14] that can potentially mediate socioeco-
nomic differences in these behaviors. However, only few
mediation studies exploring socioeconomic differences
in soft drink consumption [9, 20, 21] and in vegetable or
FV consumption [19, 22, 23] are currently available.
Based on these studies, accessibility has been identified
as a mediator of socioeconomic differences in soft drink
[9, 20, 21] and vegetable [19, 22] consumption. Parental
rules were found to mediate socioeconomic differences
in soft drink [9] and vegetable [23] consumption. How-
ever measures with single items were used in half of
these studies [9, 20, 23], which makes it unlikely that all
dimensions of food accessibility and parental rules were
covered. In addition, all except one of these studies [21]
included participants younger than those in the present
study. The role of parental rules and home accessibility
of foods might change with increasing age, in particular
in the adolescence period which is marked by increasing
autonomy [24]. There is thus a need for studies in-
vestigating the role of accessibility and parental rules in
reducing socioeconomic differences in soft drink and
vegetable consumption among adolescents using com-
prehensive and validated measures.
Against this background, this study aimed to explore

the psychometric properties of new scales assessing ado-
lescents’ perceived accessibility of and perceived rules re-
lated to the intake of vegetables and soft drinks. It also
assessed whether these factors mediated the association
between parental educational level and the consumption
of vegetables and soft drinks.

Methods
Design and sample
The participants in this study are pupils from a conveni-
ence sample of five secondary schools in three counties
(Oslo, Akershus, Vestfold) of Norway. In total, 1136
adolescents were invited to participate in this cross-
sectional study and 440 adolescents (39 %) participated.
Of these, 54 adolescents (26 % of the 208 invited) partic-
ipated in a test-retest study. The test and retest were
conducted 10–14 days apart. The adolescents were re-
cruited at school using invitation letters sent to parents
via teachers. Information about the study and consent
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forms were also included in the package to parents. The
details about the methods are presented in a previous
paper [25].

Data collection and measures
A web-based questionnaire was used to collect data
from the adolescents at school. All information was
gathered from the adolescents, except for parental edu-
cation which was reported by parents themselves as part
of the informed consent for the adolescent.

Outcome behaviors
Consumption of vegetables was assessed by frequency
questions with categories ranging from never/seldom to
three times per day or more. Separate questions were
used to assess the consumption of raw and cooked vegeta-
bles. The frequency of total weekly vegetable consumption
(sum of raw and cooked vegetables) was computed. Partic-
ipants were informed that they should not include potato
consumption. These questions have previously been vali-
dated among 11-year-olds with a 7-day food record as the
reference method, and were found to have a satisfactory
ability to rank subjects according to their intake [26].
Intake of carbonated sugar-sweetened soft drinks

(hereafter referred to as soft drinks) was assessed separ-
ately for weekdays and weekend days. For weekdays, con-
sumption was assessed using a frequency question (with
categories ranging from never/seldom to every weekday)
and amount in glasses each time soft drink was consumed
(from one glass to four glasses or more). Frequency and
amount in glasses were multiplied to get a weekday con-
sumption measure in glasses which was then converted
into deciliters. For weekends, only amount in glasses con-
sumed on both days was asked (eight categories: from
never/seldom to seven glasses or more) and was converted
into deciliters. Since soft drinks are often sold in 500 ml
bottles or cans, participants were informed that ½ liter = 3
glasses (therefore one glass = 1.67 dl). Weekday and week-
end intakes were summed up to create a weekly intake
variable. The questions assessing the intake of soft
drinks have been validated among 9- and 13-year-old
Norwegians using a 4-day precoded food diary as the
reference method, and moderate correlation coefficients
were obtained [27].
Moderate to good test-retest reliability (ICC = 0.58–

0.78) has previously been obtained for the measures of
both dietary behaviors [25].

Perceived accessibility and perceived parental rules
Perceived accessibility of vegetables was assessed using a
scale with four items and perceived accessibility of soft
drinks was assessed using a scale with three items. Per-
ceived rules related to the consumption of vegetables
was assessed using a scale with two items and perceived

parental rules for the consumption of soft drinks was
assessed using a scale with four items.
A 5-point Likert scale with answer categories ranging

from “totally disagree to totally agree” was used for all
these variables. Table 2 shows the details of the items
included.
The items used in the scales were developed based on

existing literature [28–30] as well as feedbacks provided
by an expert group. One of the aims was to explore
whether adolescents would include perceived rules as
part of their report of accessibility or whether perceived
rules and perceived accessibility are separate correlates/
factors. The expert group included five professors, four
postdoctoral researchers and one lecturer with different
backgrounds related to family processes and dietary
habits (nutrition, behavioral sciences, nursing, clinical
nutrition, public health, psychology and health promo-
tion). This group also assessed the face and content val-
idity of the scales used. A pre-test study using cognitive
interviews was conducted among five 13 year-olds (two
boys, three girls) to ensure that they understood the
items and response scales. Minor changes were made in
wording. Thereafter, a pilot study including a time test
and a written evaluation of the full questionnaire was
conducted among 17 adolescents (nine girls, eight boys).
The questionnaire was completed in about 25–45 min
(average 36 min).
Details of the procedures followed in the development

of the scales have already been published [25].

Sociodemographic measures
Parental education was categorized into low (12 years of
education or less, which corresponded to secondary
education or lower) and high (13 years of education and
more, which corresponded to university or college
attendance). Educational status of the parent with the
longest education or else the one available was used in
the analyses.
Participants were divided into either ethnic Norwegian

or ethnic minority. Ethnic minorities were defined as
those having both parents born in a country other than
Norway [31].

Statistical analyses
Descriptive analyses were first conducted. Principal com-
ponent analysis with Varimax rotation was conducted on
the items assessing accessibility and rules. An item was
identified to load on a given component if the factor
loading was >0.60 and had no cross-loadings >0.5 on
any other factor [32]. The number of factors was based
on eigenvalues (>1). Intra-class correlation coefficients
(ICC) were used to assess the test-retest reliability and
classified as follows: “excellent” (≥0.81), “good” (0.61–0.80),
“moderate” (0.41–0.60), ‘poor’ (≤0.40) [33]. Corrected
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Item-Total Correlation (CITC) and Cronbach’s alpha were
used to assess the internal reliability of the construct.
CITC >0.30 were considered good, and <0.15 were con-
sidered unreliable [34]. Cronbach’s alpha was classified as
α < 0.5 = unacceptable, 0.5 ≤ α < 0.6 = poor, 0.6 ≤ α < 0.7 =
acceptable and 0.7 ≤ α < 0.9 = good [35].
Single mediation analyses were then conducted.

Figure 1a depicts the single mediation model followed.
In a single mediation, the a-path represents the associ-
ation between parental education and the mediator. The
b-path represents the association between the mediator
and the relevant dietary behavior adjusted for parental
education. The c’ path represents the association be-
tween education and the dietary behavior (adjusted for
the mediator and covariates). As rules related to the
consumption of vegetables were not found to have a
significant mediating role, multiple mediation analysis
was conducted only for soft drink consumption. Figure 1b
shows the multiple mediation model used. In the multiple
mediation analysis, the a1-path represents the association
between parental education and the first mediator and the
a2-path represents the relationship between parental edu-
cation and the second mediator. The b-paths represent
the association between the first mediator (b1-path) and
the second mediator (b2-path) and the consumption of
soft drinks (adjusted for parental education and covari-
ates). The c’ path represents the association between edu-
cation and the consumption of soft drinks when adjusted

for both mediators and covariates. Bootstrap corrected
CIs were calculated for indirect effects (a*b). Bootstrap-
ping (1000 samples) was conducted using the PROCESS
macro for SPSS by Andrew Hayes [36]. The percentage
mediated was also reported.

Results
Table 1 presents the characteristics of participants. The
mean age of the adolescents was 14.3 years (SD = 0.6) and
52 % were girls. In total 34 % of the adolescents had par-
ents with low level of education (<12 years). In the total
sample, 91 % of participants were ethnic Norwegian;
among those with low parental education, the respective
proportion was 83 %. The adolescents’ mean intake of soft
drinks was 690 ml/week (C.I. 620–760), and the frequency
of vegetable intake was 9.5 times per week (C.I. 8.6–10.0).
Factor analyses confirmed two separate subscales,

named “accessibility” and “rules”, both for vegetables and
soft drinks. The factor loading for all items was >0.60
(Table 2). The values of CITC were good (>0.50) for all of
the items (Table 3). The Cronbach’s alpha values for
the scales assessing perceived rules and perceived ac-
cessibility of vegetables were 0.79 and 0.76 respect-
ively. The Cronbach’s alpha values for the scales
assessing perceived rules and perceived accessibility of
soft drinks were 0.70 and 0.87 respectively. The test–retest
reliability of the scales was moderate to good (0.44–0.62)
(Table 3).

Parental education Dietary behavior

Accessibility OR rules
a-path b-path

c path

Parental education
Soft drink 

consumption

Accessibility
a1-path b1-path

c path

Rules

a2-path b2-path

c’ path

c’ path

b

a

Fig. 1 Single and multiple mediation models

Gebremariam et al. Nutrition Journal  (2016) 15:76 Page 4 of 11



As shown in the c-path in Table 4, there was a signifi-
cant positive association between parental education and
the consumption of vegetables, although group differ-
ences were not large. There was also a significant inverse
association between parental education and the con-
sumption of soft drinks after adjusting for gender and
ethnic background.
As shown in the a-path in Table 4, parental education

was positively associated with accessibility of vegetables

and rules related to the consumption of soft drinks and
inversely related to the accessibility of soft drinks. There
was no significant association between parental educa-
tion and rules related to the intake of vegetables. Single
mediation analyses further showed that accessibility was
a significant mediator in the association between paren-
tal education and the consumption of vegetables and
mediated 51 % of the total effect. No mediating effect
was found for rules related to the consumption of

Table 1 Characteristics of study participants (n = 440), results are presented as percentages or means (CI)

Characteristics of participants Total sample Low parental education
(n = 141)a

High parental education
(n = 276)a

p value*

Age (years) 14.3 (14.2–14.3) 14.5 (14.4–14.6) 14.3 (14.2–14.3) 0.003

Gender (% girls) 52.3 53.9 51.4 0.60

Ethnicity (% ethnic Norwegian)b 90.9 82.9 95.3 <0.001

Intake of soft drinks (ml/wk) 680 (620–760) 840 (690–980) 600 (530–680) 0.004

Intake of vegetables (times/wk) 9.4 (8.8–10.0) 8.5 (7.4–9.5) 10.1 (9.3–10.9) 0.021

Perceived accessibility of soft drinksc 2.40 (2.29–2.51) 2.65 (2.48–2.84) 2.25 (2.10–2.39) 0.001

Perceived rules related to the consumption of soft drinksc 3.95 (3.83–4.07) 3.68 (3.48–3.89) 4.08 (3.92–4.23) 0.002

Perceived accessibility of vegetablesc 4.02 (3.94–4.10) 3.84 (3.70–3.98) 4.10 (4.00–4.19) 0.001

Perceived rules related to the consumption of vegetablesc 4.47 (4.39–4.56) 4.43 (4.28–4.59) 4.50 (4.40–4.60) 0.50
* P value for the difference between parental education groups using t-test and chi-squared tests
a Low parental education: 12 years of education or less, high parental education: 13 years of education and more
b Ethnic minorities are defined as those having both parents born in a country other than Norway
c Measured using a 5-point Likert scale

Table 2 Factor loading of scales assessing perceived rules and accessibility of vegetables and soft drinks (n = 440)

Vegetables Factor 1 Factor 2

At home.. n = 431 n = 435

.. we vary the types of vegetables served for dinner during a week 0.831

.. we vary how the vegetables are prepared for dinner (raw, cooked etc.) during a week 0.789

.. we usually have vegetables for dinner every day 0.697

.. there are usually vegetables that I like available 0.628

.. I can eat vegetables whenever I want 0.891

.. I can eat as many vegetables as I want to 0.887

Eigenvalues 2.42 1.71

Proportion of variance 34.63 24.41

Soft drinks Factor 1 Factor 2

At home.. (completely agree to completely disagree) n = 436 n = 437

.. we usually have soft drinks for dinner on weekend days 0.824

.. there are usually soft drinks available 0.776

.. we usually have soft drinks for dinner on week days 0.698

.. we have rules for when I can drink soft drinks (reverse coded) 0.900

.. we have rules for how much soft drinks I can drink (reverse coded) 0.828

.. I can drink soft drinks whenever I want 0.733

.. I can drink as much soft drinks as I want to 0.718

Eigenvalues 2.26 2.68

Proportion of variance 32.29 38.26
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vegetables. In single mediation analysis, accessibility and
rules were found to be significant mediators of the associ-
ation between education and the consumption of soft
drinks (52.6 and 25.3 % of total effect mediated respect-
ively). In multiple mediation analyses, both correlates
remained significant mediators but the percentage of total
effect mediated changed to 47.5 and 8.5 respectively. The
c’-path (direct effect) was no longer significant.

Discussion
The first aim of the present study was to assess the psy-
chometric properties of new scales assessing the per-
ceived accessibility and rules related to soft drinks and
vegetable consumption. The second aim was to explore
the mediating effect of these correlates in the relation-
ship between parental education and the respective diet-
ary behaviors. Exploratory factor analyses confirmed the
presence of four factors: two reflecting the accessibility
of soft drinks and vegetables and two reflecting rules
related to these dietary behaviors. The scales measuring
these factors were found to have adequate test-retest
and internal consistency reliability. Accessibility was

found to be a significant mediator of the association
between parental education and both dietary behaviors.
Rules related to the consumption of soft drinks mediated
the association between parental education and soft
drink consumption.
Accessibility reflects whether foods are available in a

form and location that facilitate their consumption [37].
In Norway, vegetables are eaten mostly as part of dinner
which is typically the only hot meal eaten during the
day; 70 % of the consumption of vegetables occurs dur-
ing dinner [38]. Breakfast and lunch are typically made
up of cold meals containing breads or cereals, and con-
sumption of vegetables is limited during these meals.
Soft drinks are often served for dinner during weekend
days. Therefore, the measures of correlates used in this
study focused on accessibility for dinner. For vegetables,
variation in type and variation in preparation were fur-
ther added as part of increased accessibility. Rules re-
garding how much and how often the food items could
be consumed were also assessed, and were specific to
the dietary behaviors included. Previous studies have
assessed one or more measurement properties of scales

Table 3 Psychometric properties of scales assessing perceived rules and accessibility of vegetables and soft drinks (n = 440)

Vegetables Mean SD CITCa αb ICCc

Total score, accessibility – dinner (range: 1–5) 4.02 0.81 0.76 0.51

At home..

..we usually have vegetables for dinner every day 4.24 0.97 0.52

.. we vary the types of vegetables served for dinner during a week 3.97 1.04 0.64

.. we vary how the vegetables are prepared for dinner (raw, cooked etc.) during a week 3.82 1.13 0.55

.. there are usually vegtetables that I like available 4.09 1.10 0.50

Total score, rules (range: 1–5) 4.47 0.86 0.79 0.51

At home..

.. I can eat vegetables whenever I want 4.44 0.98 0.66

.. I can eat as many vegetables I want to 4.49 0.91 0.66

Soft drinks Mean SD CITC α ICC

Total score, accessibility – dinner (range: 0–5) 2.40 1.18 0.70 0.62

At home..

.. there are usually soft drinks available 2.63 1.63 0.56

.. we usually have soft drinks for dinner at week days 1.30 1.03 0.50

.. we usually have soft drinks for dinner at weekend days 3.32 1.72 0.57

Total score, rules (range: 0–5) 3.95 1.23 0.87 0.44

At home..

.. we have rules for when I can drink soft drinks 3.87 1.57 0.74

.. we have rules for how much soft drinks I can drink 3.57 1.57 0.65

.. I can drink soft drinks whenever I want 4.14 1.38 0.75

.. I can drink as much soft drinks as I want to 4.22 1.32 0.74
a Corrected Item-Total Correlation for assessment of internal reliability
b Chronbach’s alpha for assessment of internal reliability
c Intra-class correlation assessing test-retest reliability
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Table 4 Mediating effects of perceived rules and accessibility in the relationship between parental education and the consumption of vegetables and soft drinks (n = 417)

c-path c’-path a-path b-path a*b % mediated

Single mediation models

Vegetable (times/wk)

Perceived rules 1.991 (0.680, 3.301) 1.674 (0.349, 2.999) 0.071 (−0.108, 0.250) 1.238 (0.518, 1.958) 0.088 (−0.137, 0.371)

Perceived accessibility 0.975 (−0.215,2.166) 0.290 (0.123, 0.458) 3.495 (2.807, 4.182) 1.015 (0.411, 1.710) 51.0

Soft drinks (dl/wk)

Perceived rules −2.581 (−4.061, −1.101) −1.928 (−3.351, −0.504) 0.371 (0.111, 0.631) −1.759 (−2.293, −1,224) −0.653 (−1.342, −0.247) 25.3

Perceived accessibility −1.224 (−2.555, 0.106) −0.459 (−0.698, −0.220) 2.958 (2.419, 3.550) −1.358 (−2.379, −0.725) 52.6

Multiple mediation model

Soft drinks (dl/wk)

Perceived rules −2.581 (−4.061, −1.101) −1.125 (−2.455, 0.206) 0.364 (0.102, 0.625) −0.597 (−1.160, −0.033) −0.217 (−0.671, −0.017) 8.5

Perceived accessibility −0.458 (−0.699, −0.218) 2.645 (2.032, 3.259) −1.212 (−2.012, −0.592) 47.5

Total −1.429 (−2.344, −0.730) 56.0

Significant values are shown in bold
All paths are adjusted for gender and ethnicity
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assessing similar constructs among children [18, 39–43].
Direct comparison between studies is however not pos-
sible as the number and content of items used to assess
these constructs have varied between studies. However,
the findings of adequate internal consistency and test-
retest reliability in this study are generally comparable to
the findings of these studies [18, 39–43], except for test-
retest reliability which was low for a measure of accessibil-
ity among 4–6th graders [42]. Most of the aforementioned
studies included participants younger than those in the
present study. The reliability and validity of self-reported
measures might vary between children and adolescents
[44]. Adolescents are likely to be more independent than
children with regards to when and where they consume
food; they are also more likely to be influenced by peers
[45, 46]. This might affect results of validity and reliability
of measures such as accessibility of food at home. There-
fore it is important to test measures separately among
children and adolescents. In four of the six aforemen-
tioned studies, single item measures were used to assess
accessibility or rules related to vegetable or soft drink con-
sumption. However, single items are unlikely to capture
the multiple dimensions of rules and accessibility [47].
The new scales developed in the present study therefore
represent a more comprehensive measurement of these
constructs. In addition, the measures of accessibility were
adapted to the Norwegian food consumption culture (i.e.
focus on dinner). However, the focus on dinner for the
assessment of accessibility might imply that the measures
would be most useful in contexts where dinner con-
stitutes an important source of vegetable and soft drink
consumption.
The important role of accessibility for the dietary be-

haviors of youth is well known [5–7, 9], and the present
study confirms these findings. Accessibility of soft drinks
was significantly higher among those with low parental
education, in line with findings of other studies [9, 20,
21]. Accessibility was a significant mediator of the
relationship between parental education and soft drink
consumption. This mediating role of accessibility was
previously found in a study among Norwegian 11–13
year-olds [20]. The conceptualization of accessibility in
that study was, however, different from the present
study, as participants were asked whether they can serve
themselves as they please when soft drinks are available.
Among young children, soft drink served at meals was
found to be a significant mediator in the association be-
tween maternal education and soft drink consumption,
accounting for 51 % of the mediating effect [9]. In the
present study, accessibility of soft drinks was not only
higher among those with low parental education, it was
also a stronger predictor of soft drink intake in this
group (significant parental education*accessibility inter-
action effect, results not shown). These factors explain

its important mediating role. Children with parents with
high education reported stronger rules prohibiting the
consumption of soft drinks, as reported in previous
studies [16, 48]. In the multiple mediation model how-
ever, the role of rules as a mediator in the association
between parental education and the consumption of soft
drinks was significant but relatively weak, with only 8 %
of the total effect mediated by rules. Physical factors
such as accessibility therefore appear more important in
explaining differences in soft drink consumption between
adolescents having parents with high and low parental
education than the psychosocial environment.
Perceived accessibility of vegetables was lower among

those with low parental education as reported in previ-
ous studies [16]. Accessibility was also a significant
mediator with 51 % of the total effect mediated by it.
One previous study identified accessibility as the strongest
mediator in the relationship between parental education
and FV consumption, which is supported by the findings
of the present study for vegetable consumption [22]. An
increase in disparity in accessibility was also found to
partly mediate an increasing SEP disparity in FV con-
sumption among adolescents over a 7-year period [19]. It
has been suggested that, in settings where availability of
FV is likely higher (high SEP), accessibility might be less
important than when availability is lower [16]. Availability
is a prerequisite for accessibility and might by itself have
an effect on intake and on socioeconomic differences
[9, 20]. However, the findings of this study indicate
that increasing accessibility by serving vegetables for
dinner and by varying the type and preparation might
be particularly important.
The results of the present study are important for

future interventions aimed at increasing vegetable con-
sumption and decreasing the intake of sugar-sweetened
beverages while addressing socioeconomic differences as
they give an indication about intervention components
to focus on. The findings particularly highlight the role
of soft drink and vegetable accessibility during dinner. It
has been suggested that focusing on situational behavior
(e.g. consumption at dinner) would allow for a better ex-
planation of dietary behaviors which are complex and
difficullt to change [49]. Similarly, focusing on behavior
specific and situation specific correlates of dietary behav-
iors might allow for more efficient interventions targeting
these correlates. Dinner is often a family meal and parents
can have a good control of what is served and what is con-
sumed. Therefore it is important to encourage and edu-
cate parents, in particular those with low socioeconomic
position, to increase accessibility of vegetables, as well as
decrease accessibility of soft drinks during dinner. Encour-
aging the reinforcement of rules limiting soft drink intake
might also play some role in reducing socioeconomic
differences in soft drink consumption. These efforts could
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be achieved through different public health initiatives. The
use of established systems which can allow access to par-
ents from all socioeconomic backgrounds might particu-
larly be important as it will provide an opportunity for
reaching a significant number of youth. These systems in-
clude the health services such as child health clinics which
in Norway provide universal health care, as well as school
nurses who can have contact with all parents during par-
ental meetings etc. Further research looking at other indi-
vidual and home environmental mediators (e.g. nutrition
knowledge, parental modeling) of socioeconomic differ-
ences in the dietary behaviors included is also warranted.
Research including broader environmental (i.e. school and
neighborhood environmental) determinants is particularly
needed. Whether and how ethnic differences in parental
education contribute to the parental educational differ-
ences in the dietary behaviors should also be explored.

Strengths and limitations
The results of this study should be seen in light of the
following weaknesses. The cross-sectional data used in
the study does not allow for any inference about causal-
ity. Ideally, mediation analyses should be conducted
using longitudinal data. However, when exploring the
association between parental education and the dietary
behaviors and mediators included, it is likely that the di-
rections of associations are accurate (parental education
would influence these factors and not vice versa). The
socioeconomic differences in vegetable consumption
were not large. This could, among other things, be due
to the way intake was measured (using categories and
mid-points for some categories). Another reason could
be the rather broad categorization of educational groups.
The use of self-report measures of dietary behaviors and
mediators is another weakness of the present study as
such measures are liable to recall and social desirability
bias. However, adequate test-retest reliability was ob-
tained for these measures. The participation rate was
also fairly low, in particular the participation rate in the
test-retest study. It was not possible to ask participants
their reasons for non-participation. It was also not pos-
sible to compare adolescents who participated in the
study and those who did not, since there was no available
information regarding non-participants. The test-retest
was conducted at one school in a high socioeconomic
area; therefore the generalizability of the test-retest results
might be limited to those with high SEP. The sample size
for the test-retest reliability analyses was also fairly low; it
therefore appears useful to further assess the test-retest
reliability of the scales using larger samples. Education
was the only indicator of SEP included in the present
study. It was reported by parents themselves which was a
strength as it allowed for fairly complete data; parental re-
ports of education are also likely to be more reliable than

adolescent reports. Parental education is also the socio-
economic indicator found to be most commonly associ-
ated with dietary behaviors and their correlates among
youth [16], as well as with body weight [50]. There is an
association between education and other indicators of SEP
such as income and occupation in Norway [51]. Although
education, income and occupation are correlated, existing
research suggests that the association between these
indicators of SEP and dietary behaviors among children is
specific/independent [52]. Therefore, including measures
of income and occupation in future studies might allow
for the exploration of the independent effects of these
indicators on dietary behaviors. Other demographic vari-
ables such as parental age and family structure should also
be considered in future studies. Finally, although more
comprehensive compared to single item measures, mul-
tiple item scales increase participant burden as they re-
quire more time to complete, which needs to be taken
into consideration when designing questionnaires includ-
ing such scales.

Conclusion
The new scales developed in this study provide a more
comprehensive assessment of parental rules and accessi-
bility among adolescents than several existing measures
of the same constructs; the scales assessing accessibility
were also adapted to the local food consumption pat-
terns. The scales have adequate evidence of validity and
reliability and are therefore considered appropriate for
use in surveys among adolescents. A significant propor-
tion of the parental educational differences in soft drink
and vegetable consumption was explained by differences
in accessibility of soft drinks and vegetables during din-
ner. Therefore, decreasing accessibility of soft drinks and
increasing accessibility of vegetables during dinner is
important for all groups and particularly for those with
low parental education.
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