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ARTICLE INFO ABSTRACT
Keywords: Background: Antimicrobial resistance is a threat to human health. We need to strive for a rational use of anti-
Antibiotics biotics to reduce the selection of resistant bacteria. Most antibiotics are prescribed in general practice, but little is

Anti-microbial medicine
Infectious diseases
Respiratory tract infections

known about factors influencing general practitioners’ (GPs) decision-making when prescribing antibiotics.
Aim: To 1) assess the importance of factors that influence decisions by GPs to prescribe antibiotics for acute
Discrete choice experiment respiratory tract infections (RTIs) and 2) identify segments of GPs influenced differently when deciding to
Stated preference prescribe antibiotics.

Primary health care Methods: A questionnaire survey including a discrete choice experiment was conducted. Danish GPs were asked
General practice to indicate whether they would prescribe antibiotics in six hypothetical choice sets with six variables: whether
the GP is behind schedule, patient’s temperature, patient’s general condition, lung auscultation findings, C-
reactive protein (CRP) level, and whether the patient expects antibiotics. Error component and latent class
models were estimated and the probabilities of prescribing in different scenarios were calculated.

Results: The questionnaire was distributed to every Danish GP (n = 3,336); 1,152 (35%) responded. Results
showed that GPs were influenced by (in prioritised order): CRP level (Relative importance (RI) 0.54), patient’s
general condition (RI 0.20), crackles at auscultation (RI 0.15), and fever (RI 0.10). Being behind schedule and
patient expectations had no significant impact on antibiotic prescription at the aggregate level. The latent class
analysis identified five classes of GPs: generalists, CRP-guided, general condition-guided, reluctant prescribers,
and stethoscopy-guided. For all classes, CRP was the most important driver, while GPs were heterogeneously
affected by other drivers.

Conclusion: The most important factor affecting Danish GPs’ decision to prescribe antibiotics at the aggregate
level, in subgroups of GPs, and across latent classes was the CRP value. Hence, the use of CRP testing is an
important factor to consider in order to promote rational antibiotic use in the battle against antimicrobial
resistance.
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1. Introduction

We are seeing a steady rise in resistant bacteria worldwide. One
result is increased morbidity and mortality from otherwise harmless
infections, making antimicrobial resistance the leading cause of diseases
and death (Murray et al., 2022). New antibiotics are not being developed
at the same pace as the march of antibiotic resistance (World Health
Organization, 2015). The World Health Organisation stresses the threat
that antimicrobial resistance poses to human health, and if we wish to
preserve the effect of antibiotics, we will need to restrict their use to
cases where they are absolutely essential (World Health Organization,
2014; World Health Organization, 2015). The use of antibiotics in
humans and their use in agriculture are both drivers of antibiotic
resistance and must be reduced. In our study we focus on improvements
in general practice settings to reduce the use of antibiotics, since 75% of
all antibiotic prescriptions to humans are issued by general practitioners
(GPs) (Goossens et al., 2005; Aabenhus et al., 2016). Though antibiotic
prescribing in Denmark is lower than in many other countries (World
Health Organization, 2014), antimicrobial resistance is an increasing
problem. A recent Danish study indicates that overuse takes place; this
leaves room for improvement (Saust et al., 2018). Over the years several
national campaigns have targeted healthcare professionals and the
general public (Danish Patients and the Organisation of Danish Medical
Societies, 2022; Statens Serum Institut). Furthermore, a National Action
Plan addressing antibiotics in human healthcare was launched by the
Danish Ministry of Health in 2017 (Danish Ministry of Health, 2017).

This paper explores the factors that influence decision-making in
general practice when prescribing antibiotics and aims to identify ways
to improve the quality of antibiotic prescribing. The decision-making
process when GPs elect to prescribe antibiotics is complex and influ-
enced by several factors (Buusman et al., 2007; Hansen C. R., 2016;
Murshid and Mohaidin, 2017). Previous studies have identified the
following factors: Time pressure, C-reactive protein (CRP), lung
auscultation, certain physician characteristics, institutional environ-
ments, situations involving uncertainty regarding diagnosis, prognosis,
continuity of care, patient expectations, and not knowing the patient
(Brookes-Howell et al., 2012; Dempsey et al., 2014; Liu et al., 2019;
McKay et al., 2016; McNulty et al., 2013; O’Connor et al., 2018; Pos-
s-Doering et al., 2020; Sirota et al., 2017). CRP is a commonly used
biomarker of inflammation and infection and can be quantified in a
blood sample. The test can be performed as a point-of-care test in gen-
eral practice with the result available within a few minutes. Multiple
studies indicate that CRP testing influences antibiotic prescribing pat-
terns among GPs and can reduce antibiotic use without compromising
patient safety (Hunter, 2015; Little et al., 2013; Minnaard et al., 2017;
Phillips et al., 2020; Aabenhus et al., 2014).

Little is known about the relative influence of different factors on
antibiotic prescribing by GPs, least of all regarding the balance between
clinical factors and patient expectations or time pressure. Research has
primarily consisted of qualitative and observational studies. Qualitative
data cannot reveal the relative importance of different factors when it
comes to the decision to prescribe antibiotics. Observational studies are
based on administrative data that does not routinely record all the fac-
tors that may influence the prescription decisions made by GPs. For this
study we use a discrete choice experiment (DCE) to understand
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professionals decision-making in complex situations (Hifinger et al.,
2017; Linley and Hughes, 2013; Lum et al., 2018). The base scenario
describes a specific patient with an acute respiratory tract infection
(RTI). The DCE varies several patient and appointment factors previ-
ously found to influence prescriptions for treating acute RTI. We asked
GPs to state whether they would prescribe antibiotics in each case.
Instead of being asked directly about potentially sensitive issues, GPs are
presented with a scenario mimicking real life (Bateman et al., 2004).

Our study aimed to 1) assess the importance of factors that influence
decisions by GPs to prescribe antibiotics for acute RTIs and 2) identify
potential differences in factors influencing antibiotic prescribing for
segments of GPs. We investigated how these factors influence GP pre-
scription behaviour at the aggregate level and for subgroups of GPs
based on both observable characteristics and unobservable character-
istics, using a latent class approach. We compare groups of GPs using
rank orders, relative importance scores, and the probabilities of pre-
scribing in different case scenarios.

CRP proved to be the most important factor for antibiotic prescrip-
tion both at the aggregate level and for subgroups and latent classes of
GPs. We found that GPs do not differ markedly in their preferences for
antibiotic prescribing based on observable characteristics such as age,
gender, region, practice type, seniority, and whether they employ GPs in
training. However, we identified five latent classes of GPs who differ in
their prescribing behaviour. We found that one class of GPs was more
reluctant to prescribe than the others, and that the class of CRP-guided
GPs was almost as reluctant to prescribe as the class of reluctant pre-
scribers. Previous studies have documented that CRP testing can reduce
antibiotic prescribing (Andreeva and Melbye, 2014; Held et al., 2012;
Lindstrom et al., 2015; Minnaard et al., 2017). Hence an important
policy implication that may be derived from our study is that initiatives
which promote CRP use may foster the even more rational use of anti-
biotics in general practice across all types of GPs. Our findings can be
used by policy makers to design initiatives to promote rational pre-
scription in general practice and hereby mitigate the problem of anti-
microbial resistance.

2. Method
2.1. Institutional setting

Danish general practice is a tax-funded institution where most ser-
vices are free of charge for users. GPs are self-employed and financed by
a mixed capitation and fee-for-service system. Medical expenditures are
partly subsidised. GPs work in single-handed practices (42% of all
practices) or in partnership practices (58%) with typically two to six GPs
sharing management and financial responsibility. Practices have an
average of 1737 listed patients per GP (The Danish Organisation of
General Practitioners, 2020). Most practices employ practice nurses,
health care assistants and secretaries, and in a few cases pharmacolo-
gists, but only medical doctors can prescribe antibiotics. Point-of-care
CRP testing has been available in Danish general practice since the
1990s and is used daily in most practices. GPs receive a governmental
reimbursement for providing CRP tests (Haldrup et al., 2017).

2.2. Study population and data collection

The study population was made up of all GPs in Denmark with an
identifiable practice provider number. Every provider number listed in
the Danish Health Authorities’ Organisation Register is linked to one or
more GPs, and each GP is identified with a unique authorisation ID. This
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register is of high validity, since it is used by health authorities to
administer settlements of accounts to the GPs for health services per-
formed. Contact information, age, and seniority for each GP were
retrieved from publicly available registers.

The questionnaire was distributed to all GPs in Denmark (N = 3336).
Questionnaire data was collected from May to September 2019. Invi-
tation was distributed by postal mail containing an information letter
with a hyperlink to the online survey. Data were analysed anonymously.

Information on the survey was disseminated through regional
newsletters. Two reminder letters were sent out. The GPs received a
small fee for their time.

2.3. The discrete choice experiment

The DCE is a validated quantitative research method. Respondents
are presented with a series of carefully constructed scenarios arranged
into choice tasks with several characteristics (attributes) varying sys-
tematically at different levels (Hauber et al., 2016; Soekhai et al., 2019).
The characteristics and scenarios are developed based on theory,
empirical evidence, and qualitative research (Coast et al., 2012). The
respondents’ choices across choice tasks allow the research team to es-
timate and rank the influence of each attribute being studied (Johnson
et al., 2013; Train, 2002).

In our study the scenarios described several patient and appointment
factors (attributes) that may influence GPs when they decide whether to
prescribe antibiotics to a specified patient with symptoms of acute RTI.
The base scenario included some fixed patient characteristics and the
varying attribute levels are described in Online Appendix 1. This method
is in line with best practice for studies of professionals’ decision-making
in this area (Arellano et al., 2015; Gonzalez et al., 2017; Hifinger et al.,
2017; Offerhaus et al., 2015).

2.3.1. Identification of attributes and levels

Following best practice guidelines, a six-stage process was used to
create the base scenario and identify the attributes and levels to be
included in the DCE (Bridges et al., 2011; Johnson et al., 2013): 1)
Literature was searched focusing on factors influencing GPs prescribing
behaviour when handling patients with infections. 2) Two focus group
interviews were held with three GPs in each and consultation observa-
tions followed by interviews were performed with three GPs (a total of
nine participants) (Malterud et al., 2016). All interviews were
semi-structured and moderated by a member of the research team. The
interviews used open-ended questions to identify factors that influence
GPs’ decisions to prescribe antibiotics. For the focus group interviews
participants were asked to recall recent cases, while in the individual

Table 1
Attributes and levels in the DCE.
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interviews the questions were based on the patients the GP had just seen.
Interviews were audio-recorded, transcribed, and analysed using an
inductive thematic approach. 3) An expert panel discussion was con-
ducted with two medical doctors with clinical microbiology as their
speciality, two researchers from the field of infectious diseases in general
practice (both medical doctors), one GP with broad research experience,
and one health economist. The expert panel discussion aimed to select
and validate attributes and levels. 4) A workshop with the research team
was held to select the final set of six attributes and levels. 5) The ques-
tionnaire was tested in think-aloud interviews with nine medical doctors
working in general practice. The aim was to test the relevance, accept-
ability, and comprehensiveness of the DCE instrument. Adjustments
were made to the attributes and levels and questionnaire phrasing. 6) A
pilot test of the DCE and questionnaire was distributed to 100 randomly
chosen GPs to test survey administration and face validity of pilot results
in terms of structure and variation in data. Respondents were asked to
provide feedback on the relevance, acceptability, and feasibility of the
questionnaire.

The process of creating the base scenario and identifying attributes
and levels is described in detail in Online Appendix 1. When creating the
base scenario our emphasis was on presenting a clear case that resembles
a patient often seen in general practice without a high risk of severe
illness in itself: a 65-year-old male with a six-day history of a cold and
sore throat. The attributes included in the final DCE are shown in
Table 1. The patient’s current general condition remained an important
topic for GPs throughout the qualitative work and was included as an
attribute in the final design. In the qualitative work the GPs described
the current general condition as the first appearance of the patient
presenting in the consultation, including skin colour, movements, con-
tact, and breathing; these gave the GP important information as to
whether the patient was critically affected by the disease. The four CRP
levels used for the DCE were based on national and international
guidelines for CRP cut-off values (BjerrumHansen et al., 2014; National
Institute for Health and Care Excellence Uk, 2019). Guidelines do not
state a threshold for deciding to prescribe antibiotics but instead provide
indications of limits where the cause of illness is likely to be of bacterial
origin. As no strict cut-off values exist it was decided to include both a
very low CRP value (5 mg/L) as well as a relatively high CRP value (120
mg/L) to indicate that immediate antibiotic treatment was probably not
indicated or indicated, respectively. The values in between (35 mg/L
and 80 mg/L) were chosen to illustrate cases in which it can be difficult
to decide on antibiotic treatment based on the result of the CRP test
alone.

Attribute Explanation

Levels

Programme for the day
Temperature
Patient’s current general condition

skin, breathing, and responsiveness.

Lung auscultation Your stethoscopy findings.

CRP C-reactive protein measured in mg/l immediately before your consultation with the patient.

The patient’s expressed expectations
of antibiotics

Whether you are on schedule or behind with today’s appointments.
Patient temperature measured rectally prior to the consultation.

Describe your overall assessment of the general appearance of the patient, as shown by his/her hue,

The patient indicates during the consultation whether he expects an antibiotic prescription.

(0) You are on time

(1) You are 30 min behind

(0) 37.8°C

(1) 38.8°C

(0) Current general condition not
affected

(1) Current general condition
affected

(0) Normal stethoscopy

(1) Crackles

(0)CRP 5

(1) CRP 35

(2) CRP 80

(3) CRP 120

(0) Does not express expectations of
antibiotics.

(1) Expresses expectations of
antibiotics.
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2.3.2. Experimental DCE design

We used a Bayesian D-efficient experimental design. The advantage
of efficient designs, as opposed to orthogonal designs, is that they
typically require fewer choice sets and smaller sample sizes to ensure
sufficient statistical power (ChoiceMetrics, 2018). The required sample
size is a function of the initial belief about the parameter values (referred
to as priors), and the DCE design (de Bekker-Grob et al., 2015; Rose and
Bliemer, 2013). In an efficient design, the parameter priors are assumed
to be known and fixed. A Bayesian efficient design allows for uncertainty
about the parameter priors by making use of random priors described by
random distributions (ChoiceMetrics, 2018). In our case, we assumed
that all parameters followed a normal distribution with mean and
standard deviation as estimated from the quantitative pilot test.

In total, 128 possible scenarios can be constructed based on the at-
tributes and levels in Table 1. These were reduced to a subset of choice
tasks for inclusion in our DCE. To ensure sufficient degrees of freedom to
estimate all main effects, 12 choice tasks were specified, and these were
selected by using NGENE software. The 12 choice tasks were created to
ensure that the attribute levels were as balanced as possible and with
minimal correlation between the attribute levels. They were split into
two blocks of six choice sets each to reduce the burden on each
respondent. Blocking was performed using the minimum correlation
principle, where the average correlation between the blocking column
and the design columns in the experimental design are minimised
(ChoiceMetrics, 2018). For the pilot test best-guess priors were used and
the results from the pilot were used to determine the priors in the final
design. The required sample size was calculated by Ngene software
using the S-estimate from the final experimental design (ChoiceMetrics,
2018). This is based on significance level, statistical power level, sta-
tistical model used in the DCE analysis, initial belief about the parameter
values, and the DCE design (Rose and Bliemer, 2013). A sample size of
282 respondents was needed to ensure sufficient statistical power to
estimate main effects in our study.

Each choice task consisted of two hypothetical scenarios. The
respondent was given the opportunity to prescribe antibiotics either to
the patient presented in scenario A, the patient in scenario B, to both
patients, or to neither of the patients (unforced choice). If both were
chosen, the respondents were subsequently asked to state which of the
two patients they would be most inclined to prescribe antibiotics to
(forced choice). We generated one choice variable. If respondents
selected one response A, B or None in the unforced choice then this is the
value of the choice variable, and if respondents chose Both then the
choice variable used responses A or B from the forced choice. The Online
appendix 2 shows the structure of the DCE choice set.

2.3.3. Statistical analysis

To assess the importance of factors that influence decisions by GPs to
prescribe antibiotics for acute RTIs, we used a dummy-coded mixed logit
error component model in which the decision on antibiotic prescribing
for all responding GPs was the outcome and the attributes were the
explanatory variables. Since patient benefit is included, together with
profit, in the standard utility function of health care professionals (Ellis
and McGuire, 1986), we considered it reasonable to assume that GPs
maximise utility to act as the best possible agent for the patient when
deciding in which consultations to prescribe antibiotics. We therefore
used random utility theory to explain the utility of a GP n for prescribing
antibiotics in alternative i. Where n refers to the specific GP (respondent)
and i refers to the specific alternative (scenario).

The true utility is:
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Uin=Vin + €in (@)

The observable systematic component of utility, Vi,, constitutes the
observable component of the variance in choice of alternative i. The non-
observable component, ¢;, is treated as random. If we assume that the
utility function is additive linear, the observable component for indi-
vidual n for alternative i becomes V;, = -X;, , where Xi, = (X1, Xa, ... %)
is a vector of attributes. The linear predictor, V, of the applied models
can be written as:

Vin=a; + p,-Xdelayed,, + p,-Xfever,, + p;-Xaffectedcondition,
+ By-Xstethoscopy;, + ps-XCRP35,;, + ps-XCRP80;, + p;-XCRP120;,
+ Pg-Xexpecty, 2

A logit model can be applied, assuming that the error terms are in-
dependent, and the extreme value random variables are identically
distributed. The alternative specific constant, a, is specified as random
by decomposing it into the mean, 6, and standard deviation, #,, such that

Ay = H'Zin + DpZin (3)

z refers to observed variables relating to alternative i. The alternative
specific constant refers to opting out, that is not prescribing antibiotics
in any of the two consultations.

Assuming that the coefficients vary over respondents with density f
(p), we defined a mixed logit error component model, which also relaxes
the independent of irrelevant alternatives (IIA) assumption and allows
for the panel structure in the data (due to the answering of six choice sets
each). The probability for respondent n of choosing alternative i is:

HXinf
Pu= [ g0 @

where y is the scale parameter (which is inversely related to the error
variance) (Train, 2002).

We conducted several robustness checks. Firstly, we weighted the
observations in our data by the inverse of their probability of being
sampled. We weighted on GP gender, age, region, seniority, and practice
type. Secondly, we estimated a nested logit model. In the study design,
the alternatives have a nested structure in which the alternatives for
prescribing antibiotics may have correlated error terms, while the
alternative not to prescribe may be independent from the decision to
prescribe. Thirdly, we estimated a mixed logit error component model
on a restricted sample of observations by excluding the “both” answers
from the analysis. Fourthly we estimated a random regret minimization
model as GPs may have used a regret minimization strategy rather than a
utility maximization strategy in their prescription decision (Chorus,
2010).

To identify segments of GPs influenced differently in their decision to
prescribe antibiotics, subgroup analyses were first estimated for
observable characteristics (gender, age, seniority, practice type, having
GP trainees, and geographical region). We performed likelihood-ratio
(LR) tests to test the null-hypothesis that all coefficients were the
same between subgroups.

We also performed a latent class analysis in order to determine
whether heterogeneity among respondents is present without being
related to the identified observable characteristics. This analysis as-
sumes that respondents can be grouped according to their stated pre-
scribing behaviour and can take account of unobserved prescribing
heterogeneity. Class membership is latent and thus not based on a-priori
decided characteristics, but rather on respondents’ stated prescription
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decisions. This implies that GPs do not belong to a specific class, but that
the probability of belonging to a class can be estimated. The choice
probability for the latent class model can be described by:

M
=) sk ®)

M defines the number of segments or classes in the population. Sy, is
the share of the population in segment m. The model is useful when
heterogeneity among the population is present but cannot be explained
by observable factors. The analyses were performed with two to seven
classes, and best model fit based on Akaike information criterion (AIC)
and Bayesian information criterion (BIC) determined the number of
classes (Greene and Hensher, 2003; Zhou et al., 2018).

In all regression models, a significant coefficient for an attribute
indicates that the specific attribute has significant impact on a GP’s
decision to prescribe antibiotics. A positive (negative) sign on the co-
efficient indicates that the attribute increases (decreases) the probability
that a GP will prescribe antibiotics. The parameter estimates in the
different models are not directly comparable due to the scale parameter,
u, Therefore, we calculated the relative importance of each attribute for
all models by dividing the difference between the coefficient for the
level with highest utility and level with the lowest utility by the sum of
differences for all attributes and determined rank orders (Malhotra and
Birks, 2007). Since parameter estimates are not directly comparable
across subgroups and latent classes, we calculated the probabilities of
prescribing antibiotics for five scenarios defined by differences in
attribute levels to further illustrate the variance between GPs and clas-
ses. The five scenarios, described in Table 5, were chosen to illustrate
differences in likelihood of prescribing for each subgroup of GPs and
each class with increasing case severity.

Table 2
Characteristics of respondents and the GP population.

Characteristic Respondents Total GP population
(n =1152) (n = 3336)
n (%) n (%)
Gender
Male 526 (45.7) 1500 (45.0)
Female 626 (54.3) 1836 (55.0)
Age
<45 years 338 (29.3)" 836 (25.1)
45-54 years 401 (34.8) 1.108 (33.2)
55-64 years 316 (27.4) 949 (28.4)
>65 years 91 (7.9)" 392 (11.8)
Missing 6 (0.5)" 51 (1.5)
Region
Capital Region 284 (24.7)° 1055 (31.6)
Region of Zealand 141 (12.2) 457 (13.7)
Region of Southern Denmark 302 (26.2) 786 (23.6)
Central Denmark Region 349 (30.3)" 807 (24.2)
North Denmark Region 76 (6.6) 231 (6.9)
Seniority
<5 years 230 (20.0) 626 (18.8)
5-14 years 441 (38.3) 1.190 (35.7)
>15 years 474 (41.1) 1.462 (43.8)
Missing 7 (0.6)* 58 (1.7)
Practice organisation
Solo 252 (21.9) 821 (24.6)
Partnership 900 (78.1) 2515 (75.4)

? Statistically significant difference (p < 0.05) detected in a t-test for differ-
ences in proportions among respondents versus total population.
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3. Results

Of the 3336 GPs receiving an invitation to the survey, 1152
responded (34.5%). Table 2 presents characteristics of the participating
GPs and the Danish GP population showing that the participants were
representative with respect to gender and practice organisation, while
they were slightly younger and not completely evenly distributed
geographically.

3.1. Factors influencing GPs’ decision to prescribe antibiotics for acute
RTIs

Table 3 demonstrates the main effects of the attributes on antibiotic
prescribing. The results indicate that the CRP level (Relative Importance
(RI) = 0.54) is the most influential factor in GP prescribing decisions.
Other influential factors are the patient’s current general condition (RI
= 0.20), lung auscultation (RI = 0.15), and the patient’s temperature
(RI = 0.10). We found no significant effect on antibiotic prescribing
when GPs were delayed in their programme for the day or when patients
expressed expectations of antibiotics.

The sensitivity analyses show that the results are robust to the in-
clusion of sampling weights in the estimation (Online appendix 3),
taking the nested data structure into account (Online appendix 4), and
removing the “both” option from the analysis, except that lung auscul-
tation becomes equally important as patient’s current condition (Online
appendix 5), and estimating a random regret minimization model (On-
line appendix 6).

3.2. Segments of GPs influenced differently in their decision to prescribe
antibiotics

Subgroup analyses related to GP characteristics showed only minor
differences between gender, age groups, seniority, practice organisation,
and location (region in Denmark) (Online appendix 7). For all sub-
groups, the CRP level was the most influential factor for prescription
behaviour. Probabilities for prescribing in the five defined scenarios
show minor differences across gender, age, seniority, and practice
location (Online appendix 8). Female GPs, younger GPs, GPs with less
seniority, and GPs in the region of Northern Denmark seem to be less
inclined to prescribe than their colleagues.

In the latent class analysis, a comparison of model fit revealed that a
model with five classes of GPs fit the data best. These classes all have
CRP as the most important attribute and are distinguished by differences
in the relative importance of other attributes (Table 4). The GP classes
are: 1) generalists influenced by CRP, general condition, lung auscul-
tation and temperature (comprising 31.7% of all responses), 2) CRP-
guided influenced by CRP to a higher degree than the other classes
(22.4%), 3) general condition-guided primarily influenced by CRP and
general condition (19.7%), 4) reluctant prescribers who are least in-
clined to prescribe antibiotics, and influenced by CRP, followed by
general condition, lung auscultation and temperature (15.9%), and 5)
stethoscopy-guided who are primarily influenced by CRP and lung
auscultation and not significantly by the patients’ general condition
(10.4%). Running late in their daily programme impacted on prescribing
for two classes; the stethoscopy-guided GP, who would be less inclined to
prescribe when delayed, and the CRP-guided GP, who would be more
inclined to prescribe when delayed. The CRP-guided GPs and the
reluctant prescribers were less likely to prescribe antibiotics if the pa-
tient expressed an expectation. The stethoscopy-guided GP, on the other
hand, would be more inclined to do so.
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Table 3
Mixed logit error component model.
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Attribute name Attribute level

Utility coef. [95CI] Relative influence (Rank order)

Programme for the day 30 min behind schedule —0.049 [-0.114; 0.016] 0.00 (5)
Temperature 38.8°C 1.256 [1.169; 1.344] 0.10 (4)
Patient’s current condition Current condition affected 2.629 [2.477; 2.780] 0.20 (2)
Lung auscultation Crackles at stethoscopy 1.965 [1.837; 2.094] 0.15 (3)
C-Reactive Protein CRP 35 1.894 [1.742; 2.045] 0.54 (1)
CRP 80 5.497 [5.213; 5.782]
CRP 120 7.023 [6.676; 7.369]
The patient’s expressed expectations of antibiotics Expresses expectations of antibiotics —0.018 [-0.085; 0.049] 0.00 (6)
Opt out 6.146 [5.810; 6.481]
SD Opt out [95CI] 1.393 [1.268; 1.518]
Observations 20,736
Log likelihood —5880.28
Chi 2 447.88
Prob > chi2 0.0000

Mixlogit command performed in Stata with 1000 Halton draws (Hole, 2007). A positive (negative) sign of the utility coefficient indicates that the attribute makes the
GP more (less) inclined to prescribe. Opt out should be interpreted as the preference for not prescribing. RI: Relative importance. RO: Rank order.Reference levels:
Programme for the day: On time. Temperature: 37.8 °C. Patient’s current general condition: not affected. Lung auscultation: no abnormalities. C-Reactive Protein: 5.

Expressed expectations: Does not express expectations of antibiotics.

The probability of prescribing for each class in each of the five
defined scenarios is shown in Table 5. In a scenario with crackles on
auscultation, general condition affected, and CRP level at 35 mg/L, for
example, we found that the reluctant prescribers have a 15.4% proba-
bility of prescribing, whereas the CRP-guided GPs and generalists have a
24.0% and 35.6% probability of prescribing antibiotics, respectively. At
the other end of the scale, we found the stethoscopy-guided and the
general condition-guided GPs having an 88.4% and an 89.9% proba-
bility of prescribing antibiotics. Across the five defined cases, the CRP-
guided GPs, together with the reluctant prescribers, have relatively
low probabilities of prescribing antibiotics compared to the other
classes.

4. Discussion

The CRP value proved to be the most important factor affecting
Danish GPs’ decisions to prescribe antibiotics at the aggregate level, in
subgroups of GPs based on observable characteristics, and across latent
classes. Affected general condition, crackles at lung auscultation, and
fever were also important influences on the decision to prescribe,
although less influential than CRP values. Being behind schedule and
patient expectations had no significant impact on prescribing at the
aggregate level. However, both factors were significant in some seg-
ments of the GP population, although not to the same extent as the
clinical factors. This indicates that GPs generally act rationally when
handling patients with symptoms of an acute infection.

We only found minor differences in preferences based on observable
GP characteristics. However, the latent class analysis revealed marked
preference heterogeneity among GPs, and five classes were identified.
One class of GPs was more reluctant to prescribe than the others.
Interestingly, the class of CRP guided GPs were almost as reluctant to
prescribe as the class of reluctant prescribers. Previous studies support
the argument that CRP testing can reduce antibiotic prescribing and that
a CRP test interpreted along with clinical symptoms can safely be used to
rule out bacterial infections of clinical importance (Andreeva and Mel-
bye, 2014; Held et al., 2012; Lindstrom et al., 2015; Minnaard et al.,

2017). This is also reflected in national guidelines (BjerrumHansen
et al., 2014).

The patient’s current general condition was the second-most
important factor identified, meaning that the classic virtues of general
practice represented by the GPs clinical assessment are of high impor-
tance. To our knowledge, the importance of GPs’ assessment of their
patients general condition on antibiotic prescribing has not previously
been explored and very little research has been conducted in exploring
the concept of general condition (Dale et al., 2019; Ebell et al., 2020).
Studies have considered GPs intuition or clinical gestalt which may
reflect the same thing, i.e., the interpretation of the overall impression of
the patient (Brookes-Howell et al., 2012; Dale et al., 2019). We found
that the general-condition-guided GPs were more likely to prescribe
antibiotics than the CRP-guided GPs. There may be variation in the cues
used by GPs to assess the general condition. Further research is needed
to determine the nature of cues that GPs use to assess a patient’s current
general condition, whether cues are used consistently by a given GP and
across GPs, and the validity of these cues for prescribing. This knowl-
edge may help foster rational antibiotics use.

Studies have found that time pressure and patient requests are
associated with higher levels of antibiotic prescribing (Dempsey et al.,
2014; Liu et al., 2019; McNulty et al., 2013; Poss-Doering et al., 2020;
Sirota et al., 2017). We found that time constraints and patient expec-
tations only influenced certain groups of GPs, and this influence was
ambiguous because some GPs were more inclined to prescribe antibi-
otics due to time constraints and patient expectations while others were
less inclined. Our finding of no overall effect of patient expectations and
time constraints on antibiotic prescribing may be explained by 1) the
inclusion of clinical factors that have a larger influence, and 2) patient
expectations and time constraints influence different segments of GPs in
different directions. This heterogeneity in behaviour may result in an
insignificant effect at the aggregate level.

The study has important policy implications. We found heterogene-
ity as to the factors driving antibiotic prescribing decisions among GPs
and that these differences are not well captured by observable GP
characteristics. A latent class model, as used in this study, can help us
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Table 5
Probability of prescribing for each class in 5 selected scenarios.
Probability of prescribing % (CI95) Generalist CRP-guided General condition- Reluctant Stethoscopy-
guided prescriber guided
Crackles and CRP 5 0.4 [0.1; 0.6] 0.0 [0.0; 0.1] 5.3 [2.1; 8.6] 0.1 [0.0; 0.2] 79.8 [59.8; 99.7]
Crackles, general condition affected and CRP 5 6.2 [3.7; 8.6] 0.2 [-0.2; 0.5] 56.7 [46.0; 67.3] 4.2 [1.5; 6.9] 85.3 [74.6; 96.0]
Crackles, general condition affected and CRP 35 35.6 [22.4; 48.8] 24.0[9.3; 38.7] 89.9 [86.2; 93.6] 15.4 [6.7; 24.1] 88.4 [81.6; 95.2]
Crackles, general condition affected, CRP 35 and patient expecting 45.9 [33.5; 58.3] 12.3 [-0.5; 89.5 [85.6; 93.5] 11.0. [4.4; 17.6] 91.6 [86.3; 96.9]
antibiotics 25.2]
Crackles, general condition affected, CRP 80 and patient expecting 99.7 [99.4; 93.8 [88.4; 99.0 [98.4; 99.6] 88.3 [81.1; 95.5] 93.8 [88.4; 98.4]
antibiotics 100.0] 99.3]

Base case: A 65-year-old male with a six-day history of a cold and sore throat. In addition, he now presents with a productive cough. No chronical conditions. He does
not smoke. Blood pressure is 125/75 mmHg. Base scenario: The GP is on time with the programme for the day. The patient has a temperature of 37.8 °C. Patient’s
current general condition is not affected. Lung auscultation is with no abnormalities. C-Reactive Protein 5. The patient does not express expectations of antibiotics.
Changes from this are stated in the left column. Corresponding changes in probabilities of prescribing is shown for each class of GPs.

cannot evaluate the importance of other factors (e.g., comorbidity or
age) that have been shown to influence antibiotic prescribing in other
studies (Liu et al., 2019; Poss-Doering et al., 2020) but have not been
included as attributes in this study.

5. Conclusion

The most important factor affecting Danish GPs’ decision to pre-
scribe antibiotics at both the aggregate level, in subgroups of GPs based
on observable characteristics, and across latent classes was the CRP
value. Hence, CRP is a crucial factor to consider in the endeavour to
promote rational antibiotic use in the battle against antimicrobial
resistance.
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