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Abstract: Patients’ expectations are a major contributor to the unnecessary prescribing of antibiotics,
yet limited research has examined how physicians can calibrate these expectations. The studies we
conducted tested how varying messages could impact patients’ expectations for antibiotics and their
experience of medical appointments. All the participants read a short scenario about an appointment
for mild sinusitis symptoms, with the patient’s expectation of antibiotics. In Study 1, the participants
(n = 1069) were randomly assigned to read a positively framed, neutral, or negatively framed message
regarding unnecessary antibiotics. In Study 2, the participants (n = 1073) read a message emphasizing
either the societal or personal harms of unnecessary antibiotics, or a message without additional
rationale. None of our pre-registered hypotheses were supported, but our exploratory analyses
indicated that the societal message increased concern about antibiotic resistance. The participants
who were more concerned about resistance were less likely to ask for antibiotics, more satisfied
when the physician did not prescribe them, and more likely to recommend the physician to a friend.
Discussing the consequences of the different courses of action did not appear to negatively impact
physician–patient rapport. These studies demonstrate an inexpensive method with which to pre-test
various messages about antibiotic consumption, and suggest that such messages are not negatively
received by patients.

Keywords: antibiotic resistance; antibiotic messaging; antibiotic prescribing; antimicrobial stewardship;
health communication

1. Introduction

Antibiotic resistance is one of the leading global health threats we face [1]. Reduc-
ing the use of antibiotics that lack a clear medical indication is a key strategy to ad-
dress antimicrobial resistance [2]. During the past decades, antimicrobial stewardship
efforts have changed guidelines, to nudge physicians towards more restricted antimicrobial
prescribing [3]. However, changing prescribing behavior takes time [4], and non-medically
necessary prescriptions remain a significant proportion of the prescribed antibiotics, with
an estimated rate as high as one-third in the US [5] and about 15% in Canada [6]. In
cases where the guidance is changing and physicians’ antibiotic-prescribing practices vary,
patients’ expectations may vary as well, with many patients still expecting to be prescribed
antibiotics. Patients might not acknowledge the risks associated with unnecessary pre-
scribing, due to incomplete knowledge about antimicrobial resistance [7,8]. Furthermore,
physicians have reported that patients’ expectations are a major contributor to unnecessary
prescribing [9,10], even though these perceived expectations do not always correlate with
patients actually expecting to be prescribed antibiotics [11]. Despite the importance of
patients’ expectations, research is limited on how physicians can work with patients to
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calibrate their expectations. The present studies employ a novel method for the preliminary
testing of various messaging strategies that a physician could employ to reduce patients’
expectations for antibiotics.

Past research on the factors affecting whether antibiotics are prescribed has mostly
relied on observational data (e.g., [11]). An alternative to this approach is to conduct
experiments to causally test which factors lead to changes in expectations. A cost-effective
method is to use online survey platforms, such as Qualtrics, and online participant panels,
such as MTurk and Prolific. This method has been utilized previously for studying whether
providing additional information about the viral nature of an infection and participants’
trust in their physician affects whether they expect to be prescribed antibiotics [12]. To
the best of our knowledge, this method has not been used to test the impact of different
messages about antibiotic resistance and the consequences of unnecessary prescribing.

The verbal messages a physician shares with a patient are one of the more powerful
tools with which to change patient perceptions and affect their behavior [13]. Behavioral
science provides insights into how different messages yield different responses. For exam-
ple, research on goal framing has found that describing a decision in terms of the negative
consequences of choosing one option is more effective than describing the same decision
in terms of the positive consequences of choosing the other option [14]. In the context
of antibiotic prescribing, this might involve focusing on the negative consequences of
unnecessary antibiotics rather than the positive consequences of avoiding antibiotics. In
addition, research on motivation suggests that appealing to a person’s selfish motives
might have a different effect than emphasizing altruistic reasons [15]. Translating these
findings to the context of antibiotic prescribing, antimicrobial stewardship efforts often
focus on the societal threats of antimicrobial resistance to tap into altruistic motivation.
These same messages could instead focus on the adverse personal side effects to provide a
selfish argument to avoid unnecessary antibiotics [16,17]. Thus, the framing and motivation
of physicians’ messaging can both be manipulated. The present studies explore which
combination of these messages would be most impactful for reducing patient expectations
for antibiotics.

The present studies focus on sinusitis. The treatment of sinusitis has been shifting
toward a more symptomatic approach, especially for milder cases [6,18]. However, both
physicians’ antibiotic-prescribing practices and patient expectations still vary [5]. The
recommendations for mild cases of sinusitis are to avoid prescribing antibiotics, but patients
may still expect to be prescribed antibiotics. Therefore, sinusitis provides a suitable context
for testing various messaging strategies to reduce unnecessary antibiotic prescribing.

The aim of these studies was to test how different messages warning against un-
necessary prescribing would impact people’s expectation for antibiotics, as well as their
satisfaction with the appointment. In our pre-registration we hypothesized that the negative
message would lead to a greater reduction in demand for antibiotics. We also hypothesized
that the message about personal benefits (i.e., selfish motives) would be more effective than
the societal one.

2. Study 1

In Study 1, we tested the impact of message framing on patient expectations. Ethical
approval for this study was obtained from the Institutional Review Board of the University
of British Columbia (H23-02242). The participants provided their informed consent when
entering this study.

2.1. Materials and Methods
2.1.1. Study Population

In the absence of estimations of the meaningful effect size in the published literature,
we estimated our required sample as follows: Through clinical experience, we expected 50%
of patients to still ask for antibiotics, and considered that a decrease of 10% in these requests
would be meaningful. To detect such a difference in three conditions with 0.80 power
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and α = 0.05 would require 246 participants per condition. However, if we expected the
underlying prevalence of the expectation to be different, and the consequent change to be
from 80 to 70% or 30 to 20%, we would need 358 participants per condition.

We recruited participants from Prolific, an online platform commonly used to recruit
research participants in the behavioral sciences; for an overview of this platform and its
reliability, see [19]. We recruited 1075 participants, who were currently residing in the US
or Canada and were aged 18 years or older. The sample was balanced for gender. Six
participants failed the attention check and were excluded, resulting in a final sample of
1069 participants.

The participants’ characteristics are described in Table 1. The largest proportion of
the participants had a post-secondary degree (46%, n = 496) and most of the participants
rated their health as good, very good, or excellent (87%, n = 931). The sample was balanced
for gender.

Table 1. Study 1 participant characteristics.

Age
Mean 35.4

Range 19–81

Gender % (n)

Male 49% (523)

Female 48% (513)

Non-binary 2% (25)

Prefer to self-describe 0.1% (1)

Prefer not to answer 0.7% (7)

Education % (n)

Some schooling, but no diploma or degree 0.7% (7)

High school diploma or GED 11% (116)

Some college or post-secondary education 22% (231)

College or post-secondary degree 46% (496)

Some graduate school 4% (40)

Graduate degree 17% (179)

Perceived health % (n)

Excellent 10% (105)

Very good 41% (436)

Good 36% (390)

Fair 12% (127)

Poor 1% (11)

Previous sinusitis

Yes 34% (365)

No 50% (537)

Unsure 16% (167)

Heard that antibiotics are
not always needed

for sinusitis

Yes 15% (159)

No 71% (761)

Unsure 14% (149)

2.1.2. Procedure

This study was approved by the Research Ethics Board of the University of British
Columbia and pre-registered with AsPredicted (https://aspredicted.org/4hr42.pdf (ac-
cessed on 1 March 2024)). After reading a short description of this study and indicating
their consent to participate, the participants read a scenario about experiencing symptoms
of sinusitis and booking a physician appointment to obtain an antibiotic prescription, as
in previous cases (see Section 2.1.3 below). In the scenario, the doctor advises against
antibiotics for mild sinusitis and instead recommends symptom treatment.

https://aspredicted.org/4hr42.pdf
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The participants were randomized into three conditions which provided different ra-
tionales for avoiding antibiotics in this case. They read a negative framing that emphasized
the harmful effects of taking unnecessary antibiotics, a positive framing that emphasized
the protective effects of not taking unnecessary antibiotics, or a control condition that did
not include an additional rationale.

After reading the scenario, the participants answered a set of questions about the
situation and their basic demographics, including their age, perceived health, gender,
and education. An attention check was included that asked participants to “Please select
“disagree” on this item”. The participants received USD 1.10 for taking part in this study.

2.1.3. Scenario

All the participants read the base scenario. As indicated below, the third paragraph
varied by condition:

Imagine that you’ve had cold symptoms for a week. Today you woke up feeling
worse. Your nose is congested and you feel mucus dripping down your throat.
You feel pressure and pain around your nose. You make an appointment to see
a doctor today. During the appointment, you plan to ask for a prescription for
antibiotics because the cold is getting worse rather than better.

The doctor examines you and states that you have sinusitis. However, he says
that he does not recommend antibiotics to treat sinusitis because research has
shown that antibiotics do not shorten the duration of symptoms.

Control condition: {No additional text.}

Negative condition: {Furthermore, taking antibiotics harms your gut microbiome.
When you take antibiotics, they can kill the good bacteria in your gut. This, in
turn, makes your gut more vulnerable to pathogens and has been linked to worse
health outcomes for many different conditions.}

Positive condition: {Furthermore, avoiding antibiotics protects your gut micro-
biome. When you avoid antibiotics, this can save the good bacteria in your gut.
This, in turn, makes your gut more resistant to pathogens and has been linked to
better health outcomes for many different conditions.}

Therefore, he does not advise taking antibiotics. Instead, he recommends treating
the symptoms by rinsing your nose twice a day with salt water. Research has
shown that this procedure can reduce the severity and duration of symptoms.

2.1.4. Measures

As stated in our pre-registration, our goal was to test whether our manipulation
influenced the three main outcome variables. The participants answered the following
questions on 1–5 Likert-type scales: (1) How likely are you to still ask for an antibiotic
prescription? (1—very unlikely–5—very likely); (2) If you left the appointment without
a prescription, how satisfied would you feel with the appointment overall? (1—very
dissatisfied–5—very satisfied); and (3) How likely would you be to recommend this doctor
to a friend? (1—very unlikely–5—very likely). Additional secondary outcome variables
included the following items: If you left the appointment without a prescription, how
likely would you be to seek out a second opinion from another doctor? (1—very unlikely–
5—very likely); How likely is it that you would return to this doctor the next time you are
ill? (1—very unlikely–5—very likely); and How concerned are you about antimicrobial
resistance? (1—not at all concerned–5—very concerned). Participants were also asked
whether they had previously had sinusitis and received antibiotics for it, and whether they
had been previously advised by a doctor that antibiotics are not the best treatment option.
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2.1.5. Statistical Analyses

As stated in our pre-registration, we conducted a three-way ANOVA for each outcome
variable. Using the same method, the exploratory analyses tested whether the manipulation
had any effect on the participants’ concerns about resistance, likelihood of seeking a second
opinion, and likelihood of returning to the physician. The participants’ concerns about
resistance were correlated with the primary and secondary outcomes. Linear models were
used to test how personal characteristics might affect concerns about resistance.

2.2. Results

In contrast to our hypotheses, we did not observe any significant differences between
the positive, negative, or neutral conditions on any of our outcome variables (p = 0.18–0.79,
Table 2). Although the participants in the negative frame were slightly less likely to continue
to request antibiotics, were more satisfied with their appointment, and were more likely to
recommend the doctor to a friend, none of these differences were significant.

Table 2. Average Likert-type scale ratings (standard deviations) for main outcomes across intervention
groups and results of ANOVA for Study 1.

Negative Neutral Positive ANOVA

Request antibiotics 2.07 (1.07) 2.13 (1.11) 2.09 (1.10) F = 0.23 (p = 0.79)

Appointment satisfaction 3.29 (0.98) 3.16 (1.04) 3.17 (1.00) F = 1.75 (p = 0.18)

Recommend to a friend 3.28 (0.98) 3.20 (0.96) 3.25 (1.02) F = 0.58 (p = 0.56)

In the exploratory analysis, we found that the manipulation did not have a significant
effect on how concerned the participants were about antimicrobial resistance (F = 1.16,
p = 0.31), but did on whether the participants would be more likely to seek a second
opinion (F = 4.34, p = 0.01; neutral vs. negative, p = 0.009). The participants who were
more concerned about antibiotic resistance were less likely to ask for antibiotics (r = −0.32,
p < 0.001) or to seek a second opinion (r = −0.26, p < 0.001); they were more likely to be
satisfied with the appointment (r = 0.28, p < 0.001), return to the same doctor (r = 0.29,
p < 0.001), and recommend the doctor (r = 0.30, p < 0.001).

Overall, the participants were somewhat concerned about antimicrobial resistance
(M = 3.20; on a scale from 1—not at all concerned to 5—very concerned). A third of the
participants (n = 365, 34%) had previously had sinusitis and, of these participants, almost
half (45%) reported previously receiving antibiotics for their sinusitis. Of the patients
who previously received antibiotics, 29% had been advised that antibiotics are not the
best treatment, compared to 63% who had not heard this. Of the patients who had not
previously received antibiotics for their sinusitis, 46% had heard this message, whereas
41% had not. A higher concern about resistance was observed among the participants who
reported previously hearing that antibiotics are not the best treatment (b = −0.27, p < 0.001),
and those with higher education (b = 0.018, p < 0.001). No significant differences in concerns
about resistance were observed based on age, perceived health, or gender.

3. Study 2

In Study 2, we tested the impact of personal vs. societal motivation. As stated in
our pre-registration, we used the negative frame from Study 1 as the basis of the scenario
in Study 2. Ethical approval for this study was obtained from the Institutional Review
Board of the University of British Columbia (H23-02242). The participants provided their
informed consent when entering this study.

3.1. Materials and Methods

In Study 2, we performed identical power calculations, recruitment of participants,
and procedures as those in Study 1, with the following exceptions: (1) no participants who
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had taken part in Study 1 could participate in Study 2, and (2) the scenarios compared a
personal vs. societal message.

For Study 2, we recruited 1075 participants. One response was discarded by the
Prolific platform, and one additional participant failed the attention check, resulting in a
total of 1073 participants. The participants’ characteristics are presented in Table 3. The
largest proportion of the participants had a post-secondary degree (45%, n = 485), and most
of the participants rated their health as good, very good, or excellent (86%, n = 919). The
sample was balanced for gender.

Table 3. Study 2 participants’ characteristics.

Age
Mean 35.9

Range 19–80

Gender % (n)

Male 50% (533)

Female 48% (518)

Non-binary 1% (16)

Prefer to self-describe 0.1% (1)

Prefer not to answer 0.5% (5)

Education % (n)

Some schooling, but no diploma or degree 0.7% (7)

High school diploma or GED 11% (113)

Some college or post-secondary education 21% (222)

College or post-secondary degree 45% (485)

Some graduate school 4% (44)

Graduate degree 19% (202)

Perceived health % (n)

Excellent 12% (126)

Very good 37% (392)

Good 37% (401)

Fair 12% (133)

Poor 2% (21)

Previous sinusitis

Yes 36% (384)

No 49% (523)

Unsure 15% (166)

Heard that antibiotics are
not always needed

for sinusitis

Yes 18% (188)

No 69% (736)

Unsure 14% (149)

3.1.1. Scenario

The scenario was identical to that of Study 1, except for the additional rationale.
Because the conditions in Study 1 did not differ significantly, the negative condition was
chosen as the base message, in line with our pre-registration. The participants were,
therefore, randomized into groups, reading either a negative framing of the personal
threats of antibiotics (same as the negative condition in Study 1), a negative framing of the
societal threats of antibiotic resistance, or no additional argument.

Control condition: {No additional text.}

Personal (identical to the negative condition in Study 1): {Furthermore, taking
antibiotics harms your gut microbiome. When you take antibiotics, they can
kill the good bacteria in your gut. This, in turn, makes your gut more vul-
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nerable to pathogens and has been linked to worse health outcomes for many
different conditions.}

Societal: {Furthermore, taking unnecessary antibiotics contributes to the devel-
opment of antibiotic resistance. When pathogens develop antibiotic resistance,
antibiotics can be less effective for everyone. This means that people undergoing
simple operations are more vulnerable to infectious complications, which can
have fatal outcomes.}

3.1.2. Statistical Analysis

Similar to Study 1, we conducted a three-way ANOVA for each outcome variable and,
as stated in our pre-registration, used an SNK post hoc test to examine any significant main
effects. The exploratory analyses tested whether the manipulation influenced the partici-
pants’ concerns about resistance, likelihood of seeking a second opinion, and likelihood of
returning to the physician. The participants’ concerns about resistance were correlated with
the primary and secondary outcomes. Linear models were used to test how their personal
characteristics might affect their concerns about resistance.

3.2. Results

Although the participants in the societal frame were slightly less likely to continue to
request antibiotics and more satisfied with their appointment, these differences were not
significant. However, the participants who read the societal message were more likely to
recommend the physician to a friend (p = 0.03, Table 4; and p = 0.009 for the ANOVA for a
separate subset of the data of only societal vs. neutral).

Table 4. Average Likert-type scale ratings (standard deviations) for main outcomes across various
intervention groups and results of ANOVA for Study 2.

Societal Neutral Personal ANOVA

Request antibiotics 1.93 (1.10) 2.09
(1.10) 2.02 (1.08) F = 2.05 (p = 0.13)

Appointment
satisfaction 3.29 (1.03) 3.20

(1.02) 3.27 (1.01) F = 0.68 (p = 0.51)

Recommend to a friend 3.40
(0.98) 3.22 (0.94) 3.33

(0.99)

F = 3.44 (p = 0.03); Societal
vs. neutral difference 0.19,

p = 0.03

In the exploratory analysis, we found that our manipulation had a significant effect
on how concerned the participants were about antimicrobial resistance (F = 4.39, p = 0.01;
societal vs. neutral p = 0.009). Furthermore, if a participant was more concerned about
antibiotic resistance, they were less likely to ask for antibiotics (r = −0.26, p < 0.001) or
seek a second opinion (r = −0.15, p < 0.001), and more likely to be satisfied with the
appointment (r = 0.21, p < 0.001), return to the same doctor (r = 0.25, p < 0.001), and
recommend the doctor (r = 0.29, p < 0.001). The manipulation had no significant effect on
other secondary outcomes.

Overall, the participants were somewhat concerned about antimicrobial resistance
(M = 3.27; on a scale from 1—not at all concerned to 5—very concerned). A third of the
participants (n = 384, 36%) had previously had sinusitis and, of these participants, almost
half (43%) reported previously receiving antibiotics for their sinusitis. Of the patients who
had received antibiotics, 32% had been advised that antibiotics are not the best treatment
compared to 58% who had not heard this. Of the patients who did not receive antibiotics
for their sinusitis, 49% had heard this message, whereas 36% had not. A higher concern
about resistance was observed among the participants who reported previously hearing
that antibiotics are not the best treatment (b = −0.14, p = 0.03), older participants (b = 0.008,
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p = 0.02), participants with higher education (b = 0.17, p <0.001), and patients with better
health (b = −0.08, p = 0.04). No difference was observed based on gender.

4. Discussion

These studies used a novel method to test the effect of various types of messages on
participant expectations for antibiotics and expressed satisfaction with a medical appoint-
ment when antibiotics were not prescribed. The results suggest that a message about the
societal effects of antibiotic resistance might have more impact, although its effect was
only observed in one of the primary outcomes. However, the exploratory analyses showed
that the societal message also had a stronger effect on participant concern about antibiotic
resistance, which was further associated with all the primary and secondary outcomes. It
also bears noting that in both studies any rationale (positive or negative frame, personal or
societal frame) was slightly, non-significantly better than providing no additional rationale.

Discussing the effects of unnecessary antibiotics might not always appeal to doctors
because of conflicts with patient expectations [11], time pressure, and the outcome not being
a clear action [20]. Our results suggest, however, that providing messages about the effects
of unnecessary antibiotics can affect participant perceptions about antibiotic resistance, and
possibly exert a downstream effect on their expectations for antibiotics. Although multiple
results from these studies point toward this conclusion, only one of the pre-registered
primary outcomes show this effect. However, the results support previous research [12] in
suggesting that patient perceptions are affected if physicians provide additional rationale
about antibiotics and their risks. Conservatively, our results indicate that physicians taking
the time to explain why they are not prescribing antibiotics does not hurt, and may even
help patients understand and accept the recommended course of action.

We hypothesized that the personal message would be more effective than the societal
one due to the importance of selfish motives [15]. Contrary to this hypothesis, the personal
message was not more effective. In fact, if anything, the societal message was more effective
(non-significantly for two variables and significantly for one). The societal message might
have contained more novel information or seemed more impactful because it highlighted
the potentially fatal consequences of antimicrobial resistance. Furthermore, the physician
visit scenario was purely hypothetical, which might have made the selfish motive less
urgent compared to a situation when a participant truly has symptoms (for a review of
how hypothetical and real-world interventions can differ, see [21]). On the other hand, the
situation may have reflected how people react to public messages about antibiotics [22].
A societal message including the possible severe consequences of unnecessary antibiotics
might capture more attention and affect people’s concern about resistance.

This study has a number of limitations that should be considered. As mentioned, the
situation was purely hypothetical and, therefore, caution is needed when generalizing
the findings to real-life situations. Furthermore, this study’s population was somewhat
skewed, such that older adults and people with lower levels of educational attainment were
underrepresented. Additionally, this study was powered to detect a difference between
the three conditions but not to examine differences among the subgroups based on, for
example, age or previous experience of sinusitis.

Taken together, these studies demonstrate that randomized, controlled trials using
online platforms and participant panels can be a tool with which to test various antibiotic
messaging strategies before they are rolled out to physicians. Pre-testing interventions
online is quick and cost-effective, and it reduces risks by testing hypothetical scenarios
before their widescale implementation. By conducting power calculations, pre-registering
the procedures and analyses, and randomizing the participants among the conditions, these
studies provide a rigorous test of our hypotheses. Although the primary hypotheses are
not consistently supported, the results demonstrate that the participants paid attention
to details and showed the expected patterns of responses to the secondary variables;
for example, the participants who reported being more concerned about antimicrobial
resistant were less likely to request antibiotics. Thus, we think the results are valid and
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that further testing of this method for antibiotic messaging is warranted. In the case
of positive vs. negative and personal vs. societal framing, it is possible that stronger
messaging that better emphasizes the consequences of different choices would be more
effective. Alternatively, different messaging strategies that draw on other behavioural
insights (e.g., social norms) may be more effective. In addition, this method could be used
to test various messages for situations where participants are not under the acute stress
of a disease, such as public messaging on antibiotics. Lastly, randomized controlled trials
testing the impacts of physicians’ antibiotic messaging strategies in real life should be
explored to complement online testing.

These studies demonstrate that online, hypothetical studies are a viable method for
testing messaging. Based on our results, discussing the consequences of different courses
of action does not negatively impact physician–patient rapport. Thus, physicians may
do well to discuss the effects of the use of unnecessary antibiotics with their patients.
Notably, providing negative messages did not reduce how satisfied participants were with
the physician, or whether they would recommend the physician to a friend. Indeed, the
best-performing message was a negatively framed message that emphasized the societal
consequences of unnecessary antibiotics. Therefore, these studies encourage physicians
that it is okay to communicate the consequences of unnecessary antibiotics to their patients.
These methods can also be applied to public health promotion more broadly. In fact,
behavioural insights interventions and methodologies have been successfully used to tackle
a number of public health challenges, such as vaccination [23], the obesity epidemic [24],
and smoking cessation [25].

5. Conclusions

These studies demonstrate an inexpensive method with which to pre-test various
messages advising patients against unnecessary antibiotic consumption, and suggest that
such messages are not negatively received by patients.

Author Contributions: Conceptualization, S.S., K.C.A., M.B.R., H.L. and D.M.P.; Methodology, S.S.,
K.C.A., M.B.R. and H.L.; Formal analysis, S.S. and K.C.A.; Investigation, S.S.; Resources, N.S., H.L.
and D.M.P.; Data curation, S.S.; Writing—original draft, S.S.; Writing—review and editing, S.S.,
K.C.A., M.B.R., N.S., H.L. and D.M.P.; Supervision, K.C.A., M.B.R. and D.M.P.; Project administration,
S.S.; Funding acquisition, N.S. and D.M.P. All authors have read and agreed to the published version
of the manuscript.

Funding: Funding for this study was obtained from the Community Antimicrobial Stewardship team
at the BC Centre of Disease Control.

Institutional Review Board Statement: Ethical approval for this study was obtained from the
Institutional Review Board of the University of British Columbia (H23-02242, 29 September 2023).

Informed Consent Statement: The participants provided their informed consent when entering
this study.

Data Availability Statement: The data and the code are available on ResearchBox: https://researchbox.
org/3256&PEER_REVIEW_passcode=MCDHXA (accessed on 10 July 2024).

Conflicts of Interest: The authors declare no conflicts of interest. This study was funded by the
Community Antibiotic Stewardship team and its researchers were involved in each step of this study.
None of the researchers had any financial interests or personal gains connected to this research.

References
1. WHO. Ten Threats to Global Health in 2019. 2019. Available online: https://www.who.int/news-room/spotlight/ten-threats-to-

global-health-in-2019 (accessed on 28 March 2023).
2. Murray, C.J.L.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al.

Global burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629–655. [CrossRef] [PubMed]
3. Goff, D.A.; Kullar, R.; Goldstein, E.J.C.; Gilchrist, M.; Nathwani, D.; Cheng, A.C.; Cairns, A.K.; Escandón-Vargas, K.;

Villegas, M.V.; Brink, A.; et al. A global call from five countries to collaborate in antibiotic stewardship: United we succeed,
divided we might fail. Lancet Infect. Dis. 2017, 17, e56–e63. [CrossRef] [PubMed]

https://researchbox.org/3256&PEER_REVIEW_passcode=MCDHXA
https://researchbox.org/3256&PEER_REVIEW_passcode=MCDHXA
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://doi.org/10.1016/S0140-6736(21)02724-0
https://www.ncbi.nlm.nih.gov/pubmed/35065702
https://doi.org/10.1016/S1473-3099(16)30386-3
https://www.ncbi.nlm.nih.gov/pubmed/27866945


Antibiotics 2024, 13, 657 10 of 10

4. Lorencatto, F.; Charani, E.; Sevdalis, N.; Tarrant, C.; Davey, P. Driving sustainable change in antimicrobial prescribing practice:
How can social and behavioural sciences help? J. Antimicrob. Chemother. 2018, 73, 2613–2624. [CrossRef] [PubMed]

5. King, L.M.; Fleming-Dutra, E.K.; Hicks, A.L. Advances in optimizing the prescription of antibiotics in outpatient settings. BMJ
2018, 363, k3047. [CrossRef]

6. Schwartz, K.L.; Langford, B.J.; Daneman, N.; Chen, B.; Brown, K.A.; McIsaac, W.; Tu, K.; Candido, E.; Johnstone, J.; Leung, V.; et al.
Unnecessary antibiotic prescribing in a Canadian primary care setting: A descriptive analysis using routinely collected electronic
medical record data. CMAJ Open 2020, 8, E360–E369. [CrossRef] [PubMed]

7. Dopelt, K.; Amar, A.; Yonatan, N.; Davidovitch, N. Knowledge, Attitudes, and Practices Regarding Antibiotic Use and Resistance:
A Cross-Sectional Study among Students in Israel. Antibiotics 2023, 12, 1028. [CrossRef]

8. Micallef, C.; Kildonaviciute, K.; Castro-Sánchez, E.; Scibor-Stepien, A.; Santos, R.; Aliyu, S.H.; Cooke, F.J.; Pacey, S.; Holmes, A.H.;
Enoch, D.A. Patient and public understanding and knowledge of antimicrobial resistance and stewardship in a UK hospital:
Should public campaigns change focus? J. Antimicrob. Chemother. 2017, 72, 311–314. [CrossRef]

9. Kohut, M.R.; Keller, S.C.; Linder, A.J.; Tamma, P.D.; Cosgrove, E.S.; Speck, K.; Ahn, R.; Dullabh, P.; Miller, A.M.; Szymczak, E.J.
The inconvincible patient: How clinicians perceive demand for antibiotics in the outpatient setting. Fam. Pract. 2020, 37, 276–282.
[CrossRef]

10. Macfarlane, J.; Holmes, W.; Macfarlane, R.; Britten, N. Influence of patients’ expectations on antibiotic management of acute lower
respiratory tract illness in general practice: Questionnaire study. BMJ 1997, 315, 1211–1214. [CrossRef]

11. McKay, R.; Mah, A.; Law, M.R.; McGrail, K.; Patrick, D.M. Systematic Review of Factors Associated with Antibiotic Prescribing
for Respiratory Tract Infections. Antimicrob. Agents Chemother. 2016, 60, 4106–4118. [CrossRef]

12. Thorpe, A.; Sirota, M.; Juanchich, M.; Orbell, S. ‘Always take your doctor’s advice’: Does trust moderate the effect of information
on inappropriate antibiotic prescribing expectations? Br. J. Health Psychol. 2020, 25, 358–376. [CrossRef] [PubMed]

13. Boucher, V.G.M.; Gemme, C.B.; Dragomir, A.I.M.; Bacon, S.L.; Larue, F.; Lavoie, K.L. Evaluation of Communication Skills Among
Physicians: A Systematic Review of Existing Assessment Tools. Psychosom. Med. 2020, 82, 440–451. [CrossRef] [PubMed]

14. Levin, I.P.; Schneider, S.L.; Gaeth, G.J. All Frames Are Not Created Equal: A Typology and Critical Analysis of Framing Effects.
Organ. Behav. Hum. Decis. Process. 1998, 76, 149–188. [CrossRef] [PubMed]

15. White, K.; Peloza, J. Self-Benefit versus Other-Benefit Marketing Appeals: Their Effectiveness in Generating Charitable Support.
J. Mark. 2009, 73, 109–124. [CrossRef]

16. Izuma, K.; Saito, D.N.; Sadato, N. Processing of the Incentive for Social Approval in the Ventral Striatum during Charitable
Donation. J. Cogn. Neurosci. 2010, 22, 621–631. [CrossRef] [PubMed]

17. Brown, K.A.; Khanafer, N.; Daneman, N.; Fisman, D.N. Meta-Analysis of Antibiotics and the Risk of Community-Associated
Clostridium difficile Infection. Antimicrob. Agents Chemother. 2013, 57, 2326–2332. [CrossRef] [PubMed]

18. Patel, G.B.; Kern, R.C.; Bernstein, J.A.; Hae-Sim, P.; Peters, A.T. Current and Future Treatments of Rhinitis and Sinusitis. J. Allergy
Clin. Immunol. Pract. 2020, 8, 1522–1531. [CrossRef] [PubMed]

19. Douglas, B.D.; Ewell, P.J.; Brauer, M. Data quality in online human-subjects research: Comparisons between MTurk, Prolific,
CloudResearch, Qualtrics, and SONA. PLoS ONE 2023, 18, e0279720. [CrossRef]

20. Pinder, R.; Sallis, A.; Berry, D.; Chadborn, T. Behaviour change and antibiotic prescribing in healthcare settings. Public Health Engl.
2015, 2015, 2014719.

21. Hayes, T.; Hudek, N.; Graham, I.D.; Coyle, D.; Brehaut, J.C. When piloting health services interventions, what predicts real world
behaviours? A systematic concept mapping review. BMC Med. Res. Methodol. 2020, 20, 76. [CrossRef]

22. Burstein, V.R.; Trajano, R.P.; Kravitz, R.L.; Bell, R.A.; Vora, D.; May, L.S. Communication interventions to promote the public’s
awareness of antibiotics: A systematic review. BMC Public Health 2019, 19, 899. [CrossRef] [PubMed]

23. Milkman, K.L.; Ellis, S.F.; Gromet, D.M.; Jung, Y.; Luscher, A.S.; Mobarak, R.S.; Paxson, M.K.; Zumaran, R.A.S.; Kuan, R.; Berman,
R.; et al. Megastudy shows that reminders boost vaccination but adding free rides does not. Nature 2024, 631, 179–188. [CrossRef]
[PubMed]

24. Volpp, K.G.; John, L.K.; Troxel, A.B.; Norton, L.; Fassbender, J. Financial Incentive—Based Approaches for Weight Loss, A
Randomized Trial. JAMA 2008, 300, 2631–2637. [CrossRef] [PubMed]

25. Volpp, K.G.; Levy, A.G.; Asch, D.A.; Berlin, J.A.; Murphy, J.J.; Gomez, A.; Sox, H.; Zhu, J.; Lerman, C. A Randomized Controlled
Trial of Financial Incentives for Smoking Cessation. Cancer Epidemiol. Biomark. Prev. 2006, 15, 12–18. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/jac/dky222
https://www.ncbi.nlm.nih.gov/pubmed/30020464
https://doi.org/10.1136/bmj.k3047
https://doi.org/10.9778/cmajo.20190175
https://www.ncbi.nlm.nih.gov/pubmed/32381687
https://doi.org/10.3390/antibiotics12061028
https://doi.org/10.1093/jac/dkw387
https://doi.org/10.1093/fampra/cmz066
https://doi.org/10.1136/bmj.315.7117.1211
https://doi.org/10.1128/AAC.00209-16
https://doi.org/10.1111/bjhp.12411
https://www.ncbi.nlm.nih.gov/pubmed/32196870
https://doi.org/10.1097/PSY.0000000000000794
https://www.ncbi.nlm.nih.gov/pubmed/32168109
https://doi.org/10.1006/obhd.1998.2804
https://www.ncbi.nlm.nih.gov/pubmed/9831520
https://doi.org/10.1509/jmkg.73.4.109
https://doi.org/10.1162/jocn.2009.21228
https://www.ncbi.nlm.nih.gov/pubmed/19320552
https://doi.org/10.1128/AAC.02176-12
https://www.ncbi.nlm.nih.gov/pubmed/23478961
https://doi.org/10.1016/j.jaip.2020.01.031
https://www.ncbi.nlm.nih.gov/pubmed/32004747
https://doi.org/10.1371/journal.pone.0279720
https://doi.org/10.1186/s12874-020-00955-7
https://doi.org/10.1186/s12889-019-7258-3
https://www.ncbi.nlm.nih.gov/pubmed/31286948
https://doi.org/10.1038/s41586-024-07591-x
https://www.ncbi.nlm.nih.gov/pubmed/38926578
https://doi.org/10.1001/jama.2008.804
https://www.ncbi.nlm.nih.gov/pubmed/19066383
https://doi.org/10.1158/1055-9965.EPI-05-0314

	Introduction 
	Study 1 
	Materials and Methods 
	Study Population 
	Procedure 
	Scenario 
	Measures 
	Statistical Analyses 

	Results 

	Study 2 
	Materials and Methods 
	Scenario 
	Statistical Analysis 

	Results 

	Discussion 
	Conclusions 
	References

