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Abstract

Objective: To identify prescriber characteristics that predict antibiotic high-prescribing behavior to inform statewide antimicrobial steward-
ship interventions.

Design: Retrospective analysis of 2016 IQVIA Xponent, formerly QuintilesIMS, outpatient retail pharmacy oral antibiotic prescriptions in
Tennessee.

Setting: Statewide retail pharmacies filling outpatient antibiotic prescriptions.
Participants: Prescribers who wrote at least 1 antibiotic prescription filled at a retail pharmacy in Tennessee in 2016.

Methods: Multivariable logistic regression, including prescriber gender, birth decade, specialty, and practice location, and patient gender and
age group, to determine the association with high prescribing.

Results: In 2016, 7,949,816 outpatient oral antibiotic prescriptions were filled in Tennessee: 1,195 prescriptions per 1,000 total population.
Moreover, 50% of Tennessee’s outpatient oral antibiotic prescriptions were written by 9.3% of prescribers. Specific specialties and prescriber
types were associated with high prescribing: urology (odds ratio [OR], 3.249; 95% confidence interval [CI], 3.208-3.289), nurse practitioners
(OR, 2.675; 95% CI, 2.658-2.692), dermatologists (OR, 2.396; 95% CI, 2.365-2.428), physician assistants (OR, 2.382; 95% CI, 2.364-2.400),
and pediatric physicians (OR, 2.340; 95% CI, 2.320-2.361). Prescribers born in the 1960s were most likely to be high prescribers (OR, 2.574;
95% CI, 2.532-2.618). Prescribers in rural areas were more likely than prescribers in all other practice locations to be high prescribers. High
prescribers were more likely to prescribe broader-spectrum antibiotics (P <.001).

Conclusions: Targeting high prescribers, independent of specialty, degree, practice location, age, or gender, may be the best strategy for imple-
menting cost-conscious, effective outpatient antimicrobial stewardship interventions. More information about high prescribers, such as
patient volumes, clinical scope, and specific barriers to intervention, is needed.

(Received 6 August 2019; accepted 16 October 2019; electronically published 22 November 2019)

Antibiotic overprescribing is a leading cause of antibiotic resistance.
The Centers for Disease Control and Prevention (CDC) predicts
that at least 2 million people in the United States are infected with
a resistant pathogen and that at least 23,000 people die from these
infections each year.! In 2015, the first assessment of US outpatient
antibiotic use, analyzing 2011 data, showed that the highest per
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capita antibiotic prescription rates were in the Southeast region;
Tennessee had the third-highest outpatient antibiotic prescription
rate.” Subsequent national outpatient antibiotic use annual analy-
ses showed minimal reduction in per capita antibiotic prescription
in the Southeast region, and Tennessee remained one of the highest
outpatient antibiotic-prescribing states as of 2016.?

In 2015, the White House released the National Action Plan for
Combating Antibiotic-Resistant Bacteria, which called for a reduc-
tion of inappropriate outpatient antibiotic use by 50% by 2020.*
Recent published studies have estimated that inappropriate antibi-
otic use rates range from 14% to 45%, depending on the location of
the patient visit and the specific diagnosis given.>®

Prior studies have shown that physician characteristics predict-
ing higher antibiotic prescription rates include male gender; longer
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time since graduation from medical school; practice in smaller,
higher-volume practices; and for US physicians, practice in the
South.”-!!

To date, no published data regarding prescriber characteristics
that predict higher outpatient antibiotic prescription rates on a US
state or county level are available. These data are necessary to
inform public health and health systems interventions to reduce
high rates of outpatient antibiotic use.

In this retrospective analysis of 2016 Tennessee outpatient anti-
biotic prescriptions, we aimed to understand more clearly whether
type of prescriber, prescriber age, gender, specialty, and/or practice
location are associated with higher outpatient antibiotic prescrip-
tion rates. We intend to use this information to focus future out-
patient antimicrobial stewardship resources to corroborate
prescription data; to better understand inappropriate outpatient
antibiotic use prescribing patterns; to explore prescriber barriers
and challenges; and to create and implement effective, statewide
outpatient antimicrobial stewardship interventions. Our study
results can assist other states and healthcare systems in the evalu-
ation of current outpatient antibiotic use to inform the develop-
ment of local outpatient antimicrobial stewardship programs.

Methods

The Tennessee Department of Health (DOH) purchased the 2016
IQVIA Xponent (IQVIA, Durham, NC, formerly QuintilesIMS)
dataset of outpatient antibiotic prescriptions written in
Tennessee. IQVIA Xponent uses a patented method that incorpo-
rates 100% of wholesale distribution data and, for 2016 data, 90%
of retail pharmacy sales data to estimate 100% of dispensed pre-
scriptions.!? The data purchased by Tennessee DOH excluded
mail-order pharmacy, federal facility pharmacy, and inpatient-
healthcare-facility-associated pharmacy prescriptions.

All antifungal, antiviral, nonantibacterial, and non-orally
administered prescriptions were excluded. Urinary analgesics listing
methenamine as the only active antibiotic were excluded. All anti-
biotics were grouped into 12 categories, including a division between
narrow- and broad-spectrum penicillins and a division between
first- or second-generation and third-generation cephalosporins.

Tennessee population data from 2016 were obtained from the
Tennessee DOH Office of Policy and Data Management, derived
from the US Census, Annual Estimates of the Resident
Population.!® Patients were classified as pediatric patients
(aged <20 years) or adults (aged > 20 years), consistent with
prior similar analyses.® Counties were classified by 2013
National Center for Health Statistics (NCHS) urban-rural clas-
sification, based on the Office of Management and Budget’s met-
ropolitan statistical areas: NCHS-1, large, central metropolitan
counties (population > 1 million with at least 250,000 residents
of principal city), NCHS-2, large, fringe metropolitan counties
(>1 million population and not classified as NCHS-1), NCHS-
3, medium metropolitan counties (population 250,000-
999,999), NCHS-4, small metropolitan counties (population
< 250,000), NCHS-5, micropolitan areas (population 10,000-
50,000), and NCHS-6, noncore counties (outside all other
areas).!* More than 182 individual prescriber specialties listed
were categorized into 17 specialty groups. In this dataset, nurse
practitioners and physician assistants from all specialties were
listed as separate specialty groups and were not included in other
specialties. For this reason, nurse practitioners and physician
assistants are listed as individual specialties in our analysis.
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All antibiotic prescriptions written by trainees were excluded
from prescriber-level characteristics analysis because trainees in
Tennessee prescribe under an institutional training license.
Trainee prescriptions were included when analyzing patient-level
characteristics.

High prescribers were identified by creating a Pareto chart in
which each individual prescriber’s total antibiotic prescriptions,
ordered from highest to lowest, were plotted against the cumulative
total statewide antibiotic prescriptions. The highest individual pre-
scribers, who collectively accounted for 50% of the cumulative
statewide antibiotic prescriptions, were identified as the high-
prescribing group. High prescribers who had no specific dem-
ographic details associated with their individual prescribing
identifier (N =11, 0.4%) were considered to represent institu-
tionally aggregated entities and were excluded from our analysis
of the high-prescribing group.

Antibiotic prescriptions are reported as prescriptions per 1,000
population within the specific patient population or geographic
area described. When reporting antibiotic prescriptions per
1,000 population, the patient’s reported county (ie, the filling phar-
macy location in this dataset) was used, except when reporting pre-
scriptions per 1,000 population by prescriber characteristic, for
which the prescriber’s practice location county was used. When
calculating prescriptions per prescriber, the prescriber denomina-
tor was restricted to specialty or specialty grouping.

Statistical significance of prescription rates by patient charac-
teristics was calculated using negative binomial regression. For
prescriber characteristics, averages were reported for gender,
NCHS classification of prescriber practice location, specialty,
and birth decade.

We performed a multivariable logistic regression to compare
“high prescribers” to “non-high prescribers.” A simple logistic
regression was performed for each independent variable of pre-
scriber gender, practice location, specialty, and birth decade, and
for patient gender and age group, which were then included in
the multivariable logistic regression model.

To compare high prescriber prescriptions to non-high-
prescriber prescriptions by antibiotic group, we calculated a ratio
for each antibiotic group. The y? test was used to detect whether
there was an overall statistically significant difference between
the prescribing patterns of the 2 groups.

Statistical analyses were performed using SAS version 9.4 soft-
ware (SAS Institute, Cary, NC). This study was approved by the
Vanderbilt University Institutional Review Board.

Results

In 2016, 7,949,816 outpatient antibiotic prescriptions were filled
in Tennessee: a rate of 1,195 antibiotic prescriptions per 1,000
total population. Of those prescriptions, female patients had a
significantly higher antibiotic prescription rate (1,445 prescrip-
tions per 1,000 population vs 928 for male patients) (P <.001).
The highest rates of antibiotic prescription were observed in
age groups 0-2years (1,575) and 65+ years (1,525) (P <.001)
(Table 1).

The 5 most commonly prescribed antibiotic groups were
narrow-spectrum penicillins (20.2%), macrolides (16.5%), fluoro-
quinolones (11.4%), extended-spectrum penicillins (10.4%), and
first- and second-generation cephalosporins (8.6%). The 5 most
frequently prescribed antibiotics for pediatric patients accounted
for 79.7% of all pediatric antibiotic prescriptions. By comparison,
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Table 1. Outpatient Antibiotic Prescriptions by Patient Gender and Age® Table 2. Most Prescribed Antibiotic Groups and Individual Antibiotics?
Population, Total Prescriptions, Rate per Total Rate per
Variable No. (%) No. (%) 1,000 Population Prescriptions, 1,000
Antibiotic Group No. (%) Population®
Tennessee 6,651,120 7,949,816 1,195
N - icilli 1,604 20.2 241
Female 3,408,659 (51.2) 4,939,913 (62.1) 1,449 Lo e [ U (02
M lid 1,308,726 (16.5 197
Male 3242461 (488) 3,008,014 (37.8) 928 acrofige PO )
P < 001 Fluoroquinolone 903,155 (11.4) 136
E E icilli 2 10.4 124
pediatrics 1,664,796 1,939,633 1,165 xtended-spectrum penicillin 823,093 (10.4)
First- & d- ti 684,156 (8.7 103
Female 815,548 (49.0) 1,018,585 (52.5) 1,249 nghalozz(;i?nsgenera on A5 ()
Male 849,248 (51.0) 920,160 (47.4) Lok Trimethoprim-sulfamethoxazole 635,596 (8.0) 96
= Tetracyclines 582,875 (7.3) 88
—— G GUPN LA Third-generation plus cephalosporins 498,192 (6.3) 75
Female 2,593,111 (52.0) 3,921,099 (65.2) 1,512 e 324,210 (4.1) 29
Male 2,393,213 (48.0) 2,087,709 (34.7) 872 Urinary agents 274,352 (3.5) 41
P oo Metronidazole 261,609 (3.3) 39
Age Other 49,797 (0.6) 8
B2y 243,636 (3.7) 383,689 (4.8) L2 10 most frequently prescribed antibiotics statewide®
oy 578,798 (8.7) 747,578 (94) L Amoxicillin 1,410,638 (17.7) 212
10-19y 842,362 (12.7) 808,366 (10.2) 960 Azithromycin 1,221,726 (15.4) =
20-39y 1,767,333 (26.6) 1,792,943 (22.6) 1,014 Amoxicillin-Clavulanate 823,093 (10.4) 124
Ay 2,171,960 (32.7) 2,619,686 (33.0) LAY Trimethoprim-Sulfamethoxazole 635,596 (8.0) 9%
>65 1,047,031 (15.7) 1,597,177 (20.1) 1,525 Cephalexin 538,936 (7.4) =
P< dooul Ciprofloxacin 542,675 (6.8) 82
2Negative binomial regression for rates was used to calculate P values. Cefdinir 468,959 (5.9) 71
Doxycycline 460,663 (5.8) 70
the 5 most frequently prescribed adult antibiotics only accounted Levofloxacin 352,316 (4.4) 53
for 55.4% of all adult antibiotic prescriptions (Table 2). T — 324210 (4.1) e
In 2016, there were 42,471 licensed prescribers in Tennessee — - — ;
(Mary Katherine Bratton, e-mail communication, March 2019). 5 most frequently antibiotics prescribed to pediatric patients
In our dataset, there were 32,168 (75.7%) prescribers (excluding Amoxicillin 661,821 (34.1) 398
trainees who practice under an institutional license) who wrote Azithromycin 294,701 (15.2) 177
at leas.t 1 outpatient antibiotic oral prescription in ?016. Female - 252,546 (13.0) 152
prescribers (7,221, 22.4%) wrote 1,960,725 prescriptions (24.9%),
an average of 272 prescriptions per female prescriber. Male pre- Amoxicillin-Clavulanate 214,810 (11.1) 2
scribers (12,815, 40.0%) wrote 3,383,789 prescriptions (42.9%), Cephalexin 121,631 (6.3) 73
an average of 264 prescriptions per male prescriber. Prescribers 5 most frequently antibiotics prescribed to adult patients®
who did not report a gender (12,132, 37.8%) wrote 2,542,867 pre- - -
.. o . h Azithromycin 926,991 (15.4) 186
scriptions (32.2%), an average of 210 prescriptions per prescriber.
Prescribers in medium metropolitan (NCHS-3) areas (8,864, Amoxicillin 748,740 (12.6) 150
27.6%) wrote the most antibiotic prescriptions (2,131,804, Amoxicillin-clavulanate 608,255 (10.1) 122
27.0%), an average of 241 prescriptions per prescriber. By contrast, aellre 526,862 (8.8) T
prescribers practicing in noncore (NCHS-6) rural areas (1,511, .
Trimethoprim-Sulfamethoxazole 517,955 (8.6) 104

4.7%) wrote 689,149 prescriptions (8.7%) but averaged the highest
prescriptions per prescriber with 456 (Table 3).

Of all specialties, nurse practitioners (7,382, 22.9% of all pre-
scribers) wrote the most antibiotic prescriptions with 2,416,018
(30.6%). However, urologists (269, 0.8% of all prescribers), who
wrote only 153,536 (1.9%) prescriptions, had the highest average
prescriptions per prescriber, with 571. Family medicine physicians
(2,427, 7.5%) wrote 1,227,865 prescriptions (15.6%), the second-
most prescriptions, with an average of 506 prescriptions per pre-
scriber (Table 3). Of the state’s total antibiotic prescriptions, 50%
were written by 9.3% of all prescribers (Fig. 1). These 9.3% of pre-
scribers all wrote 770 or more prescriptions during 2016 and were
subsequently identified as “high prescribers.”
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2Source: IQVIA Xponent.

PThe total rate per 1,000 population for antibiotic group prescriptions adds to 1,197, as
opposed to 1,195 reported as the state’s prescriptions per 1,000 population, due to rounding
after each group’s antibiotic prescription rate was calculated.

“The top 10 percentages are of total state antibiotic count. They add to 85.9%.

9The top 5 pediatric antibiotics make up 79.7% of all pediatric antibiotic prescriptions.
¢The top 5 adult antibiotics make up 55.4% of all adult antibiotic prescriptions.

The high-prescriber group consisted of 2,994 prescribers: 778
female (26.0%), 1,293 male (43.2%), and 923 unspecified (30.8%).
The greatest number of high prescribers were from medium-
population metropolitan (NCHS-3) counties (789, 26.4%), repre-
senting 8.9% of all prescribers practicing in NCHS-3 counties. By
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Table 3. Prescriptions by Prescriber Gender, Practice Location, Specialty and
Birth Decade

Total Average
Prescribers, Prescriptions,  Prescriptions
No. (%) No. (%) Per Prescriber
All Prescribers 32,168° 7,887,380 (100) 245
Prescriber gender
Female 7,221 (22.4) 1,960,725 (24.9) 272
Male 12,815 (40.0) 3,383,789 (42.9) 264
Not specified 12,132 (37.7) 2,542,867 (32.2) 210
Practice location”
NCHS-1 11,960 (37.2) 2,043,017 (25.9) 171
NCHS-2 4,086 (12.7) 1,210,669 (15.3) 296
NCHS-3 8,864 (27.6) 2,131,804 (27.0) 241
NCHS-4 3,089 (9.6) 840,351 (10.7) 272
NCHS-5 2,658 (8.3) 972,390 (12.3) 366
NCHS-6 1,511 (4.7) 689,149 (8.7) 456
Prescriber specialty
Nurse practitioner 7,382 (22.9) 2,416,018 (30.6) 327
Family medicine 2,427 (7.5) 1,227,865 (15.6) 506
Internal medicine 2,698 (8.4) 784,869 (10.0) 291
Physician assistant 1,639 (5.1) 679,820 (8.6) 415
Pediatrics 1,211 (3.8) 608,054 (7.7) 502
Dentists 3,084 (9.6) 601,012 (7.6) 195
Medicine subspecialty 2,268 (7.1) 251,893 (3.2) 111
Other 6,340 (19.7) 235,417 (3.0) 37
Emergency medicine 741 (2.3) 234,177 (3.0) 316
Obstetrics/ 963 (3.0) 198,435 (2.5) 206
Gynecology
Other surgery 1,890 (5.9) 169,644 (2.2) 920
Urology 269 (0.8) 153,536 (1.9) 571
Dermatology 226 (0.7) 119,784 (1.5) 530
Otolaryngology 247 (0.8) 81,281 (1.0) 329
Oral & maxillofacial 145 (0.5) 80,065 (1.0) 552
surgery
Pediatric subspecialty 638 (2.0) 45512 (0.6) 71
Prescriber birth year by decade
Missing birth year 14,119 (43.9) 3,056,527 (38.8) 216
Prior to 1940 410 (1.3) 45,800 (0.6) 112
1940s 2,089 (6.5) 413,877 (5.2) 198
1950s 5,481 (17.0) 1,453,016 (18.3) 265
1960s 5,392 (16.8) 1,664,177 (21.1) 309
1970s 4345 (13.5) 1,177,678 (14.9) 271
1980s 332 (1.0) 76,304 (1.0) 230

®Trainees were excluded from this analysis because trainees practice under an institutional
license.

bCounties were classified by 2013 National Center for Health Statistics (NCHS) urban-rural
classification, based on the Office of Management and Budget’s metropolitan statistical
areas: NCHS-1, large, central metropolitan counties (population > 1 million with at least
250,000 residents of principal city), NCHS-2, large, fringe metropolitan counties (>1 million
population and not classified as NCHS-1), NCHS-3, medium metropolitan counties
(population 250,000-999,999), NCHS-4, small metropolitan counties (population < 250,000),
NCHS-5, micropolitan areas (population 10,000-50,000), and NCHS-6, noncore counties
(outside all other areas).
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contrast, 329 high prescribers (11.0%) practiced in rural (NCHS-6)
areas, which represented 21.7% of all prescribers practicing in
NCHS-6 counties (Table 4).

Within the high-prescribing group, nurse practitioners had
the highest number of high prescribers at 1,076 (35.9%); however,
this accounted for only 14.6% of all prescribing nurse practi-
tioners. In contrast, 87 urologists comprised 3% of all high
prescribers but 32.3% of all prescribing urologists. Similarly,
45 high prescribers (2%) were oral and maxillofacial surgeons,
which represented 31.0% of all prescribing oral and maxillofacial
surgeons (Table 4).

In the multivariable logistic regression, female prescribers were
significantly less likely than males to be high prescribers (odds ratio
[OR], 0.487; 95% confidence interval [CI], 0.485-0.490).
Compared to prescribers practicing in rural (NCHS-6) areas, pre-
scribers practicing in all other, more urban, counties were associ-
ated with less likelihood of being a high prescriber. The top 5
specialties most likely to be associated with being a high prescriber
when compared to internal medicine were urologists (OR, 3.249;
95% CI, 3.208-3.289), nurse practitioners (OR, 2.675; 95% CI,
2.658-2.692), dermatologists (OR, 2.396; 95% CI, 2.365-2.428),
physician assistants (OR, 2.382; 95% CI, 2.364-2.400), and pedia-
tricians (OR, 2.340; 95% CI, 2.320-2.361). Compared to physicians
born in the 1980s, the youngest prescribers in this dataset, all other
prescriber birth decades were associated with an increased likeli-
hood of being a high prescriber, most notably in prescribers born
in the 1960s (OR, 2.574; 95% CI, 2.531-2.618) (Table 4).

High prescribers also prescribed more broad-spectrum anti-
biotics than their non-high-prescribing counterparts. High pre-
scribers accounted for 69.0% of third-generation cephalosporin
prescriptions, 57.4% of macrolide prescriptions, and 56.0%
of extended-spectrum penicillin prescriptions. Interestingly,
high prescribers prescribed fluoroquinolones (49.3%) less often
than non-high prescribers. High prescribers prescribed all other
narrower-spectrum antibiotic groups less often than non-high pre-
scribers (Table 5).

Discussion

Most antibiotic use occurs in the ambulatory setting.!® Outpatient
antimicrobial stewardship is a priority, as evidenced by its inclu-
sion as a 2021 Joint Commission requirement.'® As clinics and
healthcare systems focus more on establishing and optimizing out-
patient programs, data on prescriber characteristics that may pre-
dict high prescribing are vital to marshalling limited resources
effectively. To our knowledge, ours is the first publication to
describe prescriber characteristics associated with high-prescribing
behavior at a state level.

We found that 9.3% of all Tennessee prescribers are responsible
for 50% of Tennessee’s outpatient antibiotic prescriptions, a
dramatically disproportionate number of the total antibiotic pre-
scriptions. These high prescribers were more likely to prescribe
broader-spectrum antibiotics, including more oral third-generation
cephalosporins (69.0%), macrolides (57.4%), and extended-spectrum
penicillins (56.0%) prescriptions and less narrow-spectrum penicillins
(46.3%) and first- or second-generation cephalosporins (45.9%) pre-
scriptions than their non-high-prescribing counterparts (P <.001)
(Table 5). This trend has been described previously, though to a
lesser degree. Aabenhus et al'’ evaluated outpatient antibiotic pre-
scribing in general medicine practices in Denmark and found that
10% of high-prescribing practices, not individual prescribers,
accounted for 15% of total antibiotic prescriptions and 18% of
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“critically important antibiotics,” defined as macrolides, fluoroqui-
nolones, and cephalosporins.

In our study, the highest volume of high prescribers by specialty
were nurse practitioners, family medicine doctors, pediatric
doctors, physician assistants, and internal medicine doctors.
Prescribers in the specialties of urology, nurse practitioner, derma-
tology, physician assistant, and pediatrics were more likely to be
high prescribers than internal medicine prescribers. Previously,
urology, dermatology, and family medicine physicians have been
shown to be high prescribers of antibiotics compared to other
specialties.>!%1?

Nationally, pediatric antibiotic prescriptions have declined;
however, Tennessee pediatricians were more likely to be high anti-
biotic prescribers (OR, 2.340; 95% CI, 2.320-2.361) compared to
internal medicine prescribers.>**-2! Dentists have been reported
to prescribe 10%-13% of outpatient antibiotics nationally, but they
accounted for 7.6% of antibiotics in Tennessee and were less likely
to be high prescribers (adjusted OR, 0.189; 95% CI, 0.187-0.191)
than internal medicine prescribers.>?>?* The cause of this diver-
gence from the national trend is unclear.

In our dataset, physicians born in the 1960s were most likely to
be high prescribers compared to those born in the 1980s, the
youngest group in this dataset (OR, 2.574; 95% CI, 2.531-
2.618). Prior studies have demonstrated that physicians more
removed from training are more likely to prescribe antibiotics,
although these studies did not specifically quantify age of the physi-
cian or years since graduation.”"!! Interestingly, there was not a lin-
ear correlation with time from training or age; prescribers born in
the 1940s and 1950s demonstrated slightly less propensity to be
high prescribers than those born in the 1980s. The same pattern
was revealed in a study by Blommaert et al?* in which physicians
ages 45-54 in 2008-2009 were much more likely than younger
physicians and somewhat more likely than older physicians to pre-
scribe broad-spectrum antibiotics.

Our study has several limitations. The biggest limitation is that
information about the total number of patient visits per prescriber
and the indication for patient visits was unavailable. This informa-
tion would have allowed for the calculation of the proportion of
visits with an antibiotic prescription, adjustment of prescriber anti-
biotic use accounting for patient volume, and analysis and conclu-
sions about antibiotic overuse.
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Fig. 1. Cumulative percentage of individual prescriber anti-
biotic prescriptions contributing to cumulative percentage of
2016 Tennessee oral outpatient antibiotic prescriptions.
Prescriptions per individual prescriber were added cumula-
tively from highest individual prescriber to the lowest. The
dotted red circle indicates the point at which 50% of the
state’s total antibiotic prescriptions are accounted for and
corresponds to 9.3% of all prescribers included.

80 2 100

The dataset used in this study excluded prescriptions filled
via mail order, federal facility, hospital-associated, and other
healthcare-facility outpatient pharmacies. As of 2015, mail-in
and nonretail pharmacies (which include federal facilities and
long-term care facilities) accounted for 18.6% of outpatient antibi-
otic expenditures: 4.4% from mail-in and 14.2% from nonretail
pharmacies.!® Expenditures likely correlate with use; therefore,
the number of antibiotic prescriptions would likely increase if these
data were included. This limitation might affect the ability to iden-
tify all high prescribers within our state, but it likely represents a
very small minority who only practice in those settings.

The data included prescribers who wrote at least 1 antibiotic
prescription filled in Tennessee in 2016. We know the total num-
ber of licensed, potential Tennessee prescribers for 2016, but we
do not know the total licensed prescribers by specialty, number
actively practicing, nor number of prescribers in full-time versus
part-time practice. This lack of data may have affected prescrip-
tions per prescriber results and interpretation. Additionally,
nurse practitioners and physician assistants comprise 28.1% of
prescribers, but they were not further categorized by practice
specialty, which somewhat limited our ability to explore antibi-
otic prescribing differences among specialty fields and prescriber
degrees.

Despite these limitations, the data highlight a central dilemma
when developing outpatient antimicrobial stewardship programs:
who do you target? Although targeting high-prescribing specialties
or groups with a higher percentage of high prescribers, like urol-
ogy, allows for a more focused, specialized approach to antimicro-
bial stewardship interventions, the overall antibiotic use impact is
less because of the targeted group’s size. Alternatively, targeting
groups with larger numbers of prescribers but smaller overall pro-
portions of high prescribers, like nurse practitioners, requires flex-
ible antimicrobial stewardship interventions that consider a
broader range of patient presentations and antibiotic indications
and require more resources to reach more prescribers; however,
if successful, the overall antibiotic use impact can be greater
because of a larger group antibiotic use footprint. Here, we intro-
duce a potential third approach: focus on a small but impactful
group of high prescribers regardless of specialty, practice location,
experience, or gender. Identifying and focusing on a relatively
small group with high antibiotic use, in which effective
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Table 4. Comparison of High Prescribers to Non-High Prescribers by Prescriber Gender, Practice Location, Specialty, and Birth Decade, and Patient Gender and Age

Non-High Adjusted 95%

High Prescribers Prescribers Unadjusted 0Odds Confidence
Prescriber Characteristic?® N (%)<d N (%)¢ 0dds Ratio® Ratiof Interval
All prescribers 2994 (9.3) 29,163 (90.7)
Gender
Male 1,293 (10.1) 11,522 (89.9) Reference Reference Reference
Female 778 (10.8) 6,443 (89.2) 1.008 0.487 0.485-0.490
Not Specified 923 (7.6) 11,188 (92.4) 0.908 0.407 0.404-0.411
Prescriber practice location8
NCHS-1 688 (5.8) 11,270 (94.2) 0.345 0.450 0.447-0.453
NCHS-2 487 (11.9) 3,594 (88.1) 0.512 0.540 0.536-0.544
NCHS-3 789 (8.9) 8,074 (91.1) 0.407 0.455 0.453-0.458
NCHS-4 301 (9.7) 2,787 (90.3) 0.506 0.553 0.549-0.557
NCHS-5 400 (15.1) 2,256 (84.9) 0.624 0.663 0.658-0.668
NCHS-6 329 (21.8) 1,182 (78.2) Reference Reference Reference
Prescriber specialty
Internal medicine 285 (10.6) 2,413 (89.4) Reference Reference Reference
Urology 87 (32.3) 182 (67.7) 2.970 3.249 3.208-3.289
Nurse practitioner 1,076 (14.6) 6,306 (85.4) 1.809 2.675 2.658-2.692
Dermatology 53 (23.5) 173 (75.5) 2.032 2.396 2.365-2.428
Physician assistant 303 (18.5) 1336 (81.5) 1.775 2.382 2.364-2.400
Pediatrics 322 (26.6) 889 (73.4) 2.684 2.340 2.320-2.361
Oral & maxillofacial 45 (31.0) 100 (69.0) 2.105 2.026 1.994-2.059
surgery
Family medicine 560 (23.1) 1,867 (76.9) 2.007 1.945 1.933-1.957
Otolaryngology 28 (11.3) 219 (88.7) 0.971 0.856 0.843-0.869
Emergency medicine 56 (7.6) 685 (92.4) 0.511 0.513 0.508-0.519
Pediatric specialty 8 (1.3) 630 (98.7) 0.413 0.347 0.339-0.355
Obstetrics/ Gynecology 35 (3.6) 928 (96.4) 0.312 0.331 0.327-0.335
Medicine specialty 31 (1.4) 2,237 (98.6) 0.260 0.261 0.258-0.264
Dentists 76 (2.5) 3,008 (97.5) 0.198 0.189 0.187-0.191
Other surgery 17 (0.9) 1,873 (99.1) 0.144 0.126 0.124-0.128
Other 12 (0.2) 6,317 (99.8) 0.122 0.130 0.128-0.132
Prescriber birth year by decade
Missing birth year 1,145 (8.1) 12,963 (91.9) 1.769 2.145 2.108-2.183
Prior to 1940 14 (3.4) 396 (96.6) 1.253 1.205 1.172-1.238
1940s 141 (6.7) 1,948 (93.3) 1.568 1.912 1.878-1.947
1950s 548 (10.0) 4,933 (90.0) 1.783 2.136 2.101-2.173
1960s 679 (12.6) 4,713 (87.4) 2.150 2.574 2.532-2.618
1970s 444 (10.2) 3,901 (89.8) 1.656 1.832 1.801-1.863
1980s 23 (6.9) 309 (93.1) Reference Reference Reference

2Source: IQVIA Xponent.

bTrainees were excluded from this analysis because trainees practice under an institutional license.

€11 prescribers from “other” were excluded due to lack of demographic information.

dPercentage of prescribers in that characteristic group that are high and non-high prescribers, respectively.
€All unadjusted odds ratios were statistically significant with a P <.001 with exception of the unadjusted odds ratio for Otolaryngology, which had a P <.001.
fAll adjusted odds ratios were statistically significant with a P <.001.

ECounties were classified by 2013 National Center for Health Statistics (NCHS) urban-rural classification, based on the Office of Management and Budget’s metropolitan statistical areas:
NCHS-1, large, central metropolitan counties (population > 1 million with at least 250,000 residents of principal city), NCHS-2, large, fringe metropolitan counties (>1 million population and not
classified as NCHS-1), NCHS-3, medium metropolitan counties (population 250,000-999,999), NCHS-4, small metropolitan counties (population < 250,000), NCHS-5, micropolitan areas
(population 10,000-50,000), and NCHS-6, noncore counties (outside all other areas).
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Table 5. Comparison of Prescriptions for Antibiotic Groups Between High and Non-High Prescribers?

No. of Prescriptions
Written by High
Prescribers, No. (%)

Antibiotic Group

No. of Prescriptions
Written by Non-High
Prescribers, No. (%)°

Ratio of Prescriptions
between High and
Non-High Prescribers

Third-generation cephalosporins 341,088 (69.0) 153,459 (31.0) 222
Macrolides 745,888 (57.4) 554,293 (42.6) 1.35
Extended-spectrum penicillins 455,771 (56.0) 357,865 (44.0) 1.27
Fluoroquinolones 431,399 (48.3) 462,626 (51.7) 0.93
Trimethoprim- sulfamethoxazole 299,242 (47.7) 328,328 (52.3) 0.91
Tetracyclines 275,373 (47.7) 301,801 (52.3) 0.91
Narrow-spectrum penicillins 736,383 (46.3) 852,812 (53.7) 0.86
Urinary agents 118,734 (43.9) 152,037 (56.1) 0.78
First- and second-generation cephalosporins 311,155 (45.9) 366,011 (54.1) 0.85
Lincosamides 112,843 (35.5) 204,931 (64.5) 0.55
Metronidazole 82,159 (32.0) 174,224 (68.0) 0.47
Other 14,106 (28.7) 34,969 (71.3) 0.40
P <.001

2High prescriber and non-high-prescriber groups each wrote for 50% of total antibiotics.
bPercentages are the contribution of high and non-high prescribers, respectively, to the total prescriptions for that antibiotic group.

antimicrobial stewardship interventions could reduce outpatient
antibiotic prescribing significantly, is a more efficient use of limited
resources. Additionally, this strategy would span prescriber spe-
cialties, gender, age groups, and practice locations. The challenge
with this approach is finding universal antimicrobial stewardship
interventions that are relevant to a diverse prescriber group and
that can be deployed easily.

To date, no published studies have evaluated outpatient antimi-
crobial stewardship interventions on the state level. Prior, smaller
studies have demonstrated success with locally implemented inter-
ventions, although data on sustained success are limited.”> We
intend to determine whether our strategy can be implemented
effectively. Our next steps, some already underway, include analyz-
ing subsequent years’ data to assess trends and to evaluate whether
high prescribers are consistent from year to year. We will then con-
duct a pilot study in which we will partner with a portion of rep-
resentative high prescribers to corroborate the data, to identify and
correct data gaps, and to ascertain individual information about
patient volume and antibiotic indications. Additionally, we will
assess prescribers’ perceived challenges to reducing inappropriate
antibiotic use. Based on these findings, we intend to develop
and study the impact of various antimicrobial stewardship inter-
ventions, including offering different types and deliveries of
antimicrobial stewardship education, providing individualized
antibiotic use data, and/or developing antibiotic prescribing deci-
sion support tools to prescribers. Although we recognize the chal-
lenges inherent in this approach, we are hopeful that with
continued support and creativity, we can develop and implement
successful antimicrobial stewardship interventions for all high pre-
scribers across Tennessee. We look forward to sharing the results
of our process with other public and private healthcare entities.

In conclusion, these findings offer an initial approach with
which other states, healthcare systems, and independent practices,
can identify groups on which to focus initial outpatient antimicro-
bial stewardship program development. Further analysis is needed
to understand what drives high prescribing and how to develop
cost-effective, relevant, and impactful outpatient antimicrobial
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stewardship interventions that can be used at a local, regional, state,
and/or national level and that can span prescriber differences.
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