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Abstract
The present study examined the association of contextual factors (social and food preparation location) with the energy density of meals and snacks con-
sumed in a sample of young Australian adults (18–30 years old) identified using wearable camera technology. Over three consecutive days, a subsample of
young adults wore a wearable camera that captured images in 30 s intervals. Eating episodes from 133 participants were annotated for preparation location
and social context (covering social interaction and screen use). Over the same period, participants completed daily 24 h recalls. The nutritional composition
of meals and snacks was calculated by matching the items identified in the camera to the 24 h recall using time and date stamps. Self-reported data (weight
and height) was used to calculate body mass index and (residential postcode) to assign socio-economic status. The association of context and demographic
factors with energy density was determined using a mixed linear regression model employing the bootstrap method with bias-corrected and accelerated. In
total, 1817 eating episodes were included in the analysis (n 8 preparation unclear and n 15 food components could not be identified excluded). Food pre-
pared within the home was 1⋅1 kJ/g less energy-dense than other preparation locations. Lunches (CI −1⋅7 to −0⋅3) and dinners (CI −1⋅6 to −0⋅5) were
both 1⋅0 kJ/g lower in energy density than breakfasts. Snacks were 3⋅5 kJ/g (CI 2⋅8–4⋅1) more energy-dense than breakfasts. Food prepared outside the
home and food consumption during snacking appear to be adversely contributing to energy-dense food intake.
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Introduction

It is estimated that the 38 % of the burden of disease in
Australians could be prevented by reducing or avoiding expos-
ure to modifiable risk factors in 2018(1). Of these modifiable
risk factors, overweight and obesity was the second highest
cause that contributed 8⋅4 % to the burden of disease, this
was followed by all dietary risk influences (5⋅4 %)(1). In
Australia, young adults are more likely to experience weight

gain than any other age group(2) with the proportion affected
by overweight or obesity increasing from 39 % in 2014–15
to 46 % in 2017–18 in the National Health Survey(3).
Higher energy density diets have been previously found to

be associated with higher odds of obesity(4). Young
Australian adults who consumed energy-dense diets had
poorer quality diets with fewer fruits and vegetables and
more discretionary foods(5). Discretionary foods are defined
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in the Australian Guide to Healthy Eating (AGHE) as foods
that are high in saturated fat, and/or added sugars, and/or
salt, and/or low in fibre(6) and in some countries are referred
to as energy-dense, nutrient-poor foods. Lower energy density
foods tend to be higher in fibre and/or water content and can
include fruits and vegetables(7,8). The energy density is the
energy content (kJ) per unit of food consumed usually in
grams (g). The World Cancer Research Fund (WCRF) recom-
mended average energy density of dietary intake (excluding
beverages) should be less than 5⋅23 kJ/g (1⋅25 kcal/g)(9).
Food prepared outside the home (FOH) for the present

study is defined as any food item that was not prepared within
the home and obtained from another location such as a fast
food outlet, café, restaurant, or food from another outlet sell-
ing take away food such as a service station or convenience
store. FOH tends to be more energy-dense and has higher
amounts of nutrients of concern such as saturated fat, sodium
and/or added sugars(6,10,11). This is of concern for young
Australians who spend the highest proportion of their house-
hold income on eating out compared with older adults(12) and
more frequently consume fast food than any other age
group(13). In the cross-sectional Measuring Young Adult
Meals Study (MYMeals) of 1001 Australians conducted from
2017 to 2018, one-third of food and beverages consumed
were FOH(14).
Other factors that influence food consumption are social

contextual factors including social interactions and screen
usage. Social facilitation of eating, that is the observed increase
in food intake when people eat in groups rather than when
alone(15), has been widely studied. Several mechanisms have
been proposed including extension of the time spent eating
during social meals(16), larger portion size(17), reduced atten-
tion to satiety signals(18) and increased eating rate(19). Social
modelling or matching may mediate food choices during social
meals, where people modify their intake towards the norm(20).
Additionally, the use of screens during mealtimes, such as
watching television have previously been found to be asso-
ciated with increased energy intake(21). Young adults that
watched four or more hours of television per day, reported
consuming more energy-dense snacks than those that watched
less than 1 h of television(22).
Most studies cited above have used self-reported data or

have been conducted within laboratory settings. Self-report
data is sensitive to misreporting by participants and laboratory
assessments may not be reflective of real-world behaviours(23).
The use of wearable cameras that enables researchers to pas-
sively observe participants in their natural situations may pro-
vide new insights on the way food preparation and social
contexts may influence dietary intake(24). Wearable cameras
have been previously used to examine: contextual influences
(including social interactions and the use of media screens)
on meals in a sample of 40 adults(25), snacking context (includ-
ing food source, social contact and screen usage) in chil-
dren(26), food preparation behaviours in adolescents(27) and
the influence of body weight on meal duration in 16
participants(28).
Previous MYMeals camera sub-studies have investigated the

dietary habits during transport journeys(29), the identification

of omitted foods and beverages from dietary assessment
methods(30) and assessment of meals and snacks consumed
as healthy versus unhealthy finding most FOH was discretion-
ary food(31). To our knowledge, no studies of substantial scale
have used wearable cameras to examine the association of
social contexts and food preparation location on nutrients
and energy density of dietary intake in young Australian adults.
The present study aimed to examine the impact of the social

contexts (screen usage and social interactions), food prepar-
ation location and participant characteristics (gender, body
mass index (BMI) and socio-economic status (SES)) on dietary
energy density in a sample of young Australian adults (18–30
years) using wearable camera technology.

Methods

The MYMeals study was a large, three-day, cross-sectional
study on the dietary intake of young Australian adults
(18–30 years old) in New South Wales (NSW), Australia.
Three days of recording were selected as the minimum to esti-
mate the average food energy intake(32). The full MYMeals
study procedure(33) and wearable camera sub-study(30,31) has
been previously described in detail with an outline of the pro-
cedures provided below. Data were collected between March
2017 and December 2018 and the camera images were anno-
tated between March 2019 and September 2020.
This study was conducted according to the guidelines

laid down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by the
Institution’s Human Research Ethics Committee (2016/546)
on the 15th of July 2016. Written informed consent was
obtained from all subjects/patients.

MYMeals sample population

Participants were recruited across NSW with quotas for geo-
graphic location and SES to ensure sampling was from a var-
iety of demographic backgrounds. Self-reported postcode was
used to assign participant’s geographic location as urban or
remote/rural (as defined by the Accessibility/Remoteness
Index of Australia(34)) and SES (using the Socio-Economic
Indexes for Areas (SEIFA)(35)). The SEIFA index assigns
each area a decile for advantage versus disadvantage with
lower deciles demonstrating more disadvantage. In the rare
event, the participants’ residential postcode did not have an
associated SEIFA value (n 2), SES was assigned based on
the SEIFA decile of the adjacent postcode area.

Participant eligibility criteria

Prospective participants were eligible to take part in the study
if they were within the age range (18–30 years old), lived in
NSW, consumed a minimum of one meal, snack or drink pur-
chased outside the home each week, owned or had access to a
smart phone and could read and write English. Participants
were excluded if they did not meet the eligibility criteria,
were pregnant and/or breastfeeding and had ever had an eat-
ing disorder.
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Recruitment methods

A variety of methods were used to recruit participants includ-
ing social media, fundraising events by Cancer Council NSW,
public bulletin boards, electronic newsletters, letters of invita-
tion using names provided by the Australian Electoral
Commission and snowball sampling.

Wearable camera sub-study enrolment procedure

Participants completed the online initial screening questions,
provided informed consent and answered the basic demo-
graphic questionnaire. The demographic questions included:
(i) gender (male, female or prefer not to say); (ii) age (18–24
or 25–30 years); (iii) postcode and (iv) expression of interest
to undertake the wearable camera sub-study. Those that indi-
cated willingness to take part in the camera sub-study were
randomly selected until a 20 % subsample of the larger
MYMeals study was achieved. Participants were contacted by
the research team via telephone and briefed about the require-
ments of the sub-study prior to receiving the camera.

Wearable camera sub-study protocol

Participants were allocated three consecutive days for data col-
lection such that across the study population the start days
were distributed to encompass both weekdays and weekends.
During the study period, participants: (i) wore a wearable cam-
era and (ii) completed daily 24 h dietary recall interviews with
research dietitians. Participants were provided with an
Autographer camera and accessories (portable charger, cables,
information card, instruction booklet and postage paid satchel),
via post mail. The device was to be charged overnight.
The wearable camera had an inbuilt 136° wide angle lens.

Participants were instructed to wear the device on the attached
lanyard around their neck positioned on their sternum for all
waking hours. Therefore, the cameras captured images from
the participants’ perspective in a free-living setting and offered
researchers a wide field of view capturing the surroundings of
the participant which told a detailed story of their everyday life
activities, such as food, screens and smartphones on tables or
desks and people they dine with. The device was programmed
to capture images every 30 s. The frequency of capture mean
that a sequence of events is viewed, so for example one can see
the person go to the refrigerator and start to cook (or their
partner) or can see the packages delivered by food delivery
services.
Participants were able to temporarily pause capturing images

by (i) taking the camera off or (ii) closing the lens cover. This
was done by participants when: (i) privacy was required (i.e. in
bathrooms), (ii) on government premises or (iii) in certain set-
tings when they (and/or others) felt uncomfortable being
recorded. Participants had the chance to review and delete
any private images prior to returning the cameras to the
researchers. Upon completion of the three consecutive days,
participants returned their cameras to the research team via
postage paid mail.

In addition to the camera, participants also completed three
24 h recalls on each of the days directly after the camera col-
lection capturing dietary information retrospectively for the
same days that the camera was worn. The Automated
Self-Administered 24 h recall Australia (ASA-24 Australia-2016)
program was used so the interview process was standardised(36).
Participants received an AU $100 voucher in returning the

camera and completion of the end of the study questionnaire
that included questions on self-reported weight (kg) and height
(cm). Weight and height were used to calculate Body Mass
Index (BMI = weight (kg)/height (m2)). This self-reported
weight and height have been validated in a previous paper(37).

Data storage

All participant data were de-identified. Upon receiving the
returned cameras, captured image data was transferred onto
a secure university research data store. Participant demograph-
ics, anthropometric information and dietary intake data were
stored on REDCap electronic capture tool hosted at the
University of Sydney(38,39). Access to the data was restricted
to select members of the research team that were briefed on
the strict privacy protocols.

Food and snack intake identification using wearable cameras

Through an iterative process, the image coding schedule and
manual were generated. A sample coding schedule and a sum-
marised manual have been previously published(31). The
expanded version is available by request.
Prior to reviewing image data, the inter-rater reliability for

coding was tested. A dataset of 3577 images was coded by
an experienced coder (A.D.). Then, another coder who was
an Accredited Practising Dietitian coded the data (V.C.). An
agreement threshold of 90 % was considered an acceptable
inter-rater agreement. Agreement was acceptable for eating
episode label (100 %), food types (100 %), screen type
(100 %), social interaction (100 %), preparation location
(93 %), consumption location (100 %), overall rating (100 %)
and meal length (100 %). Henceforth, one coder, V.C., anno-
tated all the images. Not all variables tested were required in
the analysis for this study.
To be included in the dataset, a decision was made to only

include participants recording a minimum of 8 h of image data
per day as compliance was an issue. This period was based on
a previous wearable camera study conducted in 2011(40) and
has been used in prior wearable accelerometer device
studies(41).
All images captured by the wearable cameras were reviewed

by the principal coder (V.C.) sequentially based on when they
were captured. Consequently, one can use these images to fol-
low the participant as they prepared and/or purchased food to
determine the preparation location. The images prior to and
while the participant consumed food was used to ascertain
social networks of the eating episode.
The unique numerical identifiers of the captured images for

each participant were firstly tabulated in Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA) for annotation.
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Images were then reviewed for the consumption of food
(yes or no) and image clarity (codable or not codable) and
by an APD (V.C.). If food was consumed three coding
domains (domain 1: eating episode, domain 2: food prepar-
ation location and domain 3: social contexts) were assessed,
as illustrated in Fig. 1.
The first coding domain categorised eating episodes as:

breakfast (commonly consumed between time of waking to
11:00); lunch (typically eaten from 12:00 to 15:00); dinner
(usually between 18:00 and 21:00) or snack (consumed at
any time prior or following any of the main meals). These
time-blocks were based on a previous study examining dietary
daily energy distribution among Australians(42) but refined to
better reflect the dietary habits of this sample based on the vis-
ual inspection of time of food intake across the day
(Supplementary Appendix S1). The assignment of the eating
episodes was guided by the image timestamps, and the type
and volume of food consumed (e.g. breakfast cereal).
The second coding domain assessed where the food was

prepared: (i) inside the home; (ii) FOH; (iii) both inside and
outside the home and (iv) unclear location. Components of
meals and snacks were coded individually; therefore, eating
episodes could consist of items that were prepared from a
combination of inside and outside the home.
Foods prepared inside the home and outside the home were

determined from the sequence of images leading to the food
consumption. If a meal or snack was observed to be con-
sumed but its preparation location could not be identified, it
would be annotated as unclear.
The third coding domain assessed the social context during

meal and snack consumption. This domain consisted of the
two subdomains: (A) social interactions and (B) screen use.
Subdomain A of the third coding domain was for social

interactions during the eating episode. This was coded as a
binary: (i) absent or (ii) present. Social interaction was docu-
mented as present if the participant was observed from the
series of images to interact and converse with another person
(or people). This was indicated by evidence of conversation
(e.g. changes in facial expression or maintained eye contact
with the participant), smiling or other body language (e.g.
hugging or hand gestures).
Subdomain B of the third coding domain identified the total

number of electronic screens used during the eating episode.
Types of screens that could be used by participants could
include smart phones, televisions, computers or laptops.
Screen use was coded as: (i) none, (ii) one screen present or
(iii) two or more screens present. Screen use was documented
as present if the participant was observed to interact with a
screen (such as touching a smart phone). For example, a par-
ticipant using a mobile phone and watching television would
be coded as two or more screens.
Figure 2 provides an example of coding.

Nutrition calculation

Data from both the 24 h recall and wearable camera images
had time and date stamps that were used to match the dietary
intake between the 24 h recall with the wearable camera

images. The wearable cameras were the primary source used
to identify foods consumed. Previous studies have identified
that participants may omit foods during 24 h recalls(30,43).
The 24 h recall data was used to quantify the food consumed
and the components that cannot be easily verified by the
images from the wearable cameras (e.g. cooking oils). The
foods reported in the 24 h recall were annotated as: (i)
reported/identified by both methods, (ii) not reported in the
24 h recall or (iii) not identified by the wearable camera.
For items labelled as reported/identified in both methods –

the nutritional information from the 24 h recall was used to
calculate the nutritional composition of meals and snacks.
The ASA-24 uses the AUSNUT 2011–13 Food Nutrient
Database(44) that was prepared for the Australian Nutrition
and Physical Activity Survey (NNPAS). For items not reported
in the 24 h recall but identified in the wearable cameras, the
most appropriate portion size was assigned using the
AUSNUT 2011–13 Food Measures Database(45) or using
commercial industry information for packaged items based
on the detailed examination of the images. The AUSNUT
2011–13 Food Measures Database contains information on
16 152 commonly reported food measures in the NNPAS
2011–13(45). All portion sizes were assigned by an APD
(V.C.) and verified by a second (A.D.). The consumption of
food items that were not detected by the wearable camera
images but reported in the 24 h recall were excluded from
nutritional calculation.
The energy density (kJ/g) of meals and snacks was calcu-

lated by summing the total energy content of the food items
(kJ) and dividing this by the total volume of food (g) con-
sumed. Beverages were excluded from energy density calcula-
tions. The energy density of beverages is relatively low in
comparison to food and can therefore disguise the relationship
between energy-dense foods and outcomes(46–48). The WCRF
diet energy density recommendation of <5⋅23 kJ/g is for food
only and has excluded beverages(9).

Statistical analysis

Descriptive statistics (percentage (%) and mean with standard
deviations (SD)) were used to summarise sample and camera
wear characteristics. Chi-square test was used to determine
any differences in demographics (gender, age group, BMI cat-
egories and SES) between completers and non-completers.
The SES category was reduced to the bottom five deciles cate-
gorised as low SES and top five categories as high SES due to
the small sample size in some cells.
Medians with interquartile range (IQR) were used to

report dietary energy density (kJ) by contextual and
demographic factors. Preparation location was reduced to
two categories: (i) inside the home or (ii) other (which encom-
passed FOH and both inside and outside the home) as food
prepared both inside and outside the home only occurred
for 23 episodes.
A mixed linear regression model was used to investigate

the association of energy density (kJ/g) as the outcome with
preparation location, social context (social interactions and
screen use), eating episode and participant demographics
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(BMI, SES and gender). Univariate analysis was used to iden-
tify factors that significantly contributed to energy density for
inclusion in the final model. Significance for entry into the
model was set at P = 0⋅05. Reported P-values and confidence
intervals for the final model were obtained by the bootstrap
method with bias-corrected and accelerated (BCa). The plot
of residuals and predicted values was used to check for
model assumptions. Data were analysed using SPSS version
25 (IBM Corporation).

Results

Participant characteristics and camera wear times

A total of 216 participants were recruited in the wearable cam-
era sub-study. Participants were excluded from analysis if they:
(i) withdrew for personal or employment reasons (n 5);
(ii) failed the selection criteria (n 2); (iii) did not complete all
3 days of data collection (n 21); (iv) did not have camera

data (n 4); (v) had camera data of less than 8 h per day on
one or more of the three consecutive days (n 48) or (vi) had
incorrect camera settings (n 3).
The sample comprised 45 % male (55 % female) partici-

pants and 55 % of participants were within the 18–24 years
group (45 % aged 25–30 years group). Most participants
were within the healthy weight range (60 %) with an average
BMI of 25⋅1 kg/m2. The remainder of participants was within
the underweight (2 %), overweight (25 %) or obese (13 %)
weight range. In this sample, 65 % were classified as residing
in higher socioeconomically advantaged location and 35 %
resided in lower SES areas. Two participants reported post-
codes that did not have a designated SEIFA(35) but they
were assigned to the SEIFA for adjacent postcode (n 1 higher
and n 1 lower).
There was no significant difference between the gender

(P = 0⋅726), age group (P = 0⋅939), BMI categories (P = 0⋅924)
or SES (P = 0⋅810) of those included in analysis and non-

Fig. 1. Flow diagram of wearable camera study procedure and image coding protocol.
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completers (those recruited for the validation study but were
excluded).
Participants on average wore the camera for 8⋅6 (SD 1⋅6) h

per day and 7 % (35 422 out of the 487 912) of images exam-
ined captured food intake. The wearable cameras identified
272 eating episodes (15 %) that were not reported in the
24 h recall. The wearable cameras did not detect 360 eating
episodes that were reported by the participants in the 24 h
recall. These were excluded from nutritional analysis of the
meals as images about preparation location and social contexts
were unavailable.
Of the 1840 eating episodes identified using the wearable

cameras, 23 episodes (1 %) were excluded from analysis as:
(i) the preparation location could not be determined (n 8) or
(ii) the component(s) of the meal or snack could not be accur-
ately determined (n 15). A total of 1817 eating episodes were
included in analysis: 296 breakfast (16 %), 365 lunch (20 %),
388 (21 %) dinner and 818 snacks (45 %) (Table 1). In 70 %

of participants (n 93), the wearable cameras captured the intake
of three main meals (breakfast, lunch and dinner) in at least
one of the three recording days.

Nutritional composition of meals and snacks consumed

The nutritional composition of meals and snacks consumed
are presented in Table 1. The median energy and most nutri-
ents for meals was highest for eating episodes designated as
dinner, followed by lunch, breakfast, and then snacks.

Energy density of meals and snacks

Table 2 shows the energy density (kJ/g) of meals and snacks
consumed grouped by preparation location, social context
(social interactions and screen use) and participant characteris-
tics (BMI, SES and gender) stratified by meal type. Snacks
were more energy-dense (13⋅1 kJ/g) than the main meals

Fig. 2. Sample image coding with time stamps of images provided in 24 h time. Sample images depicted in panel (a–d). Panel (a) coded as episode: lunch

(time stamp: 13:08:52), preparation location: outside the home, social interaction: present and screen use: none. Panel (b) coded as episode: breakfast (time

stamp: 09:31:02), preparation location: inside the home, social interaction: absent and screen use: two. Panel (c) coded as episode: dinner (time stamp:

20:15:06), preparation location: inside the home, social interaction: present and screen use: one. Panel (d) coded as not codable.

Table 1. Median (IQR) energy (kJ) and nutrient (g or mg) intake stratified by meal type

Breakfast Lunch Dinner Snacks

Na 296 365 338 818

Energy (kJ) 1346 (854–2004) 2126 (1347–3181) 2703 (1835–3895) 533 (283–1044)

Protein (g) 12⋅5 (7⋅3–19⋅5) 25⋅2 (14⋅2–40⋅3) 33⋅6 (19⋅1–51⋅6) 2⋅5 (1⋅0–6⋅6)
Total fat (g) 10⋅9 (6⋅1–20⋅6) 20⋅9 (11⋅3–32⋅7) 26⋅7 (15⋅6–44⋅1) 5⋅2 (0⋅3–12⋅3)
Saturated fat (g) 3⋅9 (1⋅8–6⋅4) 5⋅8 (2⋅8–10⋅8) 8⋅6 (4⋅1–14⋅3) 1⋅8 (0⋅0–5⋅2)
Carbohydrate (g) 35⋅9 (22⋅0–53⋅1) 42⋅6 (27⋅1–70⋅8) 55⋅7 (31⋅4–84⋅6) 16⋅8 (7⋅5–28⋅7)
Fibre (g) 4⋅0 (2⋅3–6⋅5) 5⋅8 (3⋅4–8⋅7) 6⋅7 (3⋅9–10⋅2) 1⋅0 (0⋅3–2⋅6)
Sodium (mg) 297⋅2 (134⋅1–605⋅4) 709⋅8 (287⋅1–1385⋅0) 911⋅5 (328⋅7–1529⋅7) 55⋅7 (6⋅1–198⋅4)

a Eating episodes are the composite of those captured from all participants and each participant does not contribute the same number of eating occasions.
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(breakfast 7⋅8 kJ/g, lunch 7⋅5 kJ/g and dinner 7⋅2 kJ/g). Food
prepared inside the home was lower in energy density across all
meal types when compared with other preparation locations.
Those participants classified with obesity consumed more
energy-dense food when compared with any other weight clas-
sification. Energy density of meals and snacks were similar if
social interactions were present or absent, the participants
SES and gender.

Modelling food preparation and social context factors on
energy density of eating episodes

Univariate mixed linear regression model identified food prep-
aration location, screen use, BMI and eating episode as signifi-
cantly associated with energy density and were included in the
final model (Table 3). Food prepared within the home was 1⋅1
kJ/g lower in energy density than items of FOH (P = 0⋅001).
The energy density of all food consumed at eating episodes
with two or more screens present was 0⋅8 kJ/g lower than
those with no screens (P= 0⋅028). Participants classified with
obesity consumed more energy-dense food (1⋅2 kJ/g) than
those classified as underweight or of a normal weight range
(P= 0⋅001). Lunches (P= 0⋅007) and dinners (P= 0⋅003) were
both 1⋅0 kJ/g less energy-dense than breakfast. However, snacks
were 3⋅5 kJ/g more energy-dense than breakfast (P= 0⋅001).
Social interactions, SES and gender were not significantly asso-
ciated with energy density of food consumed.

Discussion

The present study indicates that where food is prepared is a
key determinant of energy density. Home-cooked food had a
lower energy density than that prepared in commercial kitch-
ens outside home. The energy density also differed by meal

or snack episode with snacks at high likelihood of being
energy-dense. Eating with others did not appear to be asso-
ciated with consuming more energy-dense meals but using
multiple screens at the time of eating was associated with
lower meal energy density. Dinner meals had the highest
median energy and nutrients out of all meal types and have
previously identified to be the largest meal of the day(49).
Our findings about the importance of home meal prepar-

ation are in agreement with a previous study conducted in
young people from the UK (16–25 years), that identified
that food sourced from home environments had lower energy

Table 2. Median (IQR) energy density (kJ/g) of eating episodes stratified by meal type and by contextual and personal factors

N Breakfast (kJ/g) Lunch (kJ/g) Dinner (kJ/g) Snacks (kJ/g)

Total energy density 1817 7⋅8 (4⋅7–11⋅9) 7⋅5 (5⋅4–10⋅0) 7⋅2 (5⋅7–9⋅6) 13⋅1 (4⋅4–18⋅1)
Preparation location

Other 546 9⋅3 (7⋅6–15⋅4) 8⋅6 (6⋅4–12⋅7) 8⋅9 (6⋅6–13⋅3) 13⋅5 (8⋅0–21⋅2)
Inside the home 1271 7⋅3 (4⋅7–16⋅3) 6⋅8 (5⋅0–14⋅0) 6⋅4 (5⋅2–13⋅4) 12⋅5 (3⋅9–24⋅6)

Social interaction

Absent 1107 7⋅9 (4⋅7–16⋅1) 7⋅4 (5⋅3–13⋅1) 6⋅8 (5⋅4–12⋅8) 13⋅0 (3⋅9–23⋅5)
Present 710 7⋅2 (5⋅1–16⋅3) 7⋅8 (5⋅6–14⋅0) 7⋅4 (5⋅9–13⋅6) 13⋅4 (7⋅0–22⋅1)

Screen use

None 707 8⋅0 (4⋅5–16⋅7) 8⋅0 (6⋅2–12⋅8) 7⋅5 (5⋅8–13⋅2) 13⋅5 (6⋅0–22⋅1)
One 774 7⋅8 (4⋅9–16⋅1) 7⋅8 (5⋅0–14⋅0) 7⋅1 (5⋅9–13⋅6) 12⋅4 (4⋅8–22⋅7)
Two + 336 7⋅6 (5⋅3–16⋅1) 6⋅5 (4⋅7–13⋅8) 6⋅6 (5⋅2–13⋅2) 11⋅9 (3⋅8–25⋅2)

Body mass index

Underweight or normal 1190 7⋅8 (4⋅7–16⋅3) 7⋅1 (5⋅2–13⋅8) 6⋅7 (5⋅3–13⋅8) 12⋅1 (3⋅9–22⋅9)
Overweight 398 7⋅2 (5⋅2–14⋅7) 7⋅0 (5⋅3–14⋅0) 7⋅5 (5⋅9–12⋅5) 13⋅5 (7⋅5–22⋅1)
Obese 229 9⋅8 (4⋅9–15⋅6) 9⋅3 (7⋅5–11⋅9) 8⋅9 (6⋅6–13⋅3) 14⋅8 (9⋅5–22⋅1)

Socio-economic statusa

Lower 623 6⋅3 (4⋅5–16⋅8) 8⋅7 (6⋅1–12⋅5) 7⋅1 (5⋅5–12⋅5) 13⋅5 (5⋅3–22⋅1)
Higher 1194 8⋅6 (5⋅2–15⋅9) 7⋅0 (5⋅0–14⋅0) 7⋅2 (5⋅8–13⋅8) 12⋅5 (4⋅0–23⋅5)

Gender

Male 775 8⋅0 (5⋅2–15⋅6) 8⋅0 (6⋅1–13⋅8) 7⋅8 (6⋅0–13⋅2) 12⋅2 (3⋅9–22⋅1)
Female 1042 7⋅6 (4⋅5–16⋅3) 7⋅1 (5⋅0–13⋅1) 6⋅7 (5⋅5–13⋅8) 13⋅4 (5⋅2–22⋅9)

a Socio-economic status (SES) was assigned using the Socio-Economic Indexes for Areas (SEIFA)(35). SEIFA index assigns each area a decile for disadvantage versus advan-

tage with lower deciles demonstrating more disadvantage. The SES category was reduced to the bottom five SEIFA deciles categorised as low SES and top five SEIFA deciles as

high SES due to the small sample size in some cells.

Table 3. Final mixed linear regression model on the influence of

preparation location, social context (screen use), body mass index

(BMI) and eating episode on energy density (kJ/g). Reported estimate,

P-values and confidence intervals for the model were obtained by the

bootstrap method with BCa (bias-corrected and accelerated)

Variable Estimate P-value
95 % Confidence

interval

Preparation location

Other (Ref) 0⋅0
Inside the home −1⋅1 0⋅001 −1⋅5 to −0⋅7

Social context – Screen use

None (Ref) 0⋅0
One −0⋅2 0⋅542 −0⋅7 to 0⋅4
Two or more −0⋅8 0⋅028 −1⋅6 to −0⋅1

Eating episode

Breakfast (Ref) 0⋅0
Lunch −1⋅0 0⋅007 −1⋅7 to −0⋅3
Dinner −1⋅0 0⋅003 −1⋅6 to −0⋅5
Snacks 3⋅5 0⋅001 2⋅8 to 4⋅1

Body mass index

Underweight or normal

(Ref)

0⋅0

Overweight 0⋅1 0⋅577 −0⋅5 to 0⋅7
Obese 1⋅2 0⋅001 0⋅6 to 1⋅8
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densities and convenience outlets and retail bakers had higher
energy densities(11). High energy density diets have been
shown to be associated with higher amounts of discretionary
foods in young Australians including foods like sweet biscuits
and cakes(4,5). Previous analysis of the complete data of the
MYMeals study of 1001 young Australians found that approxi-
mately one-third of food and beverage intake was FOH but
contributed to more than 40 % of total energy intake(14).
Our qualitative analysis of this subsample also identified that
most FOH was likely to be discretionary in nature(31). In a
study of 1710 young adults in the US (18–23 years), it was
reported more frequently preparing food within the home
was associated with lower intake of fast food and was more
likely to meet dietary objectives(50). However, young adults
often reported time constraints, low confidence and motiv-
ation to cook as key barriers to preparing food more frequently
at home(50). Combined with the societal trend to consume
FOH(51), encouraging young adults to prepare their food at
home may only be part of the solution and improved educa-
tion that facilitates healthier choices when dining out is
necessary.
Individual meal episodes were significantly associated with

energy density and are a potential avenue for public health
intervention. The median daily energy density in the present
study was 7⋅3 kJ/g and exceeded the WCRF recommenda-
tions of 5⋅23 kJ/g(9). Our findings are similar to the secondary
analysis of the NNPAS 2011–12 that found the mean energy
density of young Australians to be 7⋅4 kJ/g(5). We identified
that snacking episodes were of the greatest concern with an
energy density 2⋅5 times more than that recommended(9). In
a sample of 104 265 French inclusive of all adult age groups
(>18 years), snacks were found to be more energy-dense
than main meals(52). Snacks are frequently consumed by
young adults, with 88 % of Australians aged 19–30-year-old
reporting snacking(53). Snacks contributed to 45 % of all eating
episodes identified in the present study. A study of Scottish
young people (18–25 years) reported that 60 % of their parti-
cipants consumed at least four ‘unhealthy’ snacks per day(54).
A wearable camera study conducted in New Zealand children
(11–13 years) found most snacks involved discretionary
items(26). Snacking frequency has been previously associated
with overweight/obesity in Australian adults (>19 years)(55).
This is of particular concern for young Australians as they
are more likely to gain weight than any other age range(2).
Previous studies have linked screen use such as television

watching with heightened risk of overweight and obesity in
US adults (18–75 years)(56), poorer quality diets in adoles-
cents(57) and increased energy intake in young people (5–24
years)(21). A study conducted in Canadian university students
(18–25 years) found that those who viewed more than 4 h
of television per day consumed more energy-dense snacks
than those watching less than 1 h(22). However, in the present
study, we found food consumed with two or more screens in
use was lower in energy density than when no screens were
used. It is possible that the impact of screens may be different
according to device types. A Brazilian survey of 1897 adults
(>18 years) examined the association of diet and changes in
screen time by device type during the COVID-19 pandemic.

They identified that increased time spent using the computer
was negatively associated with intake of sweetened foods,
whereas increased television and mobile phone usage were
associated with higher consumption of sweetened foods(58).
The authors hypothesised that these findings may be related
to differences in device types used during different tasks, com-
puters may be more frequently used for work or study(58). Our
previous study found no association of screen use with diet
quality, but it should be noted we only studied the presence
or absence of screens and not the number, device type in
use nor the task performed(31). A longitudinal study of 4013
Australian children that examined behaviours during screen
use, found that passive forms of screen use (including watch-
ing television) were negatively associated with health outcomes
such as waist circumference, whereas educational screen time
(such as using computers for homework) was not associated
with health outcomes(59). The interaction between screen use
and task might be a mediator for the effects of screens on
the quality of food consumed and should be included in future
research in young adults.
We found no association between social interaction and the

dietary energy density. This is consistent with our previous
qualitative study of social interaction on diet quality(31) and
another Australian study of young adults (18–30 years) report-
ing social environments were not associated with diet qual-
ity(60). The influence of social interactions is complex and
may be dependent on the dietary habits of the other indivi-
duals present. Social modelling has been a widely studied
mechanism that has been proposed to influence dietary intake
during social mealtimes. In social modelling, individuals adapt
both their food intake and choices to be similar to those
around them(20). A study conducted in female Dutch univer-
sity students (16–31 years) identified participants were likely
to have a higher intake of vegetables when exposed to a
high vegetable intake peer(61). In a study with a convenience
sample recruitment of adults, it was reported that when pur-
chasing FOH, participants purchased lunches that reflected
the choice of the customer ordering ahead of them(62). For
the present study, we only examined the presence or absence
of social interactions. More detailed relationship data between
the participant and other(s) present in the images were also
coded, however was not included in analysis due to the inabil-
ity of wearable cameras to be able to categorise all relationship
types without confirmation from the participant (e.g. who is a
flatmate and who is a friend). To better utilise wearable camera
technology to explore the influence of social context on eating
behaviours, participants could be asked to confirm relation-
ships observed in the images. Future studies could simultan-
eously employ ecological momentary assessment (EMA) or
retrospectively have participants assist with annotation of
social interactions. EMA has been previously employed to
measure social context during family mealtimes in real
time(63) and to examine the situational characteristics during
meal times in young adults (18–23 years)(64).
The present study found that participants classified as obese

consumed meals and snacks that were higher in energy density
than those categorised as being underweight or normal BMI.
Dietary energy density has been previously found to be
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associated with increased odds of overweight and obesity in a
US sample of adult females (30–59 years)(65) and Australian
young adults (18–30 years)(4). A study examining the snacking
behaviours of 10 092 English adults (29–64 years) found that
those classified as overweight and obese were more likely to
snack on energy-dense foods such as sweets, chocolates and
ice-creams than participants within the normal BMI
range(66). The promotion of healthier snacking habits through
education and social marketing campaigns targeting young
adult populations may be influential in reducing energy density.
In the present study, participant gender and SES were not

associated with energy density. Young Australian males resid-
ing in lower SES areas have been previously found to be more
likely to follow a dietary pattern that was higher in
energy density(4). Secondary analysis of the Australian
NNPAS 2011–12 of females (18–39 years) did not find an
association between energy density and SES(67). Lower energy
density diets may contain more fruits and vegetables(5) and are
higher in fibre and/or water content(7,8). However, the associ-
ation of gender and SES with energy density may not have
been observed in this study as young Australians are overall
low consumers of fruits and vegetables, with only 15 % meet-
ing national dietary guidelines for fruits and vegetables(68).
A key strength of this present study is the use of wearables

cameras that enabled researchers to passively observe the
social contexts and food preparation location of meals and
snacks. The use of wearable cameras can reduce limitations
such as misreporting when using self-reported data collection
methods that rely on memory and may be affected by social
desirability. One previous study showed under-reporting of
dietary energy intake that might have resulted from memory
lapse could be reduced by 8 % for men and 6 % for women
with the use of cameras(43). A second study indicated discre-
tionary snacks were among the top foods not reported in a
24 h recall and perhaps that could be related to social desirabil-
ity(30). Additionally, as the image data was time and date
stamped, we were able to bring together the novel wearable
camera assessment of context with traditional quantitative
dietary data from the 24 h recall, shedding new light on the
ways young adults consume food.
A limitation of the present study is that the camera did not

identify all food consumed by participants and may not have
captured all the social contexts during an eating episode.
These may have been missed as participants could temporarily
turn off the wearable cameras due to privacy reasons or if
other people (during social interactions) did not feel comfort-
able having their images captured. Additionally, we included
participants with a minimum 8 h of recording each day but
acknowledge this may be insufficient to capture all meals
and snacks. The eating episodes that were not detected in
the wearable cameras but reported by the participants in the
24 h were excluded from analysis as there was no food prep-
aration, social interaction nor screen use data. The impact of
these missed meals is expected to be minimal as our study
aimed to examine the associations between energy density
per meal type rather than total daily energy and/or nutrient
intake. However, it does indicate that a wearable camera
does not immediately solve the complexities of collecting

dietary assessment data for full nutrient analysis and needs
to be accompanied by a traditional method such as 24 h recall.
Despite advising participants to undertake their normal activ-
ities, like most dietary assessment methods participants may
have modified their activities during the study period.
Beverages were not included in analysis as the energy density
of beverages is lower than food and can obscure the impact
of energy density on outcomes(46,47). A previous study identi-
fied that the contribution of energy and nutrients of concern
such as sodium, saturated fat and sugars to total daily intake
from independent food outlets was greater than chain outlets
in the young adult population(14). While specific preparation
locations were coded (i.e. fast food outlets), they were not
examined because the sample sizes were too small for some
cells for additional analysis.
The use of wearable camera data to assess some of the

associations in this study is opportunistic and not based on
power calculations and as such influences of SES and gender
may not be detected. Image coding was both labour and
time-intensive process that took over 18 months to perform
for this study and wearable cameras are not suggested for
large studies. However, images have been demonstrated as a
useful prompt for participants’ memory using more traditional
dietary assessment methods such as the 24 h recall(43). In the
present study, the wearable cameras identified an additional
272 eating episodes that were not reported in the 24 h recall.
Developments in artificial intelligence that allows machine
recognition of food in images and for automated or semi-
automated image coding will be important for more wide-
spread use of wearable cameras in dietary assessment.
However, the angle of image capture remains problematic
for food identification in some cases and the privacy request
of others may restrict data capture.
Future studies could also employ more discrete cameras that

may improve camera wear time and capture potential missed
eating episodes and social contexts during eating episodes.
The time-blocks used to guide the labelling of eating episodes
was based on research conducted on all Australians (>2 years)
using the older National Nutrition Survey 1995(42). To be
more appropriate for this young adult sample (18–30 years),
these time-blocks were refined by reviewing mealtime distribu-
tions. Therefore, the assignment of eating episodes (breakfast,
lunch, dinner or snack) was crude but sufficient to show the
energy density of foods consumed when prepared within the
home or FOH. Research to confirm these time-blocks and
the involvement of participants in characterising eating epi-
sodes, food preparation location, screen use and social interac-
tions may assist coding of information. Longer battery life for
video recording or capturing images with shorter time intervals
may also be able to capture small quick bites that are con-
sumed faster than the 30 s image capture interval used in
this study.
In conclusion, food preparation location and meal episodes

were significantly associated with the energy density of food
consumed by young Australian adults. Young Australians
should be encouraged to make more home-cooked meals
but also be enabled to make healthier choices when they inev-
itably consume FOH. Snacks were the most energy-dense
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meal type and could be targeted for change in future pro-
grams. As screens were frequently used during eating episodes,
social media could be an avenue to deliver public health inter-
ventions. The use of wearable cameras enabled researchers to
simultaneously review food intake, food preparation location,
social interactions and screen use. However, wearable cameras
are not recommended to be used as the sole method of asses-
sing total daily energy and nutrient intake.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/jns.2022.76.
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