WEALTY 4
of %,

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

/ HHS Public Access

Author manuscript
j Clin Infect Dis. Author manuscript; available in PMC 2022 September 08.

Published in final edited form as:
Clin Infect Dis. 2018 January 06; 66(2): 185-190. doi:10.1093/cid/cix773.

Antibiotic Expenditures by Medication, Class, and Healthcare
Setting in the United States, 2010-2015

Katie J. Sudal2, Lauri A. Hicks3, Rebecca M. Roberts3, Robert J. Hunkler?, Linda M.
Matusiak?, Glen T. Schumock?

1Center of Innovation for Complex Chronic Healthcare, Department of Veterans Affairs, Edward
Hines Jr. Veterans Affairs Hospital, Illinois

2Department of Pharmacy Systems, Outcomes, and Policy, College of Pharmacy, University of
lllinois at Chicago

3Division of Healthcare Quality Promotion, Centers for Disease Control and Prevention, Atlanta,
Georgia

4Professional Relations, QuintilesIMS, Plymouth Meeting, Pennsylvania

Abstract

Background.—Improving antibiotic use has the potential to decrease healthcare costs by
reducing the incidence of antibiotic-resistant infections, antibiotic-associated adverse events, and
expenditures due to unnecessary prescriptions. Antibiotic expenditures in 2009 totaled $10.7
billion in the United States. Since then, national and local antibiotic stewardship initiatives have
grown. The purpose of this study was to assess trends in antibiotic expenditures by healthcare
setting in the United States between 2010 and 2015.

Methods.—Systemic (nontopical) antibiotic expenditures from January 2010 to December 2015
were extracted from the QuintilesIMS National Sales Perspectives database. These data represent a
statistically valid projection of US medication purchases. Regression analyses evaluated trends in
expenditures over the study period.

Results.—Antibiotic expenditures totaled $56.0 billion over the 6-year period; the majority
(59.1%) of expenditures were associated with the outpatient setting. Overall antibiotic
expenditures in 2015 ($8.8 billion) were 16.6% lower than in 2010 ($10.6 billion). Antibiotic

Correspondence: K. J. Suda, VA Center of Innovation for Complex Chronic Healthcare, University of Illinois at Chicago, 833 S Wood
St, PHARM 287, Chicago, IL 60612 (ksuda@uic.edu).

Potential conflicts of interest. R. J. H. and L. M. M. are employees of QuintilesIMS. G. T. S. has served as a consultant or on advisory
boards for AbbVie, Astellas, and CSL Behring for Dr Schumock in the past 3 years, but not for topics involving antimicrobials.

All other authors report no potential conflicts. All authors have submitted the ICMJE Form for Disclosure of Potential Conflicts of
Interest. Conflicts that the editors consider relevant to the content of the manuscript have been disclosed.

Disclaimer. The statements, findings, conclusions, and views contained and expressed herein are those of the authors and do not
necessarily represent the views of the US government, the Department of Veterans Affairs, the Centers for Disease Control and
Prevention, or QuintilesIMS Inc or any of its affiliated or subsidiary entities.

Presented in part: Infectious Diseases Society of America Annual Meeting, San Diego, California, October 2015. Poster 146.
Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online. Consisting of data provided by the authors to benefit
the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be
addressed to the corresponding author.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Suda et al.

Page 2

expenditures similarly decreased in the community by 25.5% (P = .05), but outpatient clinics

and mail service pharmacy expenditures experienced significant growth (148% and 67% increase,
respectively; £ < .01 for both). In 2015, 16.5% of antibiotic expenditures in the community were
for parenteral formulations, an increase of 25%.

Conclusions.—From 2010 to 2015, antibiotic expenditures decreased. The majority of antibiotic
expenditures were in the outpatient setting, specifically community pharmacies. Expenditures for
intravenous agents in the community are increasing and may represent increased use. These results
reinforce the importance of antibiotic stewardship efforts across the spectrum of healthcare.
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Reducing inappropriate antibiotic use has the potential to decrease healthcare costs by
reducing the incidence of antibiotic-resistant infections, antibiotic-associated adverse events,
and expenditures due to unnecessary prescriptions [1, 2]. Recent estimates suggest that

at least 30% of antibiotics prescribed in outpatient settings are unnecessary and are

often prescribed for viral respiratory tract infections [3]. Similarly, antibiotics in the
inpatient setting are frequently prescribed inappropriately [4, 5]. All antibiotic use, whether
appropriate or not, contributes to increased bacterial resistance. In light of new resistance
threats and decreasing antibiotic development, the threat of antibiotic resistance has become
a public health crisis [6-10].

Antibiotic stewardship has been shown to decrease unnecessary antibiotic use while
increasing patient safety [1, 4-6, 11, 12]. Several recent health policy statements by the
White House, the President’s Council of Advisors on Science and Technology (PCAST), the
Centers for Disease Control and Prevention (CDC), The Joint Commission, the Centers for
Medicare and Medicaid Services (CMS), state governments, and professional organizations
have encouraged and, in some cases, mandated antibiotic stewardship initiatives [5, 12-14].

By decreasing unnecessary use, antibiotic stewardship also has the potential to reduce
medication expenditures [1]. Medication expenditures total $300 billion annually in the
United States and are 11% of overall healthcare costs [15, 16]. The anti-infective class of
medications, which includes antibacterial agents, is consistently one of the top therapeutic
categories in terms of expenditures [17-22]. Using medication expenditure data from 2009,
we reported previously that antibiotic expenditures totaled $10.7 billion in the United States,
61.5% from outpatient healthcare settings [23]. The objective of the present study was to
assess trends in overall and class- and agent-specific antibiotic expenditures by healthcare
setting in the United States between 2010 and 2015. A secondary objective was to assess the
proportion of antibiotic expenditures attributable to parenteral formulations.

METHODS

Systemic (ie, inhaled, oral, and parenteral) antibiotic expenditures, from 1 January
2010 through 31 December 2015, were extracted from the QuintilesIMS National
Sales Perspectives database. These data are a statistically valid projection of total
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medication purchases by healthcare settings and public services in the United States and
represent a population-level view of medication expenditures [24]. Systemic antibiotics
were stratified into class (aminoglycosides, cephalosporins, macrolides, miscellaneous anti-
infectives, oxazolidinones, penicillins, quinolones, sulfonamides [includes trimethoprim],
and tetracyclines) as defined by the Uniform System of Classification (https://
www.imshealth.com/files/web/IMSH%20Institute/USC_Classification_Process_2011.pdf).
The “miscellaneous” class includes the carbapenem, polymyxin, glycopeptide,
chloramphenicol, metronidazole, lipopeptide, and lipoglycopeptide subclasses.

Antibiotic expenditures in the community refer to antibiotics sold or administered in
community pharmacies, mail service pharmacies, and outpatient clinics. These expenditures
represent the purchases made by the pharmacy or healthcare setting that dispenses the
prescription. Antibiotic expenditures do not represent patient out-of-pocket costs or costs
covered by insurance on behalf of the patient. Community pharmacies include chain

and independent stores, as well as mass merchandisers and food and convenience stores
with a licensed pharmacy. Pharmacies located in a physician’s office were included with
community pharmacies. Mail service pharmacies included both private-sector and federal
facilities with licensed mail order pharmacies. Mail order pharmacies also included specialty
pharmacies. Clinics included physician offices and outpatient clinics, such as general,
family medicine, specialty clinics, and urgent care centers. Medication expenditures in the
clinic category primarily comprised medications administered in the clinic (eg, intravenous
medications or directly observed therapy) and not traditional prescriptions dispensed by

a pharmacy. Nonfederal hospitals included all non-federally owned facilities licensed as
hospitals, including inpatient treatment and rehabilitation facilities, in addition to general
and specialty acute care institutions. Other nonretail included long-term care facilities,
federal facilities, the Public Health Service, and United States ships at sea. Veterans Affairs
facilities were not included in the federal hospital category after 31 December 2013.

Antibiotics were assessed by year, class, and healthcare setting; total US dollars spent and
proportions within groups were used to characterize expenditures. The dollar values were
reported in the year they occurred (eg, 2010 expenditures were reported in 2010 dollars). In
2014 and 2015, data included the formulation of the agent. Therefore, agents were further
categorized by formulation (oral, injectable) for 2014 and 2015.

To assess the statistical significance of overall trends, as well as trends in the proportion of
expenditures, by healthcare setting and antibiotic class over the study period, simple linear
regression analysis was applied. A Pvalue <.05 was considered significant. SAS version 9.3
(SAS Institute, Cary, North Carolina) was used for data and statistical analysis.

From 2010 through 2015, antibiotic expenditures were $55.9 billion. Expenditures in 2015
($8.8 billion) were 16.6% lower than in 2010 ($10.6 billion) (Table 1). Over the 6-year
period, there was a decline in antibiotic expenditures except for 2013, where an 8.6%
increase was observed (P=.11).
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Expenditures by Healthcare Setting

The majority (59.1%; $33.2 billion) of antibiotic expenditures during the study period

were associated with the outpatient setting. Of the outpatient expenditures, 86.5% were for
prescriptions dispensed in community pharmacies ($28.7 billion), followed by clinics (7.5%
of outpatient expenditures; $2.5 billion) and mail service pharmacies (5.7%; 1.9 billion).
Nonfederal hospitals accounted for 29.3% ($16.4 billion) of overall antibiotic expenditures.
Other nonretail, which includes long-term care and federal facilities, was the smallest
proportion of expenditures (11.6%; $6.5 billion). From 2010 to 2015, the largest growth

in antibiotic expenditures occurred in clinics (148.0% increase; P< .01) and mail service
pharmacies (67.0% increase; P< .01; Table 2), whereas community pharmacies experienced
decreased growth (—37.4%; P < .02). Nonfederal hospitals and other nonretail settings
experienced nonsignificant changes in antibiotic expenditures.

Expenditures by Antibiotic Class

The antibiotic class accounting for the largest proportion of antibiotic expenditures over
the 6 years was the miscellaneous class (21.1% of overall expenditures; $11.8 billion;
daptomycin and vancomycin had the greatest expenditures in this class; Supplementary
Table 1), followed by the tetracyclines (20.9%; $11.7 billion), penicillins (16.4%; $9.1
billion), cephalosporins (10.6%; $5.9 billion), macrolides (9.6%; $5.4 billion), and
quinolones (9.1%; $5.1 billion). Whereas the proportion of expenditures for quinolones
decreased significantly (P =.01) over the study period, expenditures for cephalosporins
and sulfonamides increased (P < .05 for all; Table 3). There were no significant trends in
expenditures for the penicillin, macrolide, tetracycline, aminoglycoside, or oxazolidinone
classes.

When comparing the distribution of expenditures by healthcare setting, the majority of
expenditures for tetracyclines (82.8% of tetracycline expenditures), sulfonamides (74.7%),
macrolides (72.6%), quinolones (71.4%), and cephalosporins (61.9%) were in community
pharmacies (Figure 1). However, mail service pharmacies accounted for the majority of
expenditures for aminoglycosides (47.7%), and nonfederal hospitals had the majority of
expenditures for penicillins (44.7%), oxazolidinones (47.5%), and the miscellaneous class
(51.7%). No antibiotic class predominated in the clinic or other nonretail setting.

The tetracycline and macrolide classes led antibiotic expenditures in the community (31.2%
of outpatient antibiotic expenditures, $10.3 billion; 12.7%, $4.2 billion, respectively). In
nonfederal hospitals, the miscellaneous class accounted for the greatest expenditure of
antibiotics (37.2% of nonfederal hospital antibiotic expenditures; $6.1 billion), followed by
the penicillin class (24.9%; $4.1 billion) (Supplementary Table 2). The miscellaneous class
(41.0%; $2.7 billion) and penicillins (15.9%; $1.0 billion) accounted for the majority of the
other nonretail antibiotic expenditures (Supplementary Table 2).

Expenditures by Agent

The top single antibiotic by expenditure overall was doxycycline ($7.0 billion; 12.5%
of total expenditures), followed by daptomycin ($4.9 billion; 8.8%) and linezolid
($4.4 billion; 7.8%) (Supplementary Table 1). From 2010 to 2015, the proportion of
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expenditures decreased significantly for minocycline (P=.02), levofloxacin (P=.03),

and azithromycin (P =.03), whereas expenditures increased for daptomycin (P=.01)

and linezolid (P =.048) (Supplementary Table 1). In the community, the top agents by
expenditures were doxycycline and minocycline totaling, 19.6% and 10.7% of outpatient
antibiotic expenditures, respectively (Supplementary Table 3). Community expenditures
for minocycline, levofloxacin, azithromycin, and moxifloxacin decreased between 2010
and 2015 (P < .04; Supplementary Table 3). Supplementary Table 4 shows the top

agents by expenditures for the specific healthcare setting within the community. The

agents contributing the most cost in nonfederal hospitals included piperacillin-tazobactam
(16.5% of nonfederal hospital expenditures), daptomycin (18.1%), and linezolid (12.1%)
(Supplementary Table 3). Nonfederal hospital expenditures for daptomycin and ertapenem
increased significantly over the study period (P< .01). Other nonretail settings were similar
to hospitals; daptomycin (20.0% of other nonretail expenditures), linezolid (9.5%), and
ertapenem (8.0%) were the agents with the highest expenditures (Supplementary Table 3).
Ertapenem expenditures in other nonretail settings grew significantly (>101%) from 2010 to
2015 (P<.01).

Expenditures for Outpatient Parenteral Antimicrobial Therapy

In 2014 and 2015, 13.2% ($692.6 million) and 16.5% ($788.8 million) of antibiotic
expenditures in the community, respectively, were for parenteral formulations. The overall
proportion of outpatient parenteral antimicrobial therapy (OPAT) expenditures increased
by 25% in 2015 compared with 2014. Classes with the highest proportion of parenteral
expenditures included the miscellaneous class and aminoglycosides (Figure 2). The largest
growth in OPAT expenditures was for penicillins (71.8% increase), cephalosporins (39.5%
increase), and tetracyclines (37.1% increase). In 2015, 70% of community parenteral
expenditures comprised 5 antibiotics: daptomycin ($229.5 million; 29.1% of OPAT
expenditures), vancomycin ($141.7 million; 18.0%), tobramycin ($96.6 million; 12.2%),
ertapenem ($47.0 million; 6.0%), and penicillin ($45.8 million; 5.9%).

DISCUSSION

We identified a downward trend in antibiotic expenditures from 2010 through 2015. The
majority (59%) of expenditures were in the community, most often community pharmacies.
While our previous analysis reported quinolones as the top medication class by expenditure
[23], the miscellaneous category and tetracyclines represented the majority of expenditures
overall in this analysis. The rise in expenditures for the tetracycline class found in our
study was likely due to January 2013 doxycycline manufacturing issues leading to limited
availability and an increase in wholesale cost [25, 26]. However, after manufacturing issues
were resolved, high doxycycline purchase costs and thus, expenditures persisted into 2015
[27, 28]. These continued high purchase costs are under investigation [27, 28]. Quinolones
had the most dramatic decrease in expenditures over the study period, decreasing by

91.0% (from $2.2 hillion in 2010 to $272.4 million in 2015). This decrease was likely
secondary to levofloxacin and moxifloxacin losing their United States patents in 2011 with
generic formulations available at lower costs [29]. A small number of antibiotics comprised
a significant proportion of expenditures. By expenditure, the top 5 agents (doxycycline,
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daptomycin, linezolid, minocycline, and piperacillin-tazobactam) comprised 40% of overall
antibiotic expenditures. In the outpatient, other nonretail, and nonfederal hospital settings,
the top 5 agents comprised >50% of expenditures in each of these healthcare settings.

Decreasing community expenditures for antibiotics in 2015, as compared with 2010, are
consistent with national data showing decreased antibiotic prescribing in the community,
though on a smaller scale [30, 31]. In this study, antibiotic expenditures from community
pharmacies were reduced by more than one-third. While the decreases in overall antibiotic
prescribing are not on par with the decreasing expenditures, and cannot be directly linked
to one another, our results may be an early indicator that national stewardship initiatives
are improving outpatient antibiotic prescribing. Regardless, community pharmacies still
represented the majority of antibiotic expenditures and, therefore, outpatient stewardship
efforts should remain a priority. While other studies have reported increases in total
hospital medication expenditures [15, 22], our results demonstrate nonsignificant decreases
in nonfederal hospital antibiotic acquisition expenditures.

Overall antibiotic expenditures decreased, but antibiotic expenditures in clinics and mail
service pharmacies increased significantly, nearly doubling over the study period. These
increases, combined with increased tetracycline expenditures, are likely the primary factors
driving the increase in 2013 overall antibiotic expenditures. A sensitivity analysis removing
doxycycline expenditures from total expenditures found that overall expenditures would
have decreased by an additional 3.9% (16.6% in the original analysis vs 20.5% in the
sensitivity analysis). Increases in clinic and mail service pharmacy antibiotic expenditures
is consistent with total medication expenditure data, which demonstrated 13% and 24%
increases, respectively, in 2014 and 2013. Increased antibiotic expenditures from mail
service pharmacies could be a reflection of increasing use of the mail service pharmacy
sector to fill prescriptions for chronic use of antibiotics for acne and other indications. Clinic
expenditures represent clinic-administered medications (intravenous, directly observed
therapy, associated with a procedure) and may indicate increasing use of OPAT. In addition,
urgent care centers were included in the clinic category and may similarly administer
parenteral medications. The rapid expansion of urgent care centers may be another factor
driving antibiotic expenditures in this category.

Although data are limited, it has been suggested that the use of OPAT is increasing [32].
Our results indicate that although overall antibiotic expenditures decreased, community
expenditures for parenteral formulations increased. Increasing community parenteral
formulation expenditures are likely explained by increased prescribing of OPAT. Many

of the agents comprising the majority of OPAT expenditures were also the top agents in
nonfederal hospitals. This likely indicates continuation of antibiotic therapy initiated in the
acute care setting postdischarge. Studies have estimated that 34%-41% of OPAT courses are
inappropriate, specifically excessive durations and failure to use effective oral agents [33,
34]. There are likely opportunities to implement antibiotic stewardship interventions at the
time of hospital discharge focused on OPAT.

Our results are not without limitations. Our data source captured >90% of all medication
expenditures; approximately 10% of expenditures are extrapolated to provide estimates of
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total US expenditures. However, we would not expect the small proportion of extrapolated
estimates to have a major impact on our conclusions. In addition, Veterans Affairs (VA) data
were not available for 2 (2014-2015) of the 6 years of the study period. Previous analyses
have found that these missing data did not significantly impact conclusions regarding overall
medication expenditures [15, 18]. However, for our analyses, the growth observed in the
other nonretail sector was likely greater than our results indicate without data from VA
facilities. The change in generic availability of a product, medication shortages, and inflation
also likely had an impact on our findings. Adjusting results for inflation to 2015 dollars,
expenditures decreased by 22.8% (compared with 16.6%). In addition, intravenous drugs are
significantly more expensive than oral formulations [35]. Antibiotic expenditures are not an
accurate proxy of use by setting, as intravenous antibiotics are typically more expensive than
oral antibiotics and are much more commonly used in hospitals.

In other countries with comprehensive prescription data, most (approximately 90%)
antibiotic use is in the community [36, 37]. This is similar to our findings using US
expenditure data where the majority of antibiotic expenditures were in the community.

A recent report describing antibiotic use in medical clinics and emergency rooms in the
United States estimated that at least 30% of antibiotics prescribed in community settings
are unnecessary [3], highlighting a great need for improvement. The reductions in antibiotic
expenditures reported here may also reflect decreases in antibiotic use due to antibiotic
stewardship. National population-level data from antibiotic prescriptions dispensed in the
community indicate decreases in population-based antibiotic prescription rates in 2011 and
2014 [31, 38]. Thus, this decrease in antibiotic use partially explains decreased expenditures
observed in the community from 2010 to 2015 [31, 38]. National stewardship efforts
focused on community settings have been increasing in the United States. This includes

a national goal to decrease unnecessary antibiotic prescribing, measure outpatient antibiotic
use, identify core elements essential for outpatient stewardship, and provide stewardship
resources and educational opportunities [3, 38-40].

CONCLUSIONS

Antibiotic expenditures decreased from 2010 through 2015. The majority of antibiotic
expenditures were associated with the community. Decreases in community expenditures

are consistent with national decreases in outpatient antibiotic use. Increasing expenditures
for OPAT may be an indication of limited oral treatment options for infections caused

by multidrug-resistant organisms. These results suggest an opportunity for additional cost
savings with the increase focus on antibiotic stewardship in all healthcare settings, especially
in the community and at the time of hospital discharge.
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Figure 1.
Antibiotic class expenditures stratified by healthcare setting, 2010-2015. Community

pharmacies (gray background with white dots), mail service pharmacy (solid black),
nonfederal hospitals (solid white), other nonretail (white and black checkerboard), clinics
(solid dark gray). Denominator equals total dollars in the respective antibiotic class.
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Figure2.
Annual proportion of antibiotic expenditures and percentage growth for parenteral

formulations overall and by class in the community, 2014 (solid light gray) and 2015 (solid
black). Community is defined as community pharmacies, mail order pharmacies, and clinics.
For this analysis, oxazolidinones were grouped with the miscellaneous class.
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Antibiotic Expenditures Overall and by Year in Healthcare Settings in the United States, 2010-2015

Table 1.

Year Antibiotic Expenditures (in Millions) % Growth
2010 $10 569

2011 $9788 -7.4

2012 $8436 -13.8
2013 $9163 8.6

2014 $9095 -0.7

2015 $8810 =31

Total expenditures, 2010-2015  $55 861 -16.6

4p= 1119 for trend.
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