PLOS GLOBAL PUBLIC HEALTH

Check for
updates

G OPEN ACCESS

Citation: Nguyen B, Smith J, Clare P, Phongsavan
P, Cranney L, Ding D (2023) Sixteen-year trends in
multiple lifestyle risk behaviours by socioeconomic
status from 2004 to 2019 in New South Wales,

Australia. PLOS Glob Public Health 3(2): €0001606.

https://doi.org/10.1371/journal.pgph.0001606

Editor: Biplab Datta, Augusta University, UNITED
STATES

Received: September 19, 2022
Accepted: January 24, 2023
Published: February 15, 2023

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pgph.0001606

Copyright: © 2023 Nguyen et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All data reported in
this study have been included in the manuscript or
as supplementary information.

RESEARCH ARTICLE

Sixteen-year trends in multiple lifestyle risk
behaviours by socioeconomic status from
2004 to 2019 in New South Wales, Australia

Binh Nguyeng 2*, Janette Smith'-3, Philip Clare'->*, Philayrath Phongsavan'?,
Leonie Cranney®"?*, Ding Ding'-2

1 Prevention Research Collaboration, Sydney School of Public Health, Faculty of Medicine and Health, The
University of Sydney, Camperdown, NSW, Australia, 2 Charles Perkins Centre, Charles Perkins Centre, The
University of Sydney, Camperdown, NSW, Australia, 3 NSW Biostatistics Training Program, NSW Ministry of
Health, St Leonards, NSW, Australia, 4 National Drug and Alcohol Research Centre, UNSW Sydney,
Sydney, NSW, Australia

a Current address: School of Public Health, Faculty of Health, University of Technology Sydney, Sydney,
NSW, Australia
* thanh-binh.nguyen-duy @ sydney.edu.au

Abstract

Few studies have examined trends in inequalities related to lifestyle risk behaviours. This
study examined 1) 16-year (2004-2019) trends of individual lifestyle risk factors and a com-
bined lifestyle risk index and 2) trends in socioeconomic inequalities in these risk factors, in
New South Wales (NSW; Australia) adults. Data was sourced from the NSW Adult Popula-
tion Health Survey, an annual telephone survey of NSW residents aged >16 years, totalling
191,905 completed surveys. Excessive alcohol consumption, current smoking, insufficient
physical activity, insufficient fruit and/or vegetable consumption, sugar-sweetened beverage
[SSB] consumption, and a combined lifestyle risk index (overall high-risk lifestyle defined as
total number of lifestyle risk behaviours >2) were examined. Socioeconomic status was
assessed using education attainment, postal area-level disadvantage measured by Index of
Relative Socioeconomic Disadvantage (IRSD), and remoteness based on Accessibility-
Remoteness Index of Australia Plus (ARIA+). Socioeconomic inequalities were examined
as prevalence difference for absolute inequalities and prevalence ratio for relative inequali-
ties. The prevalence of lifestyle behaviours by levels of each socioeconomic status variable
were estimated using predicted probabilities from logistic regression models. After adjusting
for covariates, there was a decrease in prevalence over time for most lifestyle risk behav-
iours. Between 2004 and 2019, the prevalence decreased for current smoking from 21.8%
to 17.1%, insufficient physical activity from 39.1% to 30.9%, excessive alcohol consumption
from 15.4% to 13.7%, daily SSB consumption from 29.9% to 21.2%, and overall high-risk
lifestyle from 50.4% to 43.7%. Socioeconomic inequalities, based on one or more of the
socioeconomic variables, increased over time for current smoking, insufficient physical
activity, daily SSB consumption, and an overall high-risk lifestyle. Overall, the health behav-
iours of the NSW population improved between 2004 and 2019. However, some socioeco-
nomic inequalities increased during this time, highlighting the need for effective public health
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strategies that seek to improve health behaviours among the most socioeconomically
disadvantaged.

Introduction

Non-communicable diseases are the leading causes of death worldwide, accounting for 71% of
deaths globally [1]. A substantial proportion of disease burden is attributed to modifiable risk
factors such as alcohol consumption, tobacco use, an unhealthy diet and physical inactivity,
which individually and jointly affect health and longevity [2-9]. Reducing lifestyle risk is criti-
cal to preventing premature morbidity and mortality as well as lowering healthcare costs [1].

Understanding how lifestyle risk behaviours, individually and jointly, change over time in
the population can help track long-term health trends, identify problem areas, benchmark
progress, and evaluate historic and existing initiatives, in order to inform decision making
[10, 11]. In addition, monitoring trends in lifestyle risk factors across the social gradient could
track inequalities, identify groups in need and inform equitable resource allocation. In fact,
widening inequalities could be an unintended consequence of public health interventions as
those who need interventions the most tend to have the least opportunities, resources and
capacity to benefit from interventions, as hypothesised by the ‘inverse care law’ [12, 13].
Empirical evidence from several Western countries suggests that despite overall improvement
at a population level, inequalities are increasing for various lifestyle behaviours [10, 11, 14-16].
Social inequalities are also widening for health outcomes including premature mortality and
self-reported health [17], and countries worldwide have considered reducing social disparities
a priority [18, 19].

There has been limited recent evidence on how lifestyle behaviours have collectively
changed over time in various countries in the general population and in different socioeco-
nomic subgroups. Two previous studies from Australia [10, 14] and three studies from Euro-
pean countries [11, 15, 16] have examined trends in multiple lifestyle behaviours more than a
decade ago. A previous Australian study examining trends in the New South Wales (NSW)
adult population found a widening socioeconomic gap in health risk behaviours for the period
2002 to 2012, despite the apparent overall improvement in some lifestyle risk factors [10].
Since 2012, there has been a number of public health policies, strategies and successive preven-
tive programs implemented in NSW to address modifiable risk factors. It is vital to track
whether these population-wide efforts have had an impact on lifestyle behaviours, measurable
at a population level. Using population representative data from NSW, Australia, this study
aims to: 1) examine the long-term trends of individual lifestyle risk factors (excessive alcohol
consumption, current smoking, insufficient physical activity, insufficient fruit and/or vegeta-
ble consumption, sugar-sweetened beverage [SSB] consumption) and combined lifestyle risk
index from 2004 to 2019, and 2) investigate whether trends in these risk factors vary by socio-
economic inequality, based on education attainment, area-level disadvantage and remoteness.

Methods

Ethics statement

The NSW Population Health survey was approved by the NSW Population and Health Ser-
vices Research Ethics Committee. Participants provided informed verbal consent.
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Data source and survey population

The NSW Population Health Survey is an annual survey of NSW residents, conducted using a
computer-assisted telephone interview system by trained interviewers [20, 21]. The survey
includes questions regarding the health behaviours, health status and outcomes of NSW adults
aged 16 years and over. Households from each health administrative area are contacted using
list-assisted random digit dialling and one eligible resident from the selected household is ran-
domly selected and invited to participate in the survey. A landline sampling frame was used
prior to 2012, with mobile phone numbers added to landline phone numbers in an overlap-
ping dual-frame design from 2012 onwards [20]. The addition of mobile phone numbers did
not have a negative impact on response rates and data collection, and the demographic profile
of respondents from the two frames combined was similar to the NSW population profile [20].

Measures

Socioeconomic status. Socioeconomic status was assessed using three measures, including both
an individual-level indicator (education attainment) and two area-level indicators (socioeco-
nomic disadvantage and geographic remoteness), designed to capture different aspects of
socioeconomic status. Education attainment was the highest education level completed and
categorised as: school certificate (10 years) or lower, high school/trade/diploma (12 years), and
university degree or higher. Area-level disadvantage was coded from respondents’ postcodes
using the Socio-Economic Indexes for Areas (SEIFA) Index of Relative Socioeconomic Disad-
vantage (IRSD), a commonly used indicator of socioeconomic status in Australia [22]. This
composite measure includes area-based population attributes such as high unemployment,
low income, low education attainment, and jobs in relatively unskilled occupations. The level
of disadvantage was categorised as quintiles, based on state-level distribution and the 2016
SEIFA IRSD data [23] (assigned from postcode) with quintile 1 being the least disadvantaged
and quintile 5 the most disadvantaged; the middle three quintiles were grouped together for
our analysis. Geographical remoteness, which has been linked with social disadvantages [24],
was measured using the postcode-level Accessibility-Remoteness Index of Australia Plus
(ARIA+) [25], which reflect the ease or difficulty with which one can access a range of services,
with values ranging from 0 (high accessibility) to 15 (high remoteness). The index was catego-
rised as major city vs. regional/remote.

Lifestyle risk behaviours. Five lifestyle risk behaviours were examined: alcohol consumption,
current smoking, insufficient physical activity, insufficient fruit and/or vegetable consump-
tion, and SSB consumption. The NSW PHS survey questions about these risk behaviours are
presented in S1 File. The questions about physical activity were based on the Active Australia
Survey, which was found to have acceptable reliability and validity [26]. All variables were
dichotomised as ‘at risk’ and ‘not at risk’. Specifically, alcohol risk was defined as consuming
more than 10 drinks per week, based on the 2020 alcohol guidelines for the general population
[27]. Smoking risk was based on being a current tobacco smoker, or current user of e-ciga-
rettes, which included self-reported daily and occasional use. Physical activity risk (insufficient
physical activity) was defined as not meeting the minimal recommendation of 150 minutes of
moderate-to-vigorous intensity physical activity per week (with vigorous physical activity
weighted by two) [28]. Insufficient fruit and/or vegetable consumption was used as a marker
for dietary risk, defined as consuming less than two servings of fruit or less than three servings
of vegetables a day. Although the Australian Dietary Guidelines recommend five servings of
vegetables per day, previous research based on NSW data has examined consumption trends
using three serves per day due to the low percentage of the population meeting this recommen-
dation [29]. At-risk SSB consumption was defined as consuming one SSB per day or more.
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Finally, a dichotomous lifestyle risk index was developed based on the total number of indi-
vidual risk behaviours for smoking, alcohol, physical activity and fruit and vegetable intake. A
high lifestyle risk was defined as engaging in two or more lifestyle risk behaviours, as used in
previous studies [10, 29]. Daily SSB consumption was included in the lifestyle risk index in
supplementary analyses only, as the question relating to this variable was not asked in 2004,
2005, 2011, and 2013.

Covariates

To account for demographic changes in the NSW adult population over time, we adjusted for
the following variables when modelling the relationship between time and lifestyle risk indica-
tors: age, sex, country of birth (categorised into three groups based on the very high/high/
medium levels of human development index of the country [30]), whether they spoke a lan-
guage other than English at home, and employment status. These covariates were selected
because the prevalence of multiple risk factors has been shown to vary based on different
sociodemographic characteristics such as sex, age groups, employment status, immigration
status and cultural and linguistic backgrounds. Country of birth and whether a language other
than English is spoken at home are routinely used by governments in Australia as indicators
for cultural and linguistic diversity.

Statistical analysis

We used 16 years of data from 2004 to 2019. For descriptive analyses, we present unweighted
sample characteristics. For the remaining analysis, we estimated prevalence of individual risk
behaviours and the summary lifestyle risk indicator for each year, using the marginal predicted
probabilities from a logistic regression model of each risk behaviour. Each year’s data was
weighted using post-stratification weights calculated by the NSW Ministry of Health (see
https://www.health.nsw.gov.au/surveys/adult/Pages/default.aspx) to be population representa-
tive and to ensure standard error estimates account for the complex sample design. We then
estimated prevalence of individual risk behaviours and the summary lifestyle risk indicator by
levels of education attainment, area-level disadvantage, and remoteness using the same
method, but including a time by socioeconomic status interaction term to allow prevalence to
vary by levels of each socioeconomic status variable and time. In addition, we present socio-
economic inequalities based on the estimated prevalence, as absolute inequality (prevalence
difference) and relative inequality (prevalence ratio), both meaningful measures to monitor
inequalities [31, 32]. For all analyses, we a-priori set the o at 0.05, and we present 95% confi-
dence limits.

Supplementary analyses included daily SSB consumption as an additional lifestyle risk
behaviour examined as part of the summary lifestyle risk indicator. In addition, the prevalence
of being a current tobacco smoker and the prevalence of being a current user of e-cigarettes
were estimated separately for each year. Any missing data, such as those resulting from the
split survey design trialled in 2007 where respondents were randomly allocated a different set
of questions to enhance completion rates, as well as questions where the respondent declined
to answer, were handled using multiple imputation with the mice package in R [33]. To reduce
potential bias, all analyses were conducted using multiple imputation using fully conditional
specification, with M = 40 imputations [34], with imputations that accounted for complex sur-
vey design (sampling weights and strata) [35]. Further details on the multiple imputation
methods used can be found in S2 File and S1 Table. All analyses were conducted in Stata 16.1
[36] and R 4.03 [37].
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Results
Sample characteristics

From 2004 to 2019, 191,905 surveys were completed with the number of survey respondents
varying between 7,962 and 13,521 per year (Table 1). Across survey years, the mean age of the
sample ranged from 52 (SD: 18) to 61 (SD: 18) years, and the proportion of males varied
between 37.0% and 43.8% in the unweighted descriptive analysis. Overall, there was an
increase in respondents’ educational level with the proportion of participants with a school
certificate decreasing from 31.1% in 2004 to 24.3% in 2019, and the proportion of those with a
university degree increasing from 22.4% to 30.3% in the same period. Around 11-15% of the
sample was from postal areas with the least disadvantaged quintile and approximately 20-26%
fell within the most disadvantaged quintile. The majority of the sample (49-60%) resided in
major cities, around a third (29-34%) resided in inner regional areas, and more than a tenth
(11-17%) were from outer regional areas.

Trends in individual risk factors and combined lifestyle risk index

Except for insufficient fruit and vegetable consumption, the prevalence of all individual risk
factors showed a decreasing trend between 2004 and 2019 (Fig 1, S2 Table). After adjusting for
covariates, the following decreases in prevalence between 2004 and 2019 were substantial: cur-
rent smoking from 21.8% (95% confidence intervals [CI]: 20.7-22.9) to 17.1% (95% CI: 15.9-
18.4), insufficient physical activity from 39.1% (95% CI: 37.8-40.4) to 30.9% (95% CI: 29.5-
32.3), and daily SSB consumption from 29.9% (95% CI: 28.6-31.2) in 2006 (first year of data
for SSB) to 21.2% (95% CI: 19.9-22.5) in 2019. The prevalence for excessive alcohol consump-
tion slightly decreased from 15.4% (95% CI: 14.5-16.4) in 2014 to 13.7% (95% CI: 12.7-14.7)
in 2019. The prevalence for insufficient fruit and vegetable consumption fluctuated between
2004 and 2019, and ranged from 70.1% (95% CI: 69.8-72.0) to 81.7% (95% CI: 80.6-82.9). The
prevalence of high overall lifestyle risk, based on having two or more individual lifestyle risk
factors, decreased from 50.4% (95% CI: 49.0-51.8) in 2004 to 43.7% (95% CI: 42.2-45.3) in
2019. Supplementary analyses showed that the decrease in prevalence of current smoking pri-
marily reflected a decrease in current tobacco smoking (S1 Fig).

Trends in socioeconomic inequalities in lifestyle risk factors

Individual lifestyle risk factors. The prevalence, prevalence differences and ratios (and
their 95% CI) by education attainment, area-level disadvantage and remoteness are shown in
Figs 2 to 4 and S3-S5 Tables.

For current smoking, the prevalence decreased for the two least disadvantaged education
subgroups over time. There was a suggestion of a decrease for the most disadvantaged sub-
group, although it was not significant. Throughout the study period, the prevalence remained
higher for the most disadvantaged subgroup compared to the least disadvantaged ones in
terms of education and area-level disadvantage. The difference was less substantial in terms of
remoteness. Between 2004 and 2019, there was no substantial inequality in smoking prevalence
by remoteness, a relatively stable inequality by education, but a slight trend for increasing
absolute and relative inequalities by area-level disadvantage (for the middle disadvantage sub-
group, a prevalence difference of 4.3 percentage points [95% CI: 1.3-7.4] in 2004 to 8.0 per-
centage points [95% CI: 5.5-10.5] in 2019, and a prevalence ratio of 1.2 [95% CI: 1.0-1.4] in
2004 to 1.9 [95% CI: 1.4-2.3] in 2019; for the most disadvantaged subgroup, a prevalence dif-
ference of 7.5 percentage points [95% CI: 3.9-11.2] in 2004 to 16.8 percentage points [95% CI:
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Table 1. Sociodemographic and lifestyle characteristics for adults (aged 16 years and over) from the NSW Adult Population Health Survey, 2004-2019.

Variable Categories Years
2004 | 2005 | 2006 | 2007* | 2008 |2009 |2010 |2011 |2012 |2013 |2014 |2015 | 2016 |2017 | 2018 | 2019
Age (mean 52 |53 53 |54 55 55 56 57 54 54 56 55 59 59 60 61
years; SD) (18) [(18) |@8) |(18) |(18) | (18) |(17) (A7) |(18) | (18) |(18) | (19) |(18) |(18) |(18) | (18)
Males (%) 41.0 |[40.0 [40.7 |38.8 400 [382 377 |370 411 |41.6 415 |434 413 |435 430 |43.8
Educational School 311 301 280 (368 [36.8 (358 [350 (351 [30.0 (270 |285 |[283 |30 (270 |259 |243
attainment (%) | certificate
High school/ | 44.9 |447 |456 (362 |378 372 |376 (371 |394 405 |380 381 |374 415 |41.8 | 440
trade/diploma
Universityor | 224 |23.6 [246 (254 241 |[257 |263 (267 |[294 312 [321 |[319 |315 [300 [31.0 | 303
higher
Index of Quintile 1 115 | 144 |141 |144 [148 |146 |[145 |140 |[134 |151 [139 |134 |128 |133 |[137 |14.2
relative socio- | (least
economic disadvantaged)
?Ii;"S‘g;l(l(;a)ge Quintile 2 151 |161 |172 |17.1 166 |168 168 |179 |174 |177 |179 |173 |168 |172 |168 |17.5
’ Quintile 3 187 |195 [189 [198 (201 |203 [19a1 |185 |[187 |193 |19 |184 [194 [195 [199 |19.0
Quintile 4 288 286 |27.1 (272 |284 [280 [289 |255 |274 (273 |255 (274 |267 [262 |263 |27.3
Quintile 5 258 |21.4 |21.3 |21.4 [2001 |203 |206 239 |[226 (207 |235 |231 240 [238 (232 |220
(most
disadvantaged)
Accessibility- | Major cities 485 |52.8 |542 |560 559 |555 551 |547 562 |59.8 568 |547 |553 |553 550 |54.5
?e;n"te?ess Inner regional |32.1 [34.0 |31.5 [31.9 |326 |326 329 (297 |285 |276 |294 297 (297 [298 |29.8 |305
ndex o K
Australia Plus | Quter regional | 165 121|116 112 106 [108 |110 146 136 |113 131 |145 139 141 |144 |143
(ARIA+) (%) | Remote/Very |[2.8 | 1.1 12 |09 0.9 1.0 0.9 0.9 1.1 1.3 0.7 0.7 0.8 0.8 0.7 0.7
remote
Excessive No 835 848 836 (480 |69.1 [834 [848 [848 |82 (8.8 [8.1 (857 |81 (842 |841 |[835
alcohol — — iy 160 |146 159 |82 |133 161 |146 |147 |[133 |124 132 |134 134 |[149 |148 |150
consumption
(%)
Insufficient No 587 |57.1 |57.3 [234 |46.8 |[56.7 |54.8 |559 |42 547 |566 568 |54.8 533 |540 512
Ph}_’s%cacl Yes 413 [421 |378 |154 [31.0 |[365 |37.6 [392 |148 [385 [362 369 (389 [363 |358 |351
activity® (%)
Insufficient No 241 289 309 [17.8 [270 (336 [323 (293 [28.1 (277 |27.8 [240 |251 (225 |20.7 |20.0
fruit and/or Yes 753 | 705 |68.0 |378 |[550 |64.6 |655 |69.1 |[69.7 |70.1 |69.7 |749 743 |757 |77.8 |77.7
vegetable
consumptiond
(%)
Current No 793 |81.6 833 [474 |71.4 [848 [853 (859 |848 (858 [86.0 (8.6 |87.5 [87.6 |81 |876
smoking® (%) | yeg 206 | 183 166 |96 137 |150 146 139 |[150 |140 |138 [13.0 124 |[120 |11.6 |11.9
Daily sugar- | No N/A |N/A |740 423 |61.8 |555 |562 |N/A |787 |N/A |805 |804 8.6 |81.7 (833 |83.3
sweetened Yes N/A |N/A [248 |134 |191 |190 162 |N/A |207 |N/A [190 |181 |167 |175 |160 |154
beverage
consumptionf
(%)
High total No 495 |52.1 [522 |33 238 |528 [520 |57 (6.3 51.1 |51.8 513 |50.8 |47.6 |469 442
lifestyle risk® |y 493 1459 415 (23 177 385 385 418 119 399 387 409 419 |399 |409 395
Completeness 973 1963 |90.1 |55 399 |675 650 |925 [17.8 |90 [892 |89.8 912 |81 866 |823
(%)
(Continued)
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Table 1. (Continued)

Total 9,786 | 11,500 | 7,962 | 13,178 | 10,296 | 10,719 | 10,245 | 13,041 | 13,269 | 13,027 | 12,687 | 13,393 | 13,521 | 13,300 | 13,177 | 12,804
respondents

()

Abbreviations: SD, standard deviation.

* For 2007, a survey split questionnaire design was used.

® Defined as more than 10 drinks per week.

¢ Defined as less than 150 minutes of moderate-vigorous physical activity per week.

4 Defined as less than 2 servings of fruit per week and/or less than 3 servings of vegetables per week.

¢ Based on being a current tobacco smoker and/or current e-cigarette user.

Based on consuming one sugar-sweetened beverage per day or more.

& Defined as engaging in two or more lifestyle risk behaviours, based on the following four individual risk behaviours: excessive alcohol consumption, insufficient
physical activity, insufficient fruit and/or vegetable consumption, and current smoking.

https://doi.org/10.1371/journal.pgph.0001606.t001

12.7-20.8] in 2019, and a prevalence ratio of 1.4 [95% CI: 1.2-1.7] in 2004 to 2.8 [95% CI: 2.1-
3.5]in 2019).

For excessive alcohol consumption, the decrease in prevalence over time was not different
between socioeconomic groups based on education. Counterintuitively, for area-level disad-
vantage, there was a tendency for the least disadvantaged subgroup to have a higher prevalence
of excessive alcohol consumption than the two most disadvantaged subgroups and this differ-
ence remained steady over time (relative to the least disadvantaged subgroup, the prevalence
difference for the middle disadvantaged subgroup was -3.4 percentage points [95% CI: -6.2 to

Current smoking Excessive alcohol consumption

Prevalence (%)
Prevalence (%)

— T T T T T T T T T T T T T T T — T T T T T T T T T T T T T T T
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Insufficient physical activity Insufficient fruit and/or vegetable consumption

Prevalence (%)
Prevalence (%)
8

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Daily sugar-sweetened beverage consumption* High overall lifestyle risk**

Prevalence (%)

— T T T T T T T T T T T T T — T T T T T T T T T T T T T T
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig 1. Prevalence of individual and combined lifestyle risk factors, with 95% confidence intervals, by year in NSW
adults aged 16 years and over, 2004-2019. The dotted horizontal line represents the mean prevalence over the years
2014-2019. *The survey question related to daily sugar-sweetened beverage consumption was not asked in 2004, 2005,
2011 and 2013. ** Based on excessive alcohol consumption, insufficient physical activity, insufficient fruit and/or
vegetable consumption and current smoking.

https://doi.org/10.1371/journal.pgph.0001606.9g001
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Fig 2. Prevalence, prevalence difference and prevalence ratio (relative to university), with 95% confidence
intervals, of individual lifestyle behaviours and combined lifestyle risk index for the most and least disadvantaged
groups for education, by year, NSW adults aged 16 years and over, 2004-2019. *The survey question related to daily
sugar-sweetened beverage consumption was not asked in 2004, 2005, 2011 and 2013. **Based on current smoking,
excessive alcohol consumption, insufficient physical activity, and insufficient fruit and/or vegetable consumption.

https://doi.org/10.1371/journal.pgph.0001606.9002

-0.6] in 2004 and -3.7 percentage points [95% CI: -6.4 to -1.0] in 2019, and the prevalence dif-
ference for the most disadvantaged subgroup was -4.7 percentage points [95% CI: -7.8 to -1.6]
in 2004 and -4.0 percentage points [95% CI: -7.4 to -0.7] in 2019). Between 2004 and 2019,
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Fig 3. Prevalence, prevalence difference and prevalence ratio (relative to the least disadvantaged group), with 95%
confidence intervals, of individual lifestyle behaviours and combined lifestyle risk index for the most and least
disadvantaged groups for area-level disadvantage (IRSD), by year, NSW adults aged 16 years and over, 2004
2019. *The survey question related to daily sugar-sweetened beverage consumption was not asked in 2004, 2005, 2011
and 2013. ** Based on excessive alcohol consumption, insufficient physical activity, insufficient fruit and/or vegetable
consumption and current smoking.

https://doi.org/10.1371/journal.pgph.0001606.9003
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Fig 4. Prevalence, prevalence difference and prevalence ratio (relative to major city), with 95% confidence

intervals, of individual lifestyle behaviours and combined lifestyle risk index for the most and least disadvantaged

groups for remoteness (ARIA+), by year, NSW adults aged 16 years and over, 2004-2019. *The survey question
related to daily sugar-sweetened beverage consumption was not asked in 2004, 2005, 2011 and 2013. ** Based on
excessive alcohol consumption, insufficient physical activity, insufficient fruit and/or vegetable consumption and

current smoking.

https://doi.org/10.1371/journal.pgph.0001606.9004

there was no clear increasing or decreasing trend over time in absolute and relative inequalities

in excessive alcohol consumption by education. There was a relatively stable inequality by
social disadvantage, and no substantial inequality by remoteness.
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For physical activity, despite the suggested decline in insufficient physical activity overall,
the prevalence of insufficient physical activity remained higher for the most disadvantaged
subgroup compared to the middle and the least disadvantaged subgroups, based on education
and area-level disadvantage, and to a lesser degree based on remoteness in more recent years.
There appeared to be an increasing trend in absolute and relative inequalities between socio-
economic groups based on education, area-level disadvantage and remoteness. For example,
the prevalence difference between the least and most disadvantaged education subgroups
increased from 9.8 percentage points (95% CI: 6.3-13.2) in 2004 to 16.4 percentage points
(95% CI: 12.2-20.5) in 2019, and that between those living in the least and most disadvantaged
areas increased from 8.1 percentage points (95% CI: 3.8-12.4) to 12.4 percentage points (95%
CI: 7.8-16.9). Similarly, the difference between those living in major cities and regional/remote
areas increased from 2.3 percentage points (95% CI: -0.1-4.7) to 4.0 percentage points (95%
CI: 0.9-7.1).

For insufficient fruit and vegetable consumption, the prevalence increased in all subgroups
based on education, area-level disadvantage and remoteness from 2009 onwards. Based on
education and area-level disadvantage, the prevalence was higher in the most disadvantaged
subgroup compared to the least disadvantaged subgroups, but there was no visible difference
by remoteness. There was no clear increasing or decreasing trend over time in absolute and
relative inequalities by all three socioeconomic indicators.

For daily SSB consumption, the prevalence decreased in the middle and the highest educa-
tion subgroups and remained similar over time for the lowest education subgroup. There were
both increasing trends over time in absolute and relative inequalities by education and area-
level disadvantage most notably from 2010 onwards, but to a lesser degree for remoteness. For
example, the prevalence difference increased between the highest and lowest education sub-
groups from 10.3 percentage points (95% CI: 6.4-14.2) in 2010 to 19.1 percentage points (95%
CI: 15.0-23.2) in 2019, while the prevalence ratio increased from 1.5 (95% CI: 1.3-1.7) to 2.5
(95% CI: 2.0-2.9). Similarly, the prevalence difference increased between the least and most
disadvantaged subgroups from 10.1 percentage points (95% CI: 5.4-14.8) in 2010 to 17.7 per-
centage points (95% CI: 13.4-21.9) in 2019, and the prevalence ratio increased from 1.5 (95%
CI: 1.2-1.7) in 2010 to 2.4 (95% CI: 1.9-2.9) in 2019.

Combined lifestyle risk index

For all three socioeconomic indicators, the prevalence of an overall high-risk lifestyle (having
two or more of the above risk factors) remained relatively stable in the most disadvantaged
subgroup over time, despite visible improvements in other subgroups. There appeared to be a
trend for worsening inequalities, indicated by both prevalence difference and prevalence
ratios, primarily by education and area-level deprivation, and by remoteness to a lesser degree.
The prevalence difference increased between the highest and lowest education subgroups from
11.7 percentage points (95% CI: 8.1-15.4) in 2004 to 22.0 percentage points (95% CI: 17.7-
26.3) in 2019, while the prevalence ratio increased from 1.3 (95% CI: 1.2-1.4) to 1.6 (95% CI:
1.5-1.8). Similarly, the prevalence difference between the least and most disadvantaged sub-
groups increased from 7.8 percentage points (95% CI: 3.2-12.3) in 2004 to 17.1 percentage
points (95% 12.1-22.1) in 2019, while the prevalence ratio increased from 1.2 (95% CI: 1.1-1.3)
to 1.5 (95% CI: 1.3-1.6).

In the supplementary analyses in which daily SSB consumption was added to the lifestyle
risk index (S2-S5 Tables), findings were similar overall to findings relating to the lifestyle risk
index based on four individual behaviours.
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Discussion

Regular monitoring of multiple lifestyle risk behaviours and social inequalities over time is
important for public health surveillance, policy planning and developing effective public health
interventions to prevent chronic disease, especially among socially disadvantaged groups. In
our study examining trends in multiple lifestyle risk behaviours from 2004 to 2019, we
observed increasing socioeconomic inequalities in nearly all risk factors we examined, namely
smoking, insufficient physical activity, daily SSB consumption, and the combined lifestyle risk
index.

Opverall, there were improvements between 2004 and 2019 in most health behaviours at the
population level in NSW, with encouraging trends in smoking, physical activity, alcohol and
SSB consumption. The prevalence of adults engaging in two or more lifestyle risk behaviours
also decreased over time. These trends reflected those at the national level. The gradual reduc-
tion in smoking prevalence, largely reflecting current tobacco smoking prevalence as the over-
all prevalence of current e-cigarettes use was very low (about 1-2%), is consistent with the
national trend which has seen tobacco smoking rates fall steadily over three decades [38, 39].
The prevalence of insufficient physical activity has also decreased, albeit slightly, in Australia
in the last two decades [40]. Alcohol consumption has declined significantly over the last few
decades in the Australian population overall [41], particularly in the younger adult population
and among relatively light drinkers in the past decade [42]. There has been a decline between
1997 and 2018 in per capita volume sales of SSBs in Australia, mostly due to a fall in volume
sales of sugar-sweetened carbonated soft drinks, suggesting a decline in the sugar contribution
of SSBs to the Australian diet [43]. In contrast, the prevalence for fruit and vegetable consump-
tion appears to have stayed the same in the last 15 years at the national level [44] which differed
from the fluctuating prevalence observed in this study.

Multiple factors may have contributed to the overall improvement in the healthy lifestyle
profile of the population. These include better general awareness and knowledge of the impor-
tance of healthy living in the population over time. In NSW, several effective program and pol-
icies have also been implemented in the last decade to support healthy lifestyles [45-48].
Effective public health initiatives have included state-wide healthy eating and active living sup-
port programs such as the NSW Get Healthy Information and Coaching Service [48-50], the
introduction of lockout legislation to curb alcohol-related violence in Sydney in 2014 which
drew significant state-wide media attention, the introduction of plain packaging (Tobacco
Plain Packaging Act and Regulations 2011) and health warnings on tobacco products in Aus-
tralia in 2012. These population-wide programs and policies may have contributed to the over-
all improvement in lifestyle behaviours of adults living in NSW [29].

The prevalence of sufficient fruit or vegetable consumption in NSW, however, remained
low during the study period. This may be due to many factors including the cost of fruit and
vegetables relative to household income [51, 52], food preferences and poor recognition of
inadequate fruit or vegetable consumption [53]. The prevalence of adults meeting recom-
mended daily vegetable consumption has been notably lower than that of adults meeting rec-
ommended daily fruit consumption in NSW in the last two decades [54]. A state-wide and
potentially national approach to promote fruit and vegetable consumption separately, and fur-
ther research on effective interventions that increase vegetable consumption, including in
more socially disadvantaged groups, may be needed [55].

A concerning finding from this study is that the most disadvantaged subgroups are less
likely to have improved compared to the most advantaged. Although the prevalence decreased
overall for most unhealthy lifestyle behaviours and the combined lifestyle risk index, it was still
much higher in the most disadvantaged groups, especially based on education and area-level
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disadvantage. State-wide programs such as free, telephone-based the Get Healthy Information
and Coaching Service have been set up to enhance access and availability for all segments of
the population, and this service has been shown to reach subgroups most in need including in
socially and geographically disadvantaged regions [56, 57]. Access and availability for this type
of service can, however, remain challenging for the most disadvantaged. Future policies and
strategies in NSW may help to further address this issue by providing greater emphasis on
equity focus and more substantial support (e.g. food price policy with price reductions for
healthy items, interventions on the social and built environment). In contrast to the findings
for other lifestyle behaviours, there was a tendency for the least disadvantaged subgroup based
on area-level disadvantage to have a higher prevalence of excessive alcohol consumption than
the most disadvantaged subgroups. This finding is broadly consistent with previous research
conducted in Australia [58]. Different trends have also been observed among the drinking
population [59], suggesting differences in abstention, and patterns of drinking, among those
who do consume alcohol.

Another finding of concern was that socioeconomic inequalities appear to be widening for
tobacco smoking, insufficient physical activity, daily SSB consumption, and the combined life-
style risk indicator, based on one or several socioeconomic status indicators. This finding,
which aligns with findings from several previous studies in Western countries [11, 15, 16],
extends those from a previous study that also reported a widening gap for the 2002-2012
period in the NSW population, particularly in relation to smoking, fruit and vegetable con-
sumption, and the combined lifestyle risk index [10]. The trade-off between population-level
improvements versus widening socioeconomic inequalities aligns with the “inverse care law”
first proposed by Julian Tudor Hart whereby those in most need of good health care are more
likely to receive the least [13]. Effective ways to achieve better equity and address the widening
gap in socioeconomic inequalities in health are needed to help people in lower socio-economic
groups to improve their health behaviours. Proportionate universalism is one emerging
approach that could be considered by government and policy makers [60, 61]. It relies on the
concept that public health actions should be universal but with a scale and intensity propor-
tionate to the level of disadvantage within the population. A framework for proportionate uni-
versalism has been proposed previously in the literature [62, 63], and trialled in various
settings [64, 65], with responsibilities described for different levels of governance and the
importance of creating partnerships [62].

Strengths and limitations

Some of the strengths of the study were the relatively long study period, inclusion of individual
and combined lifestyle risk factors, different individual- and area-level socioeconomic indica-
tors, and consideration of both absolute and relative socioeconomic inequalities. The applica-
tion of post-stratification weights helped to ensure population representativeness of the data.
One limitation of the study was reliance on self-reported data which may be subject to recall
and social desirability bias. Dietary risk could have been captured more comprehensively by
including additional dietary variables. The data for daily SSB consumption was not available
for all survey years.

Conclusions

During the 2004 to 2019 period, there have been encouraging population-level improvements
in most health behaviours including smoking, physical activity, alcohol and sugar sweetened
beverage consumption, and the overall combined lifestyle risk. Conversely, those in the lowest
socioeconomic groups were less likely to have improved compared to the most advantaged,
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and the gap in socioeconomic inequalities has increased over time for the combined lifestyle
risk index and several lifestyle behaviours, especially smoking, physical activity and daily SSB
consumption. There is a clear need for governments to engage in ongoing risk factor surveil-
lance and to implement or adapt strategies that seek to improve healthy lifestyle behaviours of
the most disadvantaged populations.
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