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Abstract
Objective: To determine the prevalence and sociodemographic factors associated
with food insecurity in the state of New South Wales (NSW), Australia.
Design: Cross-sectional analysis of food insecurity data collected by the NSW
Population Health Survey between 2003 and 2014. Multiple logistic regression
was used to examine associations with key sociodemographic variables.
Setting: NSW, Australia.
Participants: 212 608 survey participants responded to the food insecurity survey
question between 2003 and 2014. 150 767 of them were aged ≥16 years. The sur-
vey sample was randomly selected and weighted to be representative of the NSW
population.
Results: On average 6 % of adults aged ≥16 years experienced food insecurity in
NSW. The odds of food insecurity appeared to increase from one survey year
to the next by a factor of 1·05. Food insecurity was found to be independently asso-
ciated with age, sex, marital status, household size, education, employment status,
household income, smoking status, alcohol intake and self-rated health. The asso-
ciation with income, smoking status and self-rated health appeared to be the
strongest among all covariates and showed a gradient effect. Food insecurity
appeared to increase significantly between the age of 16 and 19 years.
Conclusions: The prevalence of food insecurity appears to be rising over time.
Given the negative health consequences of food insecurity, more rigorous
measurement and monitoring of food insecurity in NSW and nationally is strongly
recommended. The findings provide support for interventions targeting low-
income and younger population groups.
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Food insecurity refers to the lack of constant access to suf-
ficient, safe and nutritious food for an active and healthy
life(1). This definition is based upon four fundamental pre-
conditions of food security: (1) availability of sufficient
amount of nutritionally adequate food, (2) physical and
financial access to sufficient amount of nutritionally
adequate food, (3) resources and capacity for appropriate
utilisation of food and (4) stability of all of the above over
time(2). A deficit in any single or a combination of these pre-
conditions can result in food insecurity.

The negative consequences of food insecurity are well
established and highlight the importance of this issue from
a public health point of view. In high-income countries,

food insecurity is linked to a number of adverse nutrition
and health outcomes, including low consumption of fruit
and vegetables, increased consumption of inexpensive
energy-dense, nutrient-poor foods, a cyclic compromise
of food quantity when access to food is hindered, and
overcompensatory eating patterns when access is
restored(3). In such countries, food insecurity among
adults is consistently associated with health conditions such
as overweight/obesity(4), particularly among women(5–7);
chronic disease, particularly type 2 diabetes and CVD(8,9);
poormanagement of diabetes(10); poor self-reported general
health(11,12); and higher levels of stress and poorer mental
health outcomes(13,14). Some of these consequences arise
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independently of poverty(15), a known contributor to poor
health outcomes; so a study on food insecurity can
contribute new information to our understanding of the
social determinants of health.

Food insecurity canbemeasuredat the individual, house-
hold or population levels and at different levels of
severity(16). In the USA, an eighteen-item questionnaire
(US Household Food Security Scale) classifies respondents/
households into food-secure, marginally food-secure (or
food-insecure with low severity of food insecurity),
food-insecure (without hunger) and severely food-insecure
(with hunger)(17). This is the most widely used tool and the
gold standard for measuring food insecurity across high-
income countries. In Australia, food insecurity is measured
using a single question that asks if in the last 12months
anymember of the household had run out of food and could
not afford to buymore(18). This question assesses one aspect
of food insecurity– that of financial access to food– and does
not account for the quality of foods consumedor the severity
of food insecurity.

Food insecurity is a growing concern in many high-
income countries(19–21). In the USA, food insecurity has
been rising continuously since 2001, reaching a high of
14·9 % in 2011 and declining only slightly thereafter(19).
In Canada, the rates of insecurity increased from 11·3 %
in 2007–2008 to 12·4 % in 2011–2012 and remained at
the same levels until 2014(20). In Europe, a trend of rising
household food insecurity has been observed since 2010
with a rise from 8·7 % in 2009 to 10·9 % in 2012 and elevated
rates thereafter(21).

In Australia, estimates of food insecurity range from 2 %
in older Australians to up to 76 % in at-risk groups(22) such
as refugees (71 %)(23) or remote Aboriginal communities
(76 %)(24). Estimates from representative national samples,
such as the National Nutrition Survey in 1995/1996, show
prevalence rates of 5·2 % in adults aged ≥19 years and up
to 10% in younger people aged 16–24(25). The most recent
national estimates from the 2011/2012 Australian Health
Survey indicate that 3·5 % of adults aged ≥19 years and
5·9 % of those aged 2–18 experience food insecurity(26).

The New South Wales (NSW) Population Health Survey
(PHS) collects food insecurity data using the single-
question indicator. In NSW, data on food insecurity were
being collected routinely from 2002 to 2014 (except 2011
and 2013). However, the food insecurity question was
removed from the survey after 2014. As a result, there
are no food insecurity state data from 2015 onwards. At a
national level, food insecurity was last measured in the
2011/2012 National Health Survey, while the latest
National Health Survey in 2015/2016 did not assess food
insecurity. The above indicates a current gap in the moni-
toring of this important issue.

Few studies in Australia have assessed food insecurity,
and most have used the single-item question(22), which
means that data on food insecurity, in particular population
data, are likely to underestimate the true magnitude of the

problem. More in-depth studies using more sensitive,
multidimensional measurement tools report higher food
insecurity rates compared to those reported by national
and state population surveys(27–30). In addition, recent
reports from FoodBank Australia, a charity providing emer-
gency food relief, raise further concern about the size and
potential consequences of the problem(31).

Assessing food insecurity at a population level and
understanding its association with different socio-
demographic factors is an important step in appraising
the magnitude of the problem and designing appropriate
responses, both in terms of surveillance and intervention.
This study aims to present a summary of existing data from
2002 to 2014 in order to evaluate the prevalence and socio-
demographic factors associated with food insecurity in
NSW. The study will explore the relationship of food inse-
curity with key sociodemographic variables over a 12-year
period using a series of large population samples in order to
provide an overview of the issue and a baseline for future
studies.

Methods

New South Wales Population Health Survey
The NSW PHS collects self-reported data through computer-
assisted telephone interviewing. Participants are selected
from the general population using random digit dialling.
Included in the sample are people with a landline, or
landline and mobile number (since 2010), or mobile
only (since 2012). Interviews are conducted between
February and December each year. The survey sample is
weighted to adjust for differences in the probability of
selection among household members. Post-stratification
weights are used to reduce the effect of differing non-
response rates among males and females and different
age groups on the survey estimates. These weights are
adjusted for differences between the age and sex structure
of the survey sample and the NSW population(32).

Food insecurity/outcome
The question used to measure food insecurity was: ‘In the
last 12 months, were there any times you ran out of food
and could not afford to buy more?’ This was coded as a
dichotomous variable (no/yes) classifying respondents as
food-secure or food-insecure.

Sociodemographic covariates
Age, sex, marital status, country of birth, education, employ-
ment status, household income, smoking status, alcohol
intake, self-rated health, household size, socioeconomic dis-
advantage and remoteness were the sociodemographic
covariates examined. Two different age variables were
used: (1) age <20 years, (2) age ≥20 years. The association
of both these variables with food insecurity was analysed.
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Marital status was defined as a categorical variable with five
levels: married (this refers to registeredmarriages); divorced;
never married; separated but not divorced; widowed.
Country of birth was defined as a dichotomous variable
with two levels: born in Australia/not born in Australia.
Educationwas defined as a categorical variablewith five lev-
els: less than high school; high school; TAFE certificate or
diploma; tertiary or higher; other. Employment status was
defined as a categorical variable with two levels: a salary-
or wage-earner or conducting a business; and unpaid work
or did not have a job. Household income per year was
defined as a categorical variable with six levels: <$20 000;
$20 000–$40 000; $40 000–$60 000; $60 000–$80 000;
>$80 000; don’t know. Smoking status was defined as a cat-
egorical variable with five levels: I smoke daily; I smoke
occasionally; I don’t smoke now, but I used to; I’ve tried a
few times but never smoked regularly; I’ve never smoked.
Alcohol intake was defined as a categorical variable with
three levels: I don’t drink; I drink less than once per week;
I drink weekly or more. Household size was expressed as
number of people in the household and was defined as
six discrete categories for households with 1–6 people,
and a seventh category for households with ≥7 people.
Socioeconomic disadvantage was described based on the
Index of Relative Socio-Economic Disadvantage (IRSD)(33).
Participants were grouped into five quintiles of socioeco-
nomic disadvantage, from least (first quintile) to most
disadvantaged (fifth quintile), based on the IRSD score of
their area of residence. Remoteness was based on the
Accessibility/Remoteness Index of Australia Plus (ARIA
plus), which classifies areas into major cities; inner regional;
outer regional; remote; very remote(34). In this analysis,
regional and remote categories were amalgamated into
one category so that remoteness was coded as a dichoto-
mous variable with two levels: major cities v. remote/
regional.

Analysis
Data from 2003 to 2014 were aggregated forming a sample
of 212 608 respondents. Survey year 2002 was excluded
due to missing country-of-birth data on that year. After
excluding observations with age <16 years and survey
years 2011 and 2013 where food insecurity data were
not collected, the sample dropped to 150 767 observations.
Observations with missing values for any covariate or the
food insecurity question were also excluded resulting in
an active sample of 80 433 observations for analyses.
Univariate and multivariate logistic regression analyses
were undertaken to test the association between food
insecurity and a range of sociodemographic covariates.
Multivariate logistic regression models were used to inves-
tigate the effect of time on the association between food
insecurity and the sociodemographic covariates; inter-
actions between each covariate and time period were
tested. Time was defined as a categorical variable with

three levels, 2003–2005, 2006–2009 and 2010–2014, noting
that data for the years 2011 and 2013 were not available.
A sensitivity analysis comparing univariate models with
complete observations (n 80 433) against models using
all observations, including those with missing data
(n 150 767), was conducted to assess the risk of bias.
Data were analysed using the R statistical software package
(version 3.5.1) in RStudio (version 1.1.463)(35).

Results

Between 2003 and 2014, on average 6 % (95 % CI 5·8, 6·3)
of adults aged ≥16 years experienced food insecurity in
NSW at least once over a recall period of 12 months
(Fig. 1). The prevalence of food insecurity ranged from
5·1 % in 2007 to 7·2 % in 2012. Univariate regression analy-
sis showed evidence of an association between food
insecurity and survey year (OR 1·02, P= 0·013). After
adjustment, the multivariate analysis showed that for one
unit increase in survey year (i.e. from survey year 2003
to 2004), the odds of experiencing food insecurity were
increased by a factor of 1·05.

The prevalence of food insecurity was higher among
those who did not attend high school (7·4 %), did not have
a job (8 %), were most disadvantaged (8·4 %), earned
<$20 000 per year (12·5 %), were separated but not
divorced (14·1 %), lived in households of ≥7 people
(13·5 %), smoked daily (15·4 %) and rated their health as
very poor (18 %). Also, more women experienced food
insecurity compared with men (6·6 v. 5·4 %), more people
living in remote areas compared with major city dwellers
(6·7 v. 5·8 %) and more Australian v. overseas-born people
(6·3 v. 5·4 %) (Table 1).

In the univariate models, a significant association was
observed between food insecurity and all socio-
demographic variables included in the analysis (Table 2).
In the multivariate model, no significant association was

Fig. 1 Prevalence of food insecurity (%) by survey year,
2003–2014. The dotted line above and below shows the 95%
confidence limits for food insecurity prevalence estimates
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found with country of birth (P = 0·3), socioeconomic
disadvantage (most disadvantaged compared with least
disadvantaged; P= 0·6) or remoteness (P = 0·9). The asso-
ciations with age, sex, marital status, household size, edu-
cation, employment status, household income, smoking
status, alcohol intake and self-rated health remained signifi-
cant in the multivariate model (Table 2).

After adjusting for all other variables in the model, those
who attended high school had 0·77 times the odds of
experiencing food insecurity (P= 0·01) compared with
those who did not attend high school, and those who
did not have a job, had 1·54 times the odds of being
food-insecure compared with those on a salary
(P< 0·001). The association between food insecurity and

Table 1 Sociodemographic characteristics of survey sample* 2003–2014 by percentage of food insecurity

Demographic
variable Level

n
(sample)

% population
estimate 95% CI

% food-
insecure 95% CI

Age <20 3147 7·0 6·7, 7·4 6·1 4·4, 7·7
≥20 77 286 93·0 92·6, 93·3 6·0 5·8, 6·3

Sex Male 32 714 49·5 48·9, 50·0 5·4 5·0, 5·9
Female 47 719 50·5 50·0, 51·1 6·6 6·3, 7·0

Marital status Married (this refers to registered
marriages)

42 235 49·0 48·5, 49·6 3·3 3·1, 3·6

Divorced 8426 8·3 8·0, 8·5 10·3 9·4, 11·2
Never married 17 462 33·5 32·9, 34·0 8·7 8·1, 9·4
Separated but not divorced 2737 3·1 2·9, 3·2 14·1 11·8, 16·5
Widowed 9573 6·2 6·0, 6·4 3·2 2·7, 3·7

Born in Australia Yes 62 510 71·9 71·4, 72·4 6·3 6·0, 6·6
No 17 923 28·1 27·6, 28·6 5·4 4·8, 6·0

Household size
(no. of people)

1 21 441 19·1 18·7, 19·4 7·7 7·0, 8·4
2 32 467 33·5 33·0, 34·0 5·1 4·7, 5·5
3 10 708 17·5 17·1, 17·9 6·4 5·8, 7·1
4 9752 18·1 17·7, 18·6 5·1 4·3, 5·9
5 4195 7·9 7·6, 8·2 5·9 5·0, 6·7
6 1314 2·6 2·5, 2·8 7·2 5·6, 8·9
≥7 556 1·3 1·1, 1·5 13·5 9·6, 17·5

Level of education Less than high school 25 442 24·4 24·0, 24·9 7·4 6·7, 8·0
High school 10 266 15·3 14·8, 15·7 6·2 5·4, 7·0
TAFE certificate or diploma 23 269 28·8 28·3, 29·3 7·1 6·6, 7·6
Tertiary or higher 20 239 30·4 29·9, 30·9 3·8 3·4, 4·2
Other 1217 1·2 1·1, 1·2 6·5 4·5, 8·5

Employment status A salary- or wage-earner or
conducting a business

40 119 61·9 61·4, 62·4 4·8 4·5, 5·1

Did not have a job 40 314 38·1 37·6, 38·6 8·0 7·5, 8·5
Household income <$20 000 17 137 14·3 14·0, 14·6 12·5 11·7, 13·3

$20 000–$40 000 15 404 16·2 15·8, 16·6 8·5 7·5, 9·5
$40 000–$60 000 11 155 14·6 14·2, 15·0 5·8 5·2, 6·4
$60 000–$80 000 8057 11·6 11·2, 11·9 4·0 3·3, 4·6
>$80 000 16 559 27·8 27·3, 28·3 2·2 1·9, 2·5
Don’t know 12 121 15·5 15·1, 15·9 6·2 5·5, 6·9

Socioeconomic
disadvantage

1st quintile (least disadvantaged) 10 816 20·6 20·2, 21·1 3·9 3·4, 4·4
2nd quintile 13 389 20·6 20·1, 21·0 5·3 4·8, 5·8
3rd quintile 17 630 20·3 19·9, 20·7 6·1 5·5, 6·7
4th quintile 20 494 19·8 19·4, 20·2 6·7 6·2, 7·3
5th quintile (most disadvantaged) 18 104 18·7 18·3, 19·2 8·4 7·5, 9·3

Smoking status I smoke daily 10 851 14·6 14·2, 15·0 15·4 14·3, 16·4
I smoke occasionally 2629 4·4 4·2, 4·7 10·6 8·9, 12·3
I don’t smoke now, but I used to 22 921 24·2 23·7, 24·6 4·9 4·5, 5·3
I’ve tried it a few times but never
smoked regularly

7854 10·9 10·5, 11·2 4·3 3·6, 5·0

I’ve never smoked 36 178 45·9 45·4, 46·5 3·7 3·3, 4·0
Alcohol intake I don’t drink 25 435 29·6 29·1, 30·1 7·2 6·6, 7·7

I drink less than once per week 17 779 24·6 24·2, 25·1 7·0 6·4, 7·5
I drink weekly or more 37 219 45·8 45·2, 46·3 4·8 4·5, 5·2

Self-rated health Excellent 15 343 20·7 20·2, 21·1 3·8 3·1, 4·5
Very good 24 015 30·8 30·3, 31·3 4·2 3·8, 4·6
Good 23 561 29·0 28·5, 29·5 6·0 5·5, 6·4
Fair 11 661 13·1 12·7, 13·4 8·9 8·1, 9·7
Poor 4690 5·2 5·0, 5·5 16·3 14·5, 18·1
Very poor 1163 1·2 1·1, 1·3 18·0 14·7, 21·4

Remoteness Major cities 42 696 73·3 72·9, 73·7 5·8 5·5, 6·1
Remote/regional 37 737 26·7 26·3, 27·1 6·7 6·2, 7·2

*Missing values (%): food insecurity (8·8), socioeconomic disadvantage (0·2), born in Australia (8·5), level of education (18·0), employment status (17·2), income (7·9),
self-rated health (5·5), sex (<0·1), smoking status (21·8), people in household (1·2), marital status (0·4), locality (0·2), alcohol use (22·1).
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Table 2 Univariate and multivariate logistic regression analyses of food insecurity by sociodemographic variables

Variable Level
Univariate

OR 95% CI P
Multivariate

OR 95% CI P

Survey year, per year NA 1·02 1, 1·03 0·013 1·05 1·03, 1·06 <0·001
Age, <20 years NA 1·88 1·42, 2·49 <0·001 2·02 1·49, 2·73 <0·001
Age, per year,
>20 years

NA 0·97 0·97, 0·97 <0·001 0·95 0·95, 0·96 <0·001

Sex Male Reference Reference
Female 1·23 1·12, 1·36 <0·001 1·21 1·08, 1·35 <0·001

Marital status Married (this refers to
registered marriages)

Reference Reference

Divorced 3·33 2·93, 3·78 <0·001 2 1·7, 2·34 <0·001
Never married 2·77 2·47, 3·1 <0·001 1·25 1·06, 1·46 0·0066
Separated but not
divorced

4·76 3·86, 5·87 <0·001 2·16 1·7, 2·74 <0·001

Widowed 0·96 0·81, 1·14 0·64 1 0·81, 1·24 1
Born in Australia Yes Reference Reference

No 0·86 0·75, 0·97 0·015 0·93 0·81, 1·07 0·29
Household size (no. of
people in household)

1 Reference Reference
2 0·64 0·56, 0·73 <0·001 0·84 0·72, 0·98 0·027
3 0·83 0·72, 0·95 0·0061 0·8 0·67, 0·96 0·016
4 0·64 0·53, 0·78 <0·001 0·83 0·66, 1·03 0·095
5 0·74 0·62, 0·89 0·0013 0·91 0·72, 1·15 0·44
6 0·93 0·72, 1·22 0·61 0·84 0·6, 1·16 0·28
≥7 1·88 1·33, 2·66 <0·001 1·79 1·19, 2·68 0·0048

Education level Less than high school Reference Reference
High school 0·83 0·71, 0·98 0·027 0·77 0·63, 0·94 0·012
TAFE certificate or
diploma

0·96 0·85, 1·09 0·55 1 0·88, 1·15 0·97

Tertiary or higher 0·5 0·43, 0·58 <0·001 0·84 0·71, 0·99 0·032
Other 0·87 0·62, 1·23 0·43 1·04 0·73, 1·49 0·84

Employment status A salary- or wage-earner
or conducting a
business

Reference Reference

Unpaid work or did not
have a job

1·72 1·56, 1·89 <0·001 1·54 1·36, 1·75 <0·001

Household income <$20 000 Reference Reference
$20 000–$40 000 0·65 0·56, 0·76 <0·001 0·7 0·59, 0·83 <0·001
$40 000–$60 000 0·43 0·38, 0·5 <0·001 0·46 0·39, 0·55 <0·001
$60 000–$80 000 0·29 0·24, 0·35 <0·001 0·34 0·28, 0·42 <0·001
>$80 000 0·16 0·13, 0·19 <0·001 0·2 0·16, 0·24 <0·001
Don’t know 0·47 0·41, 0·54 <0·001 0·43 0·36, 0·51 <0·001

Socioeconomic
disadvantage

1st quintile (least
disadvantaged)

Reference Reference

2nd quintile 1·38 1·15, 1·64 <0·001 1·01 0·84, 1·22 0·88
3rd quintile 1·6 1·35, 1·9 <0·001 0·96 0·8, 1·16 0·68
4th quintile 1·77 1·51, 2·09 <0·001 0·97 0·81, 1·17 0·78
5th quintile (most
disadvantaged)

2·26 1·89, 2·71 <0·001 1·06 0·88, 1·28 0·55

Smoking status I smoke daily Reference Reference
I smoke occasionally 0·65 0·53, 0·8 <0·001 0·74 0·6, 0·92 0·0074
I don’t smoke now, but I
used to

0·28 0·25, 0·32 <0·001 0·51 0·45, 0·59 <0·001

I’ve tried it a few times but
never smoked regularly

0·25 0·21, 0·3 <0·001 0·4 0·33, 0·48 <0·001

I’ve never smoked 0·21 0·18, 0·24 <0·001 0·31 0·27, 0·36 <0·001
Alcohol intake I don’t drink Reference Reference

I drink less than once per
week

0·97 0·86, 1·09 0·6 0·92 0·8, 1·05 0·21

I drink weekly or more 0·66 0·58, 0·74 <0·001 0·82 0·73, 0·94 0·0027
Self-rated health Excellent Reference Reference

Very good 1·11 0·9, 1·38 0·32 1·03 0·84, 1·27 0·75
Good 1·6 1·3, 1·96 <0·001 1·34 1·1, 1·64 0·0038
Fair 2·46 1·99, 3·04 <0·001 1·94 1·57, 2·39 <0·001
Poor 4·93 3·92, 6·19 <0·001 3·17 2·54, 3·96 <0·001
Very poor 5·56 4·14, 7·47 <0·001 3·63 2·68, 4·91 <0·001

Remoteness Major cities Reference Reference
Remote/regional 1·17 1·06, 1·29 0·0017 1·01 0·9, 1·13 0·9
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income was highly significant (P < 0·001) across all income
levels compared with the reference group of those earning
<$20 000 per year. This association followed a gradient,
with the odds of food insecurity increasing as income
decreased. Those in the highest income group (>$80 000)
had one-fifth the odds of food insecurity (OR 0·2) com-
pared with those in the lowest income group, and these
odds increased in a stepwise fashion as income decreased
from highest to lowest. The association with smoking and
self-rated health also showed a gradient. As smoking
increased from ‘never smoked’ to ‘smoking daily’ and as
self-rated health changed from ‘excellent’ to ‘very poor’,
so did the odds of food insecurity. Those with a very poor
self-rated health had almost four times the odds of food
insecurity compared with those who rated their health as
excellent (OR 3·63), and those who smoked daily hadmore
than three times the odds of food insecurity compared with
those who had never smoked (OR 3·23). Drinking weekly
or more was associated with lower risk of food insecurity
compared with not drinking (OR 0·82). The association
of food insecurity with number of people in the household
went in two directions: compared with single-member
households, those in households of two or three members
had lower odds of food insecurity (OR 0·84 and 0·8, respec-
tively), whereas those in households of ≥7 members had
much higher odds of food insecurity (OR 1·79). Marital sta-
tus remained significantly associatedwith food insecurity in
the multivariate model: people who were divorced or
separated had about twice the odds of food insecurity
(OR 2 and 2·16, respectively) compared with married peo-
ple. People who never married were at an increased risk of
food insecurity compared with married people (OR 1·25),
but less so compared with people who were divorced or
separated. Women were also at an increased risk of food
insecurity compared with men (OR 1·24).

Plotted against age, food insecurity appeared to increase
from the age of 16 up to 19 years and then to decrease from

the age of 20 onwards (Fig. 2). In the multivariate model,
two different age variables were included: age <20 and
age ≥20 years. Both appeared significantly associated with
food insecurity. For every year increase in age from the age
of 16–19, the odds of food insecurity increased by a factor
of 2·02 (P < 0·001), whereas for every year increase after
the age of 19, the odds of food insecurity decreased by a
factor of 0·95 (P < 0·001).

Multivariate analyses of the associations over time found
no significant interaction between the covariates and time
period except in the case of remoteness, household income
and self-rated health as shown in Fig. 3(a–c). There was
strong evidence that the effect of income (P < 0·001) was
modified by time (Fig. 3(a)). The odds of food insecurity
decreased as income increased, and this association was
consistent across the three time periods; however, the gra-
dient in the association was attenuated in recent years
whereby the difference in the odds of food insecurity
between those who earned <$20 000 per year and those
who earned $20 000–40 000 was no longer evident.
There was some evidence that the effect of self-rated health
was also modified by time, although statistical significance
was borderline (P = 0·05) (Fig. 3(b)). While there was a
clear ‘dose–response’ relationship with the odds of food
insecurity increasing as self-rated health deteriorated in
early years, in later years the odds of food insecurity in
those with good and excellent health appeared to be sim-
ilar. However, the elevated odds of food insecurity of those
with very poor self-rated health relative to thosewith excel-
lent health remained similar to previous years. There was
strong evidence that the effect of remoteness (P= 0·003)
varied by time period (Fig. 3(c)), after adjusting for other
covariates. While the odds of food insecurity in remote/
regional areas were lower compared with major cities in
2006–2009, this association was reversed in 2010–2014
whereby those who lived in remote/regional areas were
more at risk of food insecurity compared with those living
in major cities. The interaction of all other covariates with
time was non-significant after adjustment.

Discussion

This analysis of NSW PHS is the first to show prevalence
rates of food insecurity over 12 years and how they are
associated with sociodemographic factors. The average
prevalence of food insecurity between 2003 and 2014
was 6 % and increased by 41 % between 2009 and 2012,
but overall rates fluctuated (Fig. 1). A slight upwards trend
was observed showing that the odds of food insecurity
increased by a factor of 1·05 from one survey year to the
next (P< 0·001). Food insecurity prevalence was higher
at younger ages, with young adults aged 16–19 years being
particularly at risk. In addition, food insecurity was inde-
pendently associated with sex, marital status, household
size, education, employment status, household income,

Fig. 2 Food insecurity by age in years with 95% CI
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smoking status, alcohol intake and self-rated health, with
most of these associations appearing to be highly signifi-
cant (P< 0·001).

Increased food insecurity among young adults has been
demonstrated in other Australian studies(36), some of which
have focused on particular at-risk groups such as university
students(37) and youth accessing homelessness support
services(38). Nutritional vulnerability in young adulthood,
a period characterised by transition, has been linked to a
range of factors including lack of time, facilities, knowledge
and motivation to plan, shop, prepare and cook healthy
food(39).

The association with income was the strongest among
all covariates: households with an income <$20 000 per
year had five times the odds of food insecurity compared
with those with an income >$80 000 per year. This associ-
ation followed a gradient with decreasing odds of food
insecurity as income increased along the income scale.
This gradient was retained in the multivariate model with
only minor reductions in the adjusted OR, thus confirming
existing evidence on the role of income as amajor predictor
of food insecurity(40–42). This suggests that the use of a tool
to measure financial access to food is imperative.

Our results also support previous evidence on the
role of smoking as an independent risk factor for food
insecurity(43). There was strong evidence of an association
between smoking status and food insecurity in the univari-
ate model. Daily smokers had almost five times the odds of
food insecurity compared with those who never smoked
(OR 0·21, 95 % CI 0·18, 0·24, P < 0·001). After adjusting
for all other factors, daily smokers appeared to have 3·2
times the odds of food insecurity compared with people
who never smoked. A graded decrease in the odds of food
insecurity was noted as smoking levels decreased. The
presence of a dose–response relationship points to a poten-
tial direction of effect going from smoking to food insecu-
rity; however, it is not possible to draw reliable conclusions
in the absence of longitudinal data. Other studies have
found that the association between smoking and food inse-
curity is potentially bidirectional, with smoking leading to
food insecurity on one hand, but food distress also leading
to smoking on the other hand(44,45).

Possible mechanisms of the effect of smoking on food
security status have been suggested previously(43). One
such mechanism is the economic burden of smoking,
which is much greater for low-income households. In these
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households, the cost of cigarettes can represent a signifi-
cant proportion of their disposable income and can nega-
tively influence spending on healthy food(43). It is likely that
the cost of cigarettes imposes financial restrictions on peo-
ple’s ability to purchase food, but more in-depth data
would be needed to verify this hypothesis. Another pos-
sible explanation is based on behavioural differences in
terms of dietary habits and attitudes towards healthy eating
between smokers and non-smokers(43). Given that our
study solely assesses financial access to food and does
not account for the quality of foods consumed or specific
dietary patterns associated with food insecurity, it is not
possible to ascertain if the association between smoking
and food insecurity is due to such behavioural factors.

The association of alcohol intake with food insecurity
went the opposite direction compared with that of smok-
ing. Those who drank weekly appeared to be at a lower
risk of food insecurity relative to those who did not drink.
This is consistent with the literature which suggests that
alcohol use alone is associated with higher socioeconomic
status, whereas risky alcohol consumption is linked to
lower socioeconomic status(46,47). It is likely that in our data
set, drinking weekly or more was correlated with higher
income, explaining the reduced odds of food insecurity
in this group. Given the absence of data on excessive alco-
hol consumption, it was not possible to assess the relation-
ship of risky alcohol use with food insecurity.

Food insecurity was strongly associated with very poor
self-rated health (OR 3·63, P < 0·001). The relationship
between self-rated health and food insecurity is complex
and potentially bidirectional(48). Food insecurity is a con-
tributor to poor health outcomes such as obesity and
chronic disease, but according to studies on cancer and
HIV-affected populations, disease may also contribute to
higher rates of food insecurity, only partially explained
by other sociodemographic correlates(49,50). Given the
cross-sectional nature of our study, it was not possible to
ascertain the direction of effect in this association.

Women were at more risk of food insecurity compared
withmen (OR 1·24). This is consistent with previous studies
in Canada, USA and New Zealand(51–53). Several explana-
tions have been given for this difference. One explanation
is based on the different gender roles, with women being
more often charged with the responsibility of feeding the
family(54). According to a previous study, women are more
likely to sacrifice their food to feed other members of
the family and, therefore, more likely to report food
insecurity(55). They are also more likely to be sole parents,
and sole parenthood has been shown to be associated with
food insecurity(52,53).

In the adjustedmodel, there was no evidence of an asso-
ciation between food insecurity and country of birth,
remoteness (i.e. regional/remote areas v. major cities) or
socioeconomic disadvantage. This is inconsistent with pre-
vious population surveys in NSW and South Australia that
found an association with remoteness and socioeconomic

disadvantage(56,57). It is possible that in our study, disad-
vantage is mainly driven by household income and educa-
tional level, both of which were significant in the
multivariate model. Given that our study examines food
insecurity over 12 years, there is less risk of random sam-
pling bias in our study compared with studies using data
from 2 or 3 years.

The associations between our covariates and food inse-
curity appeared to be fairly consistent over the study
period. Time did not have a significant effect on these asso-
ciations except a minor effect on income and self-rated
health, where the gradient in the associationwith food inse-
curity was less evident in some years. The most important
interaction with time was in the case of remoteness where
the odds of food insecurity changed from being lower in
remote areas compared with major cities in the first time
period, to being slightly higher over the following years.

A strength of this study is the use of large population
samples and multiple measurement points over a long
period of time. However, there are some limitations. The
data are cross-sectional, which precludes inferences about
the direction of effect and causality between the socio-
demographic variables and food insecurity. For some of
the covariates in our models, there was missing data, which
impacted the sample size for analyses, potentially affecting
our estimates. However, we conducted a sensitivity analy-
sis comparing univariate models with complete observa-
tions (n 80 433) against models using all observations,
including those with missing data (n 150 767), to assess
the risk of bias (online Supplementary Table 1). This
showed only very small differences in the OR.Where larger
differences were observed (change in OR >10 %), this did
not appear to change the overall results in terms of which
variables were found to be associated with food insecurity
or the presence of a gradient effect. It should also be noted
that given all variables from the univariate analysis were
included in the multivariate model, potential bias from
missing data in the univariate model would have limited
impact on the results. From 2002 to 2012, NSW PHS had
response rates ranging from 59·4 to 68·8 %, defined as
the number of completed interviews over the sum of com-
pleted interviews, partial interviews and refusals(58).
Although high rates of non-response could be a source
of bias, the sample was weighted to adjust for differences
in the probabilities of selection among respondents, and
post-stratified to the Australian Bureau of Statistics’ latest
mid-year population estimates to reduce the effect of differ-
ing non-response rates by gender and age group on the
survey estimates(58).

The biggest limitation of this study is the use of a single-
item measurement tool that likely underestimates the
prevalence of food insecurity(29). The gold standard for
measuring food insecurity across high-income countries
is the US Department of Agriculture Food Security
Survey Module (USDA-FSSM), an eighteen-item tool that
could reliably assess food insecurity(19,59). Different studies
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have compared USDA-FSSM against the single-item tool
used in Australian surveys and have found significant
differences in the estimates of food insecurity. In a survey
of 2334 Australian participants using the short form of the
multi-item US Household Food Security Survey Module
(HFSSM), Butcher et al.(30) found that 36 % of the study
population experienced some form of food insecurity,
and the prevalence of ‘low’ and ‘very low’ food security
was 20 and 16 %, respectively. These estimates are signifi-
cantly higher than national Australian estimates of 4–6 %.
Another study comparing the single-item tool to a sixteen-
item food security scale found that the single-item tool
underestimated food insecurity by 6 %(27).

The limitations in our measurement tool did not affect
the observed trend, that is, increase or decrease in the
prevalence of food insecurity over time. Any measurement
error in the prevalence of food insecurity would be consis-
tent across the study period. Rates of food insecurity
prevalence appeared to fluctuate over the study period,
and findings showed a minimal consistent increase
between 2003 and 2014. It was not likely that national or
regional economic conditions had a bearing on the results.
Overall, the Australian annual GDP growth has ranged
between 1 and 4 % since 2000(60). This is in line with similar
developed nations. As the NSW economy is service-
and knowledge-focused, there has not been substantial
changes to the social or economic policies since 2000,
and overall government spending did not change over this
time period(60). Furthermore, the NSW economy experi-
enced almost two decades of uninterrupted economic
growth despite the global financial crisis(60). This suggests
that the observed rates of food insecurity could potentially
increase substantially under weaker economic conditions.

Food insecurity is a growing public health concern in
many developed countries and Australia. Understanding
its impact on different sociodemographic groups is impor-
tant to design appropriate interventions. The findings of the
present study provide support for interventions targeting
high-risk groups such as low-income, young and unem-
ployed people. Income remains the strongest predictor
of food insecurity among all sociodemographic covariates;
however, the prevalence of food insecurity within low-
income groups varies, suggesting that factors other than
income also play a role(15). An American study has found
that financial and food management skills – for example,
ability to make a budget – reduced the likelihood of food
insecurity, and this association persisted in a subgroup
analysis of households with very low incomes(61).
Interventions targeting low-income groups should include
income supplementation policies and changes to the
Australian welfare system(62), but they should also address
the additional barriers that prevent certain low-income
groups from being more food-secure.

It is important to note that data on food security are no
longer being collected in NSW PHS. The lack of food
insecurity data post-2011 nationally and post-2014 in

NSW precludes an accurate appraisal of the magnitude
and current impact of food insecurity. Further, the single-
item tool used in national population surveys and
NSW PHS does not account for important aspects of food
insecurity, such as the nutritious value of foods consumed,
the frequency and severity of food insecurity. Abbreviated
versions of more sensitive tools capturing multiple dimen-
sions of food insecurity could be considered to maintain
the advantages of large-scale population studies in terms
of generalisability while improving the internal validity of
these studies.

Given that the prevalence of food insecurity seems to be
rising over time and taking into account the negative health
consequences of food insecurity, we strongly recommend
that the rates of food insecurity continue to bemonitored in
NSW and nationally using valid comprehensive tools.
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