
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Livingstone et al. 
International Journal of Behavioral Nutrition and Physical Activity           (2023) 20:70 
https://doi.org/10.1186/s12966-023-01477-3

International Journal 
of Behavioral Nutrition 

and Physical Activity

*Correspondence:
Katherine M. Livingstone
k.livingstone@deakin.edu.au

Full list of author information is available at the end of the article

Abstract
Background  Socio-economic position (SEP) in adolescence may influence diet quality over the life course. 
However, knowledge of whether individual and environmental determinants of diet quality mediate the longitudinal 
association between SEP and diet quality is limited. This study examined whether and to what extent food-related 
capabilities, opportunities and motivations of adolescents mediated the longitudinal association between SEP in 
adolescence and diet quality in early adulthood overall and by sex.

Methods  Longitudinal data (annual surveys) from 774 adolescents (16.9 years at baseline; 76% female) from 
ProjectADAPT (T1 (baseline), T2, T3) were used. SEP in adolescence (T1) was operationalized as highest level of 
parental education and area-level disadvantage (based on postcode). The Capabilities, Opportunities and Motivations 
for Behaviour (COM-B) model was used as a framework to inform the analysis. Determinants in adolescence (T2) 
included food-related activities and skills (Capability), home availability of fruit and vegetables (Opportunity) and 
self-efficacy (Motivation). Diet quality in early adulthood (T3) was calculated using a modified version of the Australian 
Dietary Guidelines Index based on brief dietary questions on intake of foods from eight food groups. Structural 
equation modelling was used to estimate the mediating effects of adolescents’ COM-B in associations between 
adolescent SEP and diet quality in early adulthood overall and by sex. Standardized beta coefficients (β) and robust 
95% confidence intervals (CI) were generated, adjusted for confounders (T1 age, sex, diet quality, whether still at 
school, and living at home) and clustering by school.

Results  There was evidence of an indirect effect of area-level disadvantage on diet quality via Opportunity (β: 0.021; 
95% CI: 0.003 to 0.038), but limited evidence for parental education (β: 0.018; 95% CI: -0.003 to 0.039). Opportunity 
mediated 60.9% of the association between area-level disadvantage and diet quality. There was no evidence of an 
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Introduction
Adolescents, broadly defined as individuals aged 12 to 17 
years, have some of the poorest diets of all age groups [1, 
2]. In particular, high intake of discretionary foods and 
beverages and low intake of fruit and vegetables contrib-
ute to low overall diet quality in Australian adolescents 
[3]. Poor diet quality in adolescence substantially impacts 
health across the lifecourse, including increased risk of 
obesity and psychological distress in adolescence and 
early adulthood, as well as chronic disease and premature 
mortality in later life [4]. Moreover, the pathways through 
which poor diet quality in adolescence impacts health 
throughout life are likely to be sensitive to dietary and 
health inequities that track over time [5].

Socio-economic position (SEP) is a predictor of dietary 
and health inequities, with evidence to suggest low SEP in 
adolescence predicts low diet quality in later life [5]. Data 
from Australia and internationally indicate that dietary 
inequities have persisted over time, [6, 7] and individual-
level indicators of SEP, such as low parental education, as 
well as environmental-level indicators, such as high area-
level disadvantage, are among the strongest predictors of 
low diet quality in adolescence [6, 8]. Thus, investigating 
the influence of both individual and environmental-level 
indicators of SEP on diet quality is important to design 
policy and behaviour change interventions that address 
barriers to healthy eating experienced by adolescents 
with a low SEP.

The Capacities, Opportunities and Motivations model 
of Behaviour (COM-B) is a theoretical framework that 
can be used to classify determinants of diet quality at 
multiple levels [9]. This model recognizes that for any 
behaviour to occur, individuals must have the physical 
and psychological capability to enact it, the physical and 
social opportunity to engage in the behaviour, and be 
motivated to do it [9, 10]. Having skills for food planning, 
shopping and preparation (i.e., Capabilities), the avail-
ability of and access to fruit and vegetables at home (i.e., 
Opportunity) and self-efficacy to eat healthy regardless 
of the food environment (i.e., Motivation), are all associ-
ated with higher diet quality in adolescence [11–14]. As 
some of these determinants, such as having food plan-
ning skills, track into early adulthood, [15] they may help 

to maintain better diet quality during the transition from 
adolescence to early adulthood. These determinants are 
also likely to be socially patterned; for example, adoles-
cents with a low SEP have been shown to have lower 
access to fruit and vegetables compared to adolescents 
with a high SEP [16]. Thus, COM determinants have the 
potential to mediate associations between SEP and diet 
quality. Further, the extent of these influences may differ 
between males and females since adolescent females have 
been reported to have higher food involvement skills and 
motivation to eat healthily [14, 17–19].

Application of the COM-B model can advance under-
standing of whether and to what extent dietary deter-
minants in adolescence help explain, or mediate, the 
association between SEP in adolescence and diet quality 
in early adulthood. Although this model has been applied 
to understand determinants of diet quality in adolescents 
and young adults, [19] most evidence for how COM 
mediate the association between SEP and dietary intake 
has focused on fruit and vegetables only and has been 
in mid-aged adults [20]. Further, most research in ado-
lescents has investigated individual-level and environ-
mental-level dietary mediators in isolation, which does 
not allow for quantification of joint-mediating effects. 
To our knowledge, no prospective research has mod-
elled potential mediators between low SEP and poor 
diet quality during this unique transitional life stage, and 
whether these mediating pathways are comparable across 
indicators of SEP or between males and females. There-
fore, this study aimed to examine whether and to what 
extent food-related capabilities, opportunities and moti-
vations of adolescents mediate the longitudinal associa-
tion between SEP in adolescence and diet quality in early 
adulthood overall and by sex.

Materials and methods
Study design
The present study used baseline (T1), 1-year (T2) and 
2-year (T3) annual survey data from the ProjectADAPT 
study; a longitudinal study that recruited adolescents 
in Year 11 (approximately 16–17 years old) and tracked 
their dietary practices and behaviours into early adult-
hood (approximately 18–19 years old). Baseline survey 

indirect effect via Capability or Motivation for either area-level disadvantage or parental education, or in males and 
females separately.

Conclusions  Using the COM-B model, the home availability of fruit and vegetables (Opportunity) of adolescents 
explained a large proportion of the association between area-level disadvantage in adolescence and diet quality in 
early adulthood. Interventions to address poor diet quality among adolescents with a lower SEP should prioritize 
environmental determinants of diet quality.

Keywords  Structural equation modelling, Diet quality, Dietary behaviours, Dietary determinants, Adolescents, Young 
adults, Early adulthood; longitudinal
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data (T1) were collected between August 2013 and July 
2015. Participants were followed up approximately one 
(T2) and two (T3) years later. Surveys were designed to 
take less than 30  min for participants to complete and 
included 66 items (eating behaviours, physical activity, 
sedentary behaviour, social environment, neighbourhood 
context, life changes and general health). Participants 
received a AUD$20 voucher from a major department 
store after completing the T1 survey and after complet-
ing the T2 survey. They received a AUD$25 voucher at 
T3. This study was conducted according to the guidelines 
laid down in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by Dea-
kin University’s Human Ethics Advisory Group – Health 
(159_2012) and relevant education authorities. Written 
informed consent was obtained from parents and writ-
ten assent was obtained from adolescents. The report-
ing of this manuscript was guided by the Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy—Nutritional Epidemiology (STROBE-nut) statement 
(Supplemental Table 1) [21].

Participants
Participants were recruited through secondary schools 
and online social media advertising, as previously 
described [22]. Schools with at least 50 students enrolled 
in Year 11 (second-last year of secondary school in Aus-
tralia) were approached from each tertile of area-level 
socio-economic disadvantage within (i) major cities and 
(ii) regional/remote areas of Victoria, based on postcode. 
Area-level disadvantage was based on the Australian 
Bureau of Statistics’ 2011 Index of Relative Socio-Eco-
nomic Advantage and Disadvantage [23]. Overall, 232 
schools were invited to participate and 47 consented (29% 
response rate). Participating schools distributed informa-
tion about the study to Year 11 students from August 
2013 to September 2014. Consent was received from 411 
students (5% of recruitment packs distributed) and 382 
students completed the survey. To increase the sample 
size, paid advertising was placed on an online social net-
working site (Facebook) on two occasions (September to 
November 2014; April to May 2015). The advertisement 
targeted adolescents aged 16–17 years living in Victoria, 
Australia. The advertisement led individuals to a study 
website where they were screened and could register to 
receive detailed information about the study. Of the 2770 
registrations of interest, consent was received from 655 
students, and 640 students completed the baseline sur-
vey. In total, considering all those recruited from schools 
and via social media, 1076 consent forms were received, 
and 1022 participants completed baseline surveys. Par-
ticipants recruited in 2013 completed a telephone inter-
view. From 2014, participants could complete surveys 

online or via telephone. Telephone interviews were com-
pleted by 76 participants in total.

SEP in adolescence (exposures)
Highest parental education and area-level disadvantage 
at baseline (T1) were selected as indicators of individ-
ual-level and environment-level SEP, respectively. High-
est parental education was reported by adolescents for 
their mother/female carer and father/male carer, respec-
tively as: (i) never attended school; (ii) primary school; 
(iii) some high school; (iv) completed high school; (v) 
technical or trade school certificate or an apprentice-
ship; (vi) university or tertiary qualification; and (vii) 
not applicable/no mother/father carer. For this analy-
sis, the response options for mothers and fathers were 
combined to reflect highest parental education, which is 
consistent with literature suggesting parental education 
is an important independent determinant of diet qual-
ity in adolescence [24] and the influence of maternal and 
paternal education on the child are more comparable 
during adolescence than during infancy [25]. Parental 
education was collapsed into three categories: low (some 
high school or less); medium (completed high school, or 
technical or trades school certificate or an apprentice-
ship); and high (university or tertiary qualification) [22]. 
The Australian Bureau of Statistics’ 2011 Index of Rela-
tive Socio-Economic Advantage and Disadvantage (T1) 
was used as an area-level indicator of SEP in adolescence. 
This index summarizes information about the economic 
and social conditions of people and households within an 
area and was obtained for the postcode in which partici-
pants reported living most of the time [23]. Tertiles for 
area-level disadvantage were used, where a lower score 
(first tertile) indicated that participants were living in an 
area with a relatively high prevalence of disadvantage and 
a low prevalence of advantage.

Determinants of diet quality in adolescence (mediators)
Dietary determinants were selected at T2 to rep-
resent mediators between T1 (exposure) and T3 
(outcomes). These determinants were classified as Capa-
bilities, Opportunities and Motivation consistent with 
the COM-B theoretical domains (Table 1) [9, 26]. Capa-
bility is defined as “an individual’s psychological and 
physical capacity to engage in the activity concerned” 
[9]. In this study, determinants classified as Capabil-
ity included five food-related activities and skills. Par-
ticipants indicated how many times in the past month 
they: (1) shopped for food, or helped to shop for food, 
for their household; (2) planned ahead what they would 
eat at meals at home; (3) made a grocery shopping list 
for their household; (4) prepared a meal for their house-
hold on their own; and (5) helped to prepare a meal for 
their household. Response options ranged from “Never/
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rarely” to “Every-day” [15]. These food-related activities 
and skills have previously been identified as determi-
nants of diet quality in adolescents [27]. Opportunity is 
defined as “all the factors that lie outside the individual 
that make behaviour possible or prompt it”, including 
physical and social factors [9]. In this study, determinants 
classified as Opportunity related to home availability of 
fruits and vegetables. Survey items requested how often: 
(1) fruit and (2) vegetables were available at home, with 
response options ranging from “Never” to “Always” [28, 
29]. Having a large selection of fresh fruit and vegetables 
in the neighborhood (a statement with response options 
ranging from “Strongly agree” to “Strongly disagree”) was 
considered for inclusion in the latent variable for Oppor-
tunity (as described later) [30]. These items represented 
environmental-level dietary determinants in adolescence. 
Motivation is defined as all the “brain processes that 
energise and direct behaviour, not just goals and con-
scious decision-making” [9]. In this study, self-efficacy 
was classified as Motivation. Participants were asked 
how confident they felt that they could eat healthy foods 
when they were: (1) at the shops; (2) hungry after school 
or work; (3) with their friends; (4) feeling down, bored or 
stressed; (5) eating out; and (6) alone. Response options 
ranged from “Not at all” to “Extremely confident” [31].

Diet quality in early adulthood (outcome)
Diet quality in early adulthood, assessed using an adap-
tation of the Australian Dietary Guideline Index (DGI), 
was measured at baseline (T1) and follow-up (T3). Diet 
quality at T3 was used as the outcome variable in the 
present analysis. While we acknowledge that diet is not 
a simple behavioural choice but also a result of what is 
structurally possible for individuals, [32] we have used 
the term behaviour because it is used within the COM-B 
framework.

The DGI is a food-based score designed to reflect the 
diet quality of adults based on adherence to the 2013 
Australian Dietary Guidelines [7, 33–36]. The DGI was 
adapted for use in this study by excluding items for food 
variety, milk intake, unsaturated fat, and alcohol due to 
lack of questionnaire items for these indicators. Nine 
food components were included: (1) vegetables; (2) fruit; 
(3) whole grains; (4) lean meat; (5) water; (6) foods con-
taining saturated fat, added salt, added sugars and alco-
hol; (7) foods high in saturated fat; (8) foods and drinks 
containing added salt; (9) foods and drinks containing 
added sugars (Supplementary Table 2) [37]. Participants 
self-reported the number of servings of fruit (exclud-
ing 100% fruit juice) and servings of vegetables they 
usually ate per day using previously validated question-
naire items [37, 38]. Bread type was used as an indicator 
of grain foods consumed, with seven response options 
(Supplementary Table  2) [38]. To assess intake of lean 
meats and alternatives, two indicators of red meat (fre-
quency/week) and fish intake (frequency/week) were 
available. To assess water intake, two indicators were 
used: total beverage intake (serves/day of water, fruit 
juice, diet soft drink, regular soft drinks, cordial and 
sports drinks) and the proportion of water to total bev-
erages consumed (%).Consistent with definitions of 
energy-dense, nutrient-poor discretionary foods in the 
Australian Dietary Guidelines, [33] foods high in satu-
rated fat were represented by five items, [37] includ-
ing the frequency per week that participants reported 
they usually ate: ice cream, icy poles and ice blocks; hot 
chips, wedges and fried potatoes; potato crisps and other 
salty snacks; confectionery such as lollies and choco-
lates; and sweet biscuits, cakes and muffins. Frequencies 
were converted to daily serve equivalents (never = 0;<1/
week = 0.07/day;1–2/week = 0.21/day;3–4/week = 0.5/
day;5–6/week = 0.79/day). To assess limiting added salt, 
use of salt during and after cooking was used (never or 

Table 1  Variables from the ProjectADAPT study classified as determinants using Michie’s Behavour Change Wheel Capability, 
Opportunity, Motivation and Behaviour (COM-B) model
Source of 
behaviour 
(COM-B)

Theoreti-
cal domain 
framework 
(COM-B)

Determinant Survey items Response 
options

Capability 
– Physical

Physical skills Food-related activities 
and skills (5 question-
naire items)

How many times in the past month did you (1) shop for food, or help 
shop for food, for your household; (2) plan ahead what you would eat at 
meals at home; (3) make a grocery shopping list for your household; (4) 
prepare a meal for your household on your own; (5) help to prepare a 
meal for your household.

Never/rarely; less 
than once/week; 
once/week; about 
2–3 times/week; 
about 4–6 times/
week; every day

Opportunity 
- Physical

Environmental 
context and 
resources

Availability of healthy 
food (2 questionnaire 
items)

How often (1) is fruit available in your home; (2) are vegetables available 
in your home

Sometimes; usu-
ally; always.

Motivation 
- Reflective

Beliefs about 
capabilities

Self-efficacy (6 ques-
tionnaire items)

How confident are you that you could eat healthy foods when you are 
(1) at the shops; (2) hungry after school or work; (3) with your friends; (4) 
feeling down, bored or stressed; (5) eating out; or (6) alone

Not at all; slightly; 
moderately; very; 
extremely
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rarely; sometimes; usually). To assess consumption of 
foods and beverages containing added sugar, the number 
of serves/day of soft drink, ice cream/ icy poles, confec-
tionary and sweet foods was determined by combining 
daily serve equivalents of each item, as described above 
for saturated fat [37].

The eight individual DGI components were scored out 
of 10 (zero indicating the guideline was not met) and 
summed. Items with two components (lean meat, water) 
were scored out of five. Grains and foods high in satu-
rated fat were also scored out of five as these included 
two components in the original DGI but information on 
total cereal and trimmed meat intake were not available 
in this study. Cut-offs used to obtain the maximum score 
for each component were tailored to age- and sex-specific 
food-based recommendations outlined in the Austra-
lian Dietary Guidelines [39]. Proportionate (continuous) 
scores were derived for vegetable and water intake where 
intakes fell between the maximum and minimum scor-
ing criteria [40, 41] with discrete scores used for fruit, 
lean meat and foods containing added salt. For fruit, 
two discrete scores (2.5 and 5 out of 10) were assigned 
for intakes that fell between the maximum and minimum 
score criteria. For lean meat, a discrete score of 5 out of 
10 was assigned for intakes of red meat 5–6 times/week. 
For foods containing added salt, scores of 5 out of 10 
were assigned for sometimes using salt during and after 
cooking (Supplemental Table 2). The total modified DGI 
scores could range between 0 and 80, with a higher score 
indicating better diet quality.

Sociodemographic characteristics and other health-related 
behaviours in adolescence
Participants reported sex at recruitment (gender identity 
was not asked) and age was computed from reported date 
of birth in the baseline survey. MET of leisure-time phys-
ical activity in a usual week (min/week) was assessed at 
baseline using the leisure module from the International 
Physical Activity Questionnaire (IPAQ) using standard 
MET values for walking (3.3 METs), moderate (4 METs) 
and vigorous (8 METs) activities [42, 43]. Self-reported 
height and weight at baseline were used to derive body 
mass index (BMI) z-scores. BMI z-scores were estimated 
using the LMS method (Lambda for the skew, Mu for the 
median, and Sigma for the generalized coefficient of vari-
ation) and using age- and sex-specific BMI percentiles 
based on the World Health Organization’s BMI-for-age 
cut-offs [44]. Whether participants were still at school 
and whether participants still lived at home with their 
parents or relatives was assessed at follow up (T3).

Statistical analyses
The theoretical framework and pathway diagram based 
on the COM-B model is presented in Fig.  1. Structural 

equation modelling (SEM) was used to model asso-
ciations between SEP in adolescence and diet quality in 
early adulthood and pathways mediated by determinants 
categorized as Capability, Opportunity and Motivation. 
SEM is a technique for examining conceptual models that 
simultaneously assesses all related pathways considering 
the role of exogenous and endogenous variables [45, 46]. 
Latent variables were created for Capability, Opportunity 
and Motivation using the measured variables summa-
rized in Table  1. As illustrated in Fig.  1, SEM was used 
to test individual indirect effects via associations between 
SEP and COM (a1–a3) and associations between COM 
and diet quality (b1–b3), controlling for SEP and poten-
tial confounders. Confounders included age, sex, baseline 
diet quality whether still at school and whether living at 
home with family at follow up. The total indirect effect 
of SEP on diet quality was assessed, where a*b represents 
the total individual indirect effect of SEP on diet qual-
ity via each COM potential mediator. The direct effect, 
denoted by c’, is the effect of SEP on diet quality indepen-
dent of all potential COM mediators and confounders. 
The proportion mediated was calculated as the mediator-
specific indirect effect divided by the total SEP–diet qual-
ity effect [a*b/ ((a1–4) * (b1–4) + c’)], where the total effect 
represents the sum of the total indirect (indirect effect of 
all mediators combined) and direct (unmediated) effects. 
The individual mediating effect of Capability, Opportu-
nity and Motivations on associations between SEP and 
diet quality were estimated separately, as well as the joint 
mediating effects (Opportunity -> Capability -> Motiva-
tion). Models were fitted using the full information maxi-
mum likelihood method and accounting for clustering 
by schools. Robust clustered (by school) 95% confidence 
intervals (CI) were estimated for all effects. Models were 
estimated in the total population and by sex. No statisti-
cal interaction was tested by sex due to model non-con-
vergence. Standardized estimates and robust 95% CI are 
presented. Due to clustering by schools, the fit statistics 
used to compare models were the Standardized Root 
Mean Squared Residual (SRMR), with a value < 0.08 indi-
cating a better fit, and the Coefficient of Determination 
(CD), with a value closer to 1 indicating a better fit [47]. 
These fit statistics were examined to determine whether 
the model was a better fit (1) when the latent variable for 
Opportunity was only based on fruit and vegetable avail-
ability at home or also included fruit and vegetable avail-
ability in the neighborhood and (2) if confounders related 
to school attendance and living at home at T3 were 
included. Descriptive analyses included mean (standard 
deviation) or median (inter quartile range) for continu-
ous variables and number (%) for categorical variables. 
Analyses were conducted in Stata using the sem and estat 
commands (Version SE 15.0, StataCorp). P < 0.05 was 
considered statistically significant.
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Results
Participant characteristics
Of the 1022 adolescents who completed the baseline 
survey, 7% (n = 68) of participants were excluded for 
missing relevant baseline data (Fig.  2). A further 151 
(16%) participants were lost to follow up, of which 65 
(7%) were lost at T2 and 86 (9%) were lost at T3. Of the 
803 participants who completed the T3 follow-up sur-
vey, 4% (n = 29) were missing data on diet quality and/
or confounders (Fig. 2). A total of 774 participants were 
included in the present analysis (76% of those who par-
ticipated at baseline). Mean age at baseline was 16.9 (0.5) 
years and 76% were female (Table 2). A total of 8%, 26% 
and 66% of adolescents had parents with a low, medium 
and high education, respectively. At baseline, mean DGI 
was 47.9 (13.9) out of a total possible score of 80, while 

at follow up it was 47.6 (13.6). Only 17% and 18% of ado-
lescents reported making a shopping list and preparing a 
meal at least twice a week, respectively. Almost all ado-
lescents reported usually or always having fruit (97%) and 
vegetables (97%) available at home. The proportion of 
adolescents who were confident they could eat healthily 
ranged from 16% when feeling down or stressed, to 43% 
when at the shops. Participant characteristics according 
to sex, parental education and area-level disadvantage are 
presented in Table 2.

Model fit indices
The SEM model for education had a better fit when the 
model included confounders for whether adolescents still 
attended school and lived at home at T3 (SRMR: 0.037 vs. 
0.040; CD: 0.435 vs. 0.411). This model was also a better 

Fig. 1  Flow chart of participants included in the analysis of the ProjectADAPT study
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fit when the latent variable for Opportunity was only 
based on fruit and vegetable availability at home (rather 
than also including fruit and vegetable availability in the 
neighborhood) (SRMR: 0.037 vs. 0.040; CD: 0.435 vs. 
0.424). Similarly, models for area-level disadvantage had 
a better fit when confounders related to whether still at 
school and living at home at T3 were included (SRMR: 
0.037 vs. 0.040; CD: 0.435 vs. 0.410) and when the latent 
variable for Opportunity was based only on fruit and veg-
etable availability at home (SRMR: 0.037 vs. 0.041; CD: 
0.435 vs. 0.437).

Total effects
There was evidence of a total effect of parental educa-
tion on diet quality in males (β: 0.121; 95% CI: 0.001 to 
0.240), but not overall (β: 0.030; 95% CI: -0.026 to 0.087) 
or in females (β: 0.001; 95% CI: -0.084 to 0.087). Similarly, 
there was evidence of a total effect of area-level disadvan-
tage on diet quality in males (β: 0.157; 95% CI: 0.026 to 
0.288), but not overall (β: -0.008; 95% CI: -0.074 to 0.058) 
or in females (β: -0.075; 95% CI: -0.204 to 0.055).

Direct and indirect effects overall and by sex
For parental education, there was evidence of a direct 
effect on Capability in males only. While for area-level 

disadvantage, there was evidence of a direct effect on 
Opportunity overall and in males only (Table 3; Fig. 3).

For both SEP indicators, there was no evidence that 
Capability, which reflected food-related activities and 
skills, had an indirect effect on diet quality overall or in 
males and females separately (Table 3; Fig. 3).

For area-level disadvantage, there was evidence that 
Opportunity, which reflected the home availability of 
fruit and vegetables, had an indirect effect on diet qual-
ity overall. The proportion mediated by Opportunity was 
60.9%. There was no evidence of mediation in males and 
females separately. For education, there was no evidence 
that Opportunity had an indirect effect on diet qual-
ity overall or in males and females separately (Table  3; 
Fig. 3).

For both SEP indicators, there was no evidence that 
Motivation, which reflected self-efficacy to eat healthily, 
had an indirect effect on diet quality overall or in males 
and females separately (Table 3; Fig. 3).

Across both SEP indicators, there was no evidence 
of an indirect joint mediating effect by COM (data not 
shown as coefficients were < 0.001).

Fig. 2  Theoretical framework and pathway diagram for examining the mediating role of adolescent COM in associations between SEP in adolescence 
and diet quality in early adulthood based on Capability, Opportunity, Motivation and Behaviour (COM-B) model
 The Endogenous variables (dependent) are diet quality and COM. Parental education and area-level disadvantage are each used as indicators of SEP in 
separate models. COM represent potential mediators at baseline (latent variables) on the pathway between SEP at baseline (measured variable) and diet 
quality at T3 (measured variable). In this COM model, Capability was a latent variable designed to represent food-related activities and skills, Opportunity 
was a latent variable designed to represent availability of fruit and vegetables in the home, and Motivation was a latent variable designed to represent 
confidence that one can eat healthily (self-efficacy). The indirect mediated effects of SEP on diet quality through Capabilities, Opportunities and Motiva-
tions (indirect paths – represented by dashed line) were estimated by multiplying the a-path effects of SEP on each mediator (paths a1-3) by the b-path 
effect of each mediator on diet quality (paths b1-3). The individual mediating effect of Capability, Opportunity and Motivations, as well as the joint mediat-
ing effects (Opportunity -> Capability -> Motivation) in associations between SEP and diet quality were estimated. The total effect between SEP and diet 
quality is represented by path c. T, timepoint
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Discussion
This longitudinal study of Australian adolescents used 
the COM-B model to identify that lower availability of 
fruit and vegetables at home (Opportunity) explained a 
large proportion of the association between high area-
level disadvantage in adolescence and low diet quality in 
early adulthood. We found no evidence of mediation by 
adolescent Capabilities and Motivations, no significant 
findings for education and no evidence of mediation in 
males and females separately. These results suggest that 
strategies to address poor diet quality among adolescents 
with low SEP should prioritize interventions that target 
environment-level determinants, rather than individual-
level behaviour change.

The present findings for the mediating effect of oppor-
tunity on diet quality is consistent with previous research 
in adolescents with low SEP [48]. In a community-based 
sample of 2529 adolescents with low maternal education, 
the home availability of energy-dense snacks and fast 
foods was a strong mediator of SEP variations in intakes 
of these foods [48]. Although evidence from mediation 

analyses in low SEP adolescents is limited, our findings 
for the importance of home availability of healthy foods 
is consistent with broader literature on adolescents [14, 
49–51]. In the Young Eating Patterns study of adolescents 
(n = 1,850), home availability of fruits and vegetables was 
positively associated with change in vegetable consump-
tion 2 years later [14]. In our study, the home availabil-
ity of fruit and vegetables (Opportunities) explained 61% 
of the association between neighbourhood disadvan-
tage and diet quality in early adulthood. These findings 
suggest that dietary interventions and policies should 
address the availability of healthy foods at home among 
adolescents living in disadvantaged neighbourhoods. 
This is particularly relevant for food insecure households, 
[52] who have been disproportionately affected as a result 
of the COVID-19 pandemic [53]. In addition, broader 
social and structural-level factors that influence the 
home availability of fruits and vegetables should also be 
addressed, such as ensuring food outlets stock fruit and 
vegetable varieties that are aligned with cultural beliefs 
and norms of the communities they serve, increasing the 

Table 2  Baseline participant characteristics overall and by indicators of socioeconomic position (n = 774)
Characteristic Overall Sex Parental education Area-level disadvantage

Female Male Low Medium High High Moderate Low
n (%) 774 (100) 591 (76.4) 183 

(33.6)
60 
(7.8)

198 (25.6) 516 
(66.6)

258 
(33.4)

258 (33.3) 258 
(33.3)

Age, years, Mean (SD) 16.9 (0.5) 16.9 (0.4) 16.9 
(0.4)

16.9 
(0.5)

16.9 (0.4) 16.9 
(0.4)

16.9 
(0.5)

16.8 (0.4) 16.9 
(0.4)

Female (%) 76.4 - - 81.7 77.3 75.4 76.4 74.8 77.9

Dietary Guideline Index, Mean (SD) 47.9 (13.9) 48.5 (14.2) 46.1 
(13.2)

42.8 
(13.6)

46.3 (14.1) 49.1 
(13.7)

47.1 
(13.9)

46.2 (13.5) 50.4 
(14.1)

Leisure time physical activity, MET min/week, Mean (SD) 1852 
(2209)

1729 
(2110)

2248 
(2464)

1701 
(2245)

1636 
(1995)

1951 
(2279)

1991 
(2417)

1559 
(2068)

2003 
(2106)

Overweight or obesity (%) 20.4 20.2 20.7 26.7 26.2 17.4 20.7 24.3 16.0

Capability (> 2 times/week, %)

  Shop for food 25.7 28.4 16.9 31.7 29.3 23.6 29.8 22.1 25.2

  Plan meals 32.7 34.7 26.2 31.7 31.3 33.3 32.3 30.2 34.5

  Make a shopping list 16.8 18.3 12.0 15.0 14.7 17.8 15.5 19.0 15.9

  Prepare a meal 18.4 20.5 11.5 16.7 19.7 18.0 19.4 19.4 16.3

  Help to prepare a meal 41.1 44.3 33.3 40.0 41.4 42.1 43.8 43.8 37.6

Opportunity (Usually/always have, %)

  Fruit at home 96.5 96.5 96.7 98.3 92.4 97.9 95.7 96.1 97.7

  Vegetables at home 97.3 97.3 97.3 96.7 97.0 97.5 96.9 96.5 98.5

Motivation (Extremely - moderately confident eat healthy foods, %)

  At the shops 43.2 42.5 45.4 31.7 34.9 47.7 38.2 43.4 46.9

  Hungry after school or work 31.5 29.4 38.3 26.7 22.7 35.5 26.3 31.4 36.4

  With friends 33.2 34.9 27.9 30.0 26.3 36.2 28.7 33.7 37.2

  Feeling down or stressed 16.2 13.5 24.6 15.0 8.01 19.4 15.5 13.2 19.8

  Eating out 33.5 32.4 33.8 30.0 24.8 37.2 29.5 31.4 39.5

  Alone 43.0 42.8 43.7 36.7 33.8 47.3 43.0 40.3 45.7
Area-level disadvantage: High area level disadvantage, 805–993 score; Moderate area-level disadvantage, 993–1053 score; Low area level disadvantage, 1053–1151 
score

Parents’ highest education level: Low, some high school or less; Medium, completed high school, or technical or trades school certificate or an apprenticeship; High, 
university or tertiary qualification. Overweight or obesity was derived using age- and sex- specific body mass index (BMI) percentiles based on the World Health 
Organization’s BMI-for-age cut offs
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affordability of fruits and vegetables, subsidizing their 
costs and prioritizing food assistance programs and fiscal 
incentives for the consumer, food industry and organiza-
tions [54–56]. Notably, availability of a large variety of 
fresh fruit and vegetables in the neighborhood, a further 
structural-level factor, was excluded from the analyses to 
optimize model fit.

We found no evidence that food-related activities 
and skills (Capabilities) and self-efficacy (Motivation) 

mediated the association between low SEP and low diet 
quality. A recent COM study [20] found that Motivation 
(defined as habit strength) was the second most influen-
tial factor that explained educational inequalities in fruit 
and vegetable intake. However, the authors highlight that 
habits are generated by contextualized-learned behav-
iours, [57] and that when a habit is established, situ-
ational cues in the food environment are important for 
triggering the behaviour. As a result, although individual 

Table 3  Direct and indirect pathways of association between indicators of socioeconomic position and diet quality mediated by 
Capabilities, Opportunities and Motivations 1

Model path Direct effects 
(a-path)2

(95% CI)

Indirect effects
(a-path x b-path)3

(95% CI)

Total effects 
(c-path)4

(95% CI)

Propor-
tion 
mediated5

Parental education
Total population (n = 774)

  Capability 0.007 (-0.083, 0.097) 0.001 (-0.006, 0.007) 0.031 (-0.025, 0.087) -

  Opportunity 0.102 (-0.025, 0.230) 0.018 (-0.003, 0.039) 0.048 (-0.009, 0.105) -

  Motivation 0.047 (-0.033, 0.128) 0.005 (-0.004, 0.014) 0.035 (-0.021, 0.092) -

  Total6

Females (n = 591)

  Capability 0.029 (-0.108, 0.114) 0.002 (-0.007, 0.008) 0.002 (-0.083, 0.086) -

  Opportunity 0.137 (-0.041, 0.316) 0.035 (-0.010, 0.080) 0.037 (-0.031, 0.105) -

  Motivation 0.022 (-0.070, 0.115) 0.002 (-0.010, 0.014) 0.004 (-0.082, 0.090) -

  Total6

Males (n = 183)

  Capability -0.164 (-0.315, 
-0.013) *

-0.022 (-0.063, 0.017) 0.098 (-0.025, 0.222) -

  Opportunity 0.046 (-0.084, 0.176) 0.003 (-0.022, 0.042) 0.131 (0.006, 0.256) * -

  Motivation 0.123 (-0.026, 0.291) 0.001 (-0.021, 0.022) 0.121 (0.003, 0.239) * -

  Total6

Area-level disadvantage
Total population (n = 774)

  Capability -0.043 (-0.132, 0.047) -0.003 (-0.010, 0.004) -0.011 (-0.077, 0.054) -

  Opportunity 0.113 (0.023, 0.208) * 0.021 (0.003, 0.038) * 0.012 (-0.055, 0.079) 60.9%

  Motivation 0.018 (-0.072, 0.108) 0.002 (-0.008, 0.012) -0.006 (-0.071, 0.059) -

  Total6

Females7 (n = 591)

  Capability -0.065 (-0.174, 0.044) -0.003 (-0.011, 0.005) -0.078 (-0.208, 0.052) -

  Opportunity 0.169 (0.053, 0.284) 
**

0.046 (-0.040, 0.131) -0.029 (-0.109, 0.051) -

  Motivation 0.036 (-0.073, 0.146) 0.005 (-0.010, 0.019) -0.070 (-0.198, 0.059) -

  Total6 -

Males (n = 183)

  Capability -0.031 (-0.195, 0.131) -0.001 (-0.009, 0.007) 0.156 (0.023, 0.288) * -

  Opportunity 0.012 (-0.130, 0.156) 0.002 (-0.016, 0.020) 0.158 (0.024, 0.293) * -

  Motivation -0.043 (-0.232, 0.146) -0.001 (-0.011, 0.009) 0.156 (0.023, 0.288) * -

  Total6
1 Standardized coefficients and 95% CI for direct, indirect and total effects were derived using structural equation modelling using the Stata sem and estat commands; 
* and ** represent p < 0.05 and p < 0.01 respectively
2 The direct effect of SEP on each mediator are represented by paths a1-3
3 The total indirect effect of SEP on diet quality via each COM potential mediator
4 The total effect represents the sum of the total indirect and direct effects
5 The proportion mediated was calculated as the mediator-specific indirect effect divided by the total effect [a*b/ ((a1–3) * (b1–3) + c)]
6 The total also includes the joint mediating effects of Opportunity -> Capability -> Motivation, which was < 1%
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motivation may help explain educational inequalities in 
fruit and vegetable intake in the study in question, there 
remained a strong focus on environment-level determi-
nants as targets for behaviour change. This narrative was 
reinforced by Opportunity (financial availability) being 
the most influential COM mediator identified.

In this study, we only observed evidence of mediation 
when examining area-level disadvantage, not educa-
tion. To our knowledge, the two studies to date that have 
used COM to explain the mediating role of low SEP on 
diet have only examined one indicator of SEP, i.e. educa-
tion [20, 50]. Our findings suggests that area-level indi-
cators of SEP may be most relevant for understanding 
environment-level determinants of diet quality, adding 
to literature on dietary inequities resulting from living in 

disadvantaged neighborhoods and experiencing a lack of 
health promoting resources [49, 58]. Nonetheless, while 
we refer to education as a measure at the individual level 
it can reflect inequitable social structures, highlighting 
the complexity of conceptualizing SEP. Given recent calls 
for further consideration of the conceptualization of low 
SEP and construction of categories of social difference, 
[59] this study adds to the body of literature suggesting 
that use of different indicators of SEP could identify dif-
ferent priorities for intervention. As COM was a media-
tor for area-level disadvantage, but not education, in this 
study, intervention priorities could differ for subgroups 
who experience disadvantage in different domains.

This study had a number of strengths. The longitudi-
nal design enabled investigation of a period of life where 

Fig. 3  Causal pathway diagram with standardized estimates illustrating the total effects of adolescent SEP on diet quality in early adulthood. Parental ed-
ucation (A), and area-level disadvantage (B), are used as indicators of SEP to examine the mediating role of adolescent dietary determinants in associations 
between SEP in adolescence and diet quality in early adulthood based on Capability, Opportunity, Motivation and Behaviour (COM-B) model. The endog-
enous variables (dependent) are diet quality and COM. COM represent potential mediators at baseline (latent variables) on the pathway between SEP at 
baseline (measured variable) and diet quality at T3 (measured variable). In this COM model, Capability was a latent variable designed to represent food-
related activities and skills, Opportunity was a latent variable designed to represent availability of fruit and vegetables in the home, and Motivation was 
a latent variable designed to represent confidence that can eat healthily (self-efficacy). The mediated effects of SEP on diet quality through Capabilities, 
Opportunities and Motivations (indirect effect – represented by dashed line) were estimated by multiplying the direct effects of SEP on each mediator 
(paths a1 − 3) by the direct effect of each mediator on diet quality (paths b1 − 3). The individual mediating effect of Capability, Opportunity and Motiva-
tions, as well as the joint mediating effects (Opportunity -> Capability -> Motivation) on associations between SEP and diet quality were estimated. The 
association between SEP and diet quality, i.e., total effect, is represented by path c. Significant pathways are indicated as * for p < 0.05 and ** for p < 0.01
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significant life transitions may occur. SEM facilitated 
examination of the individual and joint mediating effects 
of multiple food-related determinants of diet quality at 
multiple levels. A number of limitations should also be 
acknowledged. The school participation rate was low, and 
the sample had more females than males, few adolescents 
had low SEP and fewer adolescents were classified as hav-
ing overweight or obesity than the national estimates for 
this age group [60]. Therefore, findings are unlikely to 
capture the full extent that greater capacity, opportunity 
and motivation may mediate the relationship between 
low SEP and diet quality and may not be generalizable 
to the wider adolescent population. Further, while this 
study examined findings in males and females separately, 
the low number of males with low SEP precluded sta-
tistical comparisons between males and females. As a 
result, future research should use targeted recruitment 
strategies to improve representation of males and ado-
lescents with low SEP. The choice of variables to include 
in the creation of latent variables was based on mapping 
of available measures to the COM and model fit statis-
tics, thus not all possible mediators (such as psychosocial 
capability) could be explored, and some determinants 
were specific to fruit and vegetables, while others were 
related to diet quality more broadly. Similarly, this study 
used parental education and area-level disadvantage as 
the two SEP indicators, and thus the use of other SEP 
indicators, such as household income, may yield differ-
ent findings. Moreover, while Motivation can be defined 
based on self-efficacy, [9] these are not strictly synony-
mous, and so future research should consider other indi-
cators from this theoretical domain. As the behavioural 
and environmental determinants of diet, as well as inter-
vention functions and policy actions, are likely to differ 
depending on the particular aspects of dietary intake 
considered (e.g. intake of healthy versus unhealthy foods), 
future research should examine if findings are consistent 
when other mediators are examined. Moreover, as most 
adolescents in this study reported good access to fruit 
and vegetables at home, future research should confirm 
whether these findings are consistent in adolescents who 
report barriers to accessing fruit and vegetables, and 
greater access to less healthy foods, at home and in their 
local neighborhood. Lastly, all data were self-reported, 
which may introduce social desirability and misreport-
ing biases. The systematic bias from dietary misreporting 
is likely to affect our results. Although non differential 
error is likely to bias associations towards the null, there 
is potential for residual confounding due to unmeasured 
confounders, thus the direction of any biases is challeng-
ing to estimate. Furthermore, dietary intake data were 
collected via a limited number of brief questions, and 
thus we were unable to capture all elements of the DGI. 
This limits comparisons with other studies. Lastly, the 

timeframe of this longitudinal analysis is likely to impact 
on the generalizability of the findings; young adults were 
18–19 years at follow up and therefore unlikely to be fully 
independent of their home environment (despite control-
ling for this in the analysis), and further, a longer follow 
up may have captured greater variation in COM and diet 
quality, reflective of early adulthood transitions.

Conclusion
The findings from this longitudinal study of Australian 
adolescents suggests food-related opportunities at home 
explain a large proportion of the association between 
area-level SEP in adolescence and diet quality in early 
adulthood. These findings highlight that dietary inter-
ventions and policies targeting adolescents living in dis-
advantaged neighbourhoods should prioritize access to 
fruit and vegetables at home.
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