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OBJECTIVERrevious analyses of data from 3 large health plans suggested that the substantial
downward trend in antibiotic use among children appeared to have attenuated by 2010.
Now, data through 2014 from these same plans allow us to assess whether antibiotic use
has declined further or remained stable.

METHODBopulation-based antibiotic-dispensing rates were calculated from the same health
plans for each study year between 2000 and 2014. For each health plan and age group, we
fit Poisson regression models allowing 2 inflection points. We calculated the change in
dispensing rates (and 95% confidence intervals) in the periods before the first inflection
point, between the first and second inflection points, and after the second inflection point.
We also examined whether the relative contribution to overall dispensing rates of common
diagnoses for which antibiotics were prescribed changed over the study period.

RESULTWe observed dramatic decreases in antibiotic dispensing over the 14 study years.
Despite previous evidence of a plateau in rates, there were substantial additional decreases
between 2010 and 2014. Whereas antibiotic use rates decreased overall, the fraction of
prescribing associated with individual diagnoses was relatively stable. Prescribing for
diagnoses for which antibiotics are clearly not indicated appears to have decreased.

cONcLUsIOMhese data revealed another period of marked decline from 2010 to 2014 after
arelative plateau for several years for most age groups. Efforts to decrease unnecessary
prescribing continue to have an impact on antibiotic use in ambulatory practice.
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The Centers for Disease Control and
Prevention (CDC) estimates that

2 million individuals in the United
States acquire antibiotic-resistant
infections each year.! These include
organisms that are found primarily in
hospitalized patients but also those
commonly carried in the community
(eg, Streptococcus pneumoniae).??
Although many factors promote
resistance, experts agree that the
high frequency of use of antibiotics
in outpatient settings contributes
directly to resistance in the
community.*-6

Public health officials, professional
societies, and researchers have been
on a decades-long quest to decrease
unnecessary antibiotic use in both
children and adults as a way to slow
the spread of resistant pathogens.”?
Guidelines have been developed

and implemented by professional
societies for key conditions,0-13
large-scale clinician and patient
education interventions have been
employed,'*-1¢ and other clinician
behavior change interventions have
been tested.!”18 The CDC has recently
summarized the action steps that can
result in more judicious prescribing
in outpatient settings that
complement recommendations for
in-hospital antibiotic stewardship.!?

Although antibiotic resistance
continues to be a major public

health concern, patterns of antibiotic
use have changed substantially

for children in outpatient settings
from the mid-1990s. For example,
data from the National Ambulatory
Medical Care Survey documented
decreasing rates of prescribing to
children in this time frame.20.21

We, and others, have measured
dispensing rates in the defined
populations of health plans and have
also documented substantial declines
in young children since 1996.22.23 A
previous analysis by this research
team, on the basis of data from 3
large health plans, suggested that this
downward trend in antibiotic use
appeared to be over or at least had

significantly attenuated by 2010.24
Now, data have become available
through 2014 from these same plans.
Our purpose with this study was to
assess whether antibiotic use had
declined further, rebounded, or
continued at the levels seen in 2010.

METHODS

For this study, we analyzed data
through 2014 from 3 commerecial
health plans located in New England
(A), the Mountain West (B), and the
Midwest (C) regions of the United
States. Data from these 3 plans have
been monitored since 2000. Over
this period, we have used consistent
methods for determining rates and
trends of antibiotic use (overall and
by class) and assigning diagnoses

to dispensing events.2324 Plan A is

a commercial health insurer that
reimburses care provided by a large
network of affiliated practices; Plan B
is an integrated health care delivery
system including a multispecialty
group practice; and Plan C is an
insurer with both an integrated
health care delivery system and
affiliated network practices.

The study included children 3
months to <18 years of age enrolled
for a minimum of 7 consecutive days
with concurrent pharmacy benefits.
The data presented here include the
period from September 2000 through
August 2010 that were previously
published?* and extends data
through August 2014. For readability,
we have, in places, abbreviated the
label for the 2000-2001 year as
“2000” and the 2013-2014 year as
“2014.” This study was approved

by the Institutional Review Board

of Harvard Pilgrim Health Care;
institutional review board oversight
was ceded to Harvard Pilgrim Health
Care by the 2 other health plans.

Data Collection

Data collection methods have
previously been described in
detail.23:24 Briefly, each study year

was defined as the 12 months from
September 1 to August 31 so that
only 1 respiratory illness season

was included. Using enrollment and
disenrollment files, we calculated the
number of days a subject contributed
in each study year to each of the age
categories of 3 to <24 months, 2 to <4
years, 4 to <6 years, 6 to <12 years,
and 12 to <18 years. An individual
could contribute data to multiple

age groups as they aged, and some
contributed to 2 age groups in a
single year.

Oral antibiotics dispensed were
identified in pharmacy claims data
by using their National Drug Codes
(updated as new products became
available). Antibiotics were grouped
into first-line penicillins (ie, penicillin
v potassium, amoxicillin), amoxicillin-
clavulanate, erythromycin,
second-generation macrolides
(azithromyrcin, clarithromycin), and
first-generation (eg, cephalexin),
second-generation (eg, cefuroxime),
and third-generation (eg, cefdinir,
cefixime) cephalosporins. Other oral
antibiotics were grouped as “Other,”
except for the tetracycline class for
adolescents, which was analyzed as
a separate group in this age stratum
only. Antitubercular, antihelminthic,
parenteral preparations, and topical
antibiotics were excluded.

Insurance claims for in-person
ambulatory, urgent care, and
emergency department encounters
were linked with antibiotic
dispensings. The diagnosis assigned
at the most recent visit was assigned
to the antibiotic dispensing. A
previously described algorithm

was used to identify a primary
International Classification of Diseases
diagnosis for each visit in cases for
which 2 or more diagnoses were
listed. This algorithm, previously
published,?? was used to prioritize
respiratory tract diagnoses that
would likely be treated with an
antibiotic (eg, pneumonia, otitis
media, etc) over less common
urinary tract and skin and/or soft
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tissue infections and over infections
that would not be treated with an
antibiotic (eg, viral illness). If no
visit occurred in the 3 days before an
antibiotic dispensing, the dispensing
was classified as “unlinked.”

Data Analysis

Within each age group, we calculated
population-based antibiotic
dispensing rates (number of
antibiotic dispensings divided by the
number of person-years aggregated
across individuals) by health plan
for each study year. Overall percent
declines in total antibiotic rates (with
95% confidence intervals) between
the first and last study years were
calculated for each age group and for
each health plan.

With our previous analysis,?* we
used the Akaike information criterion
(AIC) to select a single inflection
point in the decline in antibiotic

use rates between 2000-2001 and
2009-2010 for each health system
and age category. In that analysis,

we first fit Poisson regression
models that accounted for person-
years enrolled. Each model allowed
separate linear slopes in the years
preceding and the years after a
particular year in the interval
between 2000-2001 and 2009-2010.
The models differed by the year set
as the inflection point with all years
in this interval considered. The AIC
was then used to select among these
possible 2 slope models. The model
with the smallest AIC provides the
best balance between goodness of fit
and overfitting. In that analysis, the
postinflection periods identified each
revealed a slower rate of decline in
antibiotic use (leveling off) compared
with the preinflection period.24

In the current analysis, we used
similar methods to determine
whether the antibiotic use trends
continued across health plans and
age groups through 2014. Using all
data available between 2000-2001
and 2013-2014 for each health
plan and age group, we fit multiple

TABLE 1 Antibiotic Dispensing Rates per Person-Year in 3 US Health Plans in 2000-2001 and 2013—
2014, With Observed Percent Decrease Between Years

Age Group, mo Plan Rate Rate % Decrease From 2000-2001 to 2013-2014
2000-2001 20132014 (95% Cl)

3—<24 A 227 1.21 46.5 (45.5t0 47.5)
B 1.40 0.66 52.6 (51.2to 54.1)
C 223 1.22 45.2 (44.3t0 46.1)
24—<48 A 1.54 0.89 41.9 (40.7 to 43.1)
B 0.88 0.47 46.1 (44.2t0 48.0)
C 1.35 0.78 42.4 (41310 43.6)
48—<72 A 1.35 0.79 41.7 (40.5 to 43.0)
B 0.71 043 39.7 (37.5t0 41.9)
112 0.65 415 (402 t0 42.7)
72—<144 A 0.88 0.52 40.8 (39.9t0 41.6)
B 0.47 0.32 33.2 (31.6t0 34.8)
C 0.79 0.47 40.6 (39.8t0 41.4)
144-<216 A 0.85 0.62 27.1 (26.1t0 28.0)
B 0.50 0.40 19.8 (18.0to 21.5)
C 0.75 0.49 34.9 (34.0to 35.8)

Poisson regression models but now
allowed up to 2 inflection points.
We considered the first inflection
point that had been identified in

our previous analysis (at which the
rate of decline generally slowed).
Each model differed by the location
of the second inflection point, with
all years between the first inflection
point and 2013-2014 considered.
The 3-slope model with the smallest
AIC was selected as the final 3-slope
model. In each case, we conducted a
likelihood ratio (LR) test comparing
the final 3-slope model to the
2-slope model that included only the
inflection point from our previous
analysis. Our null hypothesis was
that the 3-slope model would not

fit the data significantly better than
the 2-slope model. We rejected

this null hypothesis for LR test P
values <.05. On the basis of the final
models for each plan and age group,
we calculated the per-year percent
change in dispensing rates in each
of the 3 periods (along with 95%
confidence intervals), that is the
period before the first inflection
point, the period between the first
and second inflection points, and the
period between the second inflection
point and 2013-2014.

In addition to the examination of
overall rate changes over time, we
also examined whether the relative
contribution to overall dispensing
rates of common diagnoses for which
antibiotics were prescribed changed
over this period. These diagnoses
included otitis media; pharyngitis;
sinusitis; viral respiratory tract
infections; pneumonia; acne;

and a composite of urinary tract
infection (UTI), skin and/or soft
tissue infection, and other bacterial
infections. All analyses were
conducted by using SAS 9.3 (SAS
Institute, Inc, Cary, NC).

RESULTS

The period analyzed from 2000 to
2014 included 6 232 060 person-
years of observation among children
0 to 18 years of age. Table 1 and Figs
1 and 2 show the observed decrease
in antibiotic dispensing over this
14-year period in all 3 health plans.
As expected, the highest prescribing
rates were in the youngest age
group. Consistent with findings in
the previous studies in these health
plans,2# antibiotic dispensing rates
continued to be markedly lower in
the integrated delivery system health
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FIGURE 1

Decline in antibiotic dispensing per person-year from 2000-2001 to 2013—2014 in 3 US health plans,
by age group, with statistically identified changes in slope demarcated by geometric shapes (circles,
squares, triangles) for each of the health plans, respectively. A, Patients 3 to <24 months. B, Patients

2to <4 years old.

plan in the Mountain West (Plan B)
through 2013-2014.

Although it previously appeared that
the decline in antibiotic use in all 3
plans had plateaued by 2009-2010,
there were clear and substantial
additional decreases between
2009-2010 and 2013-2014 (Figs 1
and 2). In all age groups and health
systems, LR P values comparing
the final 3-slope model to a 2-slope
model were <.05. Thus, results
reported in all cases are based on

a 3-slope model. With Table 2, we
report, by age group and health
plan, the estimated percent decline
in antibiotic use rate per year along
with 95% confidence intervals on
the basis of the 3-slope Poisson

regression model in the years

before the first inflection point, the
years between the first and second
inflection points, and years after the
second inflection point. In almost
every age group and health system,
there was an identifiable period

of flattening, followed by steeper
decline. The second inflection point
was selected between 2009 and 2012
in all but 1 age group in health plan
B. For example, in children 3 to <24
months of age, before inflection 1,
the estimated decline ranged from
5.0% to 9.3%; in the plateau period,
estimated declines ranged from
—0.15% to 2.3%; and after the second
inflection, the estimated declines
were observed to be 6.9% to 7.9% in
the 3 health plans. Similar patterns

are observed in other age groups. The
lower bound of the 95% confidence
interval for percent decline per year
in years before the first inflection
point and after the second inflection
point excluded 0 across all age
groups and health systems.

The number of dispensings per
person-year for the common
diagnoses is shown in Fig 3. Among
children <2 years of age, we found
that, although the overall rate of
antibiotic prescribing for otitis has
decreased dramatically (by 47%
between 2000-2001 and 2013-
2014), the fraction of all prescribing
associated with otitis media was
stable (63.8% in 2000-2001 and
64.5% in 2013-2014). In all children
>2 years of age, the fraction of
antibiotics prescribed for otitis media
decreased modestly over the study
period. Other bacterial infection
diagnoses (pneumonia, UTI, or soft
tissue infection) increased as a
fraction of antibiotics prescribed, as
did pharyngitis (except in children
12-18 years old). The fraction of
antibiotics associated with diagnoses
of viral illnesses decreased in

all age groups. As has been seen
previously,2324 we were not able

to link all antibiotic dispensings

to a visit. The fraction of unlinked
encounters decreased in every age
group since 2000-2001 except

for the 12- to 18-year-old group.
Understanding the reasons behind
this decrease would require more
detailed information than is available
through health plan claims data but
may include less prescribing over the
phone (without an in-person visit)
as providers have become generally
more judicious in their antibiotic
prescribing. All changes in the
relative frequency of diagnoses must
be interpreted in the context of the
dramatic decreases in antibiotic use
presented above.

We also analyzed dispensings
according to antibiotic class
(Supplemental Figs 4-8). While
penicillins (eg, amoxicillin) account
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for a large fraction of antibiotics
dispensed, their use has decreased
along with overall antibiotic
dispensing rates. Concern has been
focused more on broad-spectrum
antibiotics whose use increased
between 2000-2001 and 2009-2010.
In this analysis, we observed that
second-generation macrolide (eg,
azithromycin) use has dropped
markedly since 2009-2010 (between
~35% and 49%) in the 2 plans that
had relatively high use. The health
plan that has historically had the
most judicious antibiotic prescribing
had slight increases in absolute
prescribing of second-generation
macrolides but still had the lowest
rates of dispensing of these agents
among the 3 plans. Third-generation
cephalosporin use increased
markedly from 2000-2001 to 2009-
2010 (depending on the particular
health plan). Since 2009-2010, we
observed small relative changes
(increases and decreases) that varied
by age group and health plan, but
overall did not see further substantial
increases in their use.

DISCUSSION

Previous research, using multiple
data sources, documented declines
in antibiotic use among children
beginning in the 1990s.20-23 Data
from the 3 health plans studied here
previously revealed that the rate of
decrease in antibiotic use had slowed
in the several years before 2009—
2010.24 To our surprise, inclusion
of more recent data (2010-2011 to
2013-2014) from the same health
plans showed a period of marked
decline after this relative plateau
for most age groups. In general, the
second period of substantial decline
started between 2008-2009 and
2011-2012, depending on age and
health plan. In aggregate, this has
resulted in overall declines across all
3 health plans from 2000-2001 to
2013-2014 of 40% to 50% among
children <6 years old, who have the
highest rates of antibiotic use of any
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FIGURE 2

Decline in antibiotic dispensing per person-year from 2000-2001 to 2013-2014 in 3 US health plans,
continued: by age group, with statistically identified changes in slope demarcated by geometric
shapes (circles, squares, triangles) for each of the health plans, respectively. G, Patients 4 to <6
years old. D, Patients 6 to <12 years old. E, Patients 12 to <18 years old.

age group. Declines in the range of
20% to 40% were observed in older
children and adolescents.

This is good news from the
perspective of all those concerned

about antibiotic resistance. It is
reasonable to assume that attention
by public health officials, the lay
press, and professional organizations
have all contributed to declines in
outpatient antibiotic use by children.
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TABLE 2 Estimated Decline in Antibiotics Dispensed per Person-Year in 3 US Health Plans During 3 Periods Demarcated by Changes in Slope Between

2000-2001 and 2013-2014

Age Group Plan Inflection 1 Inflection 2 Preinflection 1% Decline per Between Inflection 1% and Postinflection 2% Decline

Year (95% Cl) 2% Decline per Year (95% Cl) per Year (95% Cl)
3—<24 mo A 2004-2005 2010-2011 5.01 (4.73 t0 5.30) 2.26 (2.06 to 2.47) 7.87 (7.36 0 8.38)
B 2003-2004 2009-2010 9.27 (8.58 10 9.95) 221 (1.86 t0 2.55) 6.95 (6.37 to 7.52)
C 2003-2004 2008-2009 7.53 (7.15t0 7.91) —0.15 (—0.37 t0 0.071) 7.41(7.18t0 7.64)
2-<4y A 2001-2002 2011-2012 7.69 (6.43108.92) 2.60 (2.48t0 2.73) 8.97 (8.15t0 9.79)
B 2008-2009 2009-2010 4.40 (4.1 t0 4.69) —1.92 (—4.40t0 0.50) 6.76 (6.01 to 7.50)
C 2003-2004 2008-2009 7.58 (7.12t0 8.05) —0.67 (—0.94 to —0.40) 6.89 (6.62t0 7.17)

4—<By A 2004-2005 2011-2012 4.64 (4.3110 4.96) 1.67 (1.47 to 1.86) 10.81 (9.94 to 11.67)
2006-2007 2009-2010 4.30 (3.87 to 4.73) 2.16 (1.30 to 3.00) 5.47 (4.73 10 6.20)

C 2003-2004 2010-2011 5.51 (5.01 to 6.00) 0.80 (0.60 to 1.00) 11.18 (10.68 to 11.68)

6-—<12y A 2004-2005 2011-2012 413 (3.91 0 4.35) 1.02 (0.87 to 1.15) 13.90 (13.35 to 14.45)
B 2001-2002 2004-2005 7.72 (5.71t0 9.70) 0.84 (0.24 to 1.44) 3.83 (3.66 to 4.01)

C 2003-2004 2010-2011 6.95 (6.62 to 7.27) —0.52 (—0.66 to —0.38) 12.90 (12.56 to 13.23)
12—<18y A 2007-2008 2011-2012 1.70 (1.58 to 1.83) —0.77 (—1.00 to —0.54) 9.45 (8.91 t0 9.99)
B 2001-2002 2009-2010 6.37 (4.66 to 8.06) 0.11 (—0.070 to 0.29) 3.93 (3.56 t0 4.30)
C 2003-2004 2009-2010 5.00 (4.66 to 5.34) —125 (—1.41t0 —1.09) 8.57 (8.32t0 8.81)

250 Unlinked encounters for diagnosis and the option for
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FIGURE 3

Diagnosis categories associated with antibiotic dispensing in 3 US health plans in 2000-2001 and

2013-2014, by age group (months).

Specific interventions included
national campaigns (led by the US
CDC)? and statewide interventions
conducted as research or public
health interventions.'* The largest
contribution to decreasing antibiotic

use among children before 2010,
however, was likely the changing
thresholds for diagnosis of otitis
media, as well as studies suggesting
observation without antibiotics

for selected cases. Standards

observation without antibiotics for
some patients were both included
in American Academy of Pediatrics
guidelines for the diagnosis and
treatment of acute otitis media in
2004.26 The proximate cause of the
second wave of declines after 2010
observed here is less clear. Updated
American Academy of Pediatrics
guidelines for acute otitis media were
released in 2013 that continued to
allow observation without antibiotics
for selected patients with nonsevere
illness, depending on age, but

with greater focus on the need for
diagnostic certainty.!? On the basis
of the data analyzed here we cannot
comment on the specific contribution
to decreasing rates of otitis media
from the serotypes included in the
13-valent pneumococcal conjugate
vaccine released in 2010. However,
the decreased risk of serious
bacterial infection among febrile
infants and toddlers, because of
pneumococcal (and other) vaccines,
is now ingrained in the risk
assessment of clinicians and has
had, we believe, contributed to the
decrease in antibiotic prescribing
over time. In addition, antibiotic-
resistant organisms continue to be
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the subject of frequent media reports
that may drive changes in perceived
parental requests for antibiotics.
New antibiotic stewardship
programs that are focused primarily
on resistant organisms in hospital
settings may have also played
arole. Given the range of factors
driving inappropriate prescribing?’
and the myriad forces promoting
more judicious prescribing, it

will likely be impossible, in fact, to
isolate a particular cause of

the decline after 2010. What we
observe in these and other data
may merely represent the nonlinear
nature of change in parental
expectations and physician practice,
as both become more accustomed to
new approaches to treating minor
infections.

From 2009-2010 to 2013-2014, we
also saw good news related to the
use of broad-spectrum macrolides
and cephalosporins, after marked
increases in the decade before.
Neither of these is considered first-
line treatment of most common
infections. Although recent work on
antibiotic selection for pneumonia
continues to highlight this
problem,?8 their use appears to

be decreasing in the health plans
studied here.

The data source used in this study
has both strengths and limitations.
The data reported here extend only
through 2014 and may not reflect

more recent changes in antibiotic
use particularly in light of continuing
attention to antibiotic stewardship
in both inpatient and community
settings. Health plan dispensing data
reliably includes actual dispensing
events (which is more proximal to
actual ingestion than prescribing but
not as closely linked to prescriber
behavior). Although our methods
exclude plan members without
pharmacy coverage as part of

their insurance benefit, dispensing
data will not include medicines
purchased solely out of pocket or
that are not covered by insurance
for other reasons. Furthermore,
typical pharmacy insurance claims
do not include the diagnosis for
which the agent was prescribed.

Our assignment of diagnoses to
dispensing events based on the
most recent ambulatory visit claim
(which does have a diagnosis code)
may misclassify a small fraction of
the diagnoses. Finally, these 3 health
plans may not be representative of
practice across the United States. In
particular, the south region of the
United States is not represented

by these health plans; this region
has been shown to have high

rates of antibiotic prescribing for
several age groups.?’ However,

the large amount of data from the
same plans over the course of the
entire 14-year study period allows
important observations about
changes over time in antibiotic use in

3 geographically dispersed US health
plans.

We believe that child health
professionals can be justifiably
proud of the major change in practice
that has occurred in outpatient
prescribing of antibiotics. We do
not, however, mean to imply that
the job is done. Antibiotic resistance
in both hospital and community
settings remains a serious threat to
public health. A substantial fraction
of antibiotic prescribing in all age
groups remains unnecessary.2?
Recognizing that more work to
promote judicious prescribing was
warranted, the federal government
launched a new action plan to combat
antibiotic resistance, led by the US
CDC.>25 The data from one of our
health plans, with rates consistently
lower than the others, suggest that
further reductions in antibiotic use
are still possible while maintaining
the benefits of this life-saving

class of medications. However, we
appear to be getting closer to the
elusive balance between eliminating
unnecessary prescribing, while
treating illnesses for which there is
evidence of benefit.
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