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Abstract

Background: Antibiotics are prescribed frequently for upper respiratory tract infections (URTIs) even though most
URTIs do not require antibiotics. This over-prescription contributes to antibiotic resistance which is a major health
problem globally. As physicians’ prescribing behaviour is influenced by patients’ expectations, there may be some
opportunities to reduce antibiotic prescribing using patient-oriented interventions. We aimed to identify these
interventions and to understand which ones are more effective in reducing unnecessary use of antibiotics for URTIs.

Methods: We conducted a systematic review by searching the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE (OVID), EMBASE (OVID), CINAHL, and the Web of Science. We included English language
randomized controlled trials (RCTs), quasi-RCTs, controlled before and after studies, and interrupted time series (ITS)
studies. Two authors screened the abstract/titles and full texts, extracted data, and assessed study risk of bias.
Where pooling was appropriate, a meta-analysis was performed by using a random-effects model. Where pooling
of the data was not possible, a narrative synthesis of results was conducted.

Results: We included 13 studies (one ITS, one cluster RCTs, and eleven RCTs). All interventions could be classified into
two major categories: delayed prescriptions (seven studies) and patient/public information and education interventions
(six studies). Our meta-analysis of delayed prescription studies observed significant reductions in the use of antibiotics
for URTIs (OR = 0.09, CI 0.03 to 0.23; six studies). A subgroup analysis showed that prescriptions that were given at a
later time and prescriptions that were given at the index consultation had similar effects. The studies in the patient/
public information and education group varied according to their methods of delivery. Since only one or two studies
were included for each method, we could not make a definite conclusion on their effectiveness. In general, booklets or
pamphlets demonstrated promising effects on antibiotic prescription, if discussed by a practitioner.
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Conclusions: Patient-oriented interventions (especially delayed prescriptions) may be effective in reducing antibiotic
prescription for URTIs. Further research is needed to investigate the costs and feasibility of implementing these
interventions as part of routine clinical practice.

Systematic review registration: PROSPERO CRD42016048007.

Keywords: Antibiotic, Delayed prescription, Meta-analysis, Patient-oriented intervention, Systematic review, Upper
respiratory tract infections

Background
One third of primary care visits are because of infectious
diseases, and half of these visits are for respiratory tract
infections [1]. Antibiotics are prescribed frequently for
upper respiratory tract infections (URTIs) by family phy-
sicians in Canada [2] and other parts of the world [3–8]
despite the fact that most URTIs are viral, self-limiting,
and commonly resolve without further complications
[9]. Recent systematic reviews reveal small or no benefit
from the antibiotics for most URTIs [10–12].
Excessive and inappropriate prescriptions of antibiotics

can lead to antibiotic resistance [13, 14]. Antibiotic re-
sistance is associated with high economic burden to the
society and increases the length of hospital stay and
mortality of inpatients [15, 16]. Prescription of unneces-
sary antibiotics can expose more people to the risk of
adverse drug effects and drug interactions [17–19].
As patients are the end consumers of antibiotics, there

may be opportunities for engaging patients’ attempts to
reduce inappropriate antibiotic use. Studies have shown
that physicians’ prescribing behaviour can be affected by
patients’ (real or perceived) expectations about medica-
tions [20–22]. Interventions that influence patients’ be-
haviours, attitudes, and/or knowledge may be helpful in
decreasing the unnecessary use of antibiotics.
We conducted a systematic review of all current litera-

ture to identify the interventions directed at patients to
reduce unnecessary use of antibiotics and to better
understand the ones that are more effective.

Method
We conducted a systematic review of existing studies.
Prior to undertaking the review, we registered the proto-
col in PROSPERO (ID = CRD42016048007). The Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) checklist [23] was applied as a writ-
ing and reporting guideline (see Additional file 1).

Criteria for considering studies for this review (Table 1)
Types of studies
We included randomized controlled trials (RCTs), quasi-
RCTs, controlled before and after studies (CBA), and inter-
rupted time series (ITS) studies. We used Cochrane

Consumers and Communication Review Group
(CC&CRG) eligibility guidance for CBA and ITS studies
[24].

Types of participants
Participants were members of the general public or pa-
tients of all age groups with URTIs (e.g. sinusitis, pha-
ryngitis, sore throat, otitis media, common cold, and
acute cough) who sought treatment in any general prac-
tice setting. Patients with lower respiratory tract infec-
tions (LRTIs) and those with chronic lung conditions
(such as chronic obstructive pulmonary disease (COPD))
were excluded.

Types of interventions
The types of interventions were as follows: patient-
oriented interventions (i.e. directed to patients, parents
of patients (in the case of paediatric patients), members
of the general public) to reduce unnecessary use of anti-
biotics for URTIs in the primary care setting. Interven-
tions that were directed to healthcare providers or
clinical staff were excluded.

Types of comparisons
We compared [24] interventions directed at patients/
public versus no intervention, interventions directed at
patients/public versus standard or usual care, and one
form of intervention directed at patients/public versus
another.

Types of outcome measures
Our primary outcome was prescription of antibiotics by
physicians or use of antibiotics by patients for URTIs in
the primary care setting. Studies that did not report the
primary outcome were excluded. Secondary outcomes
were public/patients’ satisfaction with the treatment or
consultation, public/patients’ beliefs about the effective-
ness of antibiotics for URTIs, and re-consultation with a
physician for the same illness.

Type of language
We only included studies that were published in English.
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Search methods for identification of studies
We developed a search strategy combining terms for patient-
oriented interventions, antibiotics, respiratory tract infections,
and primary care settings in MEDLINE (OVID) (see Add-
itional file 2) with the help of a librarian and adapted it to
search other databases. Both MeSH terms and keywords were
applied. The following databases were searched:

� MEDLINE (OVID): 1946 to 2016 November 11
� EMBASE (OVID): 1974 to 2016 November 11
� Cochrane Central Register of Controlled Trials

(CENTRAL) including the Cochrane Effective
Practice and Organisation of Care (EPOC) and
Cochrane Consumer Network (CCNet): inception to
2016 October 23

� CINAHL: 1981 to 2016 October 24
� Web of Science: 1900 to 2016 October 28

World Health Organization (WHO), International
Clinical Trials Registry Platform (ICTRP), and www.clin-
icaltrials.gov were also searched to detect completed and
ongoing trials.

Data collection and analysis
Selection of studies
The study selection process was based on the PRISMA flow
diagram [23] (Fig. 1). Two review authors (SM and either
AY, PH, or BH) independently screened all titles and ab-
stracts to determine study eligibility. They screened the full
texts independently and in duplicate following title and

Table 1 Criteria for considering studies for the review

Study
characteristics

Include Exclude

Participants Members of general public or patients of all age groups with
upper respiratory tract infections (such as sinusitis, pharyngitis,
sore throat, otitis media, common cold, and acute cough)
who seek treatment in any general practice setting.

Patients with lower respiratory tract infections (LRTIs) and those
with chronic lung conditions (such as chronic obstructive
pulmonary disease (COPD)) will be excluded.

Interventions Any intervention that is directed to patients, parents of patients
(when the patients are children), public, or healthy individuals
to reduce unnecessary use of antibiotics for URTIs in the primary
care setting.

Interventions that are directed to healthcare providers or clinical
staff will be excluded.
The interventions that target patients indirectly (the primary and
main effect of the intervention are directed to healthcare providers
and patients benefit secondarily from that effect) will be excluded.
Patient decision aids

Comparisons These comparisons will be included:
• Interventions directed at patients/public versus no intervention.
• Interventions directed at patients/public versus standard or
usual care.

• One form of intervention directed at patients/public versus
another.

Other comparisons will be excluded.

Outcomes Primary outcomes:
• Prescription or use of antibiotics for URTIs in the primary
care setting.

Secondary outcomes:
• Public/patients’ satisfaction with the treatment/consultation.
• Public/patients’ beliefs that antibiotics are effective for URTIs.
• Re-consultation for the same illness in the next 2 weeks.

Studies that do not report the primary outcome will be excluded.

Study
designs

Randomized controlled trials (RCTs)
Quasi-RCTs (a trial in which randomization is attempted but
subject to potential manipulation, such as allocating participants
by day of the week, date or birth, or sequence of entry into
trial).
CBA (controlled before and after) studies are included if:
• There are at least two intervention sites and two control sites;
• The timing of the periods for study for the control and
intervention groups is comparable (that is, the
pre- and post- intervention periods of measurement
for the control and intervention groups should be the
same);

• The intervention and control groups are comparable
on key characteristics.

ITS (interrupted time series) studies will be included if:
• The intervention occurred at a clearly defined point in
time, and this was specified by the researchers;

• There were at least three data points before and three
data points after the intervention was introduced.

CBA and ITS will not be included if they do not meet the
mentioned criteria.
Other kinds of studies (e.g. observational, reviews) will be
excluded.

Language English studies will be included. Studies of other languages will be excluded.
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abstract screening. In cases of uncertainty, complete manu-
scripts were reviewed, discussed, and resolved through con-
sensus or discussion with a third party (JG). All potentially
relevant papers that were excluded at this stage were listed
as excluded studies. The references of all included studies
were screened to identify potentially relevant articles.

Data extraction and management
Two review authors (SM and either AY, PH, or BH) in-
dependently extracted the data from included studies.
Any discrepancies were resolved by discussion until con-
sensus was reached. The data extraction form was

developed based upon EPOC and Cochrane Consumers
and Communication group (CCCG) guides [25, 26] and
included the key characteristics (methods, participants,
interventions, outcomes, results) of included studies.
Study authors were contacted for additional information

whenever there was an ambiguity in methods or data.

Risk of bias assessments
Two reviewers (SM and either AY, PH, or BH) inde-
pendently assessed the risk of bias of included studies in
accordance with the risk of bias assessment guide of
EPOC [27]. The items that were considered for RCT

Fig. 1 Study flow diagram
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and CBA studies included allocation sequence gener-
ation, allocation concealment, similarity of baseline out-
come measurements, similarity of the baseline
characteristics, addressing of incomplete outcome data,
prevention of knowledge of the allocated interventions
during the study, contamination, and selective outcome
reporting. The items that were examined for ITS studies
included intervention independency of other changes,
pre-specification of the shape of the intervention effect,
likelihood of the intervention affecting data collection,
prevention of knowledge of the allocated interventions
during the study, addressing incomplete outcome data,
and selective outcome reporting.

Measures of intervention effect
For dichotomous outcomes, data were analysed based
on the number of events and the number of people
assessed in the intervention and comparison groups.
These data were used to calculate the odds ratio (OR)
and 95% confidence interval (CI). For continuous mea-
sures, data were used to calculate mean differences (the
absolute difference between the mean value in two
groups) (MD) and 95% CI. For studies with more than
one intervention group, data was split in the control
group to provide multiple two-arm comparisons [28].

Dealing with common methodological issues
Unit of analysis issues in cluster-allocated studies
Studies that allocate at the cluster level (cluster RCTs and
CBA studies) and analyse at the cluster member level need
to account for the clustered nature of the data during ana-
lysis. Failure to do this results in over-precise results (i.e.
small P values) but not biased effect sizes [28]. Therefore,
we checked whether the analysis of such studies had taken
account of clustering. If not, we made a note in the limita-
tions of the study and only reported the pointed effect es-
timate without mentioning the CI or P values.

Inappropriate analysis of ITS studies
We evaluated the method of analysis in ITS studies to
check if they compared time trends before and after the
intervention. If an appropriate analysis was not provided
in the original paper, we re-analysed the data by extract-
ing data points from the graphs [29]. We performed a
segmented time series regression model to estimate the
effect of the intervention taking into account time trends
and autocorrelation.

Dealing with missing data
There were no missing data, but there was some incom-
patibility between data presented in tables and data pre-
sented in the text of the articles, where we contacted the
authors to seek clarification. Where we did not hear back

from the authors within 6months, raw numbers were used
in the analysis.

Data synthesis
We categorized the studies according to the type of their
interventions. Afterwards, we inspected the studies
within categories of similar interventions to see if there
was sufficient similarity to consider pooling. If pooling
was possible, Review Manager 5 software [30] was used
to meta-analyse the studies using a random-effects
model. Where pooling the data using meta-analysis was
not possible, a narrative synthesis of results was con-
ducted. The similarities and differences between the
findings of studies were investigated, as well as the ex-
ploration of patterns in the data [31]. We conducted
subgroup analysis based on subtypes of the intervention.
We presumed different subtypes of the intervention
would influence the effect size and explain
heterogeneity.

Assessment of heterogeneity
We assessed heterogeneity among studies by visual in-
spection of forest plots and by examining the I2 statistic.
I2 statistic describes the percentage of variation across
studies that is due to heterogeneity rather than chance
[32].

Assessment of reporting biases
We planned to assess the risk of publication bias by
using a funnel plot. However, because less than 10 stud-
ies were suitable for pooling, we could not use this
method to assess the publication bias [33].

Sensitivity analysis
We conducted sensitivity analysis by investigating the
effect of omitting studies that were outliers compared to
other studies in the forest plot.

Results
Description of studies
Results of the search
The literature search resulted in 2092 unique records after
de-duplication (Fig. 1). After title and abstract screening,
176 studies were included for full-text evaluation. Follow-
ing full-text screening, a total of 13 studies were selected
for inclusion in the review. See Additional file 3 for details
of excluded studies (see Additional file 3).

Included studies
Full details of the included studies are available in the
“characteristics of included studies” table (Table 2 and
Additional file 4). We included 11 RCTs, one cluster
RCT, and one study that we re-analysed as ITS. Most
studies were conducted in Europe (eight studies) with a
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few other studies from the USA (one study), Canada
(one study), Asia (two studies), and New Zealand (one
study). Studies were completed between 1997 and 2016.

Interventions
All interventions were classified into two major categor-
ies: (1) delayed prescriptions [34–40], and (2) patient/
public information and education [41–46]. Two studies
compared different types of delayed prescription [37,
39]. Patient education was provided through pamphlets,
booklets, or videotapes in three studies [42, 44, 46]
through educational sessions in one study [41] and via
online educational program in one study [45]. One study
[43] used mass media as an educational tool.

Outcomes
Included studies reported a wide range of outcomes; the
most common were use of antibiotics, prescription of

antibiotics, collection or filling of prescriptions by pa-
tients, satisfaction with the treatment, satisfaction with
the consultation, patients’ beliefs about the effectiveness
of antibiotics, and re-consultation with a physician for
the same or similar episodes of URTIs (Table 2).

Funding sources
Nine studies reported being funded by the government or
research foundation funds; two studies reported no funding;
two studies did not declare the sources of their funding.

Risk of bias in included studies
RCT/cluster RCT
Regarding random sequence generation, allocation conceal-
ment, and similarity of baseline characteristics, all studies
were of low or unclear risk of bias (Fig. 2). All studies were
judged to be low or unclear risk for addressing incomplete
outcome data, protection against contamination, and

Fig. 2 Risk of bias summary
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selective outcome reporting. Four studies [35–37, 39] were
assigned high risk of bias regarding prevention of know-
ledge of allocated interventions because the participants
were not blinded to the interventions.

ITS
The main source of bias in the ITS study [43] was that the
intervention was not independent of other changes, and
the authors mentioned that they were unable to control or
document the complementary interventions. Also, the
method of analysis of the data did not take into account
the time trends before and after the interventions.

Effects of interventions
Primary outcome

1) Delayed prescription (seven studies) Four studies
compared immediate prescription of antibiotics with de-
layed prescription in a two-arm RCT design [34, 36, 38,
40]. Three studies [35, 37, 39] used multi-arm RCTs to
evaluate different types of delayed prescriptions. The
types of delayed prescriptions evaluated were:
Delayed patient-led: the delayed prescription was given to

the patients at the time of the initial visit, and patients were
given instructions to fill the prescription after a given time
period (2 to 3 days, depending on the study) [34, 37–39].
Post-dated prescription: the delayed prescription

was given at the time of the visit; however, it was
post-dated [37, 40].
Delayed collection: the delayed prescription was not

provided to patients at the time of the visit, but rather was
lodged at the practice’s reception or pharmacy, and pa-
tients were invited to collect or fill their prescription if
their symptoms had not improved or worsened after a few
days (2 to 7 days, depending on the study) [35–37, 39].
Delayed re-contact: patients were asked to contact or

phone and leave a message to request antibiotics [37].
A few studies [35, 37, 39] included a group of no anti-

biotic prescription along with other intervention groups.
We did not use the data from this group in our analysis.

1.1) Analysis of data comparing delayed prescription
with immediate prescription We performed a meta-
analysis of six RCT studies involving a total of 1788 partici-
pants that compared delayed prescription [34–36, 38–40]
with an immediate prescription control group. The study
by Little et al. could not be included because there was no
immediate prescription control group within this study
[37]. Most studies reported antibiotic use as one of their
outcomes while one study [40] only reported the filling of
the prescriptions by patients. We assumed that filling the
prescription from the pharmacy will lead to antibiotic use,
so data from all these studies were pooled. We used an
intention-to-treat (ITT) approach to analyse the data by

using the original number of participants that were ran-
domized to intervention and control groups in each study.
Overall, the participants in the delayed prescription group
were less likely than participants in the immediate prescrip-
tion group to use antibiotics (OR = 0.09, CI 0.03 to 0.23).
There was considerable heterogeneity in the estimate of ef-
fect size among studies (I2 = 92%) (Fig. 3); we performed
subgroup analysis to investigate the heterogeneity.

1.1.a) Exploring the heterogeneity by subgroup
analysis according to the time of prescription delivery
To explore the source of heterogeneity, we divided the
studies into (1) studies in which the prescription was given
at the time of the visit with some instructions to wait for a
few days before filling it (delayed patient-led and post-
dated prescription) [34, 38–40] and (2) studies in which
the prescription was not given at the time of the visit, and
patients were asked to return to collect the prescription
after a few days (delayed collection) [35, 36, 39].
The OR of antibiotic use for delayed patient-led or post-

dated was 0.15 (CI 0.03–0.72) with heterogeneity (I2) of
91%. The OR of antibiotic use for delayed collection was
0.05 (CI 0.03 to 0.06) with no heterogeneity (Fig. 4).

1.1.b) Sensitivity analysis of data comparing delayed
prescription with immediate prescription After sub-
grouping the studies, there was still a considerable
amount of heterogeneity in studies of delayed patient-
led or post-dated prescriptions. Worrall et al. was the
only study that showed almost no difference in antibiotic
use between the intervention and control groups (OR =
1.03, CI 0.54 to 1.97) (Fig. 4) [40]. In this study, patients
in both the intervention and control groups were in-
formed about the self-limiting nature of the illness and
were asked to use the prescription (post-dated prescrip-
tion in the intervention group) if symptoms had not im-
proved or had worsened after 2 days. Furthermore,
patients in the intervention group were able to fill the
prescriptions earlier than the assigned date. These issues
could cause similar antibiotic use in the intervention
and control groups. To determine the robustness of
the results, we re-analysed the data omitting the
Worrall et al. study (Fig. 5) and observed similar ORs
for delayed patient-led or post-dated prescriptions
and delayed collection (OR = 0.08, CI 0.04 to 0.14,
and OR = 0.05, CI 0.03 to 0.06, respectively). Further-
more, omitting the Worrall et al. study resulted in an
overall OR of 0.05 (CI 0.04 to 0.07) and total hetero-
geneity (I2) of 6% (Fig. 5).

1.2) Analysis of data comparing different types of
delayed prescription Little et al. studied five intervention
groups: delayed patient-led, delayed collection, post-dated
prescription, delayed re-contact, and no antibiotic
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Study or Subgroup

Arroll 2002

Little 1997

Little 2001

Poza abad 2016

Poza abad 2016

Pshetizky 2003

Worrall 2010

Total (95% CI)

Total events

Heterogeneity: Tau² = 1.61; Chi² = 72.43, df = 6 (P < 0.00001); I² = 92%

Test for overall effect: Z = 4.82 (P < 0.00001)

Events

27

55

36

32

23

18

33

224

Total

67

237

164

98

100

44

75

785

Events

54

210

132

46

46

32

32

552

Total

62

246

151

50

51

37

74

671

Weight

14.2%

15.5%

15.1%

13.4%

13.6%

13.3%

15.0%

100.0%

M-H, Random, 95% CI

0.10 [0.04, 0.24]

0.05 [0.03, 0.08]

0.04 [0.02, 0.07]

0.04 [0.01, 0.13]

0.03 [0.01, 0.09]

0.11 [0.04, 0.33]

1.03 [0.54, 1.97]

0.09 [0.03, 0.23]

Experimental Control Odds Ratio Odds Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Fig. 3 Forest plot-comparing antibiotic use between intervention and control groups in the delayed prescription group

Study or Subgroup

15.1.1 Delayed but given at the time of visit

Arroll 2002

Poza abad 2016

Pshetizky 2003

Worrall 2010

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 2.28; Chi² = 34.81, df = 3 (P < 0.00001); I² = 91%

Test for overall effect: Z = 2.37 (P = 0.02)

15.1.2 Delayed but given later

Little 1997

Little 2001

Poza abad 2016

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 0.85, df = 2 (P = 0.65); I² = 0%

Test for overall effect: Z = 17.45 (P < 0.00001)

Total (95% CI)

Total events

Heterogeneity: Tau² = 1.61; Chi² = 72.43, df = 6 (P < 0.00001); I² = 92%

Test for overall effect: Z = 4.82 (P < 0.00001)

Test for subgroup differences: Chi² = 2.24, df = 1 (P = 0.13), I² = 55.4%

Events

27

32

18

33

110

55

36

23

114

224

Total

67

98

44

75

284

237

164

100

501

785

Events

54

46

32

32

164

210

132

46

388

552

Total

62

50

37

74

223

246

151

51

448

671

Weight

14.2%

13.4%

13.3%

15.0%

55.8%

15.5%

15.1%

13.6%

44.2%

100.0%

M-H, Random, 95% CI

0.10 [0.04, 0.24]

0.04 [0.01, 0.13]

0.11 [0.04, 0.33]

1.03 [0.54, 1.97]

0.15 [0.03, 0.72]

0.05 [0.03, 0.08]

0.04 [0.02, 0.07]

0.03 [0.01, 0.09]

0.05 [0.03, 0.06]

0.09 [0.03, 0.23]

Experimental Control Odds Ratio Odds Ratio

M-H, Random, 95% CI

0.001 0.1 1 10 1000

Favours [experimental] Favours [control]

Fig. 4 Forest plot-comparing antibiotic use between intervention and control groups, sub-grouped analysis
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prescription. Their study showed no significant difference
in antibiotic use between these groups. This analysis did
not compare antibiotic use between delayed prescription
methods and immediate prescription, but only demon-
strated that different methods of delayed prescription
appear to have similar effects on antibiotic use (likelihood
ratio test = 4.96, P value = 0.292) [37].

2) Patient/public information and education
methods Studies in this group differed based on their
educational material, methods of providing the educa-
tion and reported outcomes. Thus, it was not possible to
perform a meta-analysis.

2.1) Pamphlets/booklets/videotapes (three studies)
Parents of healthy children younger than 24 months old
seen in the offices of participating clinics in the Taylor
et al. study received “your child and antibiotics” pamph-
let (see Additional file 4), as well as a video that empha-
sized the main points of the pamphlet. Additional copies
of the pamphlets were mailed to the parents at 6 weeks
and 6 months after enrolment. The authors reported no
significant differences in the total number of prescrip-
tions for antibiotics per patient in the intervention and

control groups during the 12-month observation period
(MD = − 0.3, P value = 0.23) [46].
The pamphlets that were used in the Lee et al. study

provided education on the causes of URTIs and the role
of antibiotics and were designed to address the major
misconceptions about URTIs that were recognized in
the previous local studies. The researcher verbally edu-
cated participants by using the pamphlets. Participants
were patients aged 21 years and above, presenting with
URTI symptoms at participating clinics. The results of
the study demonstrated no significant difference in anti-
biotic prescription between the intervention and control
groups (OR = 1.20, CI 0.84 to 1.72) [44].
In a cluster RCT, Francis et al. used booklets on RTIs

in children (6 months to 14 years) consulting with a re-
spiratory tract infection and their parents. The booklets
included information on the effectiveness of antibiotic
treatment, potential adverse effects from antibiotics,
other treatment suggestions, and symptoms that should
prompt re-consultation and were used within the con-
sultations by physicians, as well as a resource to be taken
home by participants. The authors mentioned proper
adjustments for the effect of clustering. The OR of anti-
biotic prescription at the index consultation was 0.29 in

Study or Subgroup

16.1.1 Delayed but given at the time of visit

Arroll 2002

Poza abad 2016

Pshetizky 2003

Worrall 2010

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 1.83, df = 2 (P = 0.40); I² = 0%

Test for overall effect: Z = 8.41 (P < 0.00001)

16.1.2 Delayed but given later

Little 1997

Little 2001

Poza abad 2016

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 0.85, df = 2 (P = 0.65); I² = 0%

Test for overall effect: Z = 17.45 (P < 0.00001)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.01; Chi² = 5.32, df = 5 (P = 0.38); I² = 6%

Test for overall effect: Z = 18.31 (P < 0.00001)

Test for subgroup differences: Chi² = 2.65, df = 1 (P = 0.10), I² = 62.3%

Events

27

32

18

0

77

55

36

23

114

191

Total

67

98

44

0

209

237

164

100

501

710

Events

54

46

32

0

132

210

132

46

388

520

Total

62

50

37

0

149

246

151

51

448

597

Weight

12.0%

7.9%

7.7%

27.6%

39.0%

24.4%

9.0%

72.4%

100.0%

M-H, Random, 95% CI

0.10 [0.04, 0.24]

0.04 [0.01, 0.13]

0.11 [0.04, 0.33]

Not estimable

0.08 [0.04, 0.14]

0.05 [0.03, 0.08]

0.04 [0.02, 0.07]

0.03 [0.01, 0.09]

0.05 [0.03, 0.06]

0.05 [0.04, 0.07]

Experimental Control Odds Ratio Odds Ratio

M-H, Random, 95% CI

0.001 0.1 1 10 1000

Favours [experimental] Favours [control]

Fig. 5 Forest plot-comparing antibiotic use between intervention and control groups after deleting Worrall et al. study
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the favour of intervention (CI 0.14 to 0.60). The authors
also reported the OR taking antibiotics within the first 2
weeks as 0.35 (CI 0.18 to 0.66) [42].

2.2) Educational sessions plus booklet (one study)
One study used educational sessions to inform parents
or legal tutors of paediatric patients (children under 3
years old in daycare centres). Alexandrino et al. used the
“Health Education Sessions” (HES) (see Additional file 4)
of mean duration of 90min delivered by a respiratory
physiotherapist in small groups of 10 to 15 caregivers
(parents or legal tutors). The sessions included informa-
tion on prevention of acute respiratory infections (ARIs),
signs and symptoms of ARIs, signs of worsening, medica-
tions, and nasal clearance techniques. The participants
were also provided with a booklet with a summary of the
information at the end of the sessions. The results showed
less antibiotic use in the intervention group compared to
the control group (OR = 0.33, CI 0.12 to 0.90) [41].

2.3) Interactive online educational program (one
study) Little et al. [45] provided the participants (a ran-
dom selection of adults in the computerized practice
registers from 35 practices) with an access to an inter-
active website for 20 weeks. The website delivered tai-
lored advice on visiting/not visiting a physician and
methods of self-management for URTIs. The results of
the study showed that antibiotic prescription did not dif-
fer significantly between the intervention and control
groups in the first 6 months after the intervention (RR =
1.02, CI 0.82 to 1.43) or after longer follow-ups (12
months) (RR = 1.00, CI 0.74 to 1.33) [45].

2.4) Mass media (one study) Lambert et al. used a
retrospective CBA design to evaluate the effects of two
sequential mass media campaigns on the prescription of
antibiotics. The campaigns consisted of a short cartoon
strip about the effects of antibiotics and self-care for
managing self-limited health problems. This was accom-
panied by leaflets, posters, and TV (was added in the
second intervention), radio, and local newspaper cover-
age. The authors used a repeated measures analysis of
variance to analyse monthly prescribing data in the
intervention and control populations. Their analysis did
not control for baseline differences or secular trends, nor
for multiple testing. Given the limited conclusions which
could be drawn from their analysis, Plot Digitizer software
was used to extract data for the intervention series over
observation period and data were re-analysed using an
ITS approach. Our analysis did not incorporate the con-
trol population but allowed the effect of the intervention
to be assessed in the intervention population, while con-
trolling for the pre-intervention level and secular trend.
The results were adjusted for autocorrelation. Regarding

the prescription rate, after the first intervention, the
change in slope was 0.39 (CI − 1.87 to 2.65) and the
change in level was − 8.94 (CI − 23.31 to 5.42). After the
second intervention, the change in slope was calculated as
− 2.11 (CI − 5.75 to 1.54) and the change in level as − 1.40
(CI − 17.40 to 14.60) [43].

Secondary outcomes
Secondary outcome measures of interest that were re-
ported included patients’ satisfaction with the treatment
or consultation, patients’ beliefs on the effectiveness of
antibiotics for URTIs, and re-consultation. A summary
of these results is provided in Table 3.

Patients’ satisfaction with the treatment or consultation
Five studies reported patients’ satisfaction with the con-
sultation, and one study reported the patients’ satisfac-
tion with the treatment. Some of these studies reported
the number of participants who were “very satisfied”,
some combined the “very satisfied” and “moderately sat-
isfied” groups together, and some studies did not men-
tion any further details.
In the delayed prescription group, two studies from the

UK reported less satisfaction in the intervention group
compared to the control group, though the results were
statistically significant in only one study [35, 36]. One
study from New Zealand reported higher satisfaction
(though this was not statistically significant) in the inter-
vention group [34]. In the Little et al. study from the UK,
there was no significant difference in satisfaction between
different variants of delayed prescription [37]. Poza Abad
et al. from Spain reported no significant difference in sat-
isfaction between delayed collection, delayed patient-led,
and immediate prescription groups [39].
In the patient/public information and education group,

only one study (from the UK) which used booklets as
intervention measured satisfaction. It showed less satis-
faction in the intervention group; however, it was not
statistically significant [42].

Patients’ beliefs on the effectiveness of antibiotics for
URTIs Four studies compared participants’ beliefs on
the effectiveness of antibiotics between the delayed pre-
scription group and immediate prescription group. Two
studies from the UK and one study from Spain showed
significant results in the favour of intervention [35, 36,
39]. One study from New Zealand reported no differ-
ence between control and intervention groups [34]. In
the Little et al. study there was no significant difference
in patients’ beliefs between different variants of delayed
prescription [37]. No studies in the information and
education group measured this outcome.
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Re-consultation Five studies in the delayed prescription
group evaluated patients’ willingness to re-consult for
similar illnesses in the near future or re-consultation
rate. Two studies from the UK and one study from Spain
[35, 36, 39] reported less intention to re-consult in the
intervention groups; however, the results were statisti-
cally significant only in two studies [35, 36]. One study
from New Zealand reported greater intention to re-
consult in the intervention group though this was not
statistically significant [34]. In the Little et al. study
(from the UK), there was no significant difference in re-
consultation between different variants of delayed pre-
scription [37].
Two studies in the patient/public information and

education group (from the UK) (one applied booklets,
the other applied online educational program) reported
less re-consultation in the intervention group, while the
results were statistically significant in only one study [42,
45].

Discussion
Summary of main results
This systematic review synthesized evaluations of
patient-oriented interventions to reduce unnecessary use
of antibiotics for URTIs. The 13 studies that were in-
cluded in our review focused on either delayed prescrip-
tion of antibiotics or information and education
materials as their interventions. Our meta-analysis re-
vealed that almost all studies with delayed prescription
significantly reduced use of antibiotics for URTIs. Our
subgroup analysis showed that the prescriptions that
were given at a later time and the prescriptions that
were given at the index consultation had similar effects
in reducing antibiotic use in patients.
The effect of interventions in the information and edu-

cation group varied highly among different types of edu-
cational materials. The results suggested that providing
information/education via online educational program
or mass media (each evaluated in one study) might not
have a significant effect on antibiotic prescription; how-
ever, one study [41] that used educational sessions plus
booklets disclosed promising effects on reducing anti-
biotic use to those who attended. Furthermore, applying
booklets, pamphlets, or videotapes demonstrated incon-
sistent results on antibiotic prescription; it seems that
when the intervention was provided by a physician ra-
ther than a researcher and was discussed verbally in a
face-to-face visit [42], it led to better results.
Changes in patients’ satisfaction, beliefs on the effect-

iveness of antibiotics, and re-consultation were only re-
ported in a few studies. In the delayed prescription
group, one study from New Zealand [34] reported higher
satisfaction and more re-consultation in the intervention
group (non-significant). However, the other studies in

this group (from Spain and the UK) [35, 36, 39] showed
the opposite results. The difference between the results
of the study from New Zealand and other studies (Eur-
ope) might be explained in part by the location of stud-
ies. Differences in cultural or socioeconomic
backgrounds of participants in different settings could
have affected the results.

Strengths and limitations of the study
We believe that one of the major strengths of this review
is the comprehensive literature search in various data-
bases; however, our study has a number of limitations:
We limited our search to English language studies

which may have caused missing some studies in this
field. We identified some studies where the educational
interventions were directed at both patients and health-
care providers. We excluded these studies as we were in-
terested in the effects of just targeting patients. We also
excluded the studies that promoted shared decision
making or communication between the patients and
healthcare providers. However, we included the studies
with delayed prescription, because it is the patient who
decides to collect or fill the prescription. A few studies
in our review included LRTIs in addition to URTIs [37,
39]; since the major focus of these studies was URTIs,
we did not exclude them.
Our systematic review was dependent on the results

provided in the included studies and therefore was influ-
enced by the ways they reported their outcomes.
Some studies lacked clear data on the effect size and

only provided P values. Secondary outcomes were mea-
sured and reported in multiple ways. Patients’ satisfac-
tion and beliefs on the effectiveness of antibiotics for
URTIs were examined using diverse questionnaires and
scales. Re-consultation was defined with various times to
follow-up, and some studies had evaluated patients’ in-
tentions to re-consult in the future and not the actual
re-consultation rate. All these differences in measuring
and reporting the outcomes or lack of enough data made
pooling the data inappropriate.
There were also two issues regarding the use of antibi-

otics. First, antibiotic use was measured by relying on
patients’ reports in most of the studies. This may have
introduced social desirability bias which could have dis-
torted the estimates of antibiotic use. Second, some
studies reported antibiotic prescription instead of anti-
biotic use. It is not clear how many of these prescrip-
tions resulted in actual use of antibiotics.

Agreements and disagreements with other studies
Other systematic reviews have evaluated the effect of dif-
ferent patient-oriented interventions on antibiotic use
[47–53]. However, most of them have not evaluated the
quality of included studies or have focused on only
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specific kind of interventions (e.g. delayed prescriptions).
Some of them have only reported the effect of interven-
tions on antibiotic use in children [48, 52].
In general, most reviews shared similar results. Con-

sistent with our results, Thoolen et al., Spurling et al.,
Andrews et al., Arnold et al., and McDonagh et al. con-
cluded that delayed prescriptions resulted in a significant
decrease in antibiotic use [48–51, 53].
Similar to our results, there was not a consensus among

reviews on the effectiveness of educational methods on redu-
cing antibiotic use. One review reported no or small benefit
from printed educational materials [52]. O’Sullivan et al. ex-
amined the effect of written information for patients and
concluded that providing written information to parents of
children can lead to a decrease in antibiotic use. However,
they included only two studies in their review, and it is diffi-
cult to make firm conclusions about the effectiveness of all
written information for patients based on these sparse data
[47]. McDonagh et al. concluded that clinic-based educa-
tional materials for parents (e.g. posters, pamphlets, inter-
active videos) reduce overall prescription of antibiotics. Some
of the differences between the results of this study and other
studies could be explained by differences in their inclusion
criteria. A broader range of designs including observational
studies were included in this study. Consistent with our re-
sults, McDonagh et al. agreed that public educational cam-
paigns are not effective in reducing antibiotic use [53].
We only included studies that had been conducted in

primary care settings; however, some of the studies in
emergency department share the same results as our
study [54, 55].

Implications for practice
The results of this study are consistent with other stud-
ies [48–51, 53] that delayed prescription of antibiotics
reduces the antibiotic use for URTIs. This strategy can
be adopted by healthcare providers and policy makers.
To implement this strategy, we may need educational
strategies for physicians to explain to the patients when
and how the prescriptions can be accessed.
The effect of interventions that only focused on patients’

or public education varied according to the type of materials
used and the way they were applied. We found the interven-
tions that were delivered face to face or through a session
and were discussed verbally by the physicians showed
promising effects on decreasing antibiotic use or prescrip-
tion. This highlights the role of active education versus
passive methods and the importance of physicians’ role to
explain the contents of educational materials to patients.

Implications for research
The effectiveness of different patient-oriented interven-
tions on reducing antibiotic use has been evaluated in
multiple studies. Conducting more studies of this kind

(especially about the delayed prescriptions) in similar set-
tings does not seem to provide any new insights in under-
standing their effectiveness. However, we have limited data
on patients’ satisfaction with these interventions. In our re-
view, the studies from the UK and New Zealand showed
different direction of effect for satisfaction, suggesting that
there may be cultural or contextual factors that modify the
intervention acceptability. Research is needed to investigate
the factors that affect intervention acceptability and there-
fore patients’ satisfaction among different settings.
There may also be some opportunities in combining dif-

ferent components of effective interventions to design new
multifaceted interventions (e.g. mixing delayed prescrip-
tions with pamphlets/booklets). Further research is needed
to identify and evaluate the most effective combinations.
Better reporting of interventions’ details (who deliv-

ered the interventions, the settings in which they were
delivered, how often they were delivered) would make it
easier to compare the interventions or to adopt them.
Most studies in our review also lacked the description of
co-interventions or assessment of fidelity.
Some studies in our review reported antibiotic pre-

scription as their outcome. However, not all patients ac-
tually use their prescriptions. On the other hand, the
studies that reported antibiotic use instead of antibiotic
prescription relied on patients’ self reports which may
introduce desirability bias. It is important to choose a
common outcome measure to allow us to measure the
real antibiotic use by patients.
Finally, qualitative research can help to realize why some

interventions are more effective in some settings and less
effective in others. These methods can also be beneficiary
in understanding patients’ concerns with the treatments
or consultations in order to achieve a higher satisfaction.

Conclusion
Our study focused on addressing patients to decrease the
unnecessary use of antibiotics for URTIs. Patient-oriented
interventions have been studied in two major categories:
delayed antibiotic prescription and patient/public informa-
tion and education materials. There is evidence that delayed
prescription of antibiotics reduces antibiotic use by patients.
The effects of educational intervention varied among differ-
ent educational methods and materials. It seems that pro-
viding education through sessions or pamphlets/booklets
(especially if delivered by a healthcare provider and dis-
cussed verbally) may decrease antibiotic use or prescription.
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