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Background: High rates of antibiotic misprescribing in primary care, with alarming clinical and economic conse-
quences, highlight the urgent need for interventions to improve antibiotic prescribing in this setting.

Objectives: To assess the effectiveness on antibiotic prescribing quality indicators of a multifaceted intervention
targeting health professionals’ and patients’ behaviour regarding antibiotic use.

Methods: We conducted a pragmatic cluster-randomized controlled trial in the catchment area covered by
Portugal’s Central Regional Health Administration. The intervention consisted of a multidisciplinary, multifaceted
programme involving physicians, pharmacists and patients, and comprising outreach visits for physicians and
pharmacists, and educational materials for health professionals and patients. The following were assessed: rela-
tive ratios of prescription of penicillins sensitive to b-lactamase, penicillin combinations including b-lactamase
inhibitors, third- and fourth-generation cephalosporins and fluoroquinolones; and the ratio of broad- to narrow-
spectrum antibiotics. An interrupted time-series analysis for multiple-group comparisons was performed. The
study protocol was registered on Clinical.trials.gov (NCT02173509).

Results: The participation rate in the educational intervention was 64% (197/309 GPs) in a total of 25 counties.
Statistically significant improvements were obtained, not only in the relative prescription of penicillins sensitive
to b-lactamase (overall relative change of !896%) and penicillin combinations including b-lactamase inhibitors
(#161%), but also in the ratio of broad- to narrow-spectrum antibiotics (#200%). Statistically significant results
were also obtained for third- and fourth-generation cephalosporins, though only in the immediate term.

Conclusions: This study showed that quality indicators of antibiotic prescribing can be improved by tackling
influences on behaviour including knowledge and attitudes surrounding physicians’ clinical practice. Accordingly,
these determinants must be considered when implementing interventions aimed at improving antibiotic
prescribing.

Introduction

Increasing misuse and overuse of antibiotics worldwide1 has led to
escalating rates of resistance2 and harmful risks for individual
patients,3 with little or no clinical benefit.4 As most antibiotics are
prescribed in primary care,5 interventions to tackle this global con-
cern are thus needed in this setting. Portugal is no exception: the
consumption of antibacterials for systemic use in primary care
remains high [in 2012, compared with the country scoring best in
the EU/EEA, 22.7 DDDs per 1000 inhabitants per day (DID) versus

11.3 DID in the Netherlands/2.33 packages per 1000 inhabitants
per day (PID) versus 1.14 in Sweden].6 The rate of hospital-
acquired infection is significantly higher than the European mean7

and Portugal has one of the highest incidence rates of infection
due to MRSA (47%) and vancomycin-resistant Enterococcus
faecium (20.1%).7 Consequently, the association between the
development of resistance and increasing rates of morbidity,
mortality, length of hospitalization and cost of healthcare8 has be-
come a cause for alarm among patients, healthcare providers and
policymakers alike.

VC The Author(s) 2019. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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Gonzales et al.9 estimated a rate of excessive use of antibiotics
in acute respiratory infections in ambulatory practice of 55% and
Schroeck et al.10 reported a figure of�64% of patients inadequate-
ly treated, mainly because of antibiotics being prescribed when not
indicated.10 More recently, in an estimation of outpatient oral anti-
biotic prescribing, Fleming-Dutra et al.11 stated that approximately
one-third of all antibiotics prescribed were unnecessary and
emphasized the urgent need to tackle antibiotic misprescribing
and overprescribing in primary care. In Portugal, like in other
European countries, antibiotics may only be dispensed by commu-
nity pharmacies under medical prescription. Hence, there is need
for multifaceted, multidisciplinary programmes that are designed
on the basis of the characteristics of each practice and across set-
tings12,13 and take both clinical and behavioural determinants into
account.14

We developed a joint multidisciplinary, multifaceted interven-
tion targeting health professionals’ and patients’ behaviour
regarding antibiotic use, which significantly decreased overall anti-
biotic use by 3.71%.15 Since inappropriate antibiotic prescribing
involves a combination of overprescribing and misprescribing fac-
tors, the European Surveillance of Antibiotic Consumption (ESAC)
adopted the quality indicators for antibiotic consumption validated
by Coenen et al.16 These quality indicators are used by ESAC to
compare antibiotic consumption over European countries and are
fundamental to characterize, improve and guide the development
of interventions. This study sought to assess the effectiveness of
the intervention on quality indicators of antibiotic-prescribing
behaviour.

Methods

Ethics

We conducted a pragmatic, cluster-randomized, controlled trial in the
catchment area covered by Portugal’s Central Regional Health
Administration. Authorization was obtained from Portugal’s Central
Regional Health Administration (Permit Number 015650) and the
Portuguese Data Protection Authority (Comiss~ao Nacional de Proteç~ao de
Dados/CNPD) (Permit Number 2886). The study protocol was registered on
Clinical.trials.gov (NCT02173509).

Study setting and population
In the outpatient setting of the Portuguese Public Health Service, most peo-
ple are registered with an outpatient primary care centre and/or GP and,
under normal circumstances, consult their GP on their primary care needs.
Portugal’s Central Regional Health Administration, the setting for this study,
covers a total of 77 counties. The primary care service has a pyramidal
structure made up of Health Centre Groups (Agrupamentos de Centros de
Saúde) (n"6) and Local Healthcare Units (Unidades Locais de Saúde) (n"2)
organized around the country’s referral hospitals. The above 77 counties
had a total catchment population of 1.7 million in 2012.17

Randomization
A randomized cluster design was chosen to avoid contamination within
control and intervention groups. Based on the above-mentioned pyramidal
structure and taking the referral hospitals serving the respective outpatient
centres into account, we proceeded to create eight spatial clusters. Cluster
randomization was then performed by two of the authors (A. Figueiras and
M. T. H.) using computer generation of random numbers (EPIDATVR

program). Of the total of eight clusters, four were allocated to the interven-
tion and four to the control group.

The random distribution of the clusters to the intervention group and
control group was unbalanced by the number of municipalities, health pro-
fessionals and population. However, there is a valid method of random dis-
tribution (unequal randomization)18,19 that forces the groups to have
different sizes.

Intervention
The intervention was designed as the ultimate goal of the following se-
quential steps targeted at improving antibiotic prescribing in primary care:
(i) systematic review to identify factors that influence physicians’ behav-
iour;20 (ii) questionnaire development and validation to assess the determi-
nants of antibiotic prescribing;21 and (iii) a cohort study to assess the
impact of each factor on the quality indicators of antibiotic-prescribing be-
haviour.22 This cohort study and the controlled intervention were devel-
oped in the same area.

The intervention consisted of a multidisciplinary, multifaceted pro-
gramme involving physicians, pharmacists and patients, and using a com-
bination of learning methods, topics and strategies to improve clinical
behaviour. It included active (outreach visits targeting physicians and phar-
macists; �2 h each) and passive (educational materials targeting general
population) features. The intervention was expressly designed to address
gaps in knowledge and attitudes that had been previously identified in the
same target population. Figure 1 depicts a schematic representation of the
intervention’s features.

The physician educational outreach visit presentation, available as
Supplementary data at JAC Online, included: (i) a characterization of anti-
biotic use and resistance in Europe, Portugal and the study setting; (ii) the
relationship between consumption and resistance; (iii) rates of antibiotic
use in primary care; (iv) factors previously identified as underlying inappro-
priate antibiotic prescribing20,22 (both intrinsic, such as attitudes, and extrin-
sic, such as patient- or health system-related factors); and (v) a detailed
explanation of strategies to improve antibiotic use (simulated dialogues of
physician–patient communication focused on attitudes previously identi-
fied, in the same target population, as affecting antibiotic prescribing,22 and
evidence of delayed prescribing methods).23

A letter was circulated to all clinical directors of primary care facili-
ties in the intervention group, informing and inviting all physicians to
participate in the study. Each intervention was booked in collaboration
with the clinical director, usually to coincide with the weekly staff meet-
ing, and was performed by one of the authors (A. T. R.). Participation in
the intervention session was voluntary and no financial benefit was
received by study participants. The intervention took place from 31 May
2013 to 3 October 2013. During the same period, outreach visits to com-
munity pharmacists were made by one of the authors (F. R.), with the
dual aim of improving pharmacists’ antibiotic dispensing and enlisting
them to play a role in the distribution of flyers and posters and elucida-
tion of the included information, thus contributing to improved aware-
ness of the rational use of antibiotics by the general population . The
pharmacists’ intervention was designed with data obtained from previ-
ous studies about knowledge and attitudes in the same target
pharmacists.24

Regarding the educational materials (available as Supplementary data
at JAC Online), posters and flyers were distributed to the general population
in primary care centres and community pharmacies of the intervention
counties. These materials included messages regarding the excessive and
inadequate use of antibiotics and their impact on health, emphasizing that
microbial resistances are putting future generations at risk.

The control group did not receive the intervention and continued with
the usual practice.

Scientific support was obtained from the Official College of Physicians,
the Portuguese Association of Family Medicine and the Official College of
Pharmacists.

Intervention to improve antibiotic-prescribing behaviour JAC
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Outcome measures
We used the quality indicators validated by Coenen et al.16 (2007) to calcu-
late monthly prescribing rates (from September 2010 to September 2014)
both for indicators reflecting relative ratios of prescribing and for the ratio of
broad- to narrow-spectrum antibiotics:

• percentage prescription of penicillins sensitive to b-lactamase
(J01CE_%)

• percentage prescription of penicillin combinations including b-lacta-
mase inhibitors (J01CR_%)

• percentage prescription of third- and fourth-generation cephalosporins
(J01DD!DE_%)

• percentage prescription of fluoroquinolones (J01MA_%)

• the ratio of consumption of broad-spectrum penicillins to narrow-
spectrum penicillins, cephalosporins and macrolides (J01B/N_%)

This set of indicators was chosen because they are periodically pub-
lished by ESAC5 and Portugal’s national authorities, allowing the inter-
pretation of intervention effectiveness in a national and international
context.

Statistical analysis
The effect of the intervention on quality indicator values was estimated
using interrupted time-series (ITS) analysis for multiple-group compari-
sons.25 ITS is a very useful method for assessing the impact of public health
and policy interventions26–28 and the effect estimate seems to be concord-
ant with that yielded by conventional cluster-randomized controlled trial
analysis.29 Prescriptions sourced from the Portuguese Central Regional
Health Administration were aggregated by group (intervention versus con-
trol), with calendar month being used as the unit of analysis. Furthermore,
ITT analysis was also performed. As proposed by Linden,25 the regression
model adopted was as follows:

Yt ¼ b0 þ b1Tt þ b2Xt þ b3XtTt þ b4Z þ b5ZTt þ b6ZXt þ b7ZXtTt

þ seasonalityþ et;

where:

• Yt is the outcome variable

• Tt is time since the start of the study (months)

• Xt is a dummy variable representing the intervention (pre-inter-
vention"0; post-intervention"1)

• XtTt, ZTt, ZXt and ZXtTt are the interaction terms

• Z represents the group assignment (intervention"1; control"0)

• b0 is the starting level of the outcome variable for the control group

• b1 is the slope of the outcome variable until the intervention

• b2 is the change in the outcome in the period immediately following
the intervention

• b3 is the difference between pre- and post-intervention slopes for the
control group

• b4 is the difference in the level (intercept) of the
outcome between the intervention and control groups prior to the
intervention

• b5 is the difference in the level (trend) of the outcome between the
intervention and control groups prior to the intervention

• b6 indicates the difference between treatment and controls prior to the
intervention

• b7 is the difference in the level (trend) of the outcome between the
intervention and control groups post- as compared with pre-
intervention

• et is the error estimation.

• seasonality assumes different values according to the winter quarters
(January–March and October–December) and summer quarters (April–
June and July–September)

Physicians

Educational outreach visits
Active intervention

Scientific evidence Scientific evidence

Antibiotic consumption
Regional and national
antibiotic use information

Improve behaviour
Attitudes, knowledge and
extrinsic factors

Solutions
•   Improve knowledge
•   Communication training
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Figure 1. Intervention features.
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Based on Zhang et al.,30 we calculated the relative change brought
about by the intervention, by combining immediate (level) and non-
immediate (trend) changes into a single estimate. Relative change
expressed as a percentage was also assessed. Relative change was calcu-
lated for the first month after the start of the intervention (T" intervention
month!1), exclusively including significant terms.27

Linear post-intervention trends in the intervention (b1Tt ! b5ZTt ! b3XtTt

! b7ZXtTt) and control (b1Tt ! b3XtTt) groups and the difference between
them (b5ZTt ! b7ZXtTt) were assessed,25 where:

• b1Tt is the slope of the outcome variable until the intervention

• b3XtTt is the difference between pre- and post-intervention slopes for
the control group

• b5ZTt is the difference in the level (trend) of the outcome between the
intervention and control groups prior to the intervention

• b7ZXtTt is the difference in the level (trend) of the outcome between the
intervention and control groups post- as compared with pre-
intervention

Results

The participation rate was 64% (197/309 GPs) in a total of 25 coun-
ties (100%). Figure 2 shows the process of randomization, alloca-
tion, participation, follow-up and analysis.

Impact on the quality of penicillin prescribing

In terms of the quality of penicillin prescribing, there were statistic-
ally significant improvements in the quality indicators evaluated in
both the immediate (first month after the intervention) and the
non-immediate (after the first month of the intervention) term
(Table 1).

The effect (relative change) on the relative prescription of peni-
cillins sensitive to b-lactamase was !896%, with an increase in
the first month after the start of the intervention (P,0.001) plus a
statistically significant increase in trend (P"0.023). Inversely, the
prescription of penicillin combinations including b-lactamase
inhibitors (percentage of total) displayed an immediate and non-
immediate reduction effect, with an overall relative change of
#161%.

Additionally, monthly post-intervention trends (Table 2) in the
quality indicators showed that the difference (intervention minus
control) was positive for the prescription of penicillins sensitive to
b-lactamase and negative for the prescription of penicillin
combinations.

Impact on the quality of cephalosporin prescribing

Whereas a significant relative decrease was seen in the prescribing
of third- and fourth-generation cephalosporins in the first month
after the start of the intervention, no statistically significant results
were observed in the non-immediate term (relative change of
0.002) (Table 1).

Impact on the quality of fluoroquinolone prescribing

No statistically significant effect was found for the relative
prescription of fluoroquinolones (Table 1; P.0.05 for both the im-
mediate and the non-immediate effect). Monthly trends in the
post-intervention period were negative for both the intervention
and control groups (#0.049 and#0.072, respectively).

Impact on the quality of broad- to narrow-spectrum
antibiotic prescribing

There was an estimated change of #200% in the ratio of broad- to
narrow-spectrum antibiotics. Statistically significant results were
only obtained for the non-immediate term effect (P,0.001). As
can be seen in Table 2, the difference of #0.390 in the post-
intervention period indicates that the ratio decreased more in the
intervention group than in the control group.

Discussion

The results reported here reflect the effectiveness of a joint multi-
faceted, multidisciplinary intervention on the appropriateness of
antibiotic prescribing. Tackling antibiotic misprescribing behaviour
is a necessary response that recognizes the importance of both
reducing antibiotic overuse and improving the quality indicators of
the antibiotics prescribed. With respect to misprescribing practices,
our results indicate significant improvements in the values of qual-
ity indicators of penicillins, the most widely used class of antibiot-
ics,31 and cephalosporins, and in the ratio of broad- to narrow-
spectrum antibiotics, which all goes to reflect the improvement in
prescription practices.

Making decisions about antibiotic prescribing is influenced by
clinical, social and behavioural determinants.32,33 By combining
the different elements pinpointed as underlying physicians’
antibiotic-prescribing behaviour (attitudes, knowledge and percep-
tions regarding antibiotic use, socio-demographic factors and
communication issues), this intervention adds evidence on how to
tackle this global concern in primary care. Furthermore, the use of
a pragmatic randomized design combined with the inclusion of
simulated physician–patient dialogues, a multidisciplinary and
multifaceted approach and a high level of participation served to
strengthen the results obtained.

Impact on the quality indicators of antibiotic
prescribing

Improvements were obtained in the immediate and non-
immediate term for the relative prescription of penicillins and
broad- to narrow-spectrum antibiotics and in the immediate term
for the prescription of cephalosporins. No impact was observed for
fluoroquinolone prescribing or for changes in cephalosporin pre-
scribing trends (non-immediate).

Firstly, the statistically significant results obtained for the reduc-
tion in the prescribing of penicillins with b-lactamase inhibitors,
plus the increase in penicillins sensitive to b-lactamase, in both the
immediate and non-immediate term, revealed a positive effect of
the educational outreach visit on the appropriate use of this sub-
class of antibiotics. Penicillins are the most widely consumed sub-
class of antibiotics (�50%)31 and using them wisely is
fundamental in terms of preserving their effectiveness. The high
estimated increase in the relative prescription of penicillins sensi-
tive to b-lactamase (!896%) might be related to the fact that
Portuguese rates for this indicator are much lower than the
European mean (0.1% versus 5.29%).31

Secondly, in view of the fact that no statistically significant
change in penicillin consumption was observed as a result of the
intervention (#2.55%, P"0.191; published elsewhere15), the

Intervention to improve antibiotic-prescribing behaviour JAC
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increased prescription of penicillins sensitive to b-lactamase would
suggest a behavioural change in antibiotic-prescribing patterns,
characterized by the prescription of narrower- rather than wider-
spectrum antibiotics, and the promotion and implementation of
strategies, such as delayed prescribing, resulting in a lack of impact
on overall antibiotic use.

Thirdly, the relative reduction in the prescription of penicillins
with b-lactamase inhibitors, combined with the statistically signifi-
cant reduction in the monthly ratio of broad- to narrow-spectrum
antibiotics, also points to an extremely important resulting im-
provement in physicians’ prescribing behaviour. The intervention’s
multifaceted design, i.e. combining clinical and social aspects of
the prescribing process with a multidisciplinary approach that

included physicians, pharmacists and educational materials for
patients, may have had an impact on this ratio, which is of major
importance in primary care.34

With regard to the quality indicators of cephalosporin prescrib-
ing, the intervention led to a statistically significant reduction in
the first month after onset of the intervention but no changes in
trend (non-immediate). To comprehend these results, it is essen-
tial to know that in the period from 2010 to 2015 (with the single
exception of 2011), the relative prescribing rate of third- and
fourth-generation cephalosporins in Portugal was lower than the
average for European countries reporting to ESAC (in 2013, the
year in which the intervention took place, this figure was 34.26%
versus 38.25%).31

8 Spatial Clusters
Counties (n = 77)

Outpatient centres (n = 87)
GPs (n ≈ 1100)

Population (n ≈ 1.7 million)

Excluded:
Prescriptions with no DDD available.
Prescriptions with zero or missing number
of packages.

Control (4 Clusters)
Outpatient centres (n = 61)
GPs (n ≈ 791)
Population (n ≈ 1 289 400)

Intervention (4 Clusters)
Outpatient centres (n = 26)
GPs (n ≈ 309)
Population (n ≈ 423 500)

Participants
GPs (n ≈ 197)
Outpatient centres (n = 26)

Follow-up
Outpatient centres (n = 61)
Population (n ≈ 1 289 400)

Follow-up
Outpatient centres (n = 25)
Population (n ≈ 413 900)

Analysis
Outpatient centres (n = 25)
Population (n ≈ 413 900)

Excluded:
Outpatient centre (n = 1):
missing prescribing
information for 2013.
Population (n ≈ 9600)

Analysis
Outpatient centres (n = 61)
Population (n ≈ 1 289 400)

ALLOCATION

RANDOMIZATION

Figure 2. Study flow diagram.
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No changes were found in the relative prescription of fluoroqui-
nolones. As the prescribing of these antibiotics in primary care is
associated with the severity and duration of the disease and with
the patient’s age,35 it might be more difficult for physicians to
change their behaviour in such cases.

Impact on absolute rates of antibiotic use

This study did not seek to assess the impact on absolute rates of
prescribing, since sales data are a better outcome for the purpose
of measuring the global impact of an intervention on such indica-
tors.36 In this regard, results of the effectiveness of the intervention
as a whole (published elsewhere15) showed a significant reduction
in overall antibiotic sales (#3.71%, P"0.0459). One central feature
of the intervention that might have had an impact on sales,
though not prescription data, is the delayed prescribing strategy,
whereby a patient is provided with a prescription but advised to
delay using it in the expectation that the symptoms will resolve
spontaneously.23 In line with the literature, delayed prescribing
might have a substantial effect on antibiotic use (one-third of anti-
biotic prescribing when compared with immediate prescribing).37

Study strengths

The results reflect important changes in the behavioural aspects of
antibiotic-prescribing patterns,20,22 together with the promotion of

strategies such as delayed prescribing38 and communication
skills,39 which have shown themselves to be effective in terms of
improving antibiotic prescribing in primary care.

The effectiveness of the intervention might be related to its
multidisciplinary, multifaceted approach, which: (i) included
health professionals and patients; (ii) was designed to reflect
physicians’ own practice;22 (iii) adopted different features (such
as educational visits, information on regional and national data
and discussion of possible improvement strategies); and (iv)
addressed clinical and behavioural factors underlying the anti-
biotic prescribing process. As shown by the literature, social
determinants are of pivotal importance in making decisions
about antibiotic prescribing and behavioural approaches can be
effective in primary care practice to reduce rates of use36,40 and
improve the quality of antibiotic prescribing.41 Our results add
to existing evidence of the impact on prescribing quality indica-
tors, which is of the greatest importance in terms of improving
antibiotic use in primary care.

Another important aspect of the intervention, and one that
might have further contributed to its effectiveness, was the passive
approach, focused on patients and implemented at outpatient
centres and community pharmacies. This passive educational and
awareness campaign, using posters and leaflets, might have had
an influence on factors such as patient pressure to prescribe antibi-
otics, which has been referred to both in the literature20,42 and in

Table 1. Differences in immediate and non-immediate post-intervention trends

Prescribing quality indicator Period Coefficient (b) 95% CI P
Relative
change

Relative
change (%)

Penicillins sensitive to b-lactamase

(% of total)

immediate effect 1.142 0.842–1.442 ,0.001a 9.963 !896

non-immediate effect 0.034 0.005–0.062 0.023b

Penicillin combinations including

b-lactamase inhibitors (% of total)

immediate effect #5.220 #9.223 to #1.216 0.011b #0.608 #161

non-immediate effect #0.494 #0.879 to #0.110 0.012b

Third- and fourth-generation

cephalosporins (% of total)

immediate effect #0.459 #0.785 to #0.132 0.006a 0.002 #100

non-immediate effect 0.028 #0.003 to 0.060 0.077

Fluoroquinolones (% of total) immediate effect #0.464 #3.219 to 2.290 0.738 0.000 #100

non-immediate effect 0.024 #0.241 to 0.289 0.858

Ratio of broad- to narrow-spectrum

prescription of penicillins, cephalosporins

and macrolides

immediate effect 2.300 #0.213 to 4.814 0.072 #1.000 #200

non-immediate effect #0.454 #0.695 to #0.212 ,0.001a

aP,0.01.
bP,0.05.

Table 2. Comparison of linear post-intervention trends

Prescribing quality indicator
Control

(coefficient)
Intervention
(coefficient) Difference

Penicillins sensitive to b-lactamase (% of total) 0.010 0.043 0.033

Penicillin combinations including b-lactamase inhibitors (% of total) 0.083 #0.250 #0.333

Third- and fourth-generation cephalosporins (% of total) 0.006 0.037 0.032

Fluoroquinolones (% of total) #0.072 #0.049 0.023

Ratio of broad- to narrow-spectrum prescription of penicillins, cephalosporins and

macrolides

0.336 #0.054 #0.390
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previous research done on this population22 as having a significant
impact on antibiotic prescribing.

Important methodological strengths of the study include its
clustered design, which reduced cross-contamination, randomiza-
tion, which avoided selection bias, and the use of a control arm,
which served to eliminate biases such as seasonal variation, be-
havioural changes over time and external interventions, thus ena-
bling causality between the intervention and the result measured
to be assessed. Similarly important was the trial’s pragmatic de-
sign, ensuring intervention effectiveness, which might have been
greater with a higher participation rate.

Insofar as analysis was concerned, an ITT analysis was per-
formed. Bearing in mind that control clusters are much larger than
intervention clusters, if contamination did in fact occur there would
be a higher probability of this having an impact in the form of
diminishing the effect, thus resulting in an underestimate rather
than an overestimate.

Study limitations

Firstly, the study conclusions reported here are limited by the ab-
sence of diagnostic information, thereby impeding an in-depth
evaluation. Since all antibiotics prescribed for systemic use were
included in the analysis, this might have led to an underestimate
of the intervention effect.

Secondly, the results presented did not reflect the impact of
some intervention features, such as passive patient education or
delayed prescribing, which might affect the consumption but not
the prescription of antibiotics.

Thirdly, the analysis did not consider demographic or clinical dif-
ferences in the populations attended by the physician, which, if
present and different between study arms, might have had an im-
pact on the final result.

Fourthly, the fact that the random distribution of the cluster to
the intervention group and control group was unbalanced by the
number of municipalities, health professionals and population
could be considered a limitation. However, we believe this is not a
limitation since this is a very similar situation to that of an unequal
randomization,18,19 which forces the groups to have different sizes.
Our group has carried out studies with a methodology similar to
this in which the proportions of clusters in each group was 1:3.43,44

In cluster-randomized trials the data were adjusted for baseline
values of the same variable so that only the changes are com-
pared, not absolute values.45

Future perspectives

From a research perspective, conducting a longer-term follow-up
analysis to assess the intervention’s effectiveness in terms of pre-
scribing and resistance should be very useful in gaining an in-
depth understanding of its real effect on clinical practice. The lit-
erature shows that these types of interventions can have a positive
effect46,47 on antibiotic prescribing and use, a fact that must be
considered when conducting clinical and economic evaluations of
such interventions.

This research could also prove very useful in policy making. The
study’s pragmatic design enhances its applicability as empirical
support for future local, national and international initiatives
aimed at tackling this global concern.

Improving the quality indicators of antibiotic prescribing is one
of the main challenges facing efforts to halt antibiotic misuse. This
study shows that these indicators can be improved by addressing
knowledge and behavioural aspects surrounding physicians’ clinic-
al practice. Accordingly, this intervention’s features and the results
obtained should be considered when implementing countrywide
or multi-country interventions. All the stakeholders, policy makers,
health professionals, scientific societies and universities should be
involved in the design and implementation of such interventions.
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