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A

cute respiratory infections (ARIs) such as pharyngitis, rhinosinusitis, and bronchitis are the most
common symptomatic reasons why patients seek
care in the United States.1 ARIs account for half of all adult
antibiotic prescriptions and three-fourths of all pediatric
antibiotic prescriptions.2 Physicians overprescribe antibiotics for ARIs and unnecessarily use broad-spectrum antibiotics, both of which lead to increased antibiotic resistance,
adverse drug reactions, and increased cost.2-5
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A growing fraction
of ARICare
visits&
occur at retail clinics,
Healthcare
Communications,
LLC
which are located in drugstores and grocery
stores and are
typically staffed by nurse practitioners (NPs) as opposed to
physicians. Retail clinics provide walk-in care for a limited
set of conditions for which they have treatment protocols,
including ARIs, other minor illnesses, immunizations,
sports physicals, and other screening services—ARIs account for 60% of all retail clinic visits.6-8 Providers at retail
clinics independently manage and prescribe medications.
State regulations vary on whether NPs at retail clinics must
maintain a collaborative or supervisory relationship with
a physician.9 Currently, there are almost 6 million yearly
visits to the 1600 retail clinics in the United States,10 and
the number of retail clinics is expected to grow rapidly in
the coming years.11
The impact of this shift to retail clinics in the care of
ARIs, and subsequent antibiotic prescribing, is unknown.
It is possible this shift may worsen existing problems with
ARI antibiotic prescribing patterns, as most retail clinics are
owned by for-profit pharmacy chains that have a financial
incentive to provide prescription medicines.12-15 Alternatively, it is possible this shift will improve antibiotic prescribing,
as NPs often provide care that is more consistent with guidelines16 and retail clinics strictly incorporate evidence-based
guidelines into their electronic health records (EHRs).17-19
In prior studies comparing rates of antibiotic prescribing, little difference was observed between retail clinics and
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Objectives: To compare antibiotic prescribing among retail clinics,
primary care practices, and emergency departments (EDs) for
acute respiratory infections (ARIs): antibiotics-may-be-appropriate
ARIs (eg, sinusitis) and antibiotics-never-appropriate ARIs (eg,
acute bronchitis).
Study Design: We analyzed retail clinic data from the electronic
health records of the 3 largest retail clinic chains in the United
States, and data on visits to primary care practices and EDs from
the nationally representative National Ambulatory Medical Care
Survey and National Hospital Ambulatory Medical Care Survey.
Methods: Using multivariate models, we estimated an adjusted
antibiotic prescribing rate for each site of care, controlling for differences in patient characteristics and diagnosis.
Results: From 2007 to 2009 in the United States, there were 3
million, 167 million, and 29 million ARI visits at retail clinics,
primary care practices, and EDs, respectively. For all ARI visits,
the adjusted antibiotic prescribing rate at retail clinics (58%) was
similar to the rate at primary care practices (62%; P = .09) and
EDs (59%; P = .48). For antibiotics-may-be-appropriate ARI visits,
the adjusted antibiotic prescribing rate (95%) at retail clinics was
higher than at primary care practices (85%; P <.01) and EDs (83%;
P <.01). For antibiotics-never-appropriate ARI visits, the adjusted
antibiotic prescribing rate (34%) at retail clinics was lower than at
primary care practices (51%; P <.01) and EDs (48%; P <.01).
Conclusions: Compared with primary care practices and EDs,
there was no difference at retail clinics in overall ARI antibiotic
prescribing. At retail clinics, antibiotic prescribing was more
diagnosis-appropriate.
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outpatient physician practices20,21; however, these were small studies that used a
limited set of diagnoses and health plan
claims data. In this study, we compared antibiotic prescribing at retail clinics, primary
care practices, and emergency departments
(EDs) for all ARIs using national data collected directly from the EHR or the medical chart.

Take-Away Points
There is concern that retail clinics could increase inappropriate antibiotic prescribing
because they have financial incentives to overprescribe medications and they employ nurse practitioners. In the first evaluation of this question using medical record
data, we found that the overall antibiotic prescribing rate was similar among retail
clinics, physician offices, and emergency departments; furthermore, care at retail
clinics was more guideline-concordant. For example, in the case of conditions for
which antibiotics are never indicated, retail clinics had a lower antibiotic prescribing
rate.
n   There are concerns that retail clinics provide an inferior quality of care, but our
results do not support these concerns.
n   No difference was found in quality of antibiotic prescribing among retail clinics,
physician offices, and emergency departments.

METHODS
Retail Clinic Visits
We obtained de-identified data from all visits from 2007
to 2009 (2007, 0.8 million visits; 2008, 2.4 million; 2009,
5.4 million) from 3 retail clinic operators: MinuteClinic,
TakeCare, and LittleClinic. Together they operate 81% of
all US retail clinics.8 These data came directly from the
operators’ EHRs.
Primary Care Practice Visits
We obtained 2007 to 2009 data (to match the years of
available retail clinic data) on visits to ambulatory practices from the National Ambulatory Medical Care Survey (NAMCS) and outpatient hospital practices from
the National Hospital Ambulatory Medical Care Survey
(NHAMCS). NAMCS and NHAMCS employ a complex
sampling methodology to obtain a nationally representative estimate of outpatient visits in the United States, and
the 2 surveys have been used in many studies to characterize physician care patterns in the United States.2,22-28
However, neither survey includes retail clinics. For each
visit, standard 1-page encounter forms are completed by
the clinician, office staff, or an outside coder using the
medical chart.
We defined primary care visits in NAMCS as those
associated with the physician specialties of family/general practice, internal medicine, or pediatrics, and in
NHAMCS as visits to general medicine and pediatric
clinics. We excluded the small number of visits with a
nurse practitioner because we did not want to confound
training and practice setting; we included these visits in a
sensitivity analysis, and it had no impact on our findings.
To exclude follow-up visits for ARIs, we limited our sample to visits where the treating provider indicated that the
major reason for the visit was a new problem. After these
exclusions, we sampled 6289 ARI visits. We also conducted a sensitivity analysis in which we examined all ARI
visits, including those where it was not a new problem,
and we found no substantive differences.
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ED Visits
We obtained data on 7629 sampled ED visits for
ARIs from 2007 to 2009 from the ED component of the
NHAMCS survey. Similar to the physician outpatient
visits in NAMCS, a standard encounter form is comple
ted for each visit using the medical chart.
Data Elements
Across the 3 data sources, we looked at patient demographics, reasons for visit, diagnoses, and medications
prescribed. We did not include patient temperature because for almost half of ARI visits at primary care practi
ces, the temperature field was blank. Patient drug allergies
were not available.
Defining ARI Visits
We identified ARI visits using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) diagnosis codes.2 Based on prior work,3 we divided
the 6 ARI diagnoses into “antibiotics-may-be-appropriate”
diagnoses (streptococcal pharyngitis [034.x], otitis media
[381.x, 382.x], sinusitis [461.x]) and “antibiotics-never-appropriate” diagnoses (upper respiratory infection [460.x,
465.x], nonstreptococcal pharyngitis and laryngitis [462.x,
464.x], bronchitis [466.x, 490.x, 491.21]). These definitions
of antibiotic-appropriateness are forgiving to prescribing
of antibiotics. For example, although we consider sinusitis
an antibiotics-may-be-appropriate diagnosis, it is not clear
that sinusitis ever requires antibiotic treatment.29
Excluding Visits With Competing Diagnoses
Patients may have multiple problems that require antibiotics, and the fraction of ARI patients with such competing diagnoses might differ across the 3 care sites. To
address this potential concern, we excluded visits with
a diagnosis code for a competing diagnosis that might
require antibiotics (list of ICD-9-CM codes provided in
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eAppendix Table 3, available at www.ajmc.com). This excluded 3%, 6%, and 10% of the ARI visits at retail clinics,
physician offices, and EDs, respectively. In a sensitivity
analysis, including such visits had no substantive impact
on the results.
Classifying Prescriptions
Among all eligible ARI visits, we identified any oral antibiotic prescription associated with the visit. In the retail
clinic, data prescriptions are identified using the National
Drug Code system, while in the NAMCS and NHAMCS
surveys, prescriptions are classified using the Multum
Lexicon system. We defined broad-spectrum antibiotics
as azithromycin and clarithromycin, quinolones, amoxicillin-clavulanate, ampicillin-sulbactam, and second- and
third-generation cephalosporins.2
Analyses
We calculated the antibiotic prescribing rate for all
ARI visits, for antibiotics-may-be-appropriate diagnoses,
for antibiotics-never-appropriate diagnoses, and for each
individual ARI diagnosis. We limited our analysis to patients 2 years and older because retail clinics rarely see
children under that age.
We used multivariable models to assess the independent
association between site of care and antibiotic prescribing,
where the outcome variable is a binary (yes/no) indicator
for whether an antibiotic was prescribed. Building on prior
work,30 we combined the data from the 3 clinical sites into
a single data set. In the physician office and ED data, each
visit is given a sampling weight so that one can calculate
nationally representative estimates. Since retail clinics represent a full national sample of visits, in the analyses, these
visits were given a sampling weight of 1. The NAMCS and
NHAMCS samples include identifiers allowing for control
for clustering within individual clinicians and practices
and EDs. For the retail clinic data, we could not identify
individual clinicians and practice sites associated with a
visit; we therefore accounted for a higher level of clustering within each of 3 retail clinic chains. Because it assumes
that all retail clinic visits within a given retail clinic chain
are similar, the intercluster correlation was large (0.02) and
therefore standard errors were conservatively large.
We used separate models for all ARI visits, antibioticsmay-be-appropriate ARI diagnosis visits, and antibioticsnever-appropriate ARI diagnosis visits. Among all ARI
visits where an antibiotic was prescribed, we created an
analogous logistic regression model where the dependent
variable was broad-spectrum antibiotic prescription. In
each of the multivariate models we adjusted for gender,
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age, site of care, and whether the patient had a chronic
illness. In the model where we focused on all ARI visits,
we also adjusted for diagnosis type (antibiotics-may-be-appropriate diagnoses vs antibiotics-never-appropriate). We
conducted sensitivity analyses where we: 1) did not adjust
for diagnosis; 2) adjusted for the 6 specific ARI diagnoses
instead of diagnosis type to provide a higher level of specificity; 3) examined only children (aged ≤17 years) as this
is an important subpopulation; 4) examined only adults;
and 5) examined only patients without a reported chronic
illness, as this is the population most likely to be seen at
retail clinics. The odds ratio results from all multivariate
models are reported in the eAppendix.
To facilitate interpretation of the regression results, we
used the method of predictive margins (also called recycled
predictions) to report the predicted antibiotic prescribing
rate and the predicted broad-spectrum antibiotic prescribing rate for each of the 3 care sites while adjusting for other
covariates.31,32 Specifically, we used the estimated coefficients from the multivariate regression models to predict
antibiotic prescribing for each patient visit, alternatively
assigning all visits to a given value of the variable (eg, retail
clinic, primary care practice, ED), but leaving all other explanatory variables at their original values. We then averaged the predictions across all patient visits. This allowed
us to estimate the mean antibiotic prescribing rate if all patient visits occurred at a given site, but otherwise retained
the original values of all their other characteristics. P values less than .05 were considered significant. All analyses
were performed using SAS 9.2 (Cary, North Carolina).

RESULTS
Between 2007 and 2009, there were 3 million, 162 million, and 29 million ARI visits, respectively, at retail clinics, primary care practices, and EDs. There were several
notable differences in patient characteristics across the
3 care sites (Table 1). Children and adolescents (aged ≤17
years) made up a smaller fraction of ARI visits to retail
clinics (27%) than to primary care practices (50%; P <.01)
and EDs (43%; P <.01). A smaller fraction of patients reported a chronic illness at retail clinics (4%) compared with
primary care practices (20%; P = .01) and EDs (22%; P <.01).
Mix of ARI Visits
The mix of ARI visits varied by site of care. At retail clinics, a higher proportion of ARI visits (53%) led to an antibiotics-may-be-appropriate diagnosis (sinusitis, otitis media,
and streptococcal pharyngitis) than at primary care physician offices (32%; P <.01) and EDs (29%; P <.01) (Table 2).
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n Table 1. Characteristics of Patients Receiving Care for Acute Respiratory Infections
Retail Clinics
(n = 3 million)

Physician Offices
(n = 157 million)a

Emergency Department
(n = 26 million)a

In Millions (%)
Genderb,c
  Female

1.9

(63)

87.7

(56)

15.2

(58)

  Male

1.1

(37)

69.2

(44)

11.1

(42)

  2-5

0.2

(6)

32.5

(21)

5.9

(23)

  6-17

0.6

(21)

48.9

(31)

5.8

(22)

  18-44

1.5

(49)

38.9

(25)

10.2

(39)

  45-64

0.6

(20)

23.4

(15)

3.2

(12)

  >65

0.1

(3)

13.3

(8)

1.1

(4)

0.1

(4)

24.4

(16)

4.1

(15)

  Yes

1.6

(72)

143.7

(94)

20.5

(83)

    Commercial

1.6

(70)

99.1

(65)

8.7

(35)

    Medicaid

0.0

(0)

29.8

(20)

9.3

(38)

    Medicare

0.0

(2)

12.7

1.8

(7)

    Other/unknown

0.0

(0)

2.1

(1)

0.7

(3)

   No (paid with cash)

0.6

(28)

9.0

(6)

3.9

(16)

b,c

Age,

years

Chronic condition diagnosis reportedb,c
  Yes
Insurance used for visitb,c,d

(8)

a

Reflecting sampling weights in the National Ambulatory Medical Care Survey and the National Hospital Ambulatory Medical Care Survey.
b
Retail clinic is significantly different from physician office (P ≤.05).
c
Retail clinic is significantly different from emergency department (P ≤.05).
d
Type of insurance information missing for 1 retail clinic provider.

Unadjusted Differences in ARI Antibiotic Prescribing
Not adjusting for other factors, the fraction of all ARI
visits at which an antibiotic was prescribed was similar
at retail clinics (66%), primary care practices (62%; P = .28
comparison with retail clinics), and EDs (60%; P = .11)
(Table 2). This pattern varied by antibiotic appropriateness. For antibiotics-may-be-appropriate diagnoses, retail
clinic providers were more likely to prescribe antibiotics (95%) than primary care physicians (85%; P <.01) and
ED physicians (83%; P <.01). In contrast, for antibioticsnever-appropriate diagnoses, retail clinics providers were
less likely to prescribe antibiotics (33%) than primary care
physicians (50%; P <.01) and ED physicians (50%; P <.01).
One notable exception among antibiotics-never-appropriate diagnoses was for acute bronchitis/bronchiolitis where
antibiotic prescribing at retail clinics, physicians, and EDs
was 77%, 76%, and 70%, respectively. Among all ARI visits
where an antibiotic was prescribed, retail clinic providers
were less likely to prescribe a broad-spectrum antibiotic
than primary care practices (40% vs 49%; P <.01), but there
was no difference between retail clinics and EDs (40% vs
44%; P = .05).
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Adjusted Differences in ARI Antibiotic Prescribing
The adjusted antibiotic prescribing rate for all ARI visits at retail clinics (58%) was similar to the adjusted antibiotic prescribing rate at primary care practices (62%; P =
.09) and EDs (60%; P = .48) (Table 3, Figure). For antibiotics-may-be-appropriate ARI visits, the adjusted antibiotic
prescribing rate for retail clinics (95%) was higher than at
primary care practices (86%; P <.01) and EDs (82%; P <.01).
For antibiotics-never-appropriate ARI visits, the adjusted
antibiotic prescribing rate at retail clinics (34%) was lower
than at primary care practices (50%; P <.01) and EDs (48%; P
<.01). For ARI visits at which an antibiotic was prescribed,
the adjusted rate of broad-spectrum antibiotic prescribing
at retail clinics was 42%, lower than the rate at primary care
practices (49%; P = .04) but not different from the rate at EDs
(44%; P = .34).
Sensitivity Analyses
The differences in antibiotic prescribing were consistent in both the children-only and adult-only analyses
(eAppendix Table 2). If we do not account for ARI diagnosis in the model then there is no statistically significant
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n Table 2. Antibiotic Prescribing Patterns by Care Site and Condition for Acute Respiratory Infections: Unadjusted
Retail Clinics
(n = 3 million)

Type of visit

In
Millions
(% of
All
ARI
Visits)

All ARI visits

Physician Offices
(n = 157 million)a

Antibiotic
Prescribed
(%)

BroadSpectrum
Antibiotic
Prescribed
(%)b

In
Millions
(% of
All
ARI
Visits)

Antibiotic
Prescribed
(%)

BroadSpectrum
Antibiotic
Prescribed
(%)b

3.0 (100)

66

40

156.8 (100)

62

49b

Antibiotic appropriate
ARI diagnoses

1.6 (53)

95

38

Acute sinusitis

0.9 (28)

96

Streptococcal pharyngitis

0.3 (10)

Otitis media

52.4 (33)

86

c

46

48

12.8 (8)

87c

55

98

17

11.9 (8)

87

c

0.4 (14)

89

34

27.7 (18)

84

Non-antibiotic appropriate
ARI diagnoses

1.4 (47)

33

47

Upper respiratory illness,
nasopharyngitis

0.4 (13)

13

Nonstreptococcal
pharyngitis, laryngitis

0.7 (22)

Acute bronchitis and
bronchiolitis

0.4 (11)

Emergency Departments
(n = 26 million)a
In
Millions
Broad(% of
Spectrum
All
Antibiotic Antibiotic
ARI
Prescribed Prescribed
Visits)
(%)
(%)b
26.3 (100)

60

44

8.0 (30)

83

c

36

1.1 (4)

87c

47

28

1.9 (8)

84

c

25c

c

c

50c

4.9 (19)

81c

38

104.4 (67)

50

c

52

18.3 (70)

50c

50

50

45.9 (29)

37c

49

6.6 (25)

23

49

23

30

32.6 (21)

47c

40c

5.6 (21)

58c

32

76

56

26.0 (17)

76

61

6.0 (23)

72c

64

ARI indicates acute respiratory infection.
a
Weighted n.
b
Limited to visits where antibiotic prescribed.
c
Significantly different from retail clinics (P ≤.05).

difference in overall ARI antibiotic prescribing between
the 3 care sites (eAppendix Table 2). When we only look
at patients without a chronic illness, the differences in antibiotic prescribing were similar to those in the model with
all visits (eAppendix Table 2).

DISCUSSION
In a large, nationally representative sample of ARI visits, retail clinics had an antibiotic prescribing rate similar
to that of primary care practices and EDs. This is reassuring evidence that the shift in care to retail clinics will
not negatively impact antibiotic prescribing in the United
States. The lack of a difference is consistent with the larger literature, that demonstrates that nurse practitioners
and physicians provide care of similar quality.33
While there is no difference across the sites in antibiotic prescribing rate for all ARI visits, there is a difference
in both the mix of ARIs seen and in antibiotic prescribing
by type of ARI. At retail clinics, half of ARI visits are for
antibiotics-may-be-appropriate diagnoses (sinusitis, otitis
media, and streptococcal pharyngitis). In contrast, onethird of ARI visits at physician offices and EDs are for
antibiotics-may-be-appropriate diagnoses. For antibioticsnever-appropriate diagnoses, primary care practices have
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a much higher antibiotic prescribing rate. However, for
antibiotics-may-be-appropriate diagnoses, we see the opposite pattern—retail clinics have a much higher antibiotic prescribing rate.
These results could be driven by how providers choose
a diagnosis. Ideally, a provider makes a diagnosis that
leads to the decision to prescribe antibiotics. However,
it is also possible that providers first decide whether to
give antibiotics and later code a diagnosis based on the
decision to prescribe antibiotics. If the latter pattern is
common at retail clinics, then it might imply there are no
differences in true ARI mix across the sites but that retail clinic providers are more likely than primary care and
ED physicians to list an ARI diagnosis for which antibiotics are appropriate (eg, listing sinusitis as the diagnosis
instead of a viral upper respiratory condition). In such
cases, retail clinic providers are not truly providing care
that is more concordant with the diagnosis, as the diagnosis itself might be incorrect.
It is also possible that the difference in ARI mix across
the care sites reflects true differences in patient populations. For example, it could be that patients with prior
episodes of sinusitis self-select to a retail clinic, and this
is why we see a higher fraction of antibiotics-may-be-appropriate ARI diagnoses at retail clinics. If this is the case,
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n Table 3. Predicted Antibiotic Prescribing Rate Adjusting for Other Covariates in Multivariate Modelsa
Broad-Spectrum
Antibiotic Prescribing Rate

Antibiotic Prescription Rate
All ARI visits
(n = 186 million)

Antibiotic appropriate
ARI diagnosis visits
(n = 62 million)

Non-antibiotic appropriate
ARI diagnosis visits
(n = 124 million)

All ARI visits where an
antibiotic is prescribed
(n = 115 million)

%

95% CI

%

95% CI

%

95% CI

%

95% CI

  Male

62

(60-65)

86

(83-89)

51

(48-55)

49

(45-53)

  Female

61

(58-63)

85

(82-89)

49

(45-52)

47

(44-51)

Sex

Age, years
  2-5

57

(53-60)

88

(84-92)

40

(35-45)

50

(44-56)

  6-17

57

(55-60)

88

(85-92)

42

(35-48)

41

(36-46)

  18-44

67

(64-70)

83

(77-88)

58

(55-62)

46

(41-50)

  45-64

68

(64-72)

79

(72-87)

61

(55-66)

59

(54-65)

  >65

58

(53-65)

76

(65-86)

48

(40-56)

51

(42-60)

   Antibiotic appropriate

87

(84-89)

NA

47

(42-52)

  Non-antibiotic
  appropriate

48

(45-51)

48

(45-52)

  Yes

79

(75-82)

79

(69-89)

71

(66-77)

58

(52-64)

  No

58

(56-60)

86

(83-88)

44

(41-47)

46

(43-49)

58

(54-62)

95

(94-97)

34

(29-39)

42

(37-47)

Type of diagnosis
NA

Chronic disease condition

Site of care
  Retail clinic
   Primary care

62

(60-64)

86

(83-88)

50

(47-53)

49

(45-52)

  Emergency department

60

(58-63)

82

(79-85)

48

(45-51)

44

(42-46)

ARI indicates acute respiratory infection; NA, not applicable.
a
We use method of predicted margins to report the predicted antibiotic prescribing rate while adjusting for other covariates in multivariate logistic regression
model. In model we include for gender, age category, diagnosis, presence of chronic disease, and site of care.

then the more diagnosis-concordant pattern we observe
at retail clinics means that antibiotics are being reserved
for those whom antibiotics might benefit. At many retail
clinics, evidence-based guidelines are incorporated into
the EHR; if providers choose to go outside the guidelines,
the provider must provide a justification.17-19 This forcing
mechanism may lead to decreased antibiotic prescribing
and thus higher quality care.
There were differences in the type of antibiotics prescribed at retail clinics, primary care practices, and EDs.
Across all ARI diagnoses, controlling for other factors,
primary care practices were more likely than retail clinics to use broad-spectrum antibiotics such as azithromycin and quinolones. This pattern is concerning given that
these broad-spectrum antibiotics often do not have higher
efficacy, and their overuse could increase the prevalence of
antibiotic-resistant bacteria. For example, the fraction of
pneumococcal serotypes resistant to macrolides is 35.3%34
and to quinolones, 7.3%.35
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Limitations
Our analyses could be biased by differences in the types
of patients seen at the care sites. Although our multivariate models included numerous characteristics including
age, gender, and chronic illnesses, there may be unaccounted differences. For example, patients who visit primary care practices with a given diagnosis may be sicker
or require a broad-spectrum antibiotic because they have
more allergies to narrow-spectrum antibiotics. We could
not control for key signs and symptoms such as severity of
fever. This may be particularly relevant to the ED, which
is a very different practice setting, and patients may differ
in acuity in ways not captured in our data. At retail clinics, the data came directly from the EHR, while at physician offices, the data were obtained from providers or
chart review. It is possible that this difference in data collection might have driven the differences in the fraction
of patients reported to have a chronic illness. For physician office visits, we only collected prescriptions on the
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n Figure. Antibiotic and Broad-Spectrum Antibiotic Prescribing Rate by Type of Diagnosis: Predicted Values and
95% Confidence Intervals, Adjusted for Patient Characteristicsa
B. Broad-Spectrum Antibiotic Prescribed:
All ARI Conditions

100

100

80

80

% of Visits

% of Visits

A. Any Antibiotic Prescribed:
All ARI Conditions

60

40

60

40

0

0
Retail
Clinic

Primary Care
Office

Emergency
Department

Retail
Clinic

Emergency
Department

D. Any Antibiotic Prescribed:
Non-Antibiotic-Appropriate ARI Conditions

C. Any Antibiotic Prescribed:
Antibiotic-Appropriate ARI Conditions

100

100

80

80

% of Visits

% of Visits

Primary Care
Office

60

40

60

40

0

0
Retail
Clinic

Primary Care
Office

Retail
Clinic

Emergency
Department

Primary Care
Office

Emergency
Department

ARI indicates acute respiratory infection.
a
Antibiotic-appropriate diagnoses are otitis media, sinusitis, and streptococcal pharyngitis. Non-antibiotic appropriate diagnoses are upper respiratory
infections, nonstreptococcal pharyngitis, and bronchitis.
Black lines indicate 95% confidence intervals generated by multiplying 1.96 and predicted standard error.

day of the visit. Our antibiotic prescribing rate may be low
for physician office visits because we did not capture antibiotic prescriptions provided over the phone in the days
after the visit. For all care sites, we captured prescriptions,
not whether the prescription was filled. Patients may have
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received prescriptions and been told to fill them if symptom improvement did not occur.
Patients with an ARI might seek care at a retail clinic
instead of staying at home. If retail clinics “induce” these
new ARI visits, then the growth of retail clinics could
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lead to more antibiotic prescribing, even though their
antibiotic prescribing rate for a given ARI visit is similar.
Based on prior work, we categorized ARI diagnoses into
“antibiotics-may-be-appropriate” and “antibiotics-neverappropriate.” We used a definition of antibiotics-may-beappropriate diagnoses that may be overly inclusive, and
we recognize that the clinical distinction between the
categories of diagnoses may not be straightforward for all
patients. We categorized visits by the diagnosis provided
by the provider at the end of the visit. Ideally, we would
categorize visits by the reason for visit, but these data were
not consistently available across the care sites. Lastly, in
this manuscript we compare rates of antibiotic prescribing
at retail clinics, physician offices, and EDs. However, it is
important to acknowledge that across all the care sites,
the antibiotic prescribing rate for antibiotics-never-appropriate conditions is clearly too high, and broad-spectrum
antibiotic use is likely excessive.

CONCLUSIONS
Compared with primary care practices and EDs, retail
clinics have a similar antibiotic prescribing rate for ARIs,
though retail clinic providers are less likely to prescribe
broad-spectrum antibiotics. Retail clinic prescribing is
more diagnosis-concordant in that retail clinics are more
likely to prescribe antibiotics for antibiotics-may-be-appropriate ARI visits and less likely to prescribe antibiotics
for antibiotics-never-appropriate diagnoses.
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eAppendix
In the manuscript, to facilitate clinical interpretation of the regression results, we used the
method of predictive margins to present adjusted antibiotic prescribing rates. In Appendix
Table 1, we provide the results of the multivariate regression models that underlie the
adjusted antibiotic prescribing rates. In Appendix Table 2, we present the results of our
sensitivity analyses.
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Appendix Table 1: Predictors of Any Antibiotic and Broad-Spectrum Antibiotic Use at Acute Respiratory Tract Infection Visits
Broad-spectrum
antibiotic prescribed

Any Antibiotic Prescribed

Sex
Male
Female
Age (years)
2-5
6-17
18-44
45-64
>65
Type of Diagnosis
Antibiotic Appropriate
Non-Antibiotic Appropriate
Chronic Disease Condition
Yes
No
Site of Care and Provider
Retail Clinic
Primary Care
Emergency Department

All ARI visits

Antibiotic Appropriate
ARI Conditions

Non-Antibiotic
Appropriate ARI
Conditions

ARI visits where an
antibiotic is prescribed

(n=186 million)

(n=62 million)

(n=124 million)

(n= 115 million)

Odds ratio (95% CI)

Odds ratio (95% CI)

Odds ratio (95% CI)

Odds ratio (95% CI)

1.10 (0.95-1.29)
REF

1.07 (0.73-1.56)
REF

1.12 (0.94-.132)
REF

1.06 (0.89-1.27)
REF

0.91
0.94
1.51
1.58

2.31
2.41
1.54
1.22

0.71
0.77
1.55
1.72

0.96
0.67
0.81
1.41

(0.66-1.27)
(0.68-1.29)
(1.08-2.11)
(1.13-2.22)
REF

(1.22-4.37)
(1.29-4.50)
(0.77-3.07)
(0.55-2.72)
REF

(0.48-1.03)
(0.53-1.10)
(1.10-2.20)
(1.19-2.50)
REF

(0.62-1.50)
(0.44-1.01)
(0.54-1.21)
(0.94-2.13)
REF

7.71 (5.89-10.09)
REF

N/A

N/A

0.95 (0.75-1.21)
REF

3.06 (2.36-3.98)
REF

0.63 (0.35-1.12)
REF

3.29 (2.49-4.35)
REF

1.64 (1.26-2.13)
REF

REF
1.22 (0.98-1.51)
1.11 (0.89-1.37)

REF
0.28 (0.19-0.40)
0.22 (0.16-0.30)

REF
2.10 (1.62-2.74)
1.94 (1.50-2.50)

REF
1.32 (1.02-1.72)
1.10 (0.87-1.39)

ARI indicates acute respiratory infection; REF, reference.
2

eAppendix Table 2. Sensitivity Analyses: Predictors of Any Antibiotic Use Among All ARI Visits

Antibx-approp indicates antibiotics-appropriate; ARI, acute respiratory infection; infxn, infection; m, million; n/a, not applicable; REF,
reference.
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eAppendix Table 3. Exclusion Criteria for ARI Visits Excluded Because of Another Competing Diagnosis That Might Require Antibiotics
Diagnosis
UTI

International Classification of Diseases, Ninth Revision, Clinical Modification Codes
590, 597, 595.0, 595.9, 599.0

Bacterial
infection

031, 032, 035, 036, 037, 038, 039, 040, 320, 321, 322, 324, 421, 522, 523, 730, 790.7, 006.2, 008.43, 008.45, 008.49, 009.0,
009.2, 009.3, 026.1, 031.0, 031.8, 031.9, 035, 038.0, 038.10, 038.4, 041.86, 079.88, 079.98, 083.0, 088.81, 130.0, 376.02,
380.11, 380.23, 527.2, 528.3, 711.01, 711.03, 711.08, 711.84, 711.86, 711.89, 711.95, 711.97, 711.98, 728.0, 790.7, 999.31
706.1
616.0, 616.10, 616.3, 616.4, 616.8, 616.9, 131.01
680, 681, 682, 683, 684, 685, 686, 289.3, 373.13, 704.8, 705.83, 911.7, 914.1, 915.1, 915.3, 915.9, 919.5, 933.1, E906.0,
E906.3
250.0
090, 091, 092, 093, 094, 095, 096, 097, 098, 099,V01.6, V01.89, V01.9

Acne
Vaginitis
Skin infection
Diabetes
Sexually
transmitted
disease
Wound infection

707, 870, 871, 872, 873, 874, 875, 876, 877, 878, 879, 880, 881, 882, 883, 884, 885, 886, 887, 888, 890, 891, 892, 893, 894,
895, 896, 897
Gynecological
614, 615, 616, 646.6, 646.60, 646.61, 646.62, 646.63, 646.64, 647.9, 647.90, 131.9, 658.4, 658.40, 658.41, 675.1, 675.10,
and post delivery 675.14, 675.9, 675.90, 675.91
infections
Male urological
601, 604, 131.03, 603.1
infections
Lung disease
519.11, 519.8, 748.4, 748.5, 748.61, 714.81, 770.2
Abdominal
540, 541, 562, 566, 567, 574, 575, 576, 577, 289.2, 569.71, 572.0
infections
HIV
042 V08, 079.53, 795.71
Postoperative
998.5 998.59 998.51
complications
Infections related 996.6, 996.60, 996.61, 996.62, 996.63, 996.64, 996.65, 996.66, 996.67, 996.68, 996.69
to implants
Transplant
V42, V42.0, V42.1, V42.6, V42.7, V42.8, V42.9, E878.0, 996.8, 996.80, 996.81, 996.82, 996.83, 996.84, 996.85, 996.86,
996.87, 996.89, E878.0
ARI indicates acute respiratory infection; HIV, human immunodeficiency virus; UTI, urinary tract infection.
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