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BACKGROUND: Prescribing patterns for episodic
medications, such as antibiotics, might make useful
surrogate measures of a physician’s overall prescrib-
ing practice because use is common, and variation
exists across prescribers. However, the extent to
which a physician’s current antibiotic prescribing
practices are associated with the rate of prescription
of other potentially harmful medications remains
unknown.
OBJECTIVE: To examine the association between a phy-
sician’s rate of antibiotic prescribing and their prescribing
rate of benzodiazepines, opioids and proton-pump inhib-
itors in older adults.
DESIGN: Population-based cohort study in nursing
homes in Ontario, Canada, which provides comprehen-
sive clinical, behavioural and functional information on
all patients.
PARTICIPANTS: 1926 physicians who provided care
among 128,979 physician-patient pairs in 2015.
MAINMEASURES: Likelihood of prescribing a benzodiaz-
epine, opioid or proton-pump inhibitor between low-,
average- andhigh-intensity antibiotic prescribers, adjust-
ed for patient characteristics.
KEY RESULTS: Compared with average-intensity antibi-
otic prescribers, high-intensity prescribers had an in-
creased likelihood of prescribing a benzodiazepine (odds
ratio 1.21 [95% CI, 1.11–1.32]), an opioid (odds ratio 1.28
[95% CI, 1.17–1.39]) or a proton-pump inhibitor (odds
ratio 1.38 [95% CI, 1.27–1.51]]. High-intensity antibiotic
prescribers were more likely to be high prescribers of all
three medications (odds ratio 6.24 [95% CI, 2.90–13.39])

and alsomore likely to initiate all threemedications, com-
pared with average-intensity prescribers.
CONCLUSIONS: The intensity of a physician’s episodic
antibiotic prescribing was significantly associated with
the likelihoodof new and continuedprescribing of opioids,
benzodiazepines and proton-pump inhibitors in nursing
homes. Patterns of episodic prescribing may be a useful
mechanism to target physician-level interventions to op-
timize general prescribing behaviors, instead of prescrib-
ing behaviors for single medications.
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INTRODUCTION

Opioids, benzodiazepines and proton-pump inhibitors have
been highlighted by several initiatives1–4 as targets for pre-
scribing practice interventions because these medications are
commonly prescribed and associated with risks of fall, fracture
and death.5–10 Consequently, many jurisdictions identify phy-
sicians who are outliers in the prescribing of single medication
classes in an attempt to reduce potentially inappropriate use
and associated outcomes.1,11–13 Focus on a single medication
class may be inefficient in changing a physician’s prescribing
practice more broadly, particularly if the focus is on curbing
the prescribing of multiple medications simultaneously.14 De-
termining the responsibility of individual physicians for pre-
scribing decisions, such as initiating a new medication or
continuing a previous prescription from another physician,
can be difficult, especially for multiple chronic medications
where many different prescribers may be involved. For
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example, patients who receive ongoing prescriptions for opi-
oids,15,16 benzodiazepines17,18 and proton-pump inhibitors
over long periods of time may have those prescriptions newly
started by one physician, and then renewed by many different
physicians for a variety of reasons like inertia, making it
difficult to determine who is really responsible for that
behavior.
One solution to this problem may be to demonstrate

that overprescribing of single episodic medications, such
as antibiotics, is associated with the prescribing of mul-
tiple other chronically prescribed medications. Episodic
medications are a good choice for this purpose because
of the prevalence and variation in their use between
physicians,19,20 and because it is easy to identify the
physician responsible for prescribing them. This ap-
proach offers an advantage over the one that identifies
high prescribers of medications used chronically, where
multiple prescribers are often involved, which makes it
difficult to ascribe responsibility to an individual
physician.
The extent to which a physician’s current antibiotic pre-

scribing practice is associated with the prescription of multiple
other chronically prescribed medications remains unknown.
This study measured the association between a physician’s
rate of antibiotic prescribing and the likelihood that they
prescribed benzodiazepines, opioids, proton-pump inhibitors
(PPIs) or all three medications concurrently in nursing homes.

METHODS

Study Design, Setting and Data Sources

We conducted a population-based cohort study in Ontario,
Canada, using linked clinical and health administrative
databases. Ontario is Canada’s most populous province
with over 13 million residents. The administrative datasets
used in this study were linked using encoded identifiers at
the individual patient level and analyzed at ICES. ICES
was previously known as the Institute for Clinical Evalu-
ative Sciences, but recently changed its name to simply
“ICES” (see https://www.ices.on.ca/About-ICES/New-
name-and-logo). ICES is an independent, non-profit re-
search institute funded by an annual grant from the Ontar-
io Ministry of Health and Long-Term Care (MOHLTC).
These databases have routinely been used to conduct
pharmacoepidemiologic studies,21,22 including research
on antibiotic prescribing in older adults (Online Supple-
ment).20,23,24 In Ontario, all adults aged ≥ 65 years have
universal access to hospital care, medically necessary phy-
sicians’ services and prescription drug insurance coverage.
The use of data in this project was authorized under

Section 45 of Ontario’s Personal Health Information
Protection Act, which does not require review by a
Research Ethics Board.

Study Cohort

We created a set of physician-patient prescribing pairs by
identifying all 7632 physicians who prescribed at least one
medication to a patient in a nursing home between January 1
and December 31, 2015. In Canada, patients in most nursing
homes are cared for by an individual physician assigned to that
nursing home who is not typically their previous primary care
provider. Patients aged 66 years and older were chosen to
allow for one complete year of historical medication claims.
The nursing home setting was intentionally chosen for two

reasons. First, these patients represent a particularly vulnerable
population of older persons known to be frequently exposed to
potentially inappropriate medications.23,25,26 Second, we used
the nursing home setting as an experimental model to reflect
prescribing behaviors. The comprehensive clinical, behaviour-
al and functional information routinely collected for all pa-
tients in Ontario nursing homes through the Resident Assess-
ment Instrument (RAI) version 2.027 allowed our study to
adjust for several important cognitive and functional patient-
specific factors that may confound the association,23 which are
not available in traditional administrative data for community-
dwelling adults.
Physicians with fewer than 100 medication prescriptions

over the year were excluded because we did not wish to
identify prescribing practices of those physicians who may
be providing “on-call” coverage for a patient’s longitudinal
physician. Physicians were required to have certification in
Family Medicine, Internal Medicine or Geriatric Medicine in
order to increase the likelihood that they represented a pa-
tient’s primary physician (and responsible for prescribing an-
tibiotics in the nursing home setting). Patients were excluded if
they did not have a completed full RAI assessment in the years
2014 and 2015. Figure 1 illustrates that our final cohort
included 1926 physicians paired with 94,285 unique patients.
Patients could be included in the physician-patient pairs more
than once because a patient could be paired with multiple
physicians. However, the individual physician responsible
for prescribing a medication to their patient was identified
through the medication claims database. Seventy-two percent
of patients paired with only 1 physician, 22% with 2 physi-
cians, 5% with 3 physicians and 1% with ≥ 4 physicians,
thereby creating a total sample of 128,979 physician-patient
pairs.

Exposure: Variability and Intensity of Antibiotic
Prescribing

Similar to our prior research,20 a physician’s antibiotic pre-
scribing intensity was calculated based on the proportion of
patients to whom they prescribed an antibiotic, among all
patients to whom they prescribed at least one medication in
2015. Funnel plots determined whether the between-physician
variation in the intensity of antibiotic prescribing was greater
than that expected by random chance (eFigure 1 online).28

Physicians were categorized as “low” (below the lower 2
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standard deviation (SD) limit)-, “high” (above the upper 2 SD
limit)- and “average” (all others)-intensity physicians based on
their overall antibiotic prescribing intensity.
Based on this analysis, the median proportion of patients

who received an antibiotic among the physician-patient pairs
was 42% (IQR 0.24–0.53). The numbers of physicians classi-
fied as low-, average-, or high-intensity antibiotics prescribers
were 590 (30.6%), 1007 (52.3%) and 329 (17.1%), respec-
tively (eFigure 1 online).

Outcome: Physician Likelihood of Prescribing
Benzodiazepines, Opioids and Proton-Pump
Inhibitors

The primary outcomes were the likelihood of a physician
prescribing a benzodiazepine, opioid or PPI to a paired
patient in 2015. We chose these medications because (a)
they are commonly prescribed and carry a risk of harm;15

(b) the American Geriatrics Society lists these medications
as potentially inappropriate for use in older adults29 and
(c), in the case of opioids specifically, prior research dem-
onstrates the risk of long-term use for patients is associated
with an individual physician and their prescribing
tendencies.30

In a secondary pre-specified analysis, we compared phy-
sicians across different antibiotic prescribing intensity
groups and determined if they were also high-intensity
prescribers (using funnel plots) of one or more of benzodi-
azepines, opioids and PPIs. A physician was assigned 1
point for each class of medication in which they were a
high-intensity prescriber, corresponding to a maximum
prescribing score of 3. Each group was mutually exclusive,

meaning that an individual physician could not have more
than one prescribing score.
We performed two tracer analyses using levothyroxine and

β-blocker ophthalmic drops as the outcome to test if high-
intensity prescribers modeled this behavior across all medica-
tion classes, or if they were limited to our specific medications
of interest. We selected these medications because they are
commonly prescribed, and we anticipated no association with
antibiotic prescribing intensity due to their narrow indications
for use.31 Levothyroxine is indicated only in the treatment of
biochemically confirmed hypothyroidism. β-Blocker ophthal-
mic drops represent a unique group of medications that often
require objective measurement of intraocular pressure, and are
largely prescribed by ophthalmologists.31 Therefore, we ex-
pected prescribing of this medication by a patient’s primary
care physician to exclusively represent a continuation of spe-
cialist prescribing and to be independent of their antibiotic
prescribing intensity.

Patient and Physician Characteristics

Patient characteristics included demographic, clinical and
functional variables including length of stay in the nursing
home, healthcare use in the prior year, comorbidities, func-
tional dependence, cognitive impairment, aggressive behavior
and device use such as indwelling catheters and feeding
tubes.23,24 Additionally, assessment items from the RAI 2.0
were used to derive a modified version of a previously vali-
dated frailty index.25,32,33

We also determined several physician-level characteristics,
including age, sex, graduation from a Canadian versus foreign
medical school, clinical specialty, number of years in practice,

Figure 1 Flow diagram for creation of study cohort. All physicians who concurrently provided care in nursing homes in Ontario, Canada, were
assessed for inclusion in the study. Family physicians, geriatricians and general internists who prescribed at least 100 medications annually to
patients in 2015 were included and subsequently stratified according to their intensity of antibiotic prescribing using funnel plot methodology.
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rural practice setting and the volume of long-term care and
non-long-term care physician service fee claims during the
study time frame.

Statistical Analysis

Multivariable, hierarchical logistic regression was used to
measure the association between a physician’s antibiotic
prescribing intensity and the prescription of a benzodiaz-
epine, opioid or PPI, accounting for patient characteristics
(age, sex, emergency department visits and hospitaliza-
tions, and comorbidities such as including diabetes, con-
gestive heart failure, hypertension, atherosclerotic heart
disease, stroke, peripheral vascular disease, dementia, can-
cer, chronic obstructive pulmonary disease, Parkinson’s
disease, gastrointestinal disease, liver disease, renal fail-
ure, depression and anxiety, devices such as urinary cath-
eters, frailty and functional status using the RAI scales)
and the clustering of physician-patient pairs within physi-
cians. The models also included the total number of unique
medications dispensed in the previous year to control for
the possibility that antibiotic prescribing practices were
correlated with polypharmacy in any given patient.
We used multinomial logistic regression in our secondary

analysis to estimate the association between a physician’s
antibiotic prescribing intensity level and the total number of
medication classes (benzodiazepines, opioids and PPIs) in
which they were a high-intensity prescriber. We compared
high- with average-intensity antibiotic prescribers across the
different prescriber scores. A score of 0 served as the reference
for comparison.

A pre-specified sensitivity analysis was conducted examin-
ing new use of the study medications to minimize the possi-
bility that prescribers were continuing chronic medications
initiated by a different physician; incident medication use
was determined using a 1-year lookback window for prior use.
All analyses were performed using SAS version 9.3 (SAS

Institute, Cary, NC) and used a two-sided type 1 error rate of
0.05 as the threshold for statistical significance.

RESULTS

Characteristics of Prescribing Physicians and
the Variation in Their Prescribing of
Benzodiazepines, Opioids and Proton-Pump
Inhibitors

Among our cohort of 1926 physicians, the majority were
Canadian-trained, middle-aged males who practiced in an
urban setting with over 25 years of experience (eTable 1
online). However, physicians who were high-intensity antibi-
otic prescribers were more likely to be male and international
medical graduates practicing in an urban setting. They also
provided care for more patients, more often, and had a higher
proportion of total and nursing home medication and physi-
cian billing claims than average- and low-intensity prescribers.
There was, however, significant variation within each group.
Most physicians prescribed at least one of the study medica-
tions to at least one patient during the study period.
Figure 2 illustrates that there was a wide variation in the

unadjusted use of benzodiazepines, opioids and PPIs across

Figure 2 Box plot of the variation in proportions of study medication use among physician-patient pairs across prescribing physicians in
Ontario 2015, by physician antibiotic prescribing intensity. Physicians were grouped according to their antibiotic prescribing intensity and

paired with the patients to whom they prescribed medications in 2015. There was wide variation observed in the use of benzodiazepines, opioids
and proton-pump inhibitors, and high-intensity antibiotic prescribers demonstrated higher use for all three compared with average- and low-

intensity prescribers.
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antibiotic intensity groups, with each study medication being
used more commonly among high-intensity antibiotic pre-
scribers. The median proportion of patients who received a
benzodiazepine between low-, average- and high-intensity
antibiotic prescribers was 21% (interquartile range (IQR) 0–
34), 33% (IQR 21–42) and 39% (IQR 29–47), respectively.
Similarly, the proportions for opioids were 8% (IQR 0–18),
16% (IQR 8–24) and 19% (IQR 11–27), and for PPIs were
25% (IQR 7–40), 35% (IQR 25–44) and 43% (IQR 35–50).β-
Blocker eye drops were rarely used, but unexpectedly, pre-
scribing of both β-blocker eye drops and levothyroxine
followed a similar gradient of increasing use across the differ-
ent antibiotic intensity groups (eTable 1 online).

Individual Patient Characteristics

Overall, the sociodemographic and clinical characteristics of
patients treated by high-intensity antibiotic prescribers were
very similar to those treated by average- and low-intensity
prescribers (eTable 2 online). Patients were typically older
females with multiple comorbidities who were also frail. They
were cumulatively prescribed a median of 16 different medi-
cations over the year. Alzheimer’s and related dementias were
common and approximately 20% of patients had severe cog-
nitive impairment. Most patients required extensive assistance
with or were totally dependent for their activities of daily
living. A minority suffered with daily pain.
The proportions of patients who were receiving benzodiaz-

epines, opioids and PPIs across the different groups of antibi-
otic prescribing intensity reflected the same prescribing gradi-
ent that was seen at the physician level (Table 1).

Physician Antibiotic Prescribing Intensity and
Likelihood of Prescribing Benzodiazepines,
Opioids, Proton-Pump Inhibitors, Levothyroxine
and β-Blocker Ophthalmic Drops

The likelihood of a physician prescribing a benzodiazepine,
opioid or PPI was higher among high-intensity antibiotic
physicians compared with average-intensity physicians, after

adjusting for patient factors (odds ratio 1.21 [95% CI, 1.11–
1.32]; 1.28 [95%CI, 1.17–1.39] and 1.38 [95%CI, 1.27–1.51]
respectively, p < 0.001) (Table 2).
Our tracer analysis also identified an association be-

tween high-intensity antibiotic prescribers and the likeli-
hood of prescribing levothyroxine (adjusted odds ratio 1.23
[95% CI, 1.16–1.31], p < 0.001) and β-blocker ophthalmic
drop (adjusted odds ratio 1.10 [95% CI, 1.02–1.19], p =
0.01) (Table 2).

Association Across Physician-Level Rates of
Prescribing Benzodiazepines, Opioids and
Proton-Pump Inhibitors

Fifty seven percent of high-intensity antibiotic pre-
scribers were also high prescribers of other medications
(34.7% for one, 17.9% for two, 4.6% for all three
medications, respectively). High-intensity prescribers of
antibiotics were significantly more likely than average-
intensity prescribers to prescribe one (odds ratio 3.35,
95% CI 2.49–4.50), two (odds ratio 6.64, 95% CI 4.36–
10.12) or all three (odds ratio 6.24, 95% CI 2.90–13.39)
(p < 0.001 for all three) medications at a high intensity
(Table 3).

Physician Antibiotic Prescribing Intensity and
Likelihood of Newly Prescribing
Benzodiazepines, Opioids and Proton-Pump
Inhibitors

The likelihood of initiating a new prescription for a benzodi-
azepine, opioid or PPI remained higher among high-intensity
antibiotic physicians than among average-intensity physi-
cians, after adjusting for patient factors (odds ratio 1.22
[95% CI, 1.12–1.34], p < 0.001; 1.26 [95% CI, 1.16–1.36],
p < 0.001; and 1.20 [95% CI, 1.10–1.30], p < 0.001, respec-
tively). The same pattern was observed for the prescription of
levothyroxine and β-blocker eye drops (odds ratio 1.17 [95%
CI, 1.08–1.28], p < 0.001; 1.19 [95% CI, 1.05–1.35], p =
0.007, eTable 3 online).

Table 1 Prevalence of Study Medication Use in Patients Within Physician-Patient Pairs in 2015 in Ontario, by Physician Antibiotic Prescribing
Intensity

Prevalence, n (%) Physician antibiotic prescribing intensity (among physician-patient pairs, N = 128,979)

Low (n = 31,845) Average (n = 64,368) High (n = 32,766)

Benzodiazepine 4600 (14.4) 11,581 (18.0) 6725 (20.5)
Incident usea 1977 (6.2) 5653 (8.8) 3344 (10.2)

Opioid 9621 (30.2) 21,468 (33.4) 12,555 (38.3)
Incident usea 4380 (13.8) 10,883 (16.9) 6389 (19.5)

Proton-pump inhibitor 9431 (29.6) 23,300 (36.2) 13,672 (41.7)
Incident usea 2817 (8.8) 7056 (11.0) 4010 (12.2)

Tracer analysis
Levothyroxine 5609 (17.6) 13,204 (20.5) 7834 (23.9)
Incident usea 1304 (4.1) 3299 (5.1) 1901 (5.8)

β-Blocker ophthalmic eye drop 2231 (7.0) 5208 (8.1) 2940 (9.0)
Incident usea 578 (1.8) 1440 (2.2) 814 (2.5)

aIn the year 2015, incident use was determined using a 1-year lookback to ensure that no prescriptions in the prior year were made for the specific
medication class
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DISCUSSION

In this study of 1926 physicians caring for older patients in
nursing homes, the intensity of a physician’s antibiotic pre-
scribing was significantly associated with the likelihood of
prescribing benzodiazepines, opioids and proton-pump inhib-
itors. Being a high-intensity prescriber of antibiotics was as-
sociated with a 21%, 28% and 38% increased risk of prescrib-
ing a benzodiazepine, opioid or PPI compared with an
average-intensity physician, respectively, after adjusting for
individual patient factors. These high-intensity prescribers
were also more likely to initiate levothyroxine and β-blocker
eye drops for their patients, and up to six times more likely to
prescribe multiple drugs at a higher rate than average-intensity
prescribers.
The fact that antibiotic prescribing was associated with

prescriptions for our primary study medications in addition
to levothyroxine and β-blocker eye drops suggests that phy-
sicians who are high prescribers of certain medications may be

high prescribers of allmedications. Using a physician’s inten-
sity of episodically prescribed medications like antibiotics
presents a potentially effective screening method to identify
outlier prescribers of multiple medications in large healthcare
systems who can then be evaluated on the appropriateness of
their prescribing for more than one potentially harmful
medication.
We chose to use antibiotics because of their prevalence and

large variation in use within nursing homes, supporting the
notion that in certain situations, their use may too be poten-
tially inappropriate.14,20,29 This variation, along with that of
opioids and benzodiazepines, is strongly associated with indi-
vidual physicians, more so than the characteristics of the
patients to whom they are prescribed.20,24,30,34 Perhaps most
importantly, the episodic nature of antibiotic prescribing al-
lows one to ascribe responsibility to an individual physician
and therefore identify the outliers within health systems that
may include thousands of physicians and multiple different

Table 2 Association between Physician Antibiotic Prescribing Intensity and Likelihood of Prescribing a Study Medication in 2015 to a Patient
Within a Physician-Patient Pair in Ontario

Physician antibiotic
prescribing intensity

Unadjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)*

p value

Benzodiazepine High
Average
Low

1.21 (1.12–1.32)
1.00
0.72 (0.67–0.78)

1.21 (1.11–1.32)
1.00
0.68 (0.63–0.74)

< 0.001a

Opioid High
Average
Low

1.26 (1.17–1.36)
1.00
0.72 (0.67–0.77)

1.28 (1.17–1.39)
1.00
0.67 (0.61–0.72)

< 0.001a

Proton-pump inhibitor High
Average
Low

1.36 (1.27–1.47)
1.00
0.68 (0.64–0.73)

1.38 (1.27–1.51)
1.00
0.64 (0.59–0.70)

< 0.001a

Tracer analysis
Levothyroxine High

Average
Low

1.24 (1.17–1.32)
1.00
0.80 (0.75–0.85)

1.23 (1.16–1.31)
1.00
0.80 (0.75–0.85)

< 0.001a

β-Blocker ophthalmic eye drop High
Average
Low

1.11 (1.03–1.20)
1.00
0.86 (0.79–0.93)

1.10 (1.02–1.19)
1.00
0.86 (0.80–0.93)

0.004b

0.01c

< 0.001d

*Adjusted for all individual patient- and physician-level variable listed in eTables 1 and 2
aFor all unadjusted and adjusted comparisons between high- and average-intensity and low- and average-intensity groups
bFor unadjusted comparison between high- and average-intensity group
cFor adjusted comparison between high- and average-intensity group
dFor unadjusted and adjusted comparisons between low- and average-intensity group

Table 3 The Frequency and Likelihood of Highly Prescribing One or More of Benzodiazepines, Opioids and Proton-Pump Inhibitors Across
Prescribing Physicians in Ontario 2015, by Physician Antibiotic Prescribing Intensity. We Compared High- with Average-Intensity Antibiotic

Prescribers Across the Different Prescriber Scores Based on the Total Number of Medication Classes (Benzodiazepines, Opioids, and
PPIs—One Point for Each) in Which They Were a High-Intensity Prescriber. A Score of 0 Served as the Reference for Comparison

Physician prescribing
scorea, n (%)

Physician antibiotic prescribing intensity
(N = 1926)

Likelihood of physician
prescribing scoreb

Low (n = 590) Average (n = 1007) High (n = 329) Odds ratio (95% CI)

0 478 (81.0) 762 (75.7) 141 (42.9) 1.00 (reference)
1 91 (15.4) 184 (18.3) 114 (34.7) 3.35 (2.49–4.50)c

2 13–17 (2.2–2.9)d 48 (4.8) 59 (17.9) 6.64 (4.36–10.12)c

3 4–8 (0.7–1.4)d 13 (1.3) 15 (4.6) 6.24 (2.90–13.39)c

aPhysicians are assigned a point for each medication class of benzodiazepines, opioids and PPIs in which they were a high-intensity prescriber,
corresponding to a maximum score of 3. Each group is mutually exclusive of another, meaning that a physician cannot be in more than group
bEstimated comparing physicians who were high-intensity versus average-intensity antibiotic prescribers for each physician prescribing score with a
prescribing score of 0 serving as the reference outcome category
cp < 0.001 for high- compared with average-intensity antibiotic prescribers
dData presented as ranges of values in accordance with IC/ES privacy policy to prevent a disclosure of a cell size containing 5 or less individuals
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medications of interest. Our demonstrated association between
antibiotic prescribing and the prescribing of other medications
is the key to ensure this strategy may work.
Current initiatives such as the Veteran’s Affairs Opioid

Safety Initiative1 and the Choosing Wisely campaigns focus
on avoiding benzodiazepine and opioid use in older adults,2,3

and Deprescribing Canada’s guideline on use of PPIs,4 along
with antimicrobial stewardship programs around the world,
tends to focus on single drug classes, in part as a way to
address the appropriateness of medication decisions. Strate-
gies that target high-volume prescribers of single medication
classes appear to be effective in reducing prescribing of those
single medications,11 but evidence to support similar applica-
tions to the prescribing of multiple medication classes is
lacking.
Variation in rates of high-risk prescribing for a variety of

medications has been used to signal potential quality of care
issues, such as in the congressionally mandated Agency for
Healthcare Research and Quality’s National Healthcare Qual-
ity and Disparities Reports in the USA. However, reducing
variation is not straightforward and is a persistent challenge.
Prior research demonstrated the association between individ-
ual physician traits and their prescribing of antibiotics,24 sug-
gesting that changing physician behavior to reduce variation
might not be impossible using approaches such as audit and
feedback.35 The use of existing highly developed programs in
medication prescribing stewardship36,37 presents an exciting
opportunity to apply this infrastructure in the context of our
findings.

LIMITATIONS

The generalizability of our findings to the prescribing tenden-
cies of physicians outside the nursing home is not certain and
our findings will need to be validated in other care settings.We
did not account for potential variations in individual facility
practices and medication stewardship in our analytical model,
which have been previously demonstrated.19,20

We did not capture specific medication-related harm among
older adults in this study, although these risks have been well
characterized in prior work, such as the risk of respiratory
depression, falls and fractures when prescribed opioids or
benzodiazepines,6–9 and the risk of osteoporotic-related frac-
tures and Clostridium difficile infection with PPIs.10

Unexpectedly, receipt of levothyroxine and β-blocker eye
drops was associated with a physician’s antibiotic prescribing
tendencies. There are two potential explanations for this. Like
antibiotics and other medications, the treatment of subclinical
hypothyroidism (an elevated thyroid-stimulating hormone
with a normal thyroxine (T4) level in an otherwise asymptom-
atic adult) is variable38 and may involve an element of sub-
jective treatment decision-making by the physician. Hence,
“high-intensity” prescribers might prescribe all drugs at a
higher rate. However, this finding may also reflect residual

confounding in unmeasured differences specific to patients,
especially if groups of physicians of similar antibiotic pre-
scribing intensity provide care in more than one facility. This
effect was minimized through availability of rich clinical and
functional individual patient data on the RAI, including frailty,
which reflects a patient’s overall illness severity to some
degree.
Finally, our findings do not explain why certain physicians

prescribe differently than their colleagues. Our approach to
categorize antibiotic prescribing behavior identifies outliers in
prescribing compared with their peers but does not account for
the appropriateness of this prescribing behavior. There are
many potential factors that motivate a physician’s decision to
prescribe medications, which may include emotional bias and
fear that failing to act will lead to an undesirable outcome, as
well as real or perceived demands from patients’ families or
their caregivers.

CONCLUSIONS

Physicians who are high prescribers of an individual medica-
tion may be a high prescriber of all medications. The associ-
ation between physician prescribing of episodic medications,
such as antibiotics, and their prescribing patterns for more
chronic medications such as opioids, benzodiazepines and
proton-pump inhibitors offer a novel and potentially useful
screening mechanism to identify prescribers more broadly
who may benefit from physician-level interventions to opti-
mize overall prescribing in nursing homes.
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