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Purpose: Antibiotic resistance is a major public health threat. Antibiotic use is the main
driver of resistance, with children and the state of Kentucky having particularly high
rates of outpatient antibiotic prescribing. The purpose of this study was to describe
patient and provider characteristics associated with pediatric antibiotic use in Ken-
tucky Medicaid children.

Methods: We used Medicaid prescription claims data from 2012 to 2017 to describe
patterns of pediatric antibiotic receipt in Kentucky. Patient and provider variables
were analyzed to identify variations in prescribing.

Findings: Children who were female, less than 2 years old, White, and living in a rural
area had consistently higher rates of antibiotic prescriptions. There was significant
geographic variability in prescribing, with children in Eastern Kentucky receiving more
than 3 courses of antibiotics a year. Most antibiotic prescriptions for children were
written by general practitioners and nurse practitioners rather than pediatricians.
Conclusion: These findings support the need for extensive antibiotic stewardship

efforts inclusive of rural outpatient practices.

KEYWORDS

Antibiotic resistance is a major public health threat in the United
States. The Centers for Disease Control and Prevention (CDC) esti-
mates there are nearly 3 million infections and more than 35,000
deaths annually due to antibiotic-resistant bacteria and fungi.! Antibi-
otic use is the most important contributing factor to antibiotic
resistance.! The majority of antibiotic prescribing occurs in the outpa-
tient setting, and 30% of all outpatient antibiotic prescriptions are esti-
mated to be inappropriate.?

Outpatient antibiotic prescribing has been a focus of the CDC for
many years, and state-level prescribing data are published annually.
There is significant geographic variation across the United States, with
southern states consistently having the highest antibiotic prescrib-
ing rate (923 antibiotics per 1,000 persons) compared to the western

antibiotic stewardship, antibiotic use, health services research, Medicaid, rural children

region (598 antibiotic prescriptions per 1,000 persons).® A national
study showed antibiotic prescribing to children decreased approxi-
mately 13% from 2011 to 2016.* This could be attributed to the intro-
duction of pneumococcal vaccines and/or stricter diagnostic criteria
for treatment of acute otitis media, the most common indication for
antibiotic prescriptions in children.* However, there remains a wide
variation in antibiotic prescribing to children across states. In 2017,
Kentucky had the second highest rate of outpatient antibiotic prescrib-
ing to children at 1,281 prescriptions per 1,000 children per year as
compared to 760 per 1,000 children nationally (CDC Office of Antibi-
otic Stewardship, Personal Communication, August 18, 2020). Less is
known about antibiotic prescribing variation and patient characteris-
tics within individual states.
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In 2016, the CDC published the Core Elements of Outpatient
Antibiotic Stewardship,®> but due to organizational barriers and
provider recognition, uptake of outpatient stewardship efforts remains
suboptimal.® A few studies have described successful antibiotic stew-
ardship interventions in rural settings, but many small, private prac-
tices lack the support or infrastructure to establish or maintain such
efforts.”® Kentucky is a largely rural state with 70% of counties clas-
sified as rural and 42% of the state’s population living in rural areas.’”
The objective of this study was to analyze trends in antibiotic prescrib-
ing to Kentucky Medicaid children over time and describe variations
among those who were prescribed antibiotics. Findings from this study
will guide subsequent outpatient antibiotic stewardship efforts at a

statewide level.
METHODS

Kentucky Medicaid insures nearly half of all children living in Ken-
tucky, 58% of whom live in arural area.1® In 2014, Kentucky underwent
Medicaid expansion under the Affordable Care Act, a change which
narrowed coverage disparities in rural areas.!! We used Kentucky
Medicaid outpatient pharmacy claims from 2012 to 2017. The study
population included all enrollees under 20 years of age with at least
1 medical claim during the calendar year. Antibiotics were identified
using National Drug Codes and verified by author review.

Patient demographics were abstracted from enrollment data. Race
and ethnicity were subsequently categorized as White (non-Hispanic),
Black (non-Hispanic), Hispanic, or other. Children with undisclosed
race were also included in the other category. Patient home ZIP
Codes were used to classify residential geography as urban or
rural using Rural Urban Continuum Codes (RUCC codes).” Claims
for which a ZIP Code was unavailable, corresponded to a military
base, or was outside of Kentucky were excluded from the analy-
sis. Provider specialty and cost data were obtained from pharmacy
claims.

Rates of antibiotic use were reported as the number of prescrip-
tions per 1,000 children per year and stratified by demographic group.
Trends in antibiotic use rates overall and within demographic groups
were assessed using linear models, while differences in rates between
groups and years were analyzed using 2-way ANOVA tests. Cochran-
Armitage tests were used to assess for trend in proportions of medica-
tions prescribed by each provider type. Data were cleaned, described,
and analyzed using R version 3.5.1 (R Foundation for Statistical Com-

puting, Vienna, Austria).

RESULTS

The total number of antibiotic prescriptions among the study pop-
ulation increased from 733,547 antibiotic prescriptions in 2012 to
774,303 prescriptions in 2017. Total Medicaid spending on antibiotics
significantly increased from $14.6 million in 2012 to $16.8 million in
2017 (P = .002). Despite the increase in the absolute number of pre-

scriptions, likely due to Medicaid expansion, the rate of antibiotic pre-
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scriptions per 1,000 children remained relatively stable over the 6-year
period (Table 1). Children who were female, < 2 years old, White, and
livingin arural area had consistently higher rates of antibiotic prescrip-
tions (P <.001).

Amoxicillin was the most prescribed antibiotic to children across
the study period. Azithromycin was consistently the second most pre-
scribed antibiotic but decreased from 184,329 prescriptions (25% of all
antibiotics) in 2012 to 130,203 prescriptions (17% of all antibiotics) in
2017 (P < .001). Amoxicillin-clavulanate accounted for approximately
10% of all antibiotic use during all 6 years of the study period. Cefdinir
use significantly increased from 59,507 prescriptions in 2012 (8% of
all antibiotics) to 102,338 prescriptions in 2017 (13% of antibiotic use)
(P <.001), leading to increased cost from $2.3 million (16% of all antibi-
otic spending) in 2012 to $4.8 million (28% of all antibiotic spending) in
2017.Trends in specific antibiotic use were similar across demographic
groups, with the exception that Black and Hispanic children and chil-
dren living in metropolitan areas did not have a significant increase in
cefdinir prescribing over the study period.

Further analysis of prescribing across the state, by county, is shown
in Figure 1. The highest prescribing county (Knott), a rural county not
adjacent to a metropolitan area,’ had a rate of 3,156 antibiotic pre-
scriptions per 1,000 children in 2017. The lowest prescribing county
(Jefferson), which includes the city of Louisville, had a prescribing rate
of 1,069 antibiotics per 1,000 children in 2017.

There were significant changes in prescriber characteristics dur-
ing the study period (Figure 2). In 2012, general practitioners wrote
39% of antibiotic prescriptions, which decreased to 31% in 2017 (P <
.001). The percentage of antibiotic prescriptions written by nurse prac-
titioners increased over the study period from 26% to 39% (P < .001).
Importantly, the percentage of prescriptions written by pediatricians
decreased from 13% to 10% (P < .001). The percentage of antibiotics
written by physician assistants remained consistent over the study
period at 7%-8%.

DISCUSSION

Using Kentucky Medicaid claims data, we confirmed the high rates of
antibiotic use previously reported in Kentucky®2 and identified sub-
stantial variation in pediatric antibiotic use across the state. Although
rates of prescribing decreased during the study period, 1,299 prescrip-
tions per 1,000 Medicaid children statewide during 2017 remain well
above the national rate of 760 antibiotics per 1,000 children.23 In other
words, each child covered by Kentucky Medicaid received, on average,
more than 1 antibiotic prescription a year. Rates were even higher in
areas of eastern and southern Kentucky, home to many rural communi-
ties, where children received up to 3 courses of antibiotics a year. This
study provides additional patient-level data that may be used to better
identify factors associated with antibiotic use.

We found variation in rates of antibiotic prescribing based on
sociodemographic characteristics. Age, sex, race, and ethnicity find-
ings within our patient population are consistent with previously pub-

lished studies.’21415 The concerning increase in cefdinir prescribing
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Rate of Antibiotic Prescriptions per 1000 Medicaid Enrollees per County
Aged 0-19 years, Kentucky, United States, 2017

Louisville
(Jefferson Co.)

Source: U.S. Census Bureau, Geography Division, 2017
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( Fayette Co.)
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FIGURE 1 Rate of antibiotic prescriptions per 1,000 Medicaid enrollees by county, 2017. Patient home ZIP Codes from Medicaid enrollment
files were used to generate county-level prescribing rates. Additional labels highlight the discrepancy between urban areas and the highest

prescribing county in rural, eastern Kentucky
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has been described in additional detail in a previous publication.®
Notably, there was substantial geographic variation in antibiotic
prescribing across the state. Rural areas in eastern and southern Ken-
tucky, part of the Appalachian Region, have substantially higher rates
of antibiotic prescribing. Comparatively, the urban areas of Louisville,
Lexington, and greater Cincinnati, respectively, had much lower rates
of antibiotic use.

FIGURE 2 Percentage of antibiotic
prescriptions by provider type, 2012-2017.2
The majority of antibiotic prescriptions to
Medicaid children in Kentucky are by
nonpediatricians. During the study period,
nurse practitioners surpassed general
practitioners as the highest prescribing
provider group

aP <.001 for trend differences in proportion
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Physician Assistant

According to CDC annual reports,>13 states in the southeastern
region of the country consistently have the highest rates of outpatient
antibiotic use. Previous studies in southern Ohio and Tennessee have
also identified higher prescribing in rural areas.’”18 It is well estab-
lished in the literature that provider perceptions of patient and par-
ent expectations can influence antibiotic prescribing to children,%20

but less is known about variations in culture and expectations of the
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Appalachian area or whether higher prescribing rates can be attributed
to poorer health quality in these areas. Our findings have led to
additional efforts, including qualitative interviews in the highest pre-
scribing area of the state and the development of a statewide campaign
to educate providers and families about the importance of judicious
antibiotic prescribing. Future research includes assessing the appro-
priateness of antibiotic prescribing in the pediatric Kentucky Medicaid
population.

We also found a shift in the proportion of antibiotics written by
general practitioners and nurse practitioners. This finding is not sur-
prising, given the increasing presence of nurse practitioners in primary
care, especially in rural areas,2%22 but is important for guiding antibi-
otic stewardship education and initiatives. Previous studies identified
characteristics of primary care physicians associated with high outpa-
tient antibiotic prescribing volumes.23 Based on our data, nurse practi-
tioners should also be a priority target for stewardship initiatives.

High rates of antibiotic prescribing to children in Kentucky war-
rant action for outpatient antimicrobial stewardship initiatives. This
study identifies patient and provider characteristics to target for ini-
tial stewardship efforts. Given the complexity of assessing appropri-
ateness of antibiotic prescribing, volume of antibiotic prescribing is
frequently used as a surrogate marker of antibiotic overuse.>*12 The
current study’s findings provide additional insight to guide statewide
stewardship interventions across Kentucky and highlight the impor-
tance of including rural areas and nurse practitioners in any educa-
tional efforts or initiatives. Current outpatient stewardship policies
and initiatives are often limited to large health care organizations?*-2¢
and overlook many important sites, such as urgent cares, private prac-
tices, and rural settings. A few published interventions have decreased
antibiotic prescribing for upper respiratory tract infections in targeted
rural practices,” but additional work is needed to sustain and promote
widespread implementation of such efforts.

Limitations

These data are representative of Kentucky children insured by Medi-
caid and may not be generalizable to other patient populations. How-
ever, the rates of prescribing in our analysis are comparable to CDC
estimates that include all payers. Furthermore, 5 of the 6 highest pre-
scribing states are also in the Appalachian region®1213 and likely have
similar patterns of antibiotic prescribing. Additional limitations are
those inherent to use of administrative claims data. The Kentucky Med-
icaid data available to us allow analysis of large quantities of data over
time but reflect only dispensed prescriptions, thus some information
could be missing or incomplete. We did not include medical claims in
this initial analysis and cannot comment on the appropriateness of pre-
scribing. Additionally, large sample sizes limit the clinical interpreta-

tions of statistical significance.
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CONCLUSION

Rural areas of Kentucky are major contributors to the state’s high rate
of antibiotic prescribing to children. Outpatient stewardship efforts
are needed to encompass all provider types, practices, and geographic
areas.
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