Page 1 of 13

j_l s Antimicrobial Agents
£ maosowoey aNd Chemotherapy

http://aac.asm.org.ezproxy.library.ubc.c...

CrossMark
&click for updates

Systematic Review of Factors Associated with Antibiotic Prescribing

for Respiratory Tract Infections

Rachel McKay,? Allison Mah,?

Michael R. Law,® Kimberlyn McGrail,® David M. Patrick®P

School of Population and Public Health, University of British Columbia, Vancouver, Canada®; Division of Infectious Diseases, University of British Columbia, Vancouver,
Canada®; Centre for Health Services and Policy Research, School of Population and Public Health, University of British Columbia, Vancouver, Canada®

Antibiotic use is a modifiable driver of antibiotic resistance. In many circumstances, antibiotic use is overly broad or unneces-
sary. We systematically assessed factors associated with antibiotic prescribing for respiratory tract infections (RTI). Studies were
included if they used actual (not self-reported or intended) prescribing data, assessed factors associated with antibiotic prescrib-
ing for RTIs, and performed multivariable analysis of associations. We searched Medline, Embase, and International Pharma-
ceutical Abstracts using keyword and MeSH (medical subject headings) search terms. Two authors reviewed each abstract and
independently appraised all included texts. Data on factors affecting antibiotic prescribing were extracted. Our searches re-
trieved a total of 2,848 abstracts, with 97 included in full-text review and 28 meeting full inclusion criteria. Compared to other
factors, diagnosis of acute bronchitis was associated with increased antibiotic prescribing (range of adjusted odds ratios [aOR],
1.56 to 15.9). Features on physical exam, such as fever, purulent sputum, abnormal respiratory exam, and tonsillar exudate, were
also associated with higher odds of antibiotic prescribing. Patient desire for an antibiotic was not associated or was modestly
associated with prescription (range of aORs, 0.61 to 9.87), in contrast to physician perception of patient desire for antibiotics,
which showed a stronger association (range of aORs, 2.11 to 23.3). Physician’s perception of patient desire for antibiotics was
strongly associated with antibiotic prescribing. Antimicrobial stewardship programs should continue to expand in the outpa-
tient setting and should emphasize clear and direct communication between patients and physicians, as well as signs and symp-
toms that do and do not predict bacterial etiology of upper respiratory tract infections.

he rapid and ongoing spread of antimicrobial-resistant organ-

isms threatens our ability to successfully treat a growing num-
ber of infectious diseases (1, 2). It is well established that antibiotic
use is a significant, and modifiable, driver of antibiotic resistance
(3-5), and that antibiotics are often misused (6). In settings where
a prescription is required to access antibiotics, the prescriber-pa-
tient encounter is a logical target for improving appropriate use.

Despite the importance of the topic, there is no existing sys-
tematic review to identify drivers of antibiotic prescribing from
real prescription data. A narrative review of factors influencing
antibiotic prescribing highlighted the multiple sources of influ-
ence affecting a potential prescribing encounter, including factors
related to the prescribing physician (e.g., fear of failure, diagnostic
uncertainty, or inadequate training), the patient (e.g., a high-risk
or vulnerable patient history), and the environment (e.g., regula-
tion of pharmaceutical prescribing and dispensing and lack of
resources for etiological diagnosis) (7). Another study systemati-
cally reviewed reasons for inappropriate antibiotic prescriptions,
for any indication, from quantitative studies up to 2008; half of the
studies in this review used data based on simulated case scenarios
in which the physician was asked how he/she would respond clin-
ically (8). The main focus of that review was attitudes of prescrib-
ers; it found that a desire to fulfill the expectations of the patient/
parent and fear of possible complications in the patient were most
consistently associated with inappropriate prescribing of antibiot-
ics. The presence of one or more symptoms or signs (e.g., fever,
pathological murmur, or productive cough) was associated with
antibiotic prescription in most studies assessed. The review also
explored characteristics of patients, prescribers, and health care
organizations in relation to prescribing, but the included studies
were either too small in number or too heterogeneous in approach
to offer insights in these areas (8). The authors of this review
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discuss the limitations of simulated case scenarios in understand-
ing prescribing behavior and call for further studies based on real
prescription data.

Physician visits for respiratory tract infections (RTI) com-
monly result in an antibiotic prescription (9-12), despite the fact
that most upper RTIs are viral in nature. In these cases, antibiotics
provide no benefit; thus, guidelines limit their recommended use
to certain situations where the etiology is likely bacterial (13-15).
Given the common nature of both this condition and potentially
inappropriate prescribing practices around it, we chose RTIs as
the focus for this review. Factors associated with any antibiotic
prescribing for RTI were assessed, with the understanding that a
significant proportion of this prescribing is unnecessary and
therefore would be considered inappropriate.

A comprehensive summary of relevant factors implicated in
potentially unnecessary antibiotic use will encourage physicians to
reflect critically on their own practice and will provide an evi-
dence-based resource for intervention and policy design. There-
fore, we conducted a systematic review of factors associated with
outpatient antibiotic prescribing for acute respiratory tract infec-
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tions from the quantitative literature. The purpose of this review
was 2-fold: first, to identify characteristics of patients, physicians,
and the environment that have been associated with antibiotic
use, and second, to describe the strengths of associations reported.

MATERIALS AND METHODS

The protocol used for this review is registered with PROSPERO and
can be accessed at http://www.crd.york.ac.uk/PROSPERO (identifier
CRD42014010097).

We restricted our formal review to quantitative studies, as we aimed to
focus on the strengths of association reported in retrieved studies. This
report follows the guidelines in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement (16).

Search strategy. Medline, Embase, and International Pharmaceutical
Abstracts were searched. Search terms were determined by specifying the
broader concepts we sought to assess (“antibiotic,” “outpatient,” “appro-
priateness,” “prescribing,” and “factors”) and by identifying relevant
terms within these concepts. Keywords and MeSH (medical subject head-
ings) terms were compared from known, relevant studies as well as similar
reviews. In addition, the author of a relevant article (17) provided a list of
search terms used in that review, which served as an additional reference.
Our list was then further refined through discussion with a librarian and
consensus among the study authors (the final list of search terms is avail-
able in the supplemental material).

Study selection. Peer-reviewed studies conducted using data from the
Organization for Economic Cooperation and Development (OECD)
countries were eligible for consideration. This restriction was used to limit
the review to factors that could operate in similar health care system con-
texts and patient populations. In addition, included studies were required
to have (i) used actual (not self-reported or intended) prescribing, dis-
pensing, or sales data; (ii) investigated the prescription of antibiotics by
physicians, i.e., not over-the-counter purchasing; (iii) been observational
or experimental in design; (iv) been written in the English language; (v)
described factors at one or more of the levels of interest and assessed the
association with the primary outcome of whether or not an antibiotic was
prescribed at an individual encounter; and (vi) performed multivariable
analysis of the associations. These criteria were refined from those pre-
sented in the published protocol based on the initial stages of the review.
We omitted 11 studies that included patients with pneumonia, where
results were not reported separately for the subgroup of patients without
pneumonia.

After performing the full search, titles retrieved from each database
were combined and duplicates were removed. Two authors (R.M. and
A.M.) screened each record for potential relevance. The full texts of these
studies were then assessed for inclusion eligibility independently by the
same two authors. Reference lists of included articles were hand-searched
for additional studies. The final search was conducted on 14 October
2015.

Data extraction and quality assessment. A customized data extrac-
tion form was developed for this study. All studies that met inclusion
criteria were then assessed for quality using a form developed for this
review, as there is no single recommended tool for assessing the quality of
observational studies. Our tool was based on the SIGN 50 (Scottish Inter-
collegiate Guidelines Network) for cohort and case-control studies, as
recommended by a review of quality assessment tools (18), as well as
incorporating elements of the Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies from the National Institutes of
Health’s National Heart, Lung, and Blood Institute (19). Two authors
(R-M. and A.M.) independently performed data abstraction and study
appraisal. Abstractions and appraisals were compared for each study, and
any discrepancies or disagreements were resolved by discussion and con-
sensus. Both reviewers extracted all of the information from each study.
There were no major discrepancies between reviewers.

The primary outcome of interest was an antibiotic prescription. Be-
cause antibiotic prescribing is a decision made at the level of the prescriber
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but recorded at the level of the patient, there is a natural clustering of
patients with prescribers when multiple patients are included per pre-
scriber. We noted whether and how analysts accounted for this clustering.

Data synthesis. Adjusted odds ratios (aOR) were extracted for each
factor-antibiotic prescription association. Meta-analysis was not pursued,
as significant heterogeneity among studies was expected. All factors iden-
tified were extracted. Selected forest plots are presented in Fig. 2. An alpha
of 0.05 was used in all studies for constructing confidence intervals (CIs)
and was the basis of our interpretation of statistically significant and non-
significant findings.

RESULTS

Description of included studies. Our initial search identified
3,435 records, of which 2,848 nonduplicate titles were screened for
inclusion (Fig. 1). Our initial search included non-English articles;
however, of the few non-English abstracts retrieved and reviewed,
none met the criteria for inclusion. Forty-four articles were con-
sidered relevant. Of these, 16 were determined to be of insufficient
quality or to have insufficient details to allow further inclusion.
The 28 included articles were considered to be of good or high
quality (11,20-46) (Table 1). Two studies reported results as risk
ratios (34, 37), which precluded us from directly comparing
them to the odds ratios reported in the other studies, given that
antibiotic prescription is a relatively common occurrence. Conse-
quently, results from these studies are included in the tables but
not in the forest plots.

Just over half of the included studies were from the United
States (n = 15) (11, 20, 21, 24, 26, 28, 30, 31, 33, 38—-40, 45-47),
with the remainder from Canada (n = 3) (34, 37, 43), The Neth-
erlands (n = 2) (29, 35), Germany (n = 2) (23, 42), Italy (n = 1)
(27), the United Kingdom (n = 1) (25), Belgium (n = 1) (22), and
a network of 13 European countries (n = 3) (36, 41, 44). Eight of
the U.S. studies used the NAMCS (National Ambulatory Medical
Care Survey) or NHAMCS (National Hospital Ambulatory Med-
ical Care Survey) data sets for their analyses (11, 28, 31, 33, 38—40,
46). Analyses included pediatric populations only in 5 studies (20,
27,28, 38,43) and adult populations only in 10 studies (11, 23-25,
39-42, 46, 47), while the rest either included all ages or did not
specifically describe the patient population.

One study explored prescribing of both physicians and nurse
practitioners (33). We only report the results from the physicians
to allow comparison with the other studies.

Methodological quality of studies. The reasons for a study to
receive an overall quality rating of poor were the lack of appropri-
ate control (or description of control) for confounders (n = 5),
inadequate presentation of results (lack of confidence intervals
[n = 2] or lack of clear presentation of results in tables [n = 1]),
using nationally representative survey data but failing to provide
the study sample size (i.e., reporting only the extrapolated popu-
lation estimates; n = 4), and using potentially biased study sam-
ples or methods (n = 4).

Despite most studies discussing both patient-level and physi-
cian-level factors, many of these did not adequately account for
the clustering of patients with physicians or did not adequately
describe the methods for doing so. Failing to account for this
clustering tends to underestimate the variation in a statistical
model (48), thus underestimating the width of the confidence
interval and giving a false impression of precision.

Appropriateness of prescribing. While all studies focused on
acute respiratory tract infections, they differed with regard to
which diagnoses were specifically included and excluded. All stud-
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3435 records identified
through database search

18 records identified through review of
included papers’ reference lists

2848 records after removal of
duplicate articles

l

2848 screened for inclusion

h 4
96 full-text articles assessed for

—

2751 records excluded

51 full-text articles excluded

eligibility

4

44 studies met inclusion criteria '—b N -
¢ 4 excluded due to inadequate description or

!

28 studies included in qualitative
synthesis

23 studies did not include the reason for the clinical encounter,
or included diagnosis for which antibiotics would be
appropriate

« 8articles did not assess factors affecting prescribing
6 studies conducted in non-OECD countries

* 6 records were abstracts only

* 3articles assessed the study question as a secondary analysis

* 4articles did not address our primary outcome of whether an
antibiotic was prescribed or not

* 1article used standardized patients

« 1larticle did not contain antibiotic prescribing or dispensing
data

* 3 excluded due to missing data or information
¢ 4 studies of nationally representative survey did
not report actual sample size

potentially biased study sample or method
* 5 excluded due to lack of multivariable analysis

FIG 1 Flow chart of literature search and study inclusion criteria.

ies were focused on overprescription of antibiotics (the use of
antibiotics in cases where they are never or rarely indicated). Some
additionally reported underprescription (lack of prescription in
cases where guidelines suggest they should be used) or other as-
pects of appropriate antibiotic use, such as selection of the optimal
drug in cases where antibiotic use is considered necessary. Where
these aspects of appropriateness were differentiated, we only ex-
tracted information on overprescribing.

Factors associated with inappropriate antibiotic prescrip-
tion for RTI. Eighty factors were discussed in one or more studies,
while 29 were addressed in three or more studies (Table 2; a table
of all factors identified is included in the supplemental material).
Results presented here focus on those factors addressed in at least
three or more studies. We are not able to address every factor, so
we selected some to be discussed in more depth. The presentation
of factors here is grouped into those at the patient level (e.g., di-
agnosis of acute bronchitis, patient expectation of antibiotics, and
factors associated with illness presentation, including the presence
of fever, purulent sputum or nasal discharge, tonsillar exudate,
and abnormal tympanic membrane) and those at the physician
level (e.g., specialty of the physician and whether the physician
perceives that the patient expects an antibiotic prescription).

Patient-level factors. Patient age and sex were the most com-
monly studied factors. Of the 10 studies that explored sex (11, 20,
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25,28, 30, 33, 37, 38, 40, 43), just one found a statistically signifi-
cant association between male sex and higher odds of antibiotic
prescription (43). Nineteen studies explored age as a factor (11,
20-22, 25, 27-30, 33, 35, 37-43, 46); of all of the comparisons
made, 18 aORs were nonsignificant, 10 suggested that older peo-
ple had higher odds/risk of a prescription than younger people,
and 3 suggested that younger people had higher odds. However,
the age groupings and reference categories differed across all stud-
ies. Nine studies assessed medical comorbidities as a factor asso-
ciated with prescribing (20-22, 24, 26, 27, 37, 41, 46); in seven of
those, no association was found, while in two studies the presence
of comorbidities was associated with prescribing. The types of
comorbidities, and the ways they were captured, varied by study.

Diagnosis of bronchitis. Six studies assessed the association of
a diagnosis of bronchitis with an antibiotic prescription (20, 21,
30, 33, 37, 38); all found statistically significant positive associa-
tions (aORs ranging from 2.9 to 15.9), although only two reported
the number of unique physicians in the sample and accounted for
clustering (Fig. 2a).

Factors related to physical exam findings. The results of phys-
ical exam findings (fever, purulent sputum or nasal discharge,
abnormal respiratory exam, physical exam findings of tonsillar
exudate, and physical exam findings of abnormal tympanic mem-
brane) were heterogenous but tended toward higher odds of pre-
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TABLE 2 Direction of results by number of studies reporting each factor for factors investigated by 3 or more studies

No. of studies with:

Factor? Positive association

Negative association

No significant association Total no. of studies

Patient level
Age*
Male sex
Comorbidity
Medical insurance type*
Ethnicity*
Black vs white race 1
Fever
Bronchitis
Purulent sputum
Respiratory physical exam findings
Desire for antibiotics
Smoker
Cough
Duration of illness
Household income 1
Pharyngitis 3
Rhinorrhea 2
Sinus pain on exam 3
Tonsillar exudate 3
Tympanic membrane abnormality

—_— N = O

—_—— W W U1 U1 U1 U

w

Physician level
Specialty*
Perception of desire for antibiotics
Severity of patient illness
High-vol practice
International medical graduate

o= s NN

Area-level
Geographic location*
Rural vs urban 3
Yr of visit
Visit location (office, emergency 1
department, hospital clinic)*

13 19
9 10
7 9
7 8
6 7
5 6
1 6
5
5
5
1 4
1 4
2 3
2 3
2 3
3
1 3
3
3
3
2 8
6
4
2 3
3
6 7
4 7
4 4
2 3

@ An asterisk denotes a categorical variable with different possible reference groups; therefore, the direction of effect is not always comparable. We have categorized any study that
found a statistically significant association in one direction as a positive association for illustrative purposes.

scription with these findings (Fig. 2b to f). Across the six studies
that assessed abnormal respiratory exam (21-23, 25, 45, 47) (Fig.
2d), for instance, all showed a statistically significant positive as-
sociation with antibiotic prescription in adjusted analyses, with
aORs ranging from 3.0 to 19.9. Five of the seven studies assessing
the association between purulent sputum or nasal discharge and
antibiotic prescription described a statistically significant positive
relationship (21, 22, 24, 25, 45) (Fig. 2c), while one found no
relationship (36) and one had a 95% confidence interval very close
to 1 (23).

Two of the studies that addressed fever were of children (20,
27), while the rest were of adults (22, 23, 47) (Fig. 2b). The fever
association point estimates for aORs all were relatively low (rang-
ing from just over 1 to less than 3) compared with those for some
of the other factors identified. Each study developed a multivari-
able model with differing variables: all controlled for some set of
physical symptoms, and five of the six studies also controlled for
comorbid conditions (in various ways) (20-22, 27, 47).

The confidence intervals for three of the four studies that as-
sessed the finding of an abnormal tympanic membrane were quite

4112 aac.asm.org

Antimicrobial Agents and Chemotherapy

wide (23, 26, 47) (Fig. 2f), reflecting relatively small sample sizes
and potentially few events, although the number of events was not
reported.

Patient expectations. Of the four studies that addressed an
association of prescribing with patient expectation of antibiotics,
one (27) found a strong association (aOR 0f9.9; 95% CI, 3.1 to
31.4), while the other three found weaker or no associations
(Fig. 2g).

Prescriber-level factors. The specialization of the prescriber
was the most commonly assessed factor in this category; however,
designated reference groups differed across studies, making them
difficult to compare.

Of the eight studies that assessed prescriber specialty, three
were performed in exclusively pediatric populations and five in
adult populations. In the pediatric studies, pediatricians were con-
sistently less likely to prescribe an antibiotic than the reference
group, which included emergency department physicians, general
practitioners, and nonpediatric specialists. The aOR for pediatri-
cian prescribing compared to non-pediatrician specialties ranged
from 0.1 to 0.6 (20, 28, 43). Of the studies in adults, one study

July 2016 Volume 60 Number 7
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(a) Odds of antibiotic prescription with diagnosis of bronchitis (b) Odds of antibiotic prescription with finding of fever
Author, Year N visits N physicians Odds ratio (95% Cl) Author, Year N visits N physicians QOdds ratio (95% Cl)
Brown, 2003 19158 NR . 2.9(2.7,3.1) Coenen, 2006 819  72* 1.1(07,1.8)
ladd, 2005 13692 NR - 3.2(2.6,3.8) Ahmed, 2010 904 NR m 1.5(1.1,2.1)
Ahmed, 2010 904 NR -— 3.7(1.9,7.3) Linder, 2003 295 NR*  imy 2.0(1.3,3.0) o
Gaur, 2005 1952 NR [ 45(3.2,6.4) Fischer,2005 273 30  ja 2.2(1.1,4.5) o
Cadieux, 2011 4502  442* [ 8.1(6.0,10.9) Moro, 2009 4352 146* im 23(2.0,2.8) :E,
Aspinall, 2009 667 126* P 15.9 (8.0, 31.8) Aspinall, 2009 667 126* = 2.5(1.4,4.4) 8
FTTTTTTTITTITITTITTT] FTTTTTI T I T I T T T T T %
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36 o
QOdds ratio QOdds ratio —
=
o
(c) Odds of antibiotic w/ finding of purulent sputum or nasal discharge  (d) Odds of antibiotic with finding of abnormal respiratory exam 3
=y
Author, Year N visits N physicians Odds ratio (95% Cl) Author, Year N visits N physicians Odds ratio (95% Cl) _é:
g
Butler, 2011 2419 387 1.0(0.6,1.5) Coenen, 2006 819  72* iy 3.0(20,45) o
Fischer, 2005 273 30 jas 21(11,40) Fischer, 2005 273 30 |ra— 43(21,88) o
) N :
Aspinall, 2009 667 126* |m 2.5(1.5, 4.4) Aspinll, 2009 667 126* 46(2.4,86) 8
Coenen, 2006 819  72* iy 2.5(1.6,3.9)
Holmes, 2001 382 40 — . 11.2 (4.6, 27.4) 3
Dosh, 2000 482 58  ira 3.1(1.6,6.0) o
Linder, 2003 295 NR* 11.9 (4.0, 35.6) =
Holmes, 2001 391 40  ire— 3.5(1.9,6.7) «
~
Gonzales, 1999 322 81 .. 52(2.4,11.2) Dosh, 2000 482 58 e 199092432 o
FTTTTTTITI T I T I T I TTT] FTTTTTI T I T I T T T T T =
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36 m
0Odds ratio 0dds ratio D
h=A
L ) N . ) @
(e) Odds of antibiotic with finding of tonsillar exudate (f) Odds of antibiotic w/ finding of abnormal tympanic membrane 3
o
Author, Year N visits N physicians Odds ratio (95% CI) Author, Year  Nvisits N physicians Odds ratio (95% CI) Q
—
Moro, 2009 4352 146* = 1.6 (1.4,2.0) Moro, 2009 4352  146* . 5.7 (4.1,7.9) o
N
Gonzales, 1999 322 81 = 3.7(1.1,12.1) Linder, 2003 295 NR* i — e 8.4(2.6,27.3) 9
(o))
Linder, 2003 295 NR* 14.5 (3.3, 63.7) Fischer, 2005 273 30 15.4 (3.6, 66.2) o
<
Fischer,2005 273 30 15.4 (3.6, 66.2) Mangione- 306 10* 32.1(1.5,674.9) —
Smith, 1999 g
FTTTTTT I T T I T I TTIT T FTTTTTI T I T I T T T T T cC
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36 =]
Odds ratio Odds ratio 2
[}
7
(g) Odds of antibiotic when patient expecting antibiotics (h) Odds of antibiotic when clinician perceives patient expectation =
<
Author, Year  Nvisits N physicians QOdds ratio (95% Cl) Author, Year  Nvisits N physicians Odds ratio (95% Cl) o
=
Mangione- Akkerman, ‘05b 206  146* im 1.7 (1.1, 2.6) g
Smith, 1999 306 10* e 1.4(0.3,6.0) (tonsillitis) =
Akkerman, 05b 181 146* im 2.0(1.4,2.8) =
(sinusitis) w0
Coenen, 2013 2690 387* m 2.1(15,2.9) Akkerman, ‘05a 458 146*  m 2.1(1.5,3.0) =
(acute otitis media)
Akkerman, ‘05b 526 146* im 2.1(1.7,2.6) Q)
Linder, 2003 295  NR* = 2.1(1.1,4.4) (bronchitis) Q
Coenen, 2013 2690 387* . 12.2(8.3,17.8) c
Moro, 2009 359  NR* ———————————— 9.9(3.1,31.4) Moro, 2009 4352 146* - 12.8(10.4,15.8) 3
o
Coenen, 2006 1448  72* — s, 20.8(89,49.0) o
FTTTTTTTTTTTTITTTTTd Mangione- 306 10* 23.3(3.5,154.7) —
0 4 8 12 16 20 24 28 32 36 Smith, 1999 a_-
0dds ratio FTTTTTIT I T I T T T T T =
0 4 8 12 16 20 24 28 32 36 Q
Odds ratio ‘2

* Authors mentioned accounting for clustering
NR: Not reported

FIG 2 Forest plots of results for selected factors. (A) Odds of antibiotic prescription with diagnosis of bronchitis. (B) Odds of antibiotic prescription with finding
of fever. (C) Odds of antibiotic prescription with finding of purulent sputum or nasal discharge. (D) Odds of antibiotic prescription with finding of abnormal
respiratory exam. (E) Odds of antibiotic prescription with finding of tonsillar exudate. (F) Odds of antibiotic prescription with finding of abnormal tympanic
membrane. (G) Odds of antibiotic prescription when patient expecting antibiotics. (H) Odds of antibiotic prescription when clinician perceives patient
expectation. For each graph, the size of the point is proportional to the number of visits analyzed in each study, with larger points representing larger samples.
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found no association of prescriber specialty and antibiotic pre-
scription (11), and one study assessed other prescribers with oto-
laryngologists as the reference group and found that other groups
prescribed significantly more than otolaryngologists (range of
aOR, 3.9 t0 7.9) (46). Of the remaining three, two studies found
internists prescribed less than general practitioners and emer-
gency room providers (aORs 0f 0.4 to 0.8) (21, 40), and one found
no difference between internist and family practitioner prescrib-
ing (aOR, 0.9; 95% CI, 0.7 to 1.2) (39).

Five studies (in six reports) looked at the association between a
clinician’s perception that a patient expected an antibiotic and
prescribing an antibiotic (Fig. 2h) (22, 26,27, 29, 35, 44). All found
statistically significant positive associations, ranging from an aOR
of 1.7 to 23.3. All of these studies both reported the number of
physicians in the sample and mentioned the use of a statistical
technique to account for clustering.

Area-level factors. Geographic region was reported in 7 stud-
ies (11,22, 28, 33, 38—40). Six of the 7 studies used the NAMCS or
NHAMCS data from of the United States, which record geo-
graphic regions as south, northeast, midwest, and west (11, 28, 33,
38-40). Only one of these studies found any statistically significant
differences, with lower odds of prescription in the south and west
regions than in the northeast (38). The final study was from Dutch
Belgium; the odds of an antibiotic prescription were statistically
significantly higher in West Flanders (aOR, 3.95; 95% CI, 4.9 to
176.7) and Brussels (aOR, 29.2; 95% CI, 1.6 to 9.8) than Antwerp
(22).

DISCUSSION

This review compiles research on factors associated with antibi-
otic prescribing for RTT and finds that there is good evidence that
factors beyond a clear bacterial diagnosis are associated with pre-
scription decisions for RTIs. This is important because the major-
ity of RTIs are viral and therefore do not improve with use of an
antibiotic. A substantial proportion of antibiotic use for RTIs is,
therefore, inappropriate and unnecessarily contributes to risk of
adverse reactions as well as antibiotic resistance. By identifying
factors that are associated with prescribing, antibiotic stewardship
programs and interventions may be better able to target their ac-
tivities.

Diagnosis and physical exam findings. A diagnosis of bron-
chitis was consistently associated with increased odds of antibiotic
prescription, although most of the studies reporting this associa-
tion did not account for clustering of patients among physicians.
This practice may be indicative of a suspicion of underlying bac-
terial illness (15). However, guidelines and reviews commonly
recommend against this method of management, as studies have
shown that antibiotic prescription for acute bronchitis is mini-
mally effective, resulting in a half-day reduction in cough but no
reduction in functional impairment compared to the placebo and
resulting in increased adverse events (13, 49, 50).

Several physical exam findings were associated with antibiotic
prescription. The probable explanation for this association is the
physician’s belief that these findings are more indicative of a bac-
terial etiology for the patients’ symptoms. Recent guidelines have
addressed issues of presumptive distinctions between viral and
bacterial upper RTIs (51). Some symptoms are suggestive of a
possible bacterial diagnosis and therefore should lead to investi-
gation of bacterial etiology; for instance, fever and patchy tonsil-
lopharyngeal exudates are associated with bacterial group A strep-
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tococcal (GAS) pharyngitis (52). Suspicion of GAS pharyngitis,
however, should initiate a throat swab to guide appropriate treat-
ment, as the majority of pharyngitis cases remain viral in origin
(53). Similarly, abnormal findings on chest auscultation may lead
to suspicion of pneumonia; however, confirmation of the diagno-
sis with a follow-up chest X-ray should be performed prior to the
administration of antibiotics (54).

Ultimately, differentiating definitively between bacterial and
viral causes of RTIs based on signs and symptoms alone is seldom
possible, and this imprecision and concern about missed bacterial
diagnosis likely drives overprescription of antibiotics. Use of
point-of-care tests and improved organism-prediction algorithms
may be useful in a number of circumstances. While additional
diagnostic tools may add some effort and cost, the price of con-
tinuing to use antibiotics for RTT as a safeguard rather than a
directed therapy is likely greater.

Physician specialty. In general, we found that pediatricians
tended to have better prescribing practices, with lower rates of
antibiotic prescription for RTIs. A lower rate of antibiotic pre-
scribing was also seen among internal medicine specialists, al-
though not to the same extent. Conversely, front-line providers
such as emergency department physicians, general practitioners,
and family physicians generally had higher rates of antibiotic pre-
scribing for RTIs. Reasons for higher prescribing rates may relate
to physician training but more likely reflect the practice environ-
ment in which these providers see patients. Emergency depart-
ments and outpatient family medicine clinics are busy, high-vol-
ume environments and may not provide the opportunity for
patient follow-up. This environment may tend to increase physi-
cian diagnostic uncertainty and concern about missing a diagnosis
for which antibiotics are warranted, factors previously described
as influencing prescriber treatment decisions (7).

Patient expectations. Physician perception of patient (or par-
ent, in the case of pediatric patients) expectation for antibiotics
was a more consistent predictor of antibiotic prescription than
actual patient expectation of antibiotics. It should be noted that,
among the studies assessing physician perception of patient/par-
ent desire for antibiotics, while all of the studies reported positive
associations, the set of analyses by Akkerman and colleagues (29,
35) reported lower point estimates and tighter confidence inter-
vals. The lower variance could be due to these models controlling
for fewer covariates than the other studies. Additionally, due to
the conversion from log scale, higher point estimates will neces-
sarily have wider confidence intervals. In fact, when expressed in
logit, the width of the confidence intervals from the Coenen et al.
(44) and Moro et al. (27) studies are not appreciably different
from those of the Akkerman et al. studies.

The observed variability in point estimates between the Akker-
man et al. study and the others could be due to differences in
settings. The Akkerman et al. study was conducted in the Nether-
lands, where antibiotic use is the lowest in Europe (55). A culture
of judicious use may moderate to some extent the effect of per-
ceived pressure on physicians. This variability in point estimates
suggests that we should not put too much emphasis on the mag-
nitude of the association per se but rather the positive nature of the
observed associations.

A qualitative study of physicians’ strategies for managing per-
ceived patient expectations for antibiotics noted that the physi-
cians in the study were often reluctant to explicitly determine
patients’ expectations, as this could lead to direct confrontation if
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those expectations were not aligned with the physician’s therapeu-
tic recommendation (56). Instead, physicians preferred to assess
perceived expectations and manage those. However, perceptions
are not always accurately aligned with patient expectations (27,
45). Interestingly, in the study by Coenen et al., patients explicitly
asking for antibiotics (as reported by the patient) did not have a
significant effect on prescribing, and there was a trend toward
reduced prescribing, in contrast to the physician perceiving that a
patient was expecting an antibiotic, which was associated with
prescribing (44). This suggests that by asking, the patient ad-
dresses directly the issue at hand, allowing for a discussion to
ensue regarding the need for antibiotics. While these two variables
(a patient expecting antibiotics and a physician perceiving that a
patient expects antibiotics) may not be completely independent,
the possible distinction is worth consideration.

Communication strategies of both patients and clinicians may
shape clinicians’ assumptions or perceptions regarding patient ex-
pectations for antibiotics (57, 58). In a systematic review of qual-
itative studies about how communication affects prescription de-
cisions, the study of Cabral et al. discusses the opportunity for
miscommunication that can arise when a patient/parent endeav-
ors to justify the need for consultation, which can be perceived as
an expectation of antibiotics by the clinician. Additionally, the
clinician’s use of minimizing and normalizing statements, which
may be part of the clinical approach of reassurance and intended
to pave the way for not prescribing antibiotics, may be interpreted
by the parent/patient as questioning the need for consultation
(57).

Some physicians have indicated that they prescribe antibiotics
under likely unnecessary circumstances because it provides a
quick resolution to the clinic visit and improves satisfaction of
patients (59, 60). However, the amount of time spent with a pa-
tient has not been independently associated with antibiotic pre-
scriptions (61, 62). Additionally, there is some evidence that pa-
tient satisfaction with a physician encounter is not dependent on
having received antibiotics (63). This is important to note in the
context of physicians prescribing based on perceived patient ex-
pectation, as presumably this phenomenon is intended to im-
prove patient satisfaction. One study found that the odds of a
patient reporting satisfaction with a physician visit for acute RTI
were higher when the patient received information or reassurance
than when they received an antibiotic (64). If, however, the patient
was expecting antibiotics, the odds of satisfaction were similar
among those who received information and those who received an
antibiotic (64).

Limitations. The patient populations included in the studies in
this review are diverse. While the benefit is that the factors iden-
tified stem from varied populations and as such are more repre-
sentative, the consequence is that we are not able to identify fac-
tors associated with particular age groups or illnesses.

We decided to extract and report on adjusted effect estimates,
as unadjusted estimates are too potentially confounded to be
meaningful, and this is in line with recommendations from the
Cochrane Handbook on Systematic Reviews of Interventions
(65). However, this creates a challenge for interpretation, as each
study controls for a different set of variables, and adjusted esti-
mates are sometimes presented only for those variables that re-
main in the final model. Our findings then may be biased toward
statistically significant associations. For instance, one study found
that patient expectation was associated with antibiotic prescrip-
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tion on bivariable, but not multivariable, analysis controlling for a
number of potential confounders, and the numeric value of the
nonsignificant result was not reported (45). Similarly, a general
publication bias would operate in the same direction.

Additionally, the definitions used to denote each factor were
not standardized across studies. For instance, fever was specified
dichotomously as >38°C or =38°C (22, 27), per degree Celsius
above 37°C (47), or not defined/patient reported (20, 21, 23).

In studies where an adequate description of clustering tech-
niques was not provided, the precision of point estimates should
be interpreted with caution; in particular, point estimates that
appear to be statistically significant but whose confidence limits
are close to the null should be evaluated with care.

While we set out to identify factors at the levels of the patient,
the prescriber, and the environment, our review ultimately fo-
cused mostly on those at the patient level, with just a few factors
appearing at the physician level. At the environment level, geo-
graphic region, outpatient encounter setting, year of encounter,
and urban versus rural location were the only factors identified,
with most studies failing to demonstrate an association of these
factors with prescribing practices. Additional studies that ad-
dressed factors at the level of the environment were excluded for
not assessing individual-level prescriptions but rather area-level
rates of prescribing. These studies are still important and are cast-
ing necessary light on higher-level influences on prescribing but
could not be included here.

Most RTIs are viral, and antibiotics do not shorten the dura-
tion of illness or have other positive effects on viral infections.
However, there are some situations where an antibiotic could be
considered an appropriate treatment for an RTI. Our review does
not distinguish between appropriate and inappropriate prescrib-
ing for RTI and instead assumes that most prescribing would be
considered inappropriate. This was done because the assumption
made by many of the studies included was that any antibiotic
prescribing for RTT was inappropriate; however, few attempted to
assess appropriateness in a systematic way.

Despite the typical drawbacks to this kind of review, we iden-
tified several main findings. First, we conclude that physicians can
reflect on their own perceptions about patient expectation of an-
tibiotics. Prescribers should feel justified to deflect perceived pres-
sure from patients. Valuing the patient’s experience, appreciating
their time in coming in to seek advice about their symptoms, and
providing clear information about how long symptoms might be
expected to last and about what symptomatic treatment is recom-
mended may help in reducing the unnecessary use of antibiotics.
Second, a number of physical exam findings were independently
associated with antibiotic prescribing, despite the lack of evidence
that these signs and symptoms are indicative of bacterial infection.
Third, there was limited data addressing potential associations
between area-level factors and antibiotic prescribing at the indi-
vidual level. This may be a fruitful area for further research.

Policy implications. Our findings suggest several possible pol-
icy directions. Continued education is warranted to highlight the
viral etiology of most RTTs, in particular of acute bronchitis, and
associated lack of benefit of antimicrobial treatment in these cases.
Similarly, continued education should focus on signs and symp-
toms that are and are not associated with an increased risk of
bacterial infection. Guidelines have been useful in reducing the
volume of antibiotic use (66). While a number of guidelines per-
taining to respiratory tract infections exist, it may be beneficial to
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enhance them with clear descriptions both of signs and symptoms
that are, and are not, likely to be associated with bacterial infec-
tion. Improved access to point-of-care diagnostic aids for bacte-
rial pneumonia may help relieve uncertainty about the diagnosis
and therefore reduce the practice of prescribing antibiotics due to
this uncertainty. Given the strong influence of physician percep-
tion of patient desire for antibiotics on prescribing practices,
greater focus on communication strategies that physicians can use
in negotiating the clinical encounter with a patient also may be
useful.

There has been documented success with public policies to
reduce antibiotic consumption, which are often educational cam-
paigns aimed at the public and general practitioners (67). Further
emphasis on knowledge levels among the general public should be
a priority in an effort to reduce both actual and perceived patient
demand for antibiotics. This public awareness effort could be ex-
panded to encourage patients to engage in a dialogue with their
physicians about the need or lack of need for antibiotics, such that
the clinical encounter involves appropriate discussion and coun-
seling and avoids practices based on unclear communication and
perceptions.

Systematic reviews conclude that antibiotic stewardship pro-
grams show promise for optimizing antibiotic therapy both in
hospital (68) and community settings (17, 69, 70). The compo-
nents of these programs differ across implementations, and spe-
cific behavioral outcomes vary (e.g., decision to treat with antibi-
otics or not; choice of antibiotic when deemed appropriate; route,
dose, and duration of antibiotic therapy), but in general these
initiatives have been associated with improvements in the use of
antibiotics. Further development and expansion, with thorough
evaluation, of antibiotic stewardship programs for the outpatient
setting could include individualized feedback on physician pre-
scribing practices in relation to those of their peers (71) as well as
increased regulatory control of pharmaceutical availability, with
the hopes of improving guideline compliance and reducing un-
necessary antimicrobial use.

Conclusions. While it is difficult to distill the clinical encoun-
ter into discrete factors, this review highlights broad areas that can
be integrated into future efforts to promote judicious use of anti-
biotics. Reinforcement of signs and symptoms of viral respiratory
illnesses, as well as supporting clear communication between phy-
sicians and patients, may be useful areas of focus.
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