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Editor’s key points

» Despite knowledge that reducing
inappropriate antibiotic use is
important to decrease resistance,
meaningful physician behaviour
change has remained difficult to
achieve.

» The findings suggest that a
substantial amount of variability
in antibiotic prescribing among
physicians remains unexplained
by observed factors, and might be
more strongly related to individual
practice styles. Efforts to measure
prescriptions, and to target
physicians with higher propensities
to prescribe, might be the most
promising interventions.

» There might be a potential benefit
from focusing on physicians who
have been in practice longer

and on internationally trained
physicians, as they were more likely
to prescribe antibiotics for pediatric
respiratory tract infections.

Antibiotic prescribing
for pediatric respiratory
infections

What explains a large variation among physicians?

Rachel McKay php  David M. Patrick Mb FRCPC MHSc
Kimberlyn McGrail pho  Michael R. Law phD

Abstract
Objective To explore whether there are observable physician characteristics
associated with antibiotic prescribing for pediatric respiratory tract infections (RTIs).

Design Population-based cohort study using a hierarchical generalized linear
mixed-model analysis.

Setting British Columbia.
Participants All pediatric visits for RTIs between 2005 and 2011.

Main outcome measures The association between an antibiotic prescription
being dispensed within 5 days after each visit and patient, physician, and
regional characteristics.

Results Overall, 27.9% of RTI visits were followed by an antibiotic prescription.
After accounting for observed patient, physician, and regional factors, median
2-fold variation was found across physicians in their odds of prescribing.
Observable physician characteristics explained nearly half of the variation
between them. Higher prescribing was evident among physicians with more
years of clinical experience (odds ratio [OR] of 1.46, 95% Cl 1.33 to 1.61),
international medical graduates (OR=1.73, 95% Cl 1.63 to 1.83), and physicians
with proportionally fewer recent visits for RTIs (OR=1.45, 95% Cl 1.38 to 1.52).
Female physicians prescribed less often than male physicians did (OR 0.91,
95% Cl 0.86 to 0.96).

Conclusion Substantial variations were found among physicians in prescribing
antibiotics for pediatric RTls. Observable characteristics accounted for a
meaningful proportion of this variation; however, some physicians have a
higher propensity to prescribe than others do, which remains unexplained.
Patient and regional characteristics did not explain much of the variation
across physicians. In future, behavioural interventions should be designed and
evaluated to target physicians with higher propensity to prescribe.
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EXCLUSIVEMENT SUR LE WEB RECHERCHE

Prescription d’antibiotiques ot de repre
pour les infections respiratoires  auredacteur
pediatriques ccours ot s ot

pour freiner la résistance est bien

Pou rquol cette gran de variation connue, il est demeuré difficile de
entre les médecins? changer le comportement des
médecins de maniére significative.
Rachel McKay php  David M. Patrick mbp FRCPC MHSc » Les constatations de [&tude font
Kimberlyn McGrail phb  Michael R. Law PhD valoir que la variation considérable

entre les médecins dans la
prescription dantibiotiques demeure
inexpliquée par les facteurs
observés, et pourrait étre plus
fortement liée aux styles de pratique
individuels. Des efforts pour mesurer
le nombre de prescriptions et pour
cibler les médecins plus enclins a
prescrire des antibiotiques
pourraient se réveéler les

Résumeé

Objectif Examiner s'il existe, chez les médecins, des caractéristiques
observables associées a la prescription d’antibiotiques pour des infections
pédiatriques des voies respiratoires (IVR).

Type d’étude Etudes de cohortes dans la population au moyen d'une analyse
des modéles mixtes linéaires généralisés et log-linéaires hiérarchiques.

Contexte Colombie-Britannique. interventions les plus prometteuses.
Participants Toutes les visites pédiatriques pour une IVR entre 2005 et 2011. » Ily aurait peut-étre lieu de cibler
L. R . o les médecins qui exercent depuis
Principaux parameétres a l'étude L'association entre une ordonnance plus longtemps et ceux formés a
d’antibiotiques exécutée dans les 5 jours suivant chaque visite, et les létranger, car ils ont une plus forte
caractéristiques du patient, du médecin et de la région. propension a prescrire des

antibiotiques pour une infection des

Resultats Dans 'ensemble, une ordonnance d’'antibiotiques etait prescrite a la voies respiratoires chez les enfants.

suite de 27,9 % des visites pour une IVR. Aprés avoir tenu compte des facteurs
observés chez le patient, le médecin et la région, une variation médiane du
double a été cernée chez les médecins dans la probabilité qu'ils rédigent une
ordonnance. Des caractéristiques observables des médecins ont expliqué pres
de la moitié de la variation entre eux. Un taux plus élevé de prescription était
évident chez les médecins comptant plus d’années d’expérience clinique
(rapport de cotes [RC] de 1,46, IC a 95% de 1,33 a 1,61), chez les diplomés en
médecine de l'étranger (RC=1,73,1C a 95% de 1,63 a 1,83), de méme que chez
les médecins qui avaient requ proportionnellement moins de visites récentes
pour une IVR (RC=1,45,1Ca 95 % de 1,38 a 1,52). Les femmes médecins
prescrivaient moins souvent que leurs homologues masculins (RC=0,91,
ICa95% de 0,86 a 0,96).

Conclusion Des variations considérables ont été observées entre les médecins
quant a laprescription d'antibiotiques pour une IVR pédiatrique. Une proportion
significative de cette variation est attribuable a des caractéristiques observables;
toutefois, certains médecins ont une plus forte propension a prescrire que
d’autres, ce qui demeure inexpliqué. Les caractéristiques des patients et des
régions n‘ont pas permis d’expliquer cette variation entre les médecins. A l'avenir,
des interventions comportementales devraient étre élaborées et évaluées pour
cibler les médecins les plus enclins a prescrire.
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- RESEARCH Antibiotic prescribing for pediatric respiratory infections

public health issue. Antibiotic use is one of the

most important drivers of antibiotic resistance.!
Recent estimates suggest that up to 50% of antibiotic
use for respiratory tract infections (RTIs) in children? and
adults® is likely unnecessary or inappropriate.

Prescribing decisions are complex, and there are
documented variations in antibiotic prescribing both
across medical practice networks* and across individual
physicians®¢ that cannot be fully explained by patients’
clinical presentations. Patient,” physician,®!'° and geo-
graphic!'* characteristics have been previously associ-
ated with antibiotic prescribing, both for RTIs and more
generally. However, investigations of these factors with
consideration of patient and physician characteristics
simultaneously are sparse,>¢ as are studies specifically
of children. Given the high rate of potentially inappro-
priate prescriptions for this common set of syndromes,?
understanding antibiotic prescribing for pediatric RTIs
is important for improvements in practice and policy to
support the judicious use of these medicines.

Therefore, we used population-based data to study
variations in antibiotic prescribing for children with RTIs
to assess which observable physician characteristics are
associated with prescribing after controlling for relevant
patient and regional variables. In particular, we sought
to identify demographic and practice-related character-
istics that would help inform the design and targeting of
future interventions.

Antibiotic resistance is an important and growing

— Methods —

Data sources

We used administrative data for all residents of British
Columbia (BC).!* Population Data BC provided de-
identified data sets with common unique study iden-
tifiers attached. We linked data on physician visits,!®
prescription drug dispensing,'¢ hospitalizations,'” and
patient* and physician demographic characteristics.!®

Study cohort

We identified all pediatric visits for RTIs between 2005 and
2011 using existing methods.!” We then identified a sub-
set of visits for acute syndromes less likely to require an
antibiotic prescription: nasopharyngitis, sinusitis, pharyn-
gitis, tonsillitis, laryngitis and tracheitis, upper respiratory
infections of multiple or unspecified sites, bronchitis or
bronchiolitis, viral pneumonia, or influenza (ICD-9 codes
460 to 466, 480, or 487).2° To ensure stability and ade-
quate follow-up time, we restricted our cohort to indi-
viduals registered with the provincial public insurance
program for 275 or more days in each studied year.?!

Measurements
Outcome. To determine whether an encounter resulted
in prescribing, we identified the closest prescription

matching both patient and prescriber for an antibiotic
(ATC [Anatomic Therapeutic Chemical] code JO1) filled
within 5 days of a physician visit.

Factors. The selection of factors was informed by
socioecologic frameworks of behaviour,? health promo-
tion models,? a health services research approach to
understanding variations in care,** and a previous sys-
tematic review of factors associated with antibiotic pre-
scribing decisions for RTIs.?

Patient level: Patient demographic characteristics
included age, sex, and neighbourhood income quin-
tile as an indicator of socioeconomic status. As a proxy
for patient attachment with the GP, we calculated the
proportion of GP visits in the previous 3 years with
the same physician as the RTI visit,?* and dichotomized
this variable at the median (0.1). We used 2 measures
of comorbidity. First, we summed the number of Johns
Hopkins Adjusted Clinical Groups System aggregated
diagnosis groups as a measure of general comorbidity.?”
Second, we identified individuals with 1 of 8 high-risk
indications within the past 2 years (=2 physician visits
or >1 hospitalization): asthma, chronic kidney disease,
chronic liver disease, chronic obstructive pulmonary dis-
ease, congestive heart failure, cystic fibrosis, diabetes,
and immunosuppression. Finally, we defined recent anti-
biotic users as those with any antibiotic prescription in
the 6 months before the RTI visit, and follow-up visits as
any visit within 14 days of another RTI visit.

Physician level: Physician demographic variables
included sex, place of medical school graduation
(Canada vs elsewhere), specialty, and years since medi-
cal school graduation. We calculated daily volume as
the total number of claims billed on the day of the RTI
visit, and frequency of RTI management as the propor-
tion and number of visits in the past 30 days and the
past year, respectively, with an RTI diagnosis.

Regional level:  There are 89 local health areas (LHAS)
nested within 5 geographic health authorities in BC. We
calculated annual measures of LHA population demo-
graphic characteristics, and used meteorologic temper-
ature readings assigned to each LHA?® to calculate a
28-day moving average for each visit day.

Statistical analysis
We used generalized linear mixed models to estimate
variance parameters for the physician clustering level,
and log-odds parameters for the covariates. We randomly
selected 1 visit per child to overcome issues of modeling
patient-level variation, in line with previous analyses.
We first estimated an empty random intercept model.
We then estimated a series of successive models by
adding blocks of variables in the following order: year
and quarter of the visit to address seasonality; patient-
level variables to assess how physician-level effects
resulted from differences in patient composition?;
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Antibiotic prescribing for pediatric respiratory infections RESEARCH -

physician-level variables; and finally regional-level vari-
ables. All variables were retained in subsequent models,
regardless of statistical significance.

We describe the variation in several ways. First, we
calculated the intraclass correlation (ICC) according to
the latent variable method.*® We also report the median
odds ratio (OR), which can be interpreted as the median of
the distribution of ORs that could theoretically be
obtained by comparing 2 randomly chosen patients
(with the same covariate values) from 2 different phy-
sicians.??3!32 Finally, we report the proportion change
in the variance as the relative change in the physician-
level variance parameter between different models.*

— Results —

Between 2005 and 2011, we identified about 3 million
pediatric RTI visits. Randomly selecting 1 visit per per-
son left 671342 observations, of which 27.3% were asso-
ciated with an antibiotic dispensing. Table 1 shows
descriptive statistics for both the complete data set and
the analytic subset. Half of the visits in the complete data
set were with female patients (47.5%), and the median
patient age was 4 years (interquartile range [IQR] of 2 to
9). Figure 1 shows overall monthly trends in RTI visits.

These visits were conducted by 6404 unique physi-
cians. In 27.7% of visits the physician was female, 95.7%
of visits were with a GP, and across visits, physicians
had an average of 22.5 years of experience. In the com-
plete data set, 8.2% of practitioners (527 of 6404) never
prescribed antibiotics. These practitioners had fewer vis-
its overall (median [IQR] 3 [1 to 8]). Figure 2 shows the
variation in prescribing rates by physician; the median
proportion of visits associated with a prescription was
19.2% (IQR 10.0% to 33.1%).

Model results

Results of the series of models are presented in Table 2.
The final model, with all covariates, was based on
645094 observations owing to missing data (3.9% of the
observations were excluded).

Model variation

Before accounting for other variables, the ICC was 22.6%,
indicating that between-physician differences accounted
for nearly one-quarter of the total variation in antibiotic
prescribing. Patients seen by higher-prescribing physi-
cians had a median 2.55 times higher odds of receiving
a prescription compared with peers seen by a lower-
prescribing physician.

After adjusting for patient, physician, and regional
factors, the between-physician differences (ie, ICC)
accounted for 18.8% of the total variation. Patients seen
by higher-prescribing physicians had a median 2.30
times higher odds of receiving a prescription compared
with peers seen by another physician. We observed the

largest decrease in between-physician variation when
the physician-level characteristics were included in the
model. Controlling for these characteristics explained
nearly one-fifth of the variation attributed to physicians
(the proportional change in variance relative to the
empty model is 18.55%), whereas controlling for patient-
level characteristics only explained 5.96%. The inclusion
of a few select regional-level variables, including gross-
level geographic indicators, while statistically significant,
did not explain much of the physician-level variation.
Overall, this suggests that most variation was random
(according to the characteristics that we measured), and
thus more likely to be driven by individual physician
practice styles.

Patient-level factors

As shown in our final model, having a recent outpa-
tient antibiotic prescription (at any time in the past 6
months) was associated with a lower probability of pre-
scribing. Older children, and children with asthma or
chronic obstructive pulmonary disease, had higher odds
of receiving a prescription. A lack of physician familiar-
ity was also associated with more prescribing: patients
who had less than 30% of their medical visits in the past
3 years with the RTI visit physician had a higher likeli-
hood of prescribing (OR=1.07, 95% CI 1.05 to 1.09), as
did those with no documented visits with any provider
in the past 3 years (OR=1.21, 95% CI 1.19 to 1.24).

Clinician-level factors

Pediatricians had lower odds of prescribing compared
with GPs (OR=0.48, 95% Cl 0.42 to 0.56). Physicians who
graduated medical school outside of Canada had 1.73
times greater odds of prescribing (95% CI 1.63 to 1.83).
The number of US-trained physicians was small, and
grouping them with Canadian graduates did not change
the results (data not shown). The number of years in
practice was also associated with higher prescribing:
physicians with more than 40 years of experience had
odds of prescribing 1.46 times higher (95% CI 1.33 to
1.61) than newly graduated physicians had. Finally, phy-
sicians who had seen relatively fewer RTIs in the past 30
days were more likely to prescribe compared with those
for whom 20% or more of their visits were coded as RTIs.

— Discussion —

In the past 10 years, strong public health messages have
promoted reductions in prescribing of antibiotics for
RTIs. We found that 27.9% of visits for RTIs between
2005 and 2011 in BC were associated with an antibiotic
prescription, which is similar to the proportions reported
in other studies.>** After accounting for a number of rel-
evant patient, physician, and regional factors, we found
2-fold variation in the odds of prescribing. Physician-
level factors had the most influence, as observed factors
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Table 1. Distribution of variables by antibiotic prescription for RTI visits in children

FULL DATA SET* SAMPLE OF 1 VISIT PER CHILD*
NOT ASSOCIATED NOT ASSOCIATED
ASSOCIATED WITH WITH AN ASSOCIATED WITH WITH AN
AN ANTIBIOTIC ANTIBIOTIC AN ANTIBIOTIC ANTIBIOTIC
ALL VISITS PRESCRIPTION PRESCRIPTION ALL VISITS PRESCRIPTION PRESCRIPTION

VARIABLE (N=2996186)" (N=834673)* (N=2161513)* (N=671342)" (N=183118)* (N =488224)*
CeeiEll 100.0 27.9 72.1 100.0 273 72.7
population, %
Year, %

+ 2005 11.3 30.3 69.7 13.2 31.6 68.4

- 2006 15.4 29.4 70.6 16.2 30.6 69.4

- 2007 14.7 28.5 71.6 13.7 28.9 71.1

- 2008 14.1 28.8 71.2 12.6 28.4 71.6

- 2009 16.9 22.9 77.2 16.1 21.2 78.9

- 2010 13.1 28.0 72.0 12.2 25.8 74.3

-+ 2011 14.6 28.6 71.5 16.1 25.4 74.6
Patient-level
factors
Patient sex

- Female, % 47.5 27.9 72.1 489 27.3 72.7

- Male, % 52.5 27.8 72.2 51.2 27.3 72.7

* Missing, n 2 NA NA 1 NA NA
Median (IQR) 4 (2-9) 6 (3-10) 4 (1-8) 6(2-11) 8 (4-12) 5(1-10)
patient age, y

+ Missing, n 2 NA NA 2 NA NA
Follow-up RTI 14.0 24.6 75.5 7.9 24.3 75.8
visit,’ %
QAIPPE

+ 1 (lowest), % 22.2 28.6 71.4 20.4 27.6 72.4

2, % 22.7 28.7 713 20.9 27.8 72.2

3, % 20.0 27.6 72.4 20.5 27.3 72.7

4 % 18.2 26.9 73.1 20 26.9 73.1

+ 5 (highest), % 15.7 27.1 72.9 18.2 26.7 73.3

* Missing, n 38224 NA NA 9157 NA NA
Diabetes, % 0.2 33.1 66.9 0.2 333 66.7
Asthma, % 12.4 315 68.5 8.1 31.1 68.9
Cystic fibrosis, % 0.2 18.6 81.4 0.1 17.7 82.3
Immune 0.2 30.2 69.8 0.2 28.7 71.3
deficiency, %
Chronic liver <0.1 27.8 72.2 0.0 26.4 73.6
disease, %
Congestive heart <0.1 27.2 72.8 0.0 22.9 77.1
failure, %
COPD, % 0.5 315 68.5 0.3 31.4 68.7
Chronic kidney 0.1 28.7 71.4 0.1 28.5 71.6
disease, %

Table 1 continued on page e283
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Table 1 continued from page e282

ALL VISITS

VARIABLE (N=2996186)"
Recent antibiotic 9.1
use,' %
Median (IQR) 4 (2-5)
ADG sum

* Missing, n 9
Visits in past
3y with this
physician, %

-0 36.6

+ <30 (but >0) 30.2

+>30 33.2
Median (IQR) no. 5(3-7)

of different GPs
seen in past 3y

Season, %
+ Mar-May 24.2
+ Jun-Aug 15.0
+ Sep-Nov 29.3
+ Dec-Feb 315
Physician-level
factors
Physicians, n 6404
Physician sex
- Female, % 27.7
- Male, % 72.3
* Missing, n 10398
Specialty, %
+ Emergency 0.6
medicine
physician
- Pediatrician 29
« Other 0.8
+ GP 95.7

Visits for RTls in
the past 30 d, %

» None 0.6
-<25 5.7
+>25-5 14.7
*+>5-75 16.5
+>7.5-10 14.8
- >10-15 221
- >15-20 14.0
+>20 11.7

FULL DATA SET* SAMPLE OF 1 VISIT PER CHILD*
NOT ASSOCIATED NOT ASSOCIATED
ASSOCIATED WITH WITH AN ASSOCIATED WITH WITH AN
AN ANTIBIOTIC ANTIBIOTIC AN ANTIBIOTIC ANTIBIOTIC
PRESCRIPTION PRESCRIPTION ALL VISITS PRESCRIPTION PRESCRIPTION
(N=834673)* (N=2161513)* (N=671342)" (N=183118)* (N=488224)*
24.5 75.5 9.4 24.1 75.9
4 (2-5) 4 (2-5) 3(2-5) 3(2-4) 3 (2-5)
NA NA 2 NA NA
28.6 71.4 46.8 28.7 713
28.6 71.4 25.5 27.9 72.1
26.3 73.7 27.8 24.4 75.6
5(3-8) 5(3-7) 4 (2-6) 4 (2-6) 4 (2-6)
29.1 70.9 24.5 29.0 71.0
29.5 70.5 14.5 29.7 70.3
25.4 74.6 28.8 24.0 76.0
28.4 71.6 323 27.8 72.3
NA NA 6148 NA NA
23.5 76.6 28.3 23.0 77.0
29.5 70.5 71.7 28.9 71.1
NA NA 1910 NA NA
25.1 749 0.7 25.2 74.8
11.2 88.8 2.4 12.8 87.2
41.8 58.2 0.7 40.7 59.3
28.3 71.7 96.2 27.6 72.5
20.4 79.6 0.7 21.0 79.0
21.7 78.3 6.9 22.1 77.9
24.4 75.6 16.8 24.7 75.3
26.0 74.0 17.8 26.2 73.8
27.9 72.2 14.8 27.4 72.6
29.9 70.1 20.6 29.3 70.7
31.9 68.1 12.2 30.9 69.1
29.4 70.6 10.2 28.7 71.3

Table 1 continued on page e284
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Table 1 continued from page e283

FULL DATA SET*
ASSOCIATED WITH
AN ANTIBIOTIC
ALL VISITS PRESCRIPTION
VARIABLE (N=2996186)" (N=834673)*
Medical school
graduation
location
- Canada, % 62.1 24.3
« International, % 37.9 33.8
* Missing, n 70648 NA
Daily patient
volume," %
« 1st quartile 22.8 23.2
(<28 visits)
- 2nd quartile 24.9 26.4
(28-37 visits)
+ 3rd quartile 26.0 28.9
(38-48 visits)
* 4th quartile 26.3 323
(> 48 visits)
Years since
medical school
graduation
- 0-5, % 4.6 21.8
- 6-10, % 9.3 221
- 11-15, % 13.0 24.0
- 16-20, % 18.5 26.9
- 21-25, % 16.8 28.7
- 26-30, % 139 30.0
- 31-35, % 11.9 30.7
- 36-40, % 7.4 30.7
«>40, % 4.7 39.1
* Missing, n 4032 NA
No. of RTIs seen
in the pasty, %
- 1st quartile 20.4 20.8
(£248)
- 2nd quartile 22.2 25.6
(249-490)
+ 3rd quartile 25.2 28.2
(491-972)
* 4th quartile 32.2 33.7
(2973)
Regional-level
factors
Median (IQR) 0.13 (0.10-10.15)  0.13 (0.10-0.15)
proportion of
LHA population
aged >65y

NOT ASSOCIATED
WITH AN
ANTIBIOTIC
PRESCRIPTION

(N=2161513)*

75.8
66.2
NA

76.9

73.6

711

67.7

78.2
77.9
76.0
73.1
713
70.0
69.3
69.3
60.9
NA

79.2

74.5

71.8

66.4

0.13 (0.11-0.15)

ALL VISITS
(N=671342)"

64.1
36.0
15683

253

26.6

25.7

22.4

5.2
9.8
13.4
18.2
16.5
13.7
11.6
7.2
4.5
1050

24.8

25.1

25.0

25.0

0.13 (0.11-0.16)

SAMPLE OF 1 VISIT PER CHILD*

NOT ASSOCIATED
WITH AN
ANTIBIOTIC
PRESCRIPTION

(N =488224)*

ASSOCIATED WITH
AN ANTIBIOTIC
PRESCRIPTION

(N=183118)*

23.8 76.2
33.4 66.6
NA NA
233 76.7
26.2 73.8
28.7 71.3
31.4 68.6
20.8 79.3
22.4 77.6
243 75.7
27.0 73.1
27.7 72.3
29.3 70.7
29.7 70.3
29.7 70.3
379 62.1
NA NA
215 78.5
259 74.1
28.5 715
33.2 66.8

0.13(0.10-0.16) ~ 0.13 (0.11-0.16)
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Table 1 continued from page e284

FULL DATA SET* SAMPLE OF 1 VISIT PER CHILD*
NOT ASSOCIATED NOT ASSOCIATED
ASSOCIATED WITH WITH AN ASSOCIATED WITH WITH AN
AN ANTIBIOTIC ANTIBIOTIC AN ANTIBIOTIC ANTIBIOTIC
ALL VISITS PRESCRIPTION PRESCRIPTION ALL VISITS PRESCRIPTION PRESCRIPTION
VARIABLE (N=2996186)" (N=834673)* (N=2161513)" (N=671342)" (N=183118)* (N =488224)*
Median (IQR) 0.18 (0.16-0.21) 0.19 (0.17-0.22) 0.18 (0.16-0.21) 0.18 (0.16-0.21) 0.19 (0.16-0.21) 0.18 (0.16-0.21)
proportion of
LHA population
aged <15y
Median (IQR) 39 (36-41) 38 (35-41) 39 (37-41) 39 (37-42) 39 (37-41) 39 (37-42)
age of LHA
population, y
Health authority
* Interior, % 11.8 27.8 72.2 14.5 28.0 72.1
« Fraser, % 46.3 29.6 70.4 41.3 28.5 71.5
« Vancouver 23.2 22.4 77.6 22.3 21.9 78.1
Coastal, %
« Vancouver 12.2 26.4 73.6 14.3 26.5 73.5
Island, %
* Northern, % 6.5 37.5 62.5 7.5 36.6 63.4
* Missing, n 4689 NA NA 1251 NA NA
Median (IQR) 4.73(0.57-11.76)  4.62 (0.33-12.14) 4.77 (0.66-11.57) 4.49 (0.36-11.50) 4.42 (0.17-12.14) 4.52 (0.43-11.24)
28-d moving
average
apparent
temperature, °C

ADG—aggregated diagnosis group, COPD—chronic obstructive pulmonary disease, IQR—interquartile range, LHA—local health area, NA—not applicable,
QAIPPE—Quintile of Annual Income Per Person Equivalent, RTI—respiratory tract infection.

*Not all percentages add to 100 owing to rounding.
"Overall values.

*Within-category values.

SA follow-up visit is any visit within 14 d of another RTI visit.

IRecent antibiotic use is any antibiotic prescription within the past 6 mo.
Daily patient volume is the total number of claims billed on the RTI visit day.

decreased the between-physician variance by 18.55%,
but more important, the rest of the variation remains
unaccounted for. This suggests that individual physician
practice style is driving a notable amount of the varia-
tion in antibiotic prescribing for RTIs. In comparison,
patient and regional effects were relatively small.

Evidence of provider-level variation in prescrib-
ing has been previously reported®¢®; the current study
extends these findings with a population-based analy-
sis of children across 7 years of data using a multi-
level modeling framework. Additionally, we were able
to include measures of health care usage and clinician
practice characteristics.

Our findings suggest that a substantial amount of
variability in antibiotic prescribing among physicians
remains unexplained by observed factors, and might
be more strongly related to individual practice styles.
Efforts to measure prescriptions, and to target physi-
cians with higher propensities to prescribe, might be

the most promising interventions. Our findings also
suggest a potential benefit from focusing on physicians
who have been in practice longer and internationally
trained physicians. Provision of individualized feedback
via prescription database extracts, targeting of continu-
ing education and academic detailing efforts, and tailor-
ing our foreign-trained licensing requirements might be
relevant approaches in these respects.

Limitations

Several limitations are worth bearing in mind as our
results are interpreted. A previous systematic review
of factors associated with antibiotic prescribing for
RTI identified a number of patient-clinical and patient-
physician communication factors as relevant.?> The pres-
ent study was unable to include many of these meas-
ures owing to the nature of our data, and their inclusion
could have explained more of the variation. However, we
have addressed many known determinants in our model.
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Figure 1. Monthly number of visits and visits with antibiotic prescriptions, and monthly proportions of visits with antibiotic prescriptions,
from 2005 to 2011 in British Columbia: The spike in RTI visits at the end of 2009, and related decrease in proportion of visits associated with
a prescription, is likely attributable to the HIN1 influenza pandemic.
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RTI—respiratory tract infection.

Figure 2. Histogram of proportion of pediatric RTI visits associated with an antibiotic prescription, per physician, between 2005 and 2011:
Frequencies are weighted by the total number of RTI visits.
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Table 2. Generalized linear mixed model of antibiotic prescription for pediatric RTIs: A) Effect estimates and
B) measures of model fit and variance.

A)

EFFECT

Random effect,
variance (SE)

Physician

Fixed effects,
OR (95% CI)

Constant term

Year (reference:
2005)

+ 2006
+ 2007
+ 2008
+ 2009
+ 2010
- 2011

Season (reference:
Jun-Aug)

* Mar-May
+ Sep-Nov
+ Dec-Feb

Patient sex
(reference: male)

- Female

Patient age (pery
increase)

Follow-up RTI visit
QAIPPE (reference: 1)
°2

3
A
5
Diabetes
Asthma
Cystic fibrosis

Immune deficiency

Chronic liver
disease

Congestive heart
failure

COPD

Chronic kidney
disease

EMPTY MODEL

0.96 (0.023)

0.27 (0.26-0.27)

BASIC MODEL WITH
YEAR ONLY

0.95 (0.022)

0.35 (0.34-0.36)

0.93 (0.91-0.95)
0.89 (0.87-0.91)
0.85 (0.83-0.87)
0.58 (0.57-0.60)
0.76 (0.74-0.78)
0.75 (0.73-0.77)

0.98 (0.97-1.00)
0.80 (0.79-0.82)
0.99 (0.97-1.00)

WITH PATIENT
COVARIATES

0.91 (0.011)
0.18 (0.17-0.18)

0.94 (0.92-0.96
0.93

( )
(0.91-0.95)
0.92 (0.90-0.94)
0.61 (0.60-0.63)
0.92 (0.90-0.94)
0.94 (0.92-0.96)
0.99 (0.97-1.00)
0.80 (0.79-0.82)

0.96 (0.94-0.98)

0.97 (0.96-0.98)
1.08 (1.08-1.08)

0.98 (0.96-1.01)

1.00
1.01 (0.99-1.03

(0.98-1.02)

( )

1.02 (1.00-1.04)
1.03 (1.01-1.05)
1.08 (0.95-1.22)
1.06 (1.04-1.08)
0.96 (0.80-1.16)
0.92 ( )
( )

1.07 (0.74-1.56

0.80-1.07

1.30 (0.88-1.92)

0.87 (0.78-0.98)
0.90 (0.72-1.13)

WITH PATIENT
AND PHYSICIAN
COVARIATES

0.78 (0.019)
0.10 (0.09-0.11)

0.91 (0.88-0.93
0.88 (0.86-0.90
0.87 (0.85-0.89
0.58 (0.56-0.59
(
(

0.83

)
)
)
)
0.81-0.86)
)

0.86 (0.83-0.88

1.05 (1.03-1.07)
0.86 (0.85-0.88)
1.06 (1.04-1.09)

0.97 (0.96-0.98)
1.08 (1.08-1.08)

0.97 (0.95-1.00)

1.00 (0.98-1.02)
1.01 (0.99-1.03)
1.02 (1.00-1.05)
1.04 (1.02-1.06)
1.05 (0.93-1.19)
1.06 (1.04-1.08)
0.97 (0.80-1.18)
0.92 (0.79-1.06)
1.03 (0.70-1.52)

1.12 (0.75-1.69)

1.14 (1.02-1.29)
1.12 (0.89-1.40)

WITH PATIENT,
PHYSICIAN, AND

REGIONAL COVARIATES

0.76 (0.019)
0.10 (0.08-0.12)

0.90 (0.88-0.92)
0.87 (0.85-0.89)
0.86 (0.84-0.88)
0.57 (0.56-0.59)
0.83 (0.81-0.85)
0.85 (0.82-0.87)

0.99 (0.97-1.02)
0.80 (0.77-0.82)
0.95 (0.92-0.98)

0.97 (0.96-0.98)
1.08 (1.08-1.08)

0.97 (0.95-1.00)

1.00 (0.98-1.02)
1.01 (0.99-1.03)
1.02 (1.00-1.04)
1.04 (1.02-1.06)
1.05 (0.93-1.19)
1.06 (1.04-1.08)
0.97 (0.80-1.18)
0.92 (0.79-1.06)

1.00 (0.68-1.48)
1.12 (0.74-1.68)

1.15 (1.02-1.29)
1.12 (0.90-1.40)
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Table 2 continued from page e287

WITH PATIENT WITH PATIENT,
BASIC MODEL WITH WITH PATIENT AND PHYSICIAN PHYSICIAN, AND
EFFECT EMPTY MODEL YEAR ONLY COVARIATES COVARIATES REGIONAL COVARIATES

Recent antibiotic
use

ADG sum

Visits in past 3y
with this physician, %
(reference: >30)

-0
- <30 (but >0)

No. of different GPs
seenin past3y

Physician sex
(reference: male)

- Female

Specialty
(reference: GP)

* Emergency
medicine
physician

« Pediatrician
« Other

Visits for RTls in the
past 30 d, %
(reference: >20)

* None
+<2.5
+>2.5-5
+>5-75
+>7.5-10
+>10-15
+>15-20

Medical school
graduation location
(reference: Canada)

* International

Daily patient
volume (reference:
1st quartile [<28
visits])

- 2nd quartile
(28-37 visits)

+ 3rd quartile
(38-48 visits)

* 4th quartile
(> 48 visits)

0.85 (0.83-0.87)

0.97 (0.97-0.97)

1.20 (1.18-1.22)
1.07 (1.05-1.09)
1.02 (1.02-1.02)

0.86 (0.84-0.88)

0.97 (0.97-0.97)

1.21 (1.19-1.24)
1.07 (1.05-1.09)
1.02 (1.02-1.02)

0.89 (0.84-0.94)

0.79 (0.61-1.02)

0.47 (0.41-0.55)
0.88 (0.72-1.06)

1.34 (1.21-1.49)
1.42 (1.35-1.49)
1.40 (1.34-1.45)
1.32(1.27-1.37)
1.25(1.21-1.30)
1.21 (1.17-1.25)
1.13 (1.10-1.16)

1.77 (1.68-1.88)

0.99 (0.97-1.01)

0.97 (0.95-0.99)

0.94 (0.92-0.96)

0.86 (0.84-0.88)

0.97 (0.97-0.97)

1.21(1.19-1.24)
1.07 (1.05-1.09)
1.02 (1.02-1.02)

0.91 (0.86-0.96)

0.79 (0.62-1.02)

0.48 (0.42-0.56)
0.89 (0.73-1.07)

1.36 (1.23-1.51

( )
1.45 (1.38-1.52)
1.42 (1.36-1.48)
1.33 (1.29-1.38)
1.26 (1.22-1.31)
1.22 (1.18-1.25)

( )

1.13 (1.10-1.16

1.73 (1.63-1.83)

0.99 (0.98-1.01)
0.97 (0.95-0.99)

0.94 (0.92-0.97)
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Table 2 continued from page e288

A)

EFFECT

Years since medical
school graduation
(reference: 0-5)

- 6-10

- 11-15
- 16-20
- 21-25
- 26-30
-31-35
- 36-40
- >40

No. of RTIs seen in
the pasty
(reference: 1st
quartile [£248])

+ 2nd quartile
(249-490)

+ 3rd quartile
(491-972)

* 4th quartile
(2973)

LHA population
aged >65y
(per 10%)

LHA population
aged <15y
(per 10%)

Median age of LHA
population (centred
on mean)

Health authority
(reference:
Vancouver Coastal)

* Interior

* Fraser

+ Vancouver Island
 Northern

28-d moving
average apparent
temperature

BASIC MODEL WITH

WITH PATIENT
AND PHYSICIAN
COVARIATES

0.98 (0.93-1.03
1.07 (1.01-1.14
1.08-1.22
1LAS=0.29
1.21-1.39

1.23-1.42

125
1.21
1.29
1.32
1.36 (1.25-1.47

1.41

(
(
(
(
(
(
(
(1.28-1.56

)
)
)
)
)
)
)
)

1.10 (1.07-1.13)
1.17 (1.12-1.21)

1.27 (1.21-1.33)

WITH PATIENT,
PHYSICIAN, AND

REGIONAL COVARIATES

0.99 (0.94-1.04)
1.08 (1.02-1.15)
1.16 (1.09-1.24)
1.23 (1.15-1.31)
1.32 (1.23-1.41)
1.35 (1.26-1.46)
1.39 (1.29-1.51)
1.46 (1.33-1.61)

1.11 (1.08-1.14)
1.19 (1.15-1.23)
1.31 (1.25-1.37)

0.99 (0.98-1.00)
1.12 (1.06-1.17)

1.19 (1.11-1.27)

1.07 (1.02-1.13)
1.00 (0.97-1.03)
1.03 (0.98-1.08)
1.20 (1.13-1.28)
0.99 (0.99-0.99)

Table 2 continued on page e290
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Table 2 continued from page e289

BASIC MODEL WITH
MEASURE EMPTY MODEL YEAR ONLY
Observations used, n 671342 671342
AIC 616216.2 692274.7
ICC* % 22.6 22.4
MOR 2.55 2.53
PCV (relative to NA 1.49

intercept-only
model) at level of
physician, %

PCV (relative to NA 1.49
previous model) at
level of physician, %

WITH PATIENT WITH PATIENT,
WITH PATIENT AND PHYSICIAN PHYSICIAN, AND
COVARIATES COVARIATES REGIONAL COVARIATES
662202 645815 645094
666759.5 648692.3 647788.8
21.6 19.2 18.8
2.48 2.33 2.30
5.86 18.55 20.82
bbb 13.48 2.78

ADG—aggregated diagnosis group, AIC—Akaike information criterion, COPD—chronic obstructive pulmonary disease, ICC—intraclass correlation,
IQR—interquartile range, LHA—local health area, MOR—median odds ratio, NA—not applicable, OR—odds ratio, PCV—percent change in variance,

QAIPPE—Quintile of Annual Income Per Person Equivalent, RTI—respiratory tract infection.

*ICC is the proportion of total variance attributable to between-physician differences.

A number of variables had missing data, as is com-
mon with administrative data. Physician demographic
variables, in particular, had a higher rate of missing values.
We did not specifically aim to assess the appropriateness
of prescriptions. Rather, we considered any prescrip-
tion for RTIs as potentially unnecessary, for the purpose
of exploring factors associated with prescribing. In this
regard, we caution against an interpretation of these find-
ings as relating to inappropriate antibiotic prescriptions.

Conclusion

This population-level analysis demonstrated that variations
exist among physicians in the antibiotic management of
pediatric RTIs. Physician characteristics account for some,
but not all, of the observed variations. The design of effec-
tive community-oriented programs and policies should
aim to address variations in use of these essential drugs by
focusing on physicians with higher-prescribing practices. %
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