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Abstract
Objectives Identify Australian public preferences for antibiotic treatments in the context of antibiotic stewardship.
Methods A discrete choice experiment (DCE) was conducted in Australia to investigate the importance of seven attributes 
associated with antibiotic treatments and related stewardship practices: contribution to antimicrobial resistance (AMR), 
treatment duration, side effects, days needed to recover, days before taking antibiotics, treatment failure and out-of-pocket 
costs. The DCE data were analysed using conditional logit, mixed logit and latent class conditional logit models. The relative 
importance of each attribute was calculated.
Results A total of 1882 respondents completed the survey; the main study sample consist of 1658 respondents (mean age 
48 years) who passed quality checks. All seven attributes significantly influenced respondents’ preferences for antibiotic 
treatments. Based on the designed attribute levels in the DCE, on average, out-of-pocket costs (32.8%) and contribution 
to antibiotic resistance (30.3%) were the most important attributes, followed by side effects (12.9%). Days before starting 
medication was least important (3.9%). Three latent classes were identified. Class 1 (including respondents who were more 
likely to be older and more health literate; 24.5%) gave contribution to antibiotic resistance greater importance in treatment 
preferences. Class 2 (including respondents more likely to report poorer health; 25.2%) gave out-of-pocket costs greater 
importance. The remaining (50.4%), who were generally healthier, perceived side effects as the most important attribute.
Conclusions Despite concerted public awareness raising campaigns, our results suggest that several factors may influence 
the preferences of Australians when considering antibiotic use. However, for those more likely to be aware of the need to 
preserve antibiotics, out-of-pocket costs and limiting the contribution to antibiotic resistance are the dominant influence. 
Delays in starting treatment were not important for any latent class, suggesting public tolerance for this measure. These 
results could help inform strategies to promote prudent antibiotic stewardship.

Key Points for Decision Makers 

A large survey (n = 1658) with diverse and broadly rep-
resentative sample of Australian public exploring the fac-
tors that influence preferences for antibiotic treatments.

Three population subgroups identified, with out-of-
pocket costs and contribution to antibiotic resistance the 
dominant factors for first two.

Group three had far greater preference heterogeneity, 
within which contribution to AMR is not a key concern, 
such that stressing individual responsibility may have 
limited impacts on personal decision making.

There is a need for more nuanced approach and targeted 
interventions to enhance public awareness of AMR.

1 Introduction

Antimicrobial resistance (AMR) is a pressing global public 
health concern with serious health and financial consequences 
[1, 2]. Current estimates indicate that about 10 million people 
die each year from sepsis and other consequences of bacterial 
infections, which equates to more than 20% of deaths globally 
[3, 4]. AMR will significantly increase the burden of this mor-
tality and morbidity in coming decades unless effective action 
is taken [5, 6]. A major driver of the development of AMR is 
indiscriminate or inappropriate use of antibiotics. Avoiding 
antibiotic misuse requires decisions to be made about how 
best to use these therapeutic resources [7]. The rates of AMR 
in Australia are low compared with other countries but are 
steadily rising because of high rates of community antibiotic 
use [1, 8]. In Australia, antibiotics must be prescribed by a 
medical practitioner (most frequently in a community setting 
by a general practitioner or GP). The cost of antibiotics is 
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publicly subsidized on the Pharmaceutical Benefits Scheme 
with a means tested contribution from the patient.

Campaigns deploying social marketing techniques tar-
geting the Australian public began in the early 2000s to 
raise community awareness about AMR and to encourage 
people not to seek antibiotics when experiencing cold or 
flu symptoms [9]. Given the sustained high rates of anti-
biotic use in the Australian community, the impact of past 
public awareness raising efforts has been modest [10, 
11]. Recent analyses indicate that antibiotics continue to 
be overprescribed in Australia compared with guideline 
recommendations. For example, the 2021 AURA [12] 
report highlights that Therapeutic Guidelines: Antibiotic 
recommends acute bronchitis not be treated with antibi-
otics, yet 81% of adult patients received a prescription 
for this condition. Patient expectations and other social 
factors can influence prescribing behaviour, such that 
communities can have cultures of high or low antibiotic 
use [13, 14]. Further exploration of factors which are 
most important in influencing patient decision making 
and the preferences of the public regarding antibiotic 
treatments can inform strategies to promote prudent anti-
biotic stewardship.

A discrete choice experiment (DCE) is a quantitative 
methodology which has been widely utilised to study 
what factors influence people’s decisions [15]. The tech-
nique is an attribute-based measure of benefit, based on 
the assumption that services (such as antibiotic treat-
ments) can be described by a number of key attributes 
(characteristics), and that an individual’s valuation of the 
services depends upon the levels of these attributes [16]. 
Participants are given hypothetical scenarios comprising 
different levels of attributes and asked to choose between 
two or more alternatives. Individuals’ stated prefer-
ences reflect their perceived benefit, where the benefit 
is defined in terms of the economics concept of ‘'utility’ 
or value [17].

This study will advance knowledge in the field by assess-
ing and estimating the preferences of the Australian pub-
lic for antibiotic treatment characteristics, costs and risks 
entailed by measures to support antibiotic stewardship. It has 
three unique contributions to the literature: (i) we include 
and explore more individual characteristics not considered 
in previous studies to potentially explain the heterogeneity of 
stated preferences; (ii) we use comparable attributes and lev-
els in the choice experiments to a DCE conducted in Sweden 
[18], permitting comparisons between countries with low 
and high community antibiotic consumption [19]; and (iii) 
we use a sample size larger than previous studies [18, 20].

2  Methods

An online survey was developed and consisted of two key 
components—the choice experiments and respondents’ 
socio-demographic characteristics, including their experi-
ences and attitudes towards using antibiotics. The survey 
preamble informed respondents that the aim of the study 
was to understand what is most important to the public when 
it comes to antibiotic use in healthcare, and to develop a 
better appreciation of which antibiotic stewardship meas-
ures to control antibiotic use reflect what most people will 
accept as fair and good for public health. To introduce the 
choice tasks, they were then told the survey had ten ques-
tions (including a warm-up task) comprising two imaginary 
yet possible versions of how antibiotics could be used in 
Australia. For each question, they should indicate which 
scenario presented in the choice task they preferred. Ethical 
approval to conduct this study was obtained from the Uni-
versity of Wollongong Human Research Ethics Committee 
[2021/312].

2.1  DCE Design

This DCE included seven attributes developed in adherence 
with methodological standards [21]. Attributes were devel-
oped based on published estimates of AMR-related burdens 
in Australia [22, 23], a review of DCE studies on preferences 
for antibiotic prescribing and treatments with Australian and 
Danish GPs [24, 25], as well as DCE conducted on this topic 
with members of the public in other jurisdictions [18, 20]. 
In addition, we consulted with representatives from different 
implicated stakeholder groups in Australia. The attributes 
and corresponding levels were finalised drawing on input 
from these groups and the extensive expertise of the research 
team which includes infectious disease physicians, pharma-
cists, health service researchers and health social scientists. 
The final attribute measures included (1) contribution to 
AMR (DrugResist), (2) treatment duration (Duration), (3) 
side effects (SideEff), (4) days needed to recover (Recover), 
(5) days before taking antibiotics (Medication), (6) treat-
ment failure (Failure) and (7) out-of-pocket cost (Cost) (see 
Table 1).

We conducted an initial face-to-face piloting of the survey 
with nine lay people to ensure adequate comprehension and 
interpretation of the wording of questions, and to allow the 
interviewer to refine effective means of communicating the 
choice tasks. The wording of some attributes was subse-
quently revised before the soft and subsequently full launch 
of the survey. A D-efficient design was used to generate a 
total of 72 choice sets for presentation using the Ngene ver-
sion 1.1.1 DCE design software package (www. choice- metri 
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cs. com). These choice sets were divided into eight versions 
so that each respondent completed nine choice sets to reduce 
cognitive burden. One dominant choice task (i.e. one alter-
native that is clearly better or no worse than the other alter-
native in all attributes) was further included to help select 
the respondents who make a rational choice to be included 
in the main analyses.

2.2  Data Analysis

The data from the DCE were analysed within the frame-
work of random utility theory, which assumes that 
respondents choose the alternative that maximizes their 
utility [26]. The utility function could be written as U = V 
+ ε, where V is a vector of observed components (i.e. the 
attributes and levels presented to respondents) and ε is an 
unobservable error term. Assuming an additive function 
form of V, it can be further written as:

The probability (P) of respondent I choose an alterna-
tive j from k candidate alternatives could be specified as, 
Pij = exp

�

Vij

�

∕
∑

k exp(Vij) . In the above equation, all attrib-
utes are treated as categorical variables and effect coding 
was used. The omitted levels of all attributes are highlighted 
in Table 1 and are included in regression results. Three sta-
tistical methods were considered, including a conditional 
logit (CL) model that assuming a homogeneous prefer-
ence among respondents, as well as methods that allow for 
potential preference heterogeneity, including a mixed-logit 
(MIXL) model and a latent-class conditional logit (LCL) 
model [27–29]. For the MIXL model, a normal distribution 
was specified for all effect coded variables. The Online Sup-
plementary Material includes additional results, in which 
the cost attribute was specified as a continuous variable 
to calculate the willingness to pay (WTP). The choice of 
the optimal method for analysing DCE data, as well as the 
choice of the optimal number of latent classes for the LCL, 
were decided by the Bayesian information criterion (BIC). 
After identifying the optimal number of latent classes, we 
further explored the latent class memberships by including 
respondents’ characteristics (sex, household income levels, 
risk attitudes towards health, whether in the metro area and 
whether the respondent was born in Australia) as well as 
experience and attitudes about antibiotics. The final model 

V = �1 ∗ DrugResistdes + �2 ∗ DrugResistdoub + �3 ∗ DrugResisttrip + �4 ∗ Duration3day

+ �5 ∗ Duration7day + �6 ∗ SideEff1p + �7 ∗ SideEff10p + �8 ∗ Recover3−7day

+ �9 ∗ Recover8−14day + �10 ∗ Medicationstraight + �11 ∗ Failure5p + �12 ∗ Failure10p

+ �13 ∗ Cost10 + �14 ∗ Cost30.

specification only contains the statistically significant mem-
bership predictors. When membership predictors are directly 
included in the LCL model, the share of each latent class 
could slightly change as compared with the case when only 
attributes are included.

We presented the relative importance of each attribute, 
which was calculated as the percentage of the utility range 
of each attribute (i.e. the estimated coefficient of the most 
preferred attribute level minus the estimated coefficient of 
the least preferred attribute level) to the summary of the 
utility range of all seven attributes. It should be noted that 
the calculation and interpretation of the relative impor-
tance of each attribute is specific to the levels included 
in this particular DCE. All statistical analyses were per-
formed in Stata version 16.1 (StataCorp LP, College Sta-
tion, Texas, USA).

2.3  Respondents’ Recruitment

A sample of the Australian general public, aged 18 years 
and older, were recruited by Dynata (www. dynata. com), 
an online panel provider in Australia. All respondents pro-
vided informed consent before accessing the survey and they 
could withdraw from the study at any time before survey 
completion. A target sample size of 1000 adults in Aus-
tralia was used. We requested the online panel company to 
apply demographic (age and gender) quotas to ensure that a 
broader representation of the views of the Australian adult 
population could be achieved. The study was conducted 
from 5 to 23 November 2021. Owing to an unexpected 
technical issue, the recruitment continued after the initial 
targeting sample size was achieved. A total of 1882 people 
completed the online survey (Fig. 1).

For the main analyses, we excluded respondents who 
either (1) completed the whole survey in less than 2.5 min-
utes (medium duration was 8.5 minutes for all respond-
ents) or who completed the DCE tasks extremely fast, in 
less than 0.8 minutes (around 2% of all respondents) (N = 
43), or (2) failed the dominant DCE task (N = 191), leav-
ing a final study sample size of 1658 (88% of the original 
sample). The final study sample was overrepresented by 
females and older adults. Consequently, we further cre-
ated a post-stratification weight [30] to align the final 
study sample with June 2021 population statistics of the 
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Australian population according to age group and gender 
distributions. For more details on the creation of the post-
stratification weight, see Online Supplementary Table 1.

3  Results

Respondents of the study sample had a mean age (range) 
of 48 (18–69) years and 63% were females. Around 77% 
of respondents were born in Australia, 14% spoke a lan-
guage other than English at home and 37% had completed 
a Bachelor's degree or above education. Applying the post-
stratification weight adjusted the age and gender distribu-
tions as expected. More details on respondents’ character-
istics are presented in Table 2.

Supplementary Table  2 presents further details on 
respondents’ characteristics, self-reported health, expe-
rience and attitudes towards antibiotics usage. In brief, 
one-quarter of respondents self-assessed their health to be 

fair or poor, 38% of respondents had not been prescribed 
any antibiotic in the last 2 years, 6.5% definitely wanted 
an antibiotic and 33% definitely had not wanted antibiotics 
for a cold or flu, and 69% had heard of the need to reduce 
the use of unnecessary antibiotics in healthcare.

Table 3 reports the DCE results based on CL and MIXL 
models that include the post-stratification weight. Sensi-
tivity analyses results without a post-stratification weight 
and include all respondents or a subsample of main study 
sample of those who spent at least 2 min on DCE tasks 
are presented in Supplementary Tables 3A, 3B and 4, 
with broadly similar findings. All seven attributes statisti-
cally and significantly influence respondents’ preferences. 
The statistically significant standard deviations in MIXL 
estimates also indicate the existence of preference het-
erogeneity among respondents. Regarding the attribute 
importance, we could see very similar results between 
CL and MIXL estimates. Based on the MIXL estimates 
(Fig. 2), we could see that out-of-pocket costs (32.8%) 

Fig. 1  An example of a discrete choice experiment



560 C. Degeling et al.

and contribution to antibiotic resistance (30.3%) were the 
two most important attributes, followed by side effects 
(12.9%), days needed to recover (8.7%), treatment failure 
(6.3%) and treatment duration (5.1%). Days before starting 
medication was the least important attribute (3.9%).

For the latent class conditional logit (LCL) model, we 
initially explored two-class, three-class and four-class sce-
narios and the three-class LCL model had the lowest BIC 
and is the preferred model. The three-class LCL model has 
also been found to have better performance than MIXL and 
CL (see the BIC values reported in Table 3 and Supplemen-
tary Table 5).

The optimal three-class LCL estimates are reported in 
Supplementary Table 5, whilst Table 4 further presents 
the LCL estimates including a set of latent class member-
ship predictors. Overall, the results are robust, indicating 
that the share of each class only changed marginally (i.e. 
51%–25%–24% without predictors versus 50%–25%–25% 
including predictors). The relative importance of the seven 
attributes in Fig. 2 reveals the differences among the three 
latent classes. Respondents in class 1 pay special attention 
to the contribution of antibiotic resistance (70%), respond-
ents in class 2 focused particularly on out-of-pocket costs 
(61%), whilst respondents in class 3 demonstrated a more 
balanced preference for all seven attributes as compared with 
the previous two classes. This pattern is also highlighted in 
the more detailed coefficients reported in Table 4, suggesting 

that different levels of treatment duration attribute were sta-
tistically insignificant for class 1, treatment failure attribute 
was insignificant for class 2 and that all seven attributes were 
statistically significant in class 3.

We explored what types of respondents were more likely 
to be in the first two classes, as compared with class 3 which 
accounts for half of the respondents. Except for the predic-
tors in Table 4 (which are statistically significant at a 5% 
significance level), we originally also considered a series of 
other socio-demographic characteristics, such as sex, house-
hold income levels, risk attitudes towards health, location 
(i.e. whether in the metro area) and whether the respondent 
was born in Australia. However, they were excluded from 
the final model because none of them were statistically sig-
nificant (all non-reported results are available from the cor-
responding author).

Generally speaking, we could see respondents in class 
1, who paid more attention to the contribution of antibiotic 
resistance, were more likely to be older adults, highly edu-
cated, had no antibiotic prescriptions in the last 2 years and 
had heard of the need to reduce unnecessary antibiotic use 
in healthcare. Out-of-pocket cost was most significant to the 
preferences of class 2. Furthermore, as compared with class 
3, respondents from the first two classes were more likely 
to have fair or poor health, and were less likely to hold the 
attitude that they ‘definitely want to receive antibiotics for 
a cold or flu’.

Table 2  Respondent characteristics

Proportions are presented, unless otherwise indicated. †A post-stratification weight (calculated according to age groups and gender distribution) 
was applied

Study sample (N = 1658) Study sample, including post-
stratification  weight† (N = 1658)

Excluded sample (N = 224)

Age, mean years (SD, range) 48 (0.3, 18–69) 42 (0.5, 18–69) 42.3 (0.8, 18–66)
Gender: Female 0.63 0.50 0.58
Location: Metropolitan 0.66 0.66 0.63
Educational attainment
Primary/Some high school 0.10 0.09 0.12
High school or equivalent 0.22 0.21 0.18
Some university/TAFE but no degree 0.31 0.31 0.25
Bachelor/Graduate degree 0.37 0.40 0.45
Employment status
Employed working full time 0.37 0.42 0.48
Employed working part time 0.23 0.22 0.17
Not employed/family caring/full-time student 0.27 0.27 0.26
Retired 0.13 0.09 0.09
Personal weekly Income
≤ AU$599 0.23 0.21 0.27
AU$600–AU$1249 0.40 0.43 0.39
≥ AU$1250 0.30 0.31 0.26
Missing 0.07 0.06 0.08
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4  Discussion

We investigated the preferences of members of the Austral-
ian public for different antibiotic treatment characteristics 
and treatment outcomes. All seven attributes had influence 
on participant’s choices—some have larger influence on 
respondents’ preference than others. We found that members 

of the public had strong preferences for keeping the out-
of-pocket costs of antibiotics low, while also preferring 
antibiotic treatments that do not contribute to the further 
development of antibiotic resistance. Notably, unfavourable 
treatment outcomes such as side effects and treatment failure 
were not strongly disvalued by participants until the upper 

Table 3  Conditional logit and 
mixed logit estimates

Notes: **p < 0.01, *p < 0.05. Robust standard errors (SEs) are reported in the table. Effect coding was 
used for all attributes. For the mixed logit model, all attribute levels were assumed to be random variables. 
SD, standard deviation. The number of Halton draws used for the simulation: 1000. LL, log likelihood; 
BIC, Bayesian information criterion. A post-stratification weight (calculated according to age groups and 
gender distribution) was applied
† There was inconsistency between estimated coefficients of 5% and 10% but they are statistically indiffer-
ent from each other

Attributes and levels Conditional logit Mixed logit

Mean SD

Coeff SE Coeff SE Coeff SE

Contribution to antibiotic resistance
Decrease by a quarter 0.411 [0.028]** 0.710 [0.054]** 0.026 [0.064]
Stay at the current level (Ref.) 0.189 [0.024]** 0.300 [0.042]**
Double −0.162 [0.025]** −0.244 [0.040]** 0.133 [0.125]
Triple −0.438 [0.030]** −0.766 [0.058]** 0.680 [0.061]**
Treatment duration
3 Days 0.075 [0.021]** 0.132 [0.035]** 0.504 [0.050]**
7 Days 0.021 [0.018] 0.050 [0.030] 0.024 [0.041]
14 Days (Ref.) −0.096 [0.021]** −0.182 [0.035]**
Side effects
1% 0.175 [0.019]** 0.287 [0.033]** 0.505 [0.049]**
10% −0.022 [0.019] −0.007 [0.030] 0.147 [0.142]
25% (Ref.) −0.153 [0.022]** −0.280 [0.038]**
Days needed to recover
3–7 Days 0.146 [0.019]** 0.246 [0.034]** 0.353 [0.071]**
8–14 Days −0.025 [0.019] −0.026 [0.031] 0.361 [0.063]**
15–28 Days (Ref.) −0.121 [0.021]** −0.220 [0.036]**
Days before you start your medication
Straight after seeing a GP 0.048 [0.013]** 0.082 [0.022]** 0.305 [0.043]**
Wait 3 days (Ref.) −0.048 [0.013]** −0.082 [0.022]**
Treatment failure†

5% 0.045 [0.018]* 0.098 [0.031]** 0.343 [0.062]**
10% 0.086 [0.017]** 0.128 [0.028]** 0.212 [0.063]**
25% (Ref.) −0.130 [0.020]** −0.225 [0.034]**
Out-of-pocket costs
$10 0.396 [0.025]** 0.779 [0.058]** 1.096 [0.067]**
$30 0.109 [0.017]** 0.175 [0.028]** 0.002 [0.033]
$70 (Ref.) −0.505 [0.026]** −0.954 [0.063]**
Observations 29,844 29,844
N 1658 1658
LL −9006 −8375
BIC 18157 17038
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extremes of attribute levels (Table 2). This suggests that for 
most participants the current low levels of antibiotic resist-
ance—recently estimated by Wozniak and colleagues [22] 
to cause approximately 600 deaths in per year Australia—
and the associated impacts on treatment outcomes are not 
important enough to warrant changing their preferences for 
antibiotics, but larger negative impacts may change public 
preferences significantly.

Respondent preferences exhibited marked preference 
heterogeneity, such that three population subgroups were 
identified. Class 1 could be characterised as ‘health liter-
ate older people’ who were most concerned about antibiotic 
resistance and less likely to have had a course of antibiot-
ics in the last few years. The higher level of education and 
decreased likelihood of recent antibiotic use that character-
ises this group is notable given that results from systematic 
reviews and cross-sectional surveys consistently indicate that 
the capacity to engage with the biological aspects of AMR 
is strongly associated with educational attainment [31–33]. 
Out-of-pocket cost was most significant to the preferences 
of class 2. Notably, in the current study, sensitivity to the 
influence of higher out-of-pocket costs was tied to lower 
levels of self-reported health, rather than lower social and 
economic status which has been reported elsewhere [34, 35]. 
These two classes clearly differ with respect to what drives 
their behaviours related to antibiotic use. Class 3 were gener-
ally much healthier than the other 2 classes and less likely 
to endorse antibiotic-preserving behaviours. Our working 
assumptions is that class 3 have not really thought about 
AMR much before taking part in survey and therefore were 

much more likely to be concerned about and weigh up all 
the attributes in making their choices.

Geographic location and rurality were not significant to 
latent class composition in the current study. People liv-
ing in rural and remote areas of Australia often have higher 
levels of disease, poorer health outcomes and less access to 
primary and tertiary healthcare than those in metropolitan 
areas [36]. Yet the Australian Commission on Safety and 
Quality in Health Care (ACSQHC) atlas of healthcare vari-
ation shows a strong gradient in prescribing, where urban 
populations receive more antibiotics per capita than rural 
and remote populations [37]. The most recent ACSQHC 
report (2022) on antimicrobial use in Australia shows that 
areas with the lowest antibiotic dispensing rates are often 
near to, or contiguous with, areas with the highest dispens-
ing rate, indicating that local physician preference could be 
a major influence on antibiotic use [12]. That the gradient 
in antibiotic prescribing between Australian urban and rural 
locations is not a function of consumer or patient preferences 
is consistent with the results of the current study.

Of direct relevance to our results, a small scale DCE and 
interview study conducted with Australian GPs in 2017 
showed that these healthcare providers believe that patient 
expectation is the dominant modifiable factor influencing 
antibiotic prescribing [24]. However, as Table 4 shows, con-
tribution to antibiotic resistance was not significant for about 
half the participants in our study (class 3), whereas the other 
half (classes 1 and 2) were less likely to expect antibiotics 
for a cold or flu. Because contribution to AMR is not a key 
concern for much of our sample of the Australian public, 

Fig. 2  The relative importance of attributes
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Table 4  Latent class conditional logit model estimates and membership predictors (three class)

Notes: **p < 0.01, *p < 0.05. Robust standard errors (SEs) are reported in the table. Effect coding was used for all attributes. LL, log likelihood; 
BIC, Bayesian information criterion

Attributes and levels Latent class conditional logit

Class 1 Class 2 Class 3

Coeff SE Coeff SE Coeff SE

Contribution to antibiotic resistance
Decrease by a quarter 2.895 [0.207]** 0.085 [0.154] 0.161 [0.033]**
Stay at the current level (Ref.) 1.302 [0.120]** 0.318 [0.110]** 0.031 [0.029]
Double −1.123 [0.118]** −0.243 [0.107]* −0.021 [0.028]
Triple −3.074 [0.217]** −0.160 [0.131] −0.170 [0.033]**
Treatment duration
3 Days 0.130 [0.077] 0.038 [0.112] 0.120 [0.022]**
7 Days −0.094 [0.077] 0.301 [0.082]** 0.025 [0.022]
14 Days (Ref.) −0.035 [0.082] −0.338 [0.125]** −0.144 [0.022]**
Side effects
1% 0.217 [0.061]** 0.418 [0.106]** 0.275 [0.023]**
10% 0.212 [0.077]** −0.127 [0.091] −0.004 [0.021]
25% (Ref.) −0.429 [0.079]** −0.291 [0.085]** −0.271 [0.023]**
Days needed to recover
3–7 Days 0.241 [0.068]** 0.314 [0.075]** 0.200 [0.021]**
8–14 Days 0.017 [0.074] −0.052 [0.098] 0.022 [0.022]
15–28 Days (Ref.) −0.258 [0.075]** −0.262 [0.098]** −0.222 [0.022]**
Days before you start your medication
Straight after seeing a GP 0.155 [0.051]** 0.189 [0.054]** 0.048 [0.013]**
Wait 3 days (Ref.) −0.155 [0.051]** −0.189 [0.054]** −0.048 [0.013]**
Treatment failure
5% 0.030 [0.083] 0.131 [0.095] 0.144 [0.022]**
10% 0.097 [0.076] −0.005 [0.106] 0.030 [0.022]
25% (Ref.) −0.128 [0.062]** −0.126 [0.075] −0.175 [0.022]**
Out-of-pocket costs
$10 0.239 [0.100]* 2.401 [0.197]** 0.156 [0.027]**
$30 0.192 [0.070]** 0.321 [0.072]** 0.091 [0.021]**
$70 (Ref.) −0.431 [0.088]** −2.723 [0.225]** −0.246 [0.029]**
Latent class share (%) 0.245 0.252 0.504
Latent class membership predictors (Ref. Class 3)
Young adults (aged 18–29 years) 0.070 [0.274] −0.247 [0.267]
Old adults (aged 60–69 years) 0.332 [0.164]* 0.013 [0.169]
Self-reported health: Fair/poor 0.397 [0.175]* 0.595 [0.162]**
Highly educated (Bachelor's degree or above) 0.351 [0.147]* 0.001 [0.151]
No. of prescribed antibiotics in the last 2 years: None 0.426 [0.149]** 0.130 [0.153]
Attitude towards receiving antibiotics for a cold or flu: Definitely want −1.526 [0.510]** −0.719 [0.304]*
Attitude towards receiving antibiotics for a cold or flu: Definitely do not want 0.130 [0.155] 0.113 [0.161]
Whether heard of the need to reduce unnecessary antibiotics in healthcare: Yes 0.544 [0.177]** −0.277 [0.152]
Observations 29,844
N 1658
LL −7757
BIC 16133
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stressing individual responsibility for antibiotic resistance 
in clinical and societal communication may have limited 
impacts on personal decision making. Previous research 
indicates that health communications about AMR can 
spread inequitably through a population, such that even as 
awareness is increased, there is limited effect on attitudes 
and behaviours [38]. Our results suggest that AMR-related 
health messaging and social marketing has not been inter-
nalised by this cohort, which may suggest a need for a more 
nuanced approach targeting the concerns of different groups. 
Beyond this speculation, it is difficult to explain the general 
lack of agreement with antibiotic preserving behaviours as 
being significant to class 3 in the class probability model. 
Further research into this variable would benefit greater 
understanding and better targeted interventions to address 
these outcomes.

The sensitivity of class 2 to price signals raises a differ-
ent set of concerns. Using increases in out-of-pocket costs 
to discourage antibiotic use can create significant equity 
issues and may promote undertreatment. But messaging 
that emphasises the cost to individuals of treatment failure 
(and the costs of second-line antibiotics) might discourage 
unnecessary use among this group. Against this background 
it is notable that relative to the other attributes measured in 
the DCE, delays in starting treatment and treatment dura-
tion were not as important to treatment choice for any of 
the latent classes or in general. Even though the evidence 
for the effectiveness of delayed prescribing is weak at best 
(and arguably this step shifts responsibility for antibiotic 
stewardship from GPs to patients) [39, 40], our result sug-
gests a level of public tolerance for these measures to lower 
antibiotic resistance. This is broadly consistent with a recent 
DCE on antibiotic use for respiratory symptoms conducted 
in the UK, which found that certain groups appear to be 
amenable to delayed prescription, indicating a possibility 
for greater targeted use of this strategy [41].

Finally, participant preferences in our Australian study 
are very similar to those found using a DCE methodology 
with members of the public in Sweden (n = 378) where 
contribution to AMR followed by out-of-pocket costs were 
the most important attributes shaping decision making [18]. 
Similar patterns are also seen in the Swedish study with 
three latent classes organised around contribution to AMR, 
out-of-pocket costs, and side-effect rates. But the socio-
demographic characteristics of the latent classes in Sweden 
were slightly different where, for example, contribution to 
AMR was most important to a group of participants more 
likely to be of younger ages compared with the class of older 
health literate participants who gave this attribute greatest 
significance in Australia. The third latent class found in 
Sweden was older and more health literate and gave great-
est importance to side effects; whereas in Australia this 
class was characterised by greater preference heterogeneity, 

expressed as a more equally weighted set of concerns. Vari-
ations in latent class characteristics across national settings 
are to be expected and may reflect key differences in the 
response of health authorities in Australia and Sweden to 
the risks posed by antibiotic resistance [19, 42]. In Sweden, 
the focus has been on establishing and sustaining prescriber 
compliance with AMS principles. Public education has been 
given a much lower priority, such that communications have 
emphasised the negative effects of antibiotics for the indi-
viduals and the broader costs to the health system of the 
unnecessary use [43]. The relatively lower rates of commu-
nity prescribing in Sweden compared with Australia sug-
gest that practice-level interventions may also be required to 
activate prescribers and the communities they serve to make 
substantive reductions in inappropriate antibiotic use [11].

This study has several strengths and limitations. Pub-
lic preferences were elicited using a robust quantitative 
method informed by expert conceptual review, stakeholder 
consultation and qualitative work prior to the DCE, and the 
DCE survey was piloted. DCE uses hypothetical real-life 
scenarios so that respondents can report their preference 
trade-offs between antibiotic treatment attributes, enabling 
identification of the attributes that most influence antibiotic 
stewardship acceptability, as well as the expected level of 
heterogeneity of preferences for different interventions. The 
group sampled was large, diverse and broadly representative 
of the age and geographic characteristics of the Australian 
population but skewed towards female gender and higher 
education levels. Advanced analytic modelling methods 
were employed to assess factors driving the heterogeneity 
of preferences identified by the survey.

Although several attributes could potentially be coded 
as continuous variables and estimate the marginal rates 
of substitution, the latent class analyses results indicate 
that specifying attributes such as treatment duration, side 
effects, treatment failure or cost would require imposing very 
strong assumptions owing to the identified non-linear effects 
among attribute levels. When a cost attribute is included in 
the DCE, researchers also commonly report the WTP esti-
mates. Albeit the limitation we just mentioned (i.e. the need 
to impose a strong linear assumption), we have reported 
the WTP results in Supplementary Table 6 for interested 
readers. Readers could further use the reported coefficients 
of each latent class to predict and compare the probability 
of different type of respondents’ preferences for managing 
antimicrobial resistance in Australia using the equation in 
the Methods section. A further limitation of the study is the 
survey design such that the relative position of each attribute 
in the choice task, the number of levels, and length of defini-
tions for attribute and levels may have had some influence 
of participant choices. Finally, the definition of the attribute 
‘days needed to recover’ did not specify whether this was 
with or without antibiotics. Even though the implication is 
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that antibiotics would be used, participants may have inter-
preted this attribute differently. Although the DCE method 
is robust, its results indicate estimations of reported prefer-
ences at a point in time. Preferences may change, including 
in response to an infectious disease event or a rapid escala-
tion in AMR. A further limitation of the current study is that 
internet access was required for participation.

5  Conclusions

Australia has high rates of antibiotic consumption in the 
community compared with other comparable settings [11, 
12]. Despite concerted public awareness raising campaigns, 
our results suggest that several factors may influence the 
preferences of Australians when considering antibiotic use. 
However, for those more likely to be aware of the need to 
preserve antibiotics, out-of-pocket costs and limiting the 
contribution to antibiotic resistance are the dominant influ-
ence. Comparisons between policy settings, the rates of anti-
biotic consumption and DCE results in Sweden suggest that 
practice-level interventions may also be required in Australia 
to activate prescribers and patients to make reductions in 
inappropriate antibiotic use.
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