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Abstract
Objective: To explore differences in proportion of food budget and total food
expenditure by dwelling type.
Design: A cross-sectional study using data from the Australian Bureau of Statistics
2015–2016 Household Expenditure Survey. Food expenditure was examined on
multiple categories: fresh fruits, fresh vegetables, pre-preparedmeals, meals in res-
taurants, hotels and clubs, and fast food and takeaway meals, using two-part mod-
els and zero-one inflated beta regression models. Dwelling types were categorised
as separate house, semi-detached house, low-rise apartment and high-rise
apartment.
Setting: Australia, 2015–2016.
Participants: Seven thousand three hundred and fifty-eight households from
greater capital city areas.
Results: Households living in high-rise apartments were estimated to allocate a
greater proportion of their food budget to meals in restaurants, hotels and clubs,
and to spendmore (actual dollars) on that category, compared with other dwelling
types. No substantial differences were estimated in the proportion of food budget
allocated to the other food categories across dwelling types.
Conclusions: The dwelling type households live in may play a role in their food
budget. Households living in a high-rise apartment may potentially spend more
on meals in restaurants, hotels and clubs than those living in other dwelling types.
Given the growth in urban population and the changes in living arrangements,
findings point to the critical need for a better understanding of the influence of
dwelling types on food expenditure and call for research investigating the relation-
ship between the two.
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Food practices have changed in Australia and in other
high-income countries over the past decades(1,2). Home-
prepared foods have increasingly been replaced by com-
mercially prepared foods such as foods purchased from
takeaway outlets(2–5). Preparation and cooking time at
home as well as expenditure on unprocessed foods
including fresh fruit and vegetables, and fresh and frozen
meat have declined(2). Changes in food practices can be
observed in food expenditure patterns(6–8). To illustrate,

Australian households spent 34 % of their total food
expenditure on foods prepared away from home in 2016
compared with 26·4 % in 1999(3). Trends towards
away-from-home food consumption have also been
observed elsewhere including the USA(9). Behind these
changes are substantial shifts in food production, process-
ing and distribution systems as well as in food purchasing
and eating opportunities(10–12). Together, these changes
have implications for the quantity and quality of foods
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consumedwith data showing a trend towards higher intake
of energy-dense, nutrient-poor foods and lower intake of
fruits and vegetables(13–15).

In Australia, changes in food expenditure coincide with
a significant increase in obesity rates and an increase in
rates of non-communicable diseases such as type 2 diabe-
tes, CVD and several cancers(13,16,17). The Australian
Institute of Health and Welfare estimated that 1·4 % of
the total burden of disease was independently attributable
to low fruit intake, 1·2 % to low vegetable intake and 1·2 %
to high processed meat intake(18). This shows the urgency
for public health professionals to identify better ways to
improve population nutritional status(19,20).

Further, the changes observed have been paralleled by a
growth in urban living. The percentage of theworld’s urban
population has surged, with 54 % living in cities in 2015.
This number is projected to further increase to 60 % in
2030 and to reach 66 % by 2050(21). Cities have grown to
accommodate more people resulting in higher density
living(22). Consequently, living arrangements have experi-
enced a transformation and apartment living is becoming
evermore prevalent(23,24). In Australia, the number of apart-
ments has increased by 78 % over the past two decades and
there is currently about one apartment for every five resi-
dential houses(23). Families with children represent 44 %
of all families living in apartments in Australia(23).

The shift to higher density living represents changes
in material infrastructures, including dwelling design.
Apartments are generally smaller than residential detached
houses(25). This shift may therefore represent lifestyle
changes for many dwellers(26). Previous research suggests
high-rise apartment living is associatedwith aweaker sense
of community(27–29), reduced social interaction(29–32) and
more behaviour problems among children(27). There is
limited evidence on the impact of dwelling type on food
expenditure and food practices more generally. A
Canadian study examined food behaviours in relation to
apartment living; however, the sample in the current study
was restricted to singlemen living inMontreal(33).While con-
venience and budget were found to be the main drivers of
food choices(33), it is difficult to draw broader conclusions
from that study given the characteristics of the sample, the
small sample size and location.

Within the social practice theory, houses and apart-
ments are not merely buildings but they are part of the
domestic infrastructure of the home, playing a role in social
practices such as food practices (including planning, pur-
chasing, preparation and consumption of food)(26,34). The
social practice theory suggests food practices are per-
formed through the interplay of materials (e.g., space to
cook, space to eat, proximity to restaurants and other food
outlets), meanings (i.e., shared understandings and expect-
ations about why, how, when and with whom to eat) and
competences (e.g., skills on how to prepare and eat food).
Changes in one of the three elements can modify the other
elements, engendering changes within food practices

themselves. Different dwelling types may alter available
materials, leading to changes in meanings and competen-
ces attached to food practices(26,34).

Research on built environments and health is increas-
ingly finding their way into urban design and land use plan-
ning policies, yet the impact of the dwelling type is largely
unknown. Although the growth in apartment living is con-
comitant with changes in food expenditure(3,23), the direct
link between apartment living and household food
expenditure remains under-investigated and is the primary
aim of the current study. It is argued that apartment living
may influence food expenditure through internal design
factors such as restricted kitchen size, easier access to con-
venience foods or through social norms. In the absence of
other quantitative data related to links between apartment
living and food expenditure, the current study provides an
important first step for putting this topic on both the
research and policy agenda. Specifically, the current study
could inform further research investigating the role of the
home infrastructure and high-density urban living on food
behaviours.

Methods

Data source
The study used data from the 2015–2016 Australian
Household Expenditure Survey (HES) conducted by the
Australian Bureau of Statistics (ABS). The HES is a nationally
representative survey gathering data on weekly household
expenditure on a wide range of items relating to goods
and services such as food, transport and health care and is
conducted by theABS every 6 years(36). ABS sampled house-
holds living in private dwellings from urban and rural areas
of Australia. Data were collected only from usual residents,
that is, residents who considered the dwelling as their main
or own home. Households were selected through a strati-
fied, multistage cluster design from the Australian Private
Dwelling Framework of the Population Survey Master
Sample, covering 97 % of the Australian population(37,38).
Further, to ensure that results were representative of income
and expenditure patterns across a whole year, ABS distrib-
uted selections across a 12-month period(38). Households
were excluded if they failed to respond, responded inad-
equately or if no contact could be made. The final HES sam-
ple included 10 046 households(38).

Data collection instruments
The current study used HES data on dwelling types and
weekly household expenditure on food items. Dwelling
type and household characteristics data were collected
by trained ABS interviewers using a computer-assisted
questionnaire(39). Food expenditure data were collected
using a 2-week expenditure diary completed by every
household member aged 15 years or over. Respondents
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had to cite the type of store, describe the food item and
report the amount they paid(40,41). Foods purchased were
categorised into one of 131 food expenditure categories.
Weekly household food expenditure for each food cat-
egory was then calculated by summing all reported
expenditure for all household members and dividing this
by the number of weeks in the reporting period, that is,
2 weeks(42). This method resulted in weekly household
expenditure variables.

Sample
Given the purpose of the current study, the sample only
included households either living in a: separate house;
semi-detached, row or terrace house, townhouse, etc. with
one storey; semi-detached, row or terrace house, town-
house, etc. with two or more storeys; flat, unit or apartment
in a one or two storey block; flat, unit or apartment in a
three storey block; or flat, unit or apartment in a four or
more storey block. These dwelling type categories were
combined into four categories for analysis: (1) separate
house; (2) semi-detached, row or terrace house, town-
house, etc. with one or more storeys, termed semi-
detached house; (3) flat, unit or apartment in a one, two
or three storey block, termed low-rise apartment and (4)
flat, unit or apartment in a four ormore storey block, termed
high-rise apartment. As the growth in apartment living is
primarily an urban phenomenon(43), the sample only
included households living in greater capital city areas(44).
The final sample of the current study included 7358 house-
holds for the weekly household food expenditure analysis
and 7347 for the proportion of total weekly household food
expenditure analysis. Figure 1 provides a flowchart of
households included in the study.

Outcome variables: food item categories
The study examined weekly household food expenditure,
measured in Australian dollars (AUS$), and proportion of
total weekly household food expenditure spent on five
categories of food expenditure items. These categories
included: (1) fresh fruits; (2) fresh vegetables; (3) pre-
prepared meals; (4) meals in restaurants, hotels and clubs
and (5) fast food and takeaway. The categories chosen can
be seen as proxies for healthier and unhealthier food
options and may also reflect food behaviour choices
(e.g., eating out v. preparing foods at home). Table 1
describes food items included in each expenditure cat-
egory. The study included ten outcome variables, that is,
a proportion and an expenditure indicator for each of
the five food categories. In addition, the study examined
the number of households with or without any expenditure
on the different categories of food items.

Confounders
Potential confounders were identified and defined at
household level. These included household composition

(lone male, lone female, one person aged 15 or older with
at least one child younger than 15 years (n.b. children
younger than 15 years are defined by the ABS as depen-
dent), two people aged 15 or older without children youn-
ger than 15 years, two people aged 15 or older with at least
one child younger than 15 years, three or more people
aged 15 or older without children younger than 15 years,
three or more people aged 15 or older with at least one
child younger than 15 years), tenure type (owner with a
mortgage, owner without a mortgage, renter and other),
state/territory of residence (New South Wales, Victoria,
Queensland, Western Australia, South Australia and
Tasmania), age of the household reference person (years)
and weekly household income (AUS$).

Statistical analyses
Descriptive statistics were examined for all outcome and
potential confounder variables across dwelling types (see
online supplementary material, Additional file 1). The total
expenditure and proportion of weekly food expenditure
for each food category are presented for all households,
as well as only for households that had some expenditure
for the given food category. Medians and 25th and 75th per-
centiles are presented for proportions and expenditure due
to the highly skewed nature of the outcome distributions.

As proportions lie in the closed unit interval [0;1] and
many households had a proportion of total weekly food
expenditure equal to zero, zero-inflated beta regression
models were used to assess the association between dwell-
ing types and proportion of total weekly household
expenditure on each food category(46). Unlike beta regres-
sion models, which only model values between 0 and 1,
zero-one inflated beta (zoib) regression accounts for mass
points at 0 and 1, assuming that proportions of 0 or 1 occur
through a different process from that of the other propor-
tions(47–49). Typically, zoib contains three parts: two sepa-
rate logistic regression models to predict whether the
proportion equals 0 (zero-inflate) or 1 (one-inflate), and
one beta regression model to predict proportions in the
open unit interval (0;1)(49). As only eleven households
had a proportion equal to 1 for a given food category
(i.e., households spent their entire food budget on one food
category) (see online supplementary material, Additional
file 2), these were excluded from the analysis of propor-
tions as there were insufficient numbers to model the
one-inflate part. Model coefficients were exponentiated
to obtain predicted odds ratios (OR) of observing a zero
proportion (i.e., zero expenditure on that food category)
and relative proportion ratios (i.e., the factor by which
the relative proportion ratio changes(50)). The mean pro-
portions spent on each food category across dwelling types
were estimated from the combined parts.

A large proportion of households had no expenditure
for given food categories. Therefore, two-part regression
models(45) were used to assess the association between
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HES households
(n 10 046)

Excluded those

Excluded those

Excluded those

Excluded those

-

-

-

-

-

-

From outside greater capital
city areas (n 2611)

Living in flat, unit or 
apartment attached to a house
(n 17) 

Living in caravan, houseboat,
improvised home, house or 
flat attached to a shop, office,
etc. (n 22) 

With no expenditure on food
(n 37)

Final sample for the expenditure analysis
(n 7358)

Final sample for the proportion of total
food expenditure analysis

(n 7347)

Living in the Australian 
Capital Territory  * (n 1)

With entire food budget spent
on one food category (n 11)

Fig. 1 Flowchart of households included in the analysis. * Household Expenditure Survey (HES) sample included 294 households
from theAustralianCapital Territory but only onewas classified as living in greater capital city areas. All respondents from theNorthern
Territory were excluded as they were all classified as living outside greater capital city areas

Table 1 Items included in each food expenditure category

Food categories Foods included in the category

Fresh fruits Fresh fruits including citrus fruit, stone fruit, apples, pears, berries, grapes, melons, tropical fruit and
bananas

Fresh vegetables Fresh vegetables including potatoes, onions, other root vegetables, tomatoes, capsicum, cucumber,
zucchini, flower vegetables, leaf vegetables, peas, beans, pumpkin and mushrooms

Pre-prepared meals Frozen prepared meals and packaged prepared meals
Meals in restaurants, hotels
and clubs

Examples include bistro meal, breakfast out, Chinese meal out, counter lunch, lunch out, dinner out, meal
(restaurant), meals out, pizza (eat in), smorgasbord

Fast food and takeaway Examples include McDonalds (eat in or takeaway), pizza (takeaway), Kentucky Fried Chicken, Dagwood
dog, Indian food (takeaway), kebab (takeaway), giros (takeaway), sausage roll (not frozen), pork pies
(not frozen), nachos (takeaway), baklava (cake)
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dwelling types and total weekly household expenditure on
each food category. The first part of the regression models
examines the probability of having any expenditure for the
food category considered, while the second part models
the amount spent on the category, given that the household
had reported spending money on that food category.
Logistic regression was used for the first (binary) part
and log-linear regressionwas used for the second (continu-
ous) part to account for the skewed nature of the distribu-
tion of expenditure. Results from the analysis were
exponentiated to obtain estimates of theOR for the first part
and geometric means for the second part. Both models
were used to estimate marginal mean expenditures for
each food category across dwelling types. Standard errors
for the marginal effects were estimated via bootstrapping
by drawing 1000 random samples with replacement and
selection at household level.

All analyses were conducted in 2019 using the statistical
software package STATA version 15.1. The user-
contributed commands zoib(46) and twopm(45) were used
to fit the zoib and two-part regressions. Models were
adjusted for potential confounders including household
composition, tenure type, state/territory, age of the refer-
ence person and weekly household income.

Results

Table 2 shows the percentage of households without any
expenditure as well as the total and proportion of total
weekly household expenditure for each food category
across dwelling types. The highest percentage of house-
holds not spending any money on fresh fruits and vegeta-
bles was households living in a low-rise apartment (n 131,
22·6 % for fresh fruits; n 103, 17·8 % for fresh vegetables).
Expenditure on meals in restaurants, hotels and clubs also
represented the highest median proportion of total weekly
food expenditure (32·9 %) among those living in a high-rise
apartment with any expenditure on the category. Similar
patterns were observed when considering the sample as
a whole. Among only those with some expenditure on
these food categories, households living in a separate
house had the highest weeklymedian expenditure on fresh
fruits ($9·3) and vegetables ($11·1). However, among those
with some expenditure on meals in restaurants, hotels and
clubs, households living in a high-rise apartment reported
the highest weekly median expenditure with $65·1 spent
on the category. Sample characteristics by dwelling type
and potential confounders are presented in online supple-
mentary material, Additional file 1.

Dwelling type and proportion of total weekly food
expenditure
As the zoib regression models provided separate results for
the zero-inflate and beta regression parts, only marginal

effects of combined parts are reported (Fig. 2). The esti-
mated average proportion of total food expenditure spent
on fresh fruits and fresh vegetables was similar across
dwelling types (Fig. 2a and 2b). Out of the five food catego-
ries, pre-prepared meals was the food category on which
all dwelling typeswere estimated to spend the smallest pro-
portion of their total food expenditure, with less than 3 %
across dwelling types (Fig. 2c). All dwelling types were
estimated to spend more than 13 % of their total food
expenditure on meals in restaurants, hotels and clubs.
Those living in a separate house were estimated to, on
average, spend the smallest proportion of total food
expenditure on meals in restaurants, hotels and clubs
(0·138, 95 %CI= 0·134–0·142), whereas those in a high-rise
apartment spent the highest proportion (0·254, 95 %
CI= 0·226–0·281) (Fig. 2d). When considering fast food
and takeaway meals, all dwelling types were estimated
to spend more than 10 % of their total food expenditure
on that category. However, the difference in the estimated
average proportion of total food expenditure spent on fast
food and takeaway meals across dwelling types was less
noticeable than that spent on meals in restaurants, hotels
and clubs (Fig. 2e). The OR of observing zero spending
and the relative proportion ratios (for those who had some
expenditure) for each food category are presented in
online supplementary material, Additional file 3. The esti-
mated average proportion of total food expenditure spent
on each food category across dwelling types is presented in
online supplementary material, Additional file 4.

Dwelling type and weekly food expenditure
As the two-part regression models provided results for the
first and second part separately, only marginal effects of
combined parts are reported (Fig. 3). The average fresh
fruit expenditure was estimated to be greater for house-
holds living in a low-rise apartment ($13·33, 95 %
CI= 12·04–14·62) compared with households living in a
separate house ($10·85, 95 % CI= 10·49–11·20). The differ-
ence in the estimated average fresh vegetables expenditure
was less noticeable across dwelling types than that in the
estimated average fresh fruit expenditure (Fig. 3a and
3b). When it comes to pre-prepared meals, households
living in a separate house were estimated to spend, on
average, more on that food category comparedwith house-
holds living in a high-rise apartment ($5·07, 95 % CI= 4·81–
5·33 v. $3·67, 95 % CI= 2·84–4·50) (Fig. 3c). The average
expenditure on meals in restaurants, hotels and clubs
was estimated to be greater for households living in a
high-rise apartment ($90·17, 95 % CI= 72·43–107·90) com-
pared with all other dwelling types, with the lowest
expenditure observed among those in a separate house
($41·66, 95 % CI= 37·42–45·90) (Fig. 3d). The estimated
average expenditure on fast food and takeaway meals var-
ied less across dwelling types as compared with that on
meals in restaurants, hotels and clubs (Fig. 3d and 3e).
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Table 2 Descriptive statistics (unadjusted) on the proportion of total weekly food expenditure and weekly household expenditure for each food expenditure category across dwelling types

Separate house Semi-detached house Low-rise apartment High-rise apartment

n % Median p25, p75 n % Median p25, p75 n % Median p25, p75 n % Median p25, p75

Sample size* 5609 76·2 934 12·7 579 7·9 236 3·2
No expenditure*,†
Fresh fruits 628 11·2 155 16·6 131 22·6 37 15·7
Fresh vegetables 520 9·3 137 14·7 103 17·8 30 12·7
Pre-prepared meals 2290 40·8 452 48·4 304 52·5 134 56·8
Meals in restaurants, hotels and clubs 1994 35·6 349 37·4 235 40·6 56 23·7
Fast food and takeaway 1194 21·3 212 22·7 157 27·1 53 22·5

Sample size for proportion analysis (n 7347) 5605 76·3 932 12·7 575 7·8 235 3·2
Proportion of total weekly food expenditure

among all participants‡
Fresh fruits 0·042 0·018, 0·077 0·039 0·012, 0·077 0·037 0·008, 0·073 0·035 0·012, 0·067
Fresh vegetables 0·052 0·026, 0·085 0·049 0·019, 0·087 0·044 0·015, 0·084 0·044 0·018, 0·086
Pre-prepared meals 0·010 0·000, 0·032 0·005 0·000, 0·032 0·000 0·000, 0·030 0·000 0·000, 0·023
Meals in restaurants, hotels and clubs 0·083 0·000, 0·223 0·095 0·000, 0·272 0·088 0·000, 0·274 0·240 0·030, 0·465
Fast food and takeaway 0·079 0·018, 0·162 0·074 0·016, 0·163 0·089 0·000, 0·195 0·087 0·018, 0·174

Proportion of total weekly food expenditure
among those with expenditure only‡
Fresh fruits 0·048 0·025, 0·081 0·049 0·026, 0·084 0·051 0·027, 0·091 0·044 0·020, 0·078
Fresh vegetables 0·057 0·033, 0·089 0·060 0·031, 0·094 0·057 0·030, 0·093 0·049 0·026, 0·090
Pre-prepared meals 0·027 0·013, 0·052 0·031 0·016, 0·058 0·033 0·016, 0·062 0·026 0·014, 0·051
Meals in restaurants, hotels and clubs 0·176 0·092, 0·300 0·222 0·113, 0·359 0·238 0·130, 0·394 0·329 0·195, 0·495
Fast food and takeaway 0·109 0·054, 0·190 0·109 0·055, 0·202 0·140 0·074, 0·235 0·115 0·060, 0·201

Sample size for expenditure analysis
(n 7358)

5609 76·2 934 12·7 579 7·9 236 3·2

Total weekly expenditure among all
participants ($AUS)*
Fresh fruits 7·9 2·8, 15·7 5·7 1·8, 12·7 4·6 0·8, 10·7 6·3 1·5, 12·1
Fresh vegetables 9·9 4·2, 17·7 7·2 2·5, 14·7 5·8 1·5, 12·1 6·9 2·8, 15·2
Pre-prepared meals 2·0 0·0, 6·8 1·0 0·0, 5·4 0·0 0·0, 4·0 0·0 0·0, 3·8
Meals in restaurants, hotels and clubs 15·2 0·0, 52·2 12·5 0·0, 51·0 9·8 0·0, 43·8 38·2 3·2, 104·7
Fast food and takeaway 14·6 2·9, 38·1 11·3 2·1, 29·7 10·7 0·0, 31·9 14·7 2·7, 33·9

Total weekly expenditure among those with
expenditure only ($AUS)*
Fresh fruits 9·3 4·4, 17·1 7·5 3·5, 14·1 6·9 3·5, 12·4 8·0 3·3, 13·5
Fresh vegetables 11·1 5·8, 18·8 9·1 4·3, 16·6 8·0 3·8, 13·2 8·1 4·5, 16·4
Pre-prepared meals 5·5 2·9, 10·4 5·0 2·5, 9·5 4·4 2·5, 8·7 4·4 2·5, 9·1
Meals in restaurants, hotels and clubs 37·2 16·9, 78·8 35·2 15·3, 89·2 35·9 16·3, 73·3 65·1 27·8, 125·6
Fast food and takeaway 22·7 9·0, 46·5 17·5 7·2, 39·1 19·5 8·8, 42·7 23·4 8·9, 41·2

*Analyses run on expenditure sample.
†Column percentage.
‡Analyses run on proportion sample.

6
LH

O
o
sten

b
ach

et
a
l.



The odds of spending any money and the geometric mean
expenditure (for those who had some expenditure) on
each food category are presented in online supplementary
material, Additional file 5. The estimated average expendi-
ture on each food category across dwelling types is pre-
sented in online supplementary material, Additional file 4.

Discussion

The current study aimed to investigate whether there were
differences in the proportion of food budget households
allocate to different food categories given the type of dwell-
ing they live in. It also examined total food expenditure.
Results indicated that households living in a high-rise

apartment spend more on meals in restaurants, hotels
and clubs than those living in other dwelling types and that
this expenditure consumes a greater proportion of their
entire food budget. Specifically, households living in a
high-rise apartment spend over 10 % more of their food
budget on meals in restaurants, hotels and clubs compared
with households living in a separate house. Potential fac-
tors may relate to apartment designs which are often
smaller(25), with potentially less space to store food and pre-
pare, cook and consume meals. Limited space might dis-
courage residents from cooking and eating at home, or
having friends or family over for meals(32). Households
may seek foods prepared and eaten away from home to
compensate for the limited space available in their homes.
Another related explanation may be the social aspect of
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Fig. 2 Estimated proportion of total weekly household food expenditure on each food category across dwelling types adjusted
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household income. ( ), Estimated mean proportion of total; ( ), 95 % confidence interval
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eating out in restaurants, hotels and clubs. Previous
studies have found that apartment living may be associated
with a lower sense of community(27–29) and lower social
interaction(29–32). Households living in apartments may
be more likely to go out for meals in restaurants, hotels
and clubs to engage in social interaction as the design of
their homes and kitchen may not foster social bonds and
intimacy among friends and family(32). From a health per-
spective, this is of concern as out-of-home foods are often
unhealthy and tend to be of lower nutritional quality and
are associated with a higher total energy intake compared
with home-prepared foods(51). An increased expenditure
on meals in restaurants, hotels and clubs could therefore
have detrimental consequences for overall diet and health
status, highlighting the need to reduce barriers to home
cooking.

No discernible difference was observed across dwelling
types for expenditure and proportion of total food expendi-
ture on fast food and takeaway meals. One plausible
explanation is that takeaway meals are easily accessible
to every household regardless of where they live or that
time is a more important determinant of this fast food
use than factors related to dwelling type.

Furthermore, the results of the present study showed
that while all households may, on average, spend a rather
similar proportion of their food budget on fresh fruits and
fresh vegetables, households living in a low-rise apartment
spend $2·48 more than those living in a separate house on
fresh fruits per week. This may be considered a small differ-
ence; however, $2·48 represents approximately three
bananas, four apples, four kiwis or even ten mandarins
per week(53). This difference may be explained by the
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likelihood that households living in apartments are located
in areas with easier access to supermarkets, greengrocers
or markets, and therefore, this more frequent exposure
to fresh fruits and fresh vegetables could increase
impulse-driven (unplanned) purchases(54–56). In contrast,
households living in a separate house may have more
space to store food and therefore engage in grocery shop-
ping on a less frequent basis resulting in less purchasing of
fresh fruits and fresh vegetables due to the perishable
nature of these foods. While only fresh fruit and vegetable
items were considered in the analysis presented, further
analysis included a more comprehensive measure of fruits
and vegetables that captured additional items such as fro-
zen or canned fruits and vegetables, or dried fruits, and
again no major difference was found (results not shown).

Interestingly, results showed that households living in a
separate house spent more on pre-prepared meals
compared with households living in a high-rise apartment.
This might reflect time scarcity experienced by those
living in a separate house (perhaps as a result of living fur-
ther away frommajor cities and having increased commute
time) as well as reduced food store availability. Households
living in a separate house are likely to be located in areas
with lower-population density and less levels of commer-
cialisation; thus, they may have fewer food opportunities
compared with those living in apartments. Previous studies
indicated that limited time(57–59) and the perishable nature
of fresh foods may be barriers to home cooking(59,60). For
households living in a separate house, pre-prepared meals
can provide a solution to these barriers by offering shelf-
stable meals that can easily and quickly be eaten at home.

Strengths and limitations
The study is strengthened by utilising data from a nationally
representative large sample and by the comprehensive
data collection methodology. Appropriate regression mod-
elling approacheswere employed to deal with the nature of
expenditure data (i.e., high number of zero values and
skewed distribution) and the analysis was able to control
for a number of key confounders. Further, although the
reporting period was 2 weeks, ABS sampled across a
12-month period, ensuring that results were representative
of income and expenditure patterns across awhole year(38).
Nevertheless, results must be interpreted in the context of
the following limitations. Food expenditure is a combina-
tion of quantity and price. These findings may not directly
reflect the quantity or quality of foods being consumed by
households. For example, higher expenditure on a food
category may reflect either greater quantities or more
expensive options. Additionally, the study was not able
to account for food waste, meaning that although food
was purchased (e.g., fresh fruit), whether it was consumed
is unknown. Nonetheless, household expenditure data
may be useful to explore trends and patterns of behaviours
across dwelling types. Other studies have also used

expenditure data to examine tobacco use(61–63), gam-
bling(62,64,65), alcohol purchasing(62,66) and food purchas-
ing(2,62,67). This type of data can be an important tool to
inform and develop health strategies and policies in
various areas(68–70). Further limitations include the fact that
only five categories of food expenditure were considered.
Those living in high-rise apartments were estimated to
spend considerably more on meals in restaurants, hotels
and clubs compared with those living in other dwelling
types. The proportion of total food expenditure was also
estimated to be higher for that category. This suggests that
another food category would have had to be substituted
for. However, the other food categories considered gave
no indication of what those households spent less on.
Further research is required on overall food expenditure
patterns of those in high-rise apartments. High-rise
apartments were defined as apartments with four or more
storeys; therefore, the current study was unable to differen-
tiate between buildings of four storeys and larger buildings.
With the increase in apartment living in Australia, the ABS
and other studies should consider including additional cat-
egories related to apartment housing types. Reporting bias
and recall bias can also not be ruled out as expenditure data
relied on the accuracy of self-report. Some respondents
may have over-reported buying food items they believed
to be more socially desirable, while some others may have
under-reported food items they believed to be less socially
desirable. Respondents may also have inaccurately and
incompletely reported all the food items they bought.
This may pose a threat to the internal validity of the
study(71). However, as the HES gathered data not only on
food expenditure but also on a wide range of other
items(36), respondents may not have had the time to con-
sider what spending would be socially desirable. ABS data
collection methods also minimised these risks by asking for
receipts where possible(41). Another important limitation to
acknowledge is that data on food and living preferences are
missing. Perhaps preferences for living near various food
options, eating out often or socialising may lead individuals
to deliberately choose to live in areas with greater commer-
cialisation and high-rise apartments. Thus, apartments may
by default become the dwelling type they live in.

Implications and recommendations for further
research
Although changes in food expenditure are paralleled by the
growth in apartment living(2,3,23), no previous study has
explored the relationship between dwelling types and food
expenditure. The current study is the first to shed light on
this potential relationship, with results showing that dwell-
ing types may play a role in food expenditure. These find-
ings are of great significance as cities are adopting compact
city planning strategies to manage urban densification and
population growth, increasing the prevalence of apartment
living(24,72). These results may serve as a starting point for
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further research examining how the home infrastructure,
particularly that of apartments (e.g., limited food storage,
cooking space, cooking facilities and eating areas), may
influence food expenditure. Further research is required
in other (international) contexts to build a body of evidence
upon which policy recommendations can be made.
Opportunities also exist to investigate whether differences
are also reflected in measures of food consumption.
Understanding the influence of dwelling type and design
on food expenditure and consumption may allow for the
development of context-dependent public health interven-
tions aiming at improving population nutritional status.
Additionally, further research may help provide guidance
on how apartments and environments surrounding apart-
ments should be designed to enable healthy food practices.

Conclusions

The current study explored differences in how much
households spend on different food categories depending
on the type of dwelling they live in. The fact both the total
amount of dollars spent and the proportion of the total
household food expenditure on meals out were greater
among those in high-rise apartments leads us to believe that
food behaviours differ among this group and that dwelling
type is likely to play a part.Whether this is through the char-
acteristics of those living in apartments, their surrounding
environment or barriers faced by the internal design of their
apartments should be explored in future research.

Acknowledgements

Acknowledgements: None. Financial support: This
research received no specific grant from any funding
agency, commercial or not-for-profit sectors. Conflict of
interest: None. Authorship: L.T. led the conceptualisation
of the study with input from all authors. L.H.O. led the
analysis with input from K.E.L. L.H.O. led the write up of
the current study. All authors provided critical feedback
on the drafts of the current study. All authors read and
approved the final manuscript. Ethics of human subject
participation: The researchers had approval to use the
ABS Household Expenditure Survey confidentialised unit
record files. Analysis of this secondary data source received
an exemption from ethical review. All analysis was con-
ducted by the lead author (L.H.O.) within Australia.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/S1368980020002785

References

1. Ronto R, Wu JH & Singh GM (2018) The global nutrition tran-
sition: trends, disease burdens and policy interventions.
Public Health Nutr 21, 2267–2270.

2. VennD, Banwell C&Dixon J (2017) Australia’s evolving food
practices: a riskymix of continuity and change. Public Health
Nutr 20, 2549–2558.

3. Hogan L (2018) Food Demand in Australia: Trends and
Issues 2018. Canberra: Australian Bureau of Agricultural
and Resource Economics and Sciences.

4. Adams J, Goffe L, Brown T et al. (2015) Frequency and socio-
demographic correlates of eating meals out and take-away
meals at home: cross-sectional analysis of the UK national
diet and nutrition survey, waves 1–4 (2008–12). Int J
Behav Nutr Phys Act 12, 51.

5. Mandemakers JJ & Roeters A (2014) Fast or slow food?
Explaining trends in food-related time in the Netherlands,
1975–2005. Acta Sociol 58, 121–137.

6. Australian Bureau of Statistics (2000) 6535.0: Household
Expenditure Survey, Australia: Detailed Expenditure Items,
1998–99. Australian Bureau of Statistics. https://www.abs.
gov.au/AUSSTATS/abs@.nsf/mf/6535.0/ (accessed June
2019).

7. Australian Bureau of Statistics (2017) 6530.0: Household
Expenditure Survey, Australia: Summary of Results, 2015–
16. Australian Bureau of Statistics. https://www.abs.gov.au/
AUSSTATS/abs@.nsf/Lookup/6530.0MainþFeatures12015–
16?OpenDocument (accessed June 2019).

8. Monteiro CA, Moubarac JC, Cannon G et al. (2013) Ultra-
processed products are becoming dominant in the global
food system. Obes Rev 14, 21–28.

9. Nielsen SJ, Siega-Riz AM & Popkin BM (2002) Trends in
energy intake in U.S. between 1977 and 1996: similar shifts
seen across age groups. Obes Res 10, 370–378.

10. Popkin BM & Gordon-Larsen P (2004) The nutrition transi-
tion: worldwide obesity dynamics and their determinants.
Int J Obes 28, S2–S9.

11. Knorr D, Khoo CSH & Augustin MA (2018) Food for an Urban
Planet: challenges and research opportunities. Front Nutr 4, 73.

12. Baker P & Friel S (2016) Food systems transformations, ultra-
processed food markets and the nutrition transition in Asia.
Global Health 12, 80.

13. Australian Institute of Health and Welfare (2018) Australia’s
Health 2018. Canberra: Australian Institute of Health and
Welfare.

14. Ridoutt B, Baird D, Bastiaans K et al. (2016) Changes in food
intake in Australia: comparing the 1995 and 2011 national
nutrition survey results disaggregated into basic foods.
Foods 5, 40.

15. Australian Bureau of Statistics (2016) 4364.0.55.012:
Australian Health Survey: Consumption of Food Groups
from the Australian Dietary Guidelines, 2011–12. Australian
Bureau of Statistics; https://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/4364.0.55.012mainþfeatures12011–12
(accessed June 2019).

16. Australian Bureau of Statistics (2015)National Health Survey:
First Results: Australia 2014–15. Canberra: Australian
Bureau of Statistics.

17. Australian Institute of Health andWelfare (2017) A Picture of
Overweight and Obesity in Australia. Canberra: Australian
Institute of Health and Welfare.

18. Australian Institute of Health and Welfare (2019) Australian
Burden of Disease Study: Impact and Causes of Illness and
Death in Australia 2015. Australian Burden of Disease
Series No. 19. Cat. No. BOD 22. Canberra: Australian
Institute of Health and Welfare.

19. Philip W & James T (2018) Obesity: a global public health
challenge. Clin Chem 64, 24–29.

10 LH Oostenbach et al.

https://doi.org/10.1017/S1368980020002785
https://www.abs.gov.au/AUSSTATS/abs@.nsf/mf/6535.0/
https://www.abs.gov.au/AUSSTATS/abs@.nsf/mf/6535.0/
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6530.0Main+Features1201516?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6530.0Main+Features1201516?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6530.0Main+Features1201516?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6530.0Main+Features1201516?OpenDocument
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.012main+features1201112
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.012main+features1201112
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.012main+features1201112


20. Australian Medical Association (2016) Obesity: Australia’s
Biggest Public Health Challenge. Kingston: Australian
Medical Association.

21. World Health Organization (2019) Global Health
Observatory (GHO) Data: Urban Health. World Health
Organization. https://www.who.int/gho/urban_health/en/
(accessed June 2019).

22. World Health Organization & UN Habitat (2016) Global
Report on Urban Health. Geneva: World Health
Organization.

23. Australian Bureau of Statistics (2017) 2071.0: Census of
Population and Housing: Reflecting Australia: Stories from
the Census, 2016: Apartment Living. Australian Bureau of
Statistics. http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/
bySubject/2071.0~2016~MainFeatures~ApartmentLiving~20
(accessed January 2019).

24. CBRE Residential (2016) Global Living 2016 A City by City
Review. Los Angeles: CBRE Group.

25. Rosewall T & Short M (2017) Houses and apartments in
Australia. Bulletin 2017, 1–12.

26. Shove E, Pantzar M & Watson M (2012) The Dynamics of
Social Practice: Everyday Life and How It Changes.
London: SAGE Publication.

27. Gifford R (2007) Architectural science review the conse-
quences of living in high-rise buildings. Archit Sci Rev 50,
2–17.

28. Buys L, Vine D & Miller E (2013) What makes inner city high
density liveable? insight from residents in Brisbane, Australia.
Environ Manag Sustain Dev 2, 14–33.

29. Howley P, Scott M & Redmond D (2009) Sustainability versus
liveability: an investigation of neighbourhood satisfaction
Sustainability versus liveability: an investigation of neigh-
bourhood satisfaction. J Environ Plan Manag 52, 847–864.

30. Evans GW, Wells NM & Much A (2003) Housing and mental
health: a review of the evidence and a methodological and
conceptual critique. J Soc Issues 59, 475–500.

31. Zhang W, Lawson G & Wei Z (2009) Meeting and greeting:
activities in public outdoor spaces outside high-density
urban residential communities. Urban Des Int 14, 207–214.

32. Reid S, LloydK&O’brienW (2017)Women’s perspectives on
liveability in vertical communities: a feminist materialist
approach. Aust Plan 54, 16–23.

33. Marquis M & Manceau M (2007) Individual factors determin-
ing the food behaviours of single men living in apartments in
Montreal as revealed by photographs and interviews. J Youth
Stud 10, 305–316.

34. Maller CJ (2015) Understanding health through social practi-
ces: performance andmateriality in everyday life. Sociol Heal
Illn 37, 52–66.

35. Delormier T, Frohlich KL & Potvin L (2009) Food and eating
as social practice: understanding eating patterns as social
phenomena and implications for public health. Sociol Heal
Illn 31, 215–228.

36. Australian Bureau of Statistics (2018) 6503.0: Household
Expenditure Survey and Survey of Income and Housing,
User Guide, Australia, 2015–16: Introduction. Australian
Bureau of Statistics. http://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/by Subject/6503.0~2015–16~Main Features~
Introduction~1 (accessed January 2019).

37. Australian Bureau of Statistics (2018) Labour Statistics
Concepts, Sources and Methods. Canberra: Australian
Bureau of Statistics.

38. Australian Bureau of Statistics (2017) 6503.0: Household
Expenditure Survey and Survey of Income and Housing:
User Guide, Australia, 2015–16. Canberra: Australian
Bureau of Statistics.

39. Australian Bureau of Statistics (2017) Household Expenditure
Survey and Survey of Income and Housing: User Guide,
Australia, 2015–16. Canberra: Australian Bureau of Statistics.

40. Australian Bureau of Statistics (2015)Household Expenditure
Survey June 2015: June 2016 Personal Diary. Canberra:
Australian Bureau of Statistics.

41. Australian Bureau of Statistics (2017) 6503.0: Household
Expenditure Survey and Survey of Income and Housing,
User Guide, Australia, 2015–16: Data Collection and
Processing. Australian Bureau of Statistics. http://www.abs.
gov.au/ausstats/abs@.nsf/Lookup/by Subject/6503.0~2015–16~
MainFeatures~Datacollectionandprocessing~14 (accessed
January 2019).

42. Australian Bureau of Statistics (2017) 6503.0: Household
Expenditure Survey and Survey of Income and Housing,
User Guide, Australia, 2015–16: Expenditure. Australian
Bureau of Statistics; http://www.abs.gov.au/ausstats/abs
@.nsf/Lookup/bySubject/6503.0~2015–16~MainFeatures~
Expenditure~6 (accessed January 2019).

43. Shoory M (2016) The growth of apartment construction in
Australia. Bull June Quart 2016, 19–26.

44. Australian Bureau of Statistics (2018) Australian Statistical
Geography Standard (ASGS). Australian Bureau of
Statistics; https://www.abs.gov.au/websitedbs/D3310114.
nsf/home/AustralianþStatisticalþGeographyþStandardþ
(ASGS) (accessed June 2019).

45. Belotti F, Deb P, ManningWG et al. (2015) twopm: Two-part
models. Stata J 15, 3–20.

46. Buis ML (2010) ZOIB: Stata module to fit a zero-one
inflated beta distribution by maximum likelihood. Statistical
Software Components. Boston College Department of
Economics.

47. Ospina R & Ferrari SLP (2012) A general class of zero-or-one
inflated beta regression models. Comput Stat Data Anal 56,
1609–1623.

48. Cook DO, Kieschnick R &McCullough BD (2008) Regression
analysis of proportions in finance with self selection. J Empir
Financ 15, 860–867.

49. BuisML (2010) Analyzing proportions. Eighth Ger Stata Users
Gr Meet 12.

50. Buis ML, Cox NJ & Jenkins SP (2003) BETAFIT: Stata module
to fit a two-parameter beta distribution. Statistical Software
Components. Boston College Department of Economics.

51. Lachat C, Nago E, Verstraeten R et al. (2012) Eating out of
home and its association with dietary intake: a systematic
review of the evidence. Obes Rev 13, 329–346.

52. Poelman MP & Steenhuis IHM (2019) Food choices in con-
text. In The Effects of Environment on Product Design and
Evaluation, 1st ed, pp. 143–169 [HL Meiselman, editor].
San Diego: Woodhead Publishing.

53. Coles Supermarkets Australia (2019) Coles. https://www.
coles.com.au/ (accessed June 2019).

54. Hofmann W, Friese M & Wiers RW (2008) Impulsive versus
reflective influences on health behavior: a theoretical
framework and empirical review. Health Psychol Rev 2,
111–137.

55. Salmon SJ, Fennis BM,De RidderDTD et al. (2013)Health on
impulse: when low self-control promotes healthy food
choices. Heal Psychol 33, 103–109.

56. Hofmann W, Friese M & Strack F (2009) Impulse and self-
control from a dual-systems perspective. Perspect Psychol
Sci 4, 162–176.

57. Lavelle F, Mcgowan L, Spence M et al. (2016) Barriers
and facilitators to cooking from ‘scratch’ using basic or raw
ingredients: a qualitative interview study. Appetite 107,
383–391.

58. Monsivais P, Aggarwal A &Drewnowski A (2014) Time spent
on home food preparation and indicators of healthy eating.
Am J Prev Med 47, 796–802.

59. Wolfson JA, Bleich SN, Smith KC et al. (2016) What does
cooking mean to you? Perceptions of cooking and factors
related to cooking behavior. Appetite 97, 146–154.

The role of dwelling type on food expenditure 11

https://www.who.int/gho/urban_health/en/
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/2071.0~2016~MainFeatures~ApartmentLiving~20
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/2071.0~2016~MainFeatures~ApartmentLiving~20
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Introduction~1
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Introduction~1
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Introduction~1
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Datacollectionandprocessing~14
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Datacollectionandprocessing~14
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Datacollectionandprocessing~14
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Expenditure~6
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Expenditure~6
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/bySubject/6503.0~201516~MainFeatures~Expenditure~6
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.coles.com.au/
https://www.coles.com.au/


60. Wolfson JA, Ramsing R, Richardson CR et al. (2019) Barriers
to healthy food access: associations with household income
and cooking behavior. Prev Med Rep 13, 298–305.

61. Siahpush M (2003) Socioeconomic status and tobacco
expenditure among Australian households: results from the
1998–99 Household Expenditure Survey. J Epidemiol
Commun Heal 57, 798–801.

62. SiahpushM, Borland R & ScolloM (2004) Is household smok-
ing status associated with expenditure on food at restaurants,
alcohol, gambling and insurance? Results from the 1998–99
household expenditure survey, Australia. Tob Control 13,
409–414.

63. Siahpush M, Farazi PA, Maloney SI et al. (2018)
Socioeconomic status and cigarette expenditure among US
households: results from 2010 to 2015 Consumer
Expenditure Survey. BMJ Open 8, e020571.

64. Markham F, Young M & Doran B (2014) Gambling expendi-
ture predicts harm: evidence from a venue-level study.
Addiction 109, 1509–1516.

65. Worthington A, Brown K, Crawford AM et al. (2007)
Gambling participation in Australia: findings from the
national Household Expenditure Survey. Rev Econ Househ
5, 209–221.

66. Jiang H, Livingston M & Room R (2015) How financial diffi-
culties interplay with expenditures on alcohol: Australian
experience. J Public Health Dent 23, 267–276.

67. VennD,Dixon J, Banwell C et al. (2018) Social determinants of
household food expenditure in Australia: the role of education,
income, geography and time. Public Health Nutr 21, 902–911.

68. De Meyrick J & Yusuf F (2006) The application of household
expenditure data in the development of anti-smoking cam-
paigns. Health Educ 106, 227–237.

69. Fiedler J, SmitzM, DupriezO et al. (2008)Household income
and expenditure surveys: A tool for accelerating the develop-
ment of evidence-based fortification programs. Food Nutr
Bull 29, 306–319.

70. Smith L (2003) Keynote paper: the use of household
expenditure surveys for the assessment of food insecurity.
In Measurement and Assessment of Food Deprivation and
Undernutrition [LC Smith, editor]. Rome: Food and
Agriculture Organization of the United Nations.

71. Althubaiti A (2016) Information bias in health research: def-
inition, pitfalls, and adjustment methods. J Multidiscip
Healthc 9, 211–217.

72. Infrastructure Australia (2018) Future Cities: Planning for
Our Growing Population. Sydney: Infrastructure Australia.

12 LH Oostenbach et al.


	The role of dwelling type on food expenditure: a cross-sectional analysis of the 2015-2016 Australian Household Expenditure Survey
	Methods
	Data source
	Data collection instruments
	Sample
	Outcome variables: food item categories
	Confounders
	Statistical analyses

	Results
	Dwelling type and proportion of total weekly food expenditure
	Dwelling type and weekly food expenditure

	Discussion
	Strengths and limitations
	Implications and recommendations for further research

	Conclusions
	Acknowledgements
	Supplementary material
	References


