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WHAT’S KNOWN ON THIS SUBJEGT: Overall antibiotic prescribing
rates for children declined throughout the 1990s and early 2000s.
These declines were concurrent with changes in practice related
to acute otitis media, the most common reason for antibiotic
treatment in young children.

WHAT THIS STUDY ADDS: The downward trend in antibiotic-
dispensing rates to young children in 16 Massachusetts
communities ended by 2004—2005 and remained stable thereafter.
This trend was driven by a declining otitis media diagnosis rate.
Antibiotic treatment of diagnosed otitis media remained constant/

N
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OBJECTIVE: Antibiotic use rates have declined dramatically since the
1990s. We aimed to determine if, when, and at what level the decline in
antibiotic-dispensing rates ended and which diagnoses contributed to
the trends.

METHODS: Antibiotic dispensings and diagnoses were obtained from 2
health insurers for 3- to <<72-month-olds in 16 Massachusetts
communities from 2000 to 2009. Population-based antibiotic-dispensing
rates per person-year (p-y) were determined according to year
(September—August) for 3 age groups. Fit statistics were used to
identify the most likely year for a change in trend. Rates for the first
and last years were compared according to antibiotic category and
associated diagnosis.

RESULTS: From 2000-2001 to 2008-2009, the antibiotic-dispensing
rate for 3- to <24-month-olds decreased 24% (2.3—1.8 antibiotic
dispensings per p-y); for 24- to <<48-month-olds, it decreased 18%
(1.6-1.3 antibiotic dispensings per p-y); and for 48 to <72-month-
olds, it decreased 20% (1.4—1.1 antibiotic dispensings per p-y). For 3-
to <48-month-olds, rates declined until 2004—2005 and remained stable
thereafter; the downward trend for 48- to <<72-month-olds ended
earlier in 2001-2002. Among 3- to <24-month-olds, first-line penicillin
use declined 26%. For otitis media, the dispensing rate decreased 14%
and the diagnosis rate declined 9%, whereas the treatment fraction
was stable at 63%.

CONCLUSIONS: The downward trend in antibiotic dispensings to young
children in these communities ended by 2004—2005. This trend was
driven by a declining otitis media diagnosis rate. Continued monitoring
of population-based dispensing rates will support efforts to avoid
returning to previous levels of antibiotic overuse. Pediatrics
2012;130:15-22
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Overall antibiotic-prescribing rates for
children in the United States declined
throughout the 1990s and early 2000s':2
as a result of awareness by providers?
and parents* of the growing problem of
antibiotic resistance. Specific campaigns
to promote judicious antibiotic use
likely made important contributions
to this dramatic change in pediatric
practice.57 A recent National Ambula-
tory Medical Care Survey (NAMCS) study
measured a 10% decline in antibiotic-
prescribing rates among <15-year-olds
between 1993—1994 and 2007—2008, with
rates stable after 1999-2000.8 However,
uncertainties remain as to whether the
overall decline in antibiotic use in young
children has ended and, if it has,
whether current use appropriately bal-
ances benefits and harms for individu-
als and populations. Furthermore, use
of certain antibiotic classes, particu-
larly broad-spectrum agents, increased
inthe 1990s,91% and little is known about
the continuing trends in use of these
agents.

Overall decreases in antibiotic use have
been concurrent with changes in prac-
tice related to acute otitis media (AOM),
the most common reason for antibiotic
treatment in young children.'” National
population-based antibiotic prescription
rates for AOM declined throughout the
1990s," although prescribing of broad-
spectrum antibiotics for AOM increased
from 1998 to 2004.'2 In 2004, the Amer-
ican Academy of Pediatrics and the
American Academy of Family Physicians
released new clinical practice guidelines
for AOM diagnosis and management.'!
The guidelines included renewed atten-
tion to diagnostic criteria and allowed
for an “observation” option, which en-
tailed deferring antibacterial treatment
of selected children for 2 to 3 days.
However, adoption of this practice has
been limited.’3'* When antibiotic treat-
ment is warranted, amoxicillin is gen-
erally recommended as the firstline
treatment.1®
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Trends in overall antibiotic use among
Massachusetts children have mirrored
nationwide trends, and a substantial
decreasing trend was previously docu-
mented inthis population in 1998—2003.
The objectives of this study were to: (1)
determine if, when, and at what level the
decline in annual antibiotic-dispensing
rates in young children ended between
20002001 and 2008—2009; and (2) de-
termine which antibiotic categories and
diagnoses substantively contributed to
the observed trends.

METHODS
Setting

The study population consisted of chil-
dren aged 3 to <72 months residing in
any of 16 communities in Massachusetts
who were members of either of 2 com-
mercial health insurance plans: Blue-
Cross and BlueShield of Massachusetts
or Harvard Pilgrim Health Care. We in-
cluded patients enrolled for at least 90
days during 9 years (September 2000—
August 2009). Data from September
2003 to August 2004 were excluded from
1 health plan because of incomplete
data availability. This study was approved
by the institutional review board of Har-
vard Pilgrim Health Care, which deter-
mined that informed consent was not
required.

The 16 geographically distinct commu-
nities were part of a cluster-randomized
trial from 1998 to 2003 of a community-
level intervention to promote judicious
antibiotic prescribing for children.” The
selection and population size of these
communities have been reported pre-
viously.'8 All communities from the prior
study were included because dispens-
ing rates were not significantly lower in
intervention communities than control
communities across the current study
period.

Data Collection

The total number of days each child
was enrolled within each age group

(3—<<24-month-olds, 24—<<48-month-
olds, and 48—<<72-month-olds) in 1 of
the health plans each year was deter-
mined by using enrollment files, then
divided by 365; the denominator of all
population-based rates was aggregate
person-years (p-y) within each age
group and study year. As children aged
during the study period, they were
allowed to cross age group bound-
aries and therefore could contribute
to multiple study years and up to 2 age
categories in a given study year. Claims
data were used to identify oral antibiotic
dispensings (primary prescriptions and
refills) and diagnoses assigned during
clinic and emergency department visits
according to International Classifica-
tion of Diseases, Ninth Revision codes.
Each dispensing was linked to the di-
agnosis assigned during the most re-
cent outpatient visit in the previous 3
days, if one occurred. If no visit occurred
in this time frame, the dispensing was
classified as “unlinked.”

Oral antibiotics were identified by using
a list of National Drug Codes based on
the 2008 Healthcare Effectiveness Data
and Information Set'” and the American
Hospital Formulary Service Drug In-
formation'8 via First DataBank.’ These
drugs were then classified into 7 cat-
egories (Table 1).

International Classification of Diseases,
Ninth Revision diagnosis codes were
classified into 8 groups: pneumonia
(033.0,033.9,041.81, 480486, and 487.0);
otitis media ([OM] 381-382, and 384.0—
384.2); pharyngitis, including tonsillitis,
scarlet fever, and Streptococcus infec-
tion (462, 463, 034, and 041.0); sinusitis
(461 and 473); bronchitis (466.0 and
490); a composite group of other bacte-
rial diseases, including urinary tract in-
fections, meningitis, and sepsis; viral
diseases, including upper respiratory
tract infection, common cold, viral pneu-
monia, and bronchiolitis; and “other,”
which included all remaining diagnoses.
If >1 diagnosis was recorded for a visit,



TABLE 1 Categories of Oral Antibiotics Commonly Used in the Pediatric Qutpatient Setting

Antibiotic Category

Generic Name

First-line penicillin
Second-line penicillin
First-generation macrolide
Second-generation macrolide
Cephalosporin

Amoxicillin, ampicillin, dicloxacillin, oxacillin, penicillin V potassium
Amoxicillin-clavulanate

Erythromycin, erythromycin-sulfisoxazole

Azithromycin, clarithromycin

Cefaclor, cefadroxil, cefdinir, cefditoren, cefixime, cefpodoxime,

cefprozil, ceftibuten, cefuroxime, cephalexin, cephradine

TMP/SMX

Trimethoprim-sulfamethoxazole

Other Ciprofloxacin, clindamycin, doxycycline, gatifloxacin, gemifloxacin,
levofloxacin, linezolid, lomefloxacin, loracarbef, metronidazole,
minocycline, moxifloxacin, nitrofurantoin, norfloxacin, ofloxacin,
sulfisoxazole, telithromycin, tetracycline, trimethoprim,

vancomycin

a primary diagnosis was assigned, giv-
ing priority to diagnoses for a potential
bacterial source.20

Data Analysis

All analyses were stratified according to
age group (3—<<24-month-olds, 24—<48-
month-olds, and 48—<<72-month-olds). An-
nual population-based antibiotic-dispensing
rates (number of antibiotic dispensings
divided by number of p-y) with 95%
confidence intervals were determined
for each age group by year. Years were
defined as September 1 to August 31
of the following calendar year, to cor-
respond with the new school year and
respiratory illness season. By analyzing
annual rates, we controlled for sea-
sonal variability in antibiotic use. To
account for clustering of data within
communities, generalized estimating
equations?'22 were used, assuming a
negative binomial distribution for an-
tibiotic dispensings.

The annual overall dispensing rate for
each age group during the study period
was inspected for a change in the
linear trend. We used “hockey stick”
regression?® within each age group to fit
2 distinct linear trends over time. Briefly,
this method allows detection of a de-
viation from a simple linear trend, by
dividing the overall study period into 2
subperiods with different linear slopes.
We identified the most likely year, if any,
for a change in trend by using the quasi-
likelihood information criterion.2* We
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thentested the null hypothesis of a single
linear trend in the whole period against
the alternative of a change in linear trend
in this “most likely” year.

Our goal was to understand if the ob-
served trend in overall antibiotic dis-
pensings was the result of changes
among frequent users (eg, children who
would have previously received =5
dispensings peryear now receiving only
4), changes among occasional users, or
changes among users equally distrib-
uted across the frequency distribution.
To discriminate among these possibili-
ties, the predicted probability of the
average person in each age group re-
ceiving 0, 1, 2, 3, 4, or =5 dispensings
per year was determined for the first
and last study years by fitting an ordinal
logistic regression model across the 6
levels of dispensing frequency. To ac-
count for individuals enrolled for partial
years, this model included seasonality
adjustments with the following indepen-
dent variables: age and age-squared at
enrollment start, categorical study year,
sine and cosine of the enrollment day of
the study year (eg, being enrolled on
September 1, 2001, would result in sine
[1] and cosine [1]), and the interactions
of total days by sine and cosine of the
enroliment day of the study year.

We also estimated rates stratified
according to antibiotic category and
associated diagnosis. Rates for the first
and last study years were compared by
fitting a negative binomial generalized
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estimating equation model. The models
accounted for clustering by community
and included a categorical variable for
study year and an offset variable of the
log of total days enrolled. Finally, to
distinguish trends due to changing di-
agnosis rates from changing disease
management, the annual treatment frac-
tion for each diagnosis was calculated
as the fraction of total visits that were
associated with an antibiotic dispensing.
All analyses were conducted by using
SAS 9.2 (SAS Institute, Inc, Cary, NC).

RESULTS

The study included a total of 172 044 p-y
of observation contributed by 5918 to
9913 children per year from 1 insurance
plan and 1947 to 4173 children per year
from the other plan. The average con-
tribution of individual children in each
of the 3 age groups for each of the 9
study years ranged from 0.55to 0.64 p-y;
<1 p-y was contributed on average as
children aged into and out of 1 age cat-
egory within 1 study year and joined (and
left) the insurance plan. The percentage
of female study participants across age
groups ranged from 48.5% to 49.6%.

Trends in Overall
Antibiotic-Dispensing Rates

From 2000-2001 to 2008-2009, the
overall annual antibiotic-dispensing rate
for & to <<24-month-olds decreased
24% from 2.3 to 1.8 antibiotic dispens-
ings per p-y; for 24- to <<48-month-olds
decreased 18% from 1.6 to 1.3 antibiotic
dispensings per p-y; and for 48- to <72-
month-olds decreased 20% from 1.4 to
1.1 antibiotic dispensings per p-y (Fig 1).
Analyses identified 2004-2005 as the
most likely year for a change in the lin-
ear trend of dispensing rates for 3- to
<24-month-olds and for 24- to <48-
month-olds. For both age groups, the
model with 1 slope was rejected in favor
of the model with 2 slopes (P < .001);
rates declined until 2004—2005 and
remained stable thereafter. For 48- to
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FIGURE 1

Total antibiotic dispensings per p-y for members of 2 large health insurers in 16 Massachusetts
communities, 2000—2001 to 2008—2009, according to 3 pediatric age groups. Dispensing rates with 95%
confidence intervals are shown. Arrows indicate the most likely year for a change in linear trend for
each age group. ® The confidence intervals for 2003—2004 are wider than those for other years because

data from only 1 insurer were available.

<72-month-olds, 2001-2002 was the
most likely year for a change in the linear
trend, and the model with 1 slope was
again rejected in favor of the model with
2 slopes (P << .001).

Distribution of Number of
Dispensings per Year

Fromthe firsttothe last studyyearforthe
average 3-to 24-month-old, the predicted
probability of receiving 0 antibiotics per

2000-01 2008-09 2000-01

3-<24 month-olds
FIGURE 2

24-<48 month-olds

year increased from 0.19 to 0.26 and of
receiving =5 antibiotics decreased from
0.20 to 0.15, with minimal changes in
other categories (Fig 2). Similar patterns
were seen in the older age groups.

Trends in Dispensing Rates
According to Antibiotic Category

Four antibiotic categories accounted for
the great majority of all antibiotic use
(Fig 3): first- and second-line penicillins,

5+
ma
m3
m2
m1
mo

2008-09

2000-01 2008-09

48-<72 month-olds

Predicted probabilities for the first (2000-2001) and last (2008—2009) study years of the total number of
antibiotic dispensings per p-y for the average person in each age group.
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second-generation macrolides, and ceph-
alosporins. As expected, trimethoprim/
sulfamethoxazole, first-generation mac-
rolides, and other agents together
accounted for a small minority of an-
tibiotic use.

Although first-line penicillins remained
the most commonly prescribed antibi-
otic category, a decline in their use con-
tributed most to the overall decline in
antibiotic use (Fig 3). In 3-to <<24-month-
olds, first-line penicillin use declined
26% from 1.21 antibiotic dispensings
per p-y in 2000-2001 to 0.90 antibi-
otic dispensings per p-y in 2008—
2009. Concurrently, second-line penicillin
(amoxicillin-clavulanate) use similarly
declined 25% from 0.39 antibiotic dis-
pensings per p-y in 2000-2001 to 0.29
antibiotic dispensings per p-y in 2008—
2009.

Of all evaluated antibiotic categories and
age groups, only dispensings of second-
generation macrolides, which are both
costly and possibly less effective than
other antibiotics for some common
infections such as AOM,".25 significantly
increased among 48- to <<72-month-
olds, from 0.20 to 0.26 antibiotic dis-
pensings per p-y (P < .001).

Trends in Dispensing Rates
According to Diagnosis

By far, the largest fraction of antibiotic
use continuesto be for treatment of OM,
although the dispensing rate for this
condition decreased from 2000—2001 to
2008—2009 in each age group (P << .001)
(Fig 4). Among 3-to <<24-month-olds, the
antibiotic-dispensing rate for OM de-
creased 14% from 1.31 antibiotic dis-
pensings per p-y in 2000-2001 to 1.13
antibiotic dispensings per p-y in 2008—
2009. Similar declines of 12% and 21%
were observed for 24- to <48-month-
olds and for 48- to <72-month-olds,
respectively. In general, a decrease
in diagnosis-specific dispensing rates
could be attributable to decreases in
the diagnosis rate or the treatment
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Values for antibiotic dispensings/p-y for the first (2000-2001) and last (2008—2009) study years for 7
antibiotic categories. Dispensing rates with 95% confidence intervals are shown, along with P values
for the difference in rates within each antibiotic category. A, 3-to <24-month-olds; B, 24 to <48-month-
olds; C, 48- to <72-month-olds. TMP/SMX, trimethoprim-sulfamethoxazole.

fraction of diagnosed cases, but for
OM, the treatment fraction remained
constant. In 3- to <24-month-olds, for
example, the OM diagnosis rate declined
9% from 2.03 visits per p-y in 2000—2001
to 1.84 visits per p-y in 2008—2009, but
the treatment fraction only slightly de-
clined over the study period, remaining
stable at ~63% (Supplemental Table 2),
suggesting that the decline in antibiotic
use was driven by a decline in the OM
diagnosis rate, with minimal change in
management practices.

In addition to OM, there were decreases
in 3-to <<24-month-olds from 2000—2001
to 2008—-2009 for dispensings linked to
viral diseases (0.16-0.11; P < .001),
bronchitis (0.05-0.04; P = .003), and
other diagnoses (0.24-0.14; P << .001).
Notably, there was a substantial de-
crease in dispensings that were unlinked
to arecent visit (0.39-0.15; P<< .001). There
were small increases for dispensings

PEDIATRICS Volume 130, Number 1, July 2012

linked to pneumonia (P < .001) and
other bacterial diseases (P = .001).
Although the rate of pharyngitis diag-
noses per p-y seemed to increase over
the study period, the fraction of these
visits treated with an antibiotic declined
(Supplemental Table 2), so overall anti-
biotic use for pharyngitis was stable for
each age group. Figure 4 displays the
contribution of diagnoses of interest to
overall antibiotic use.

In this population, antibiotic use for
nonbacterial conditions was uncommon.
In 2008—2009, although the treatment
fraction for diagnosed bronchitis was
high (range across age groups: 50%—
75%) (Supplemental Table 2), the
diagnosis itself was assigned infre-
quently. The treatment fraction for viral
diagnoses was low (range across age
groups: 5%—8%), also accounting
forasmall percentage of antibiotics
dispensed.

ARTICLE

DISCUSSION

Antibiotic use rates in these particular
Massachusetts communities for chil-
dren aged 3 to <48 months decreased
from 2000—2001 to 2004—2005 but then
stabilized. The year the decline ended
seemed to be somewhat earlier (2001—
2002) for children aged 48 to <72
months. Annual dispensing rates
for 2004—2005 to 2008—2009 stabilized
at ~1.8 antibiotic dispensings per p-y
for 3- to <24-month-olds, 1.3 antibiotic
dispensings per p-y for 24- to <<48-
month-olds, and 1.2 antibiotic dispens-
ings per p-y for 48- to <72-month-olds.
The decrease was largely attributable to
lower OM diagnosis rates, as well as
a substantial decrease in dispensings
unlinked to a visit. A recent NAMCS study
highlighted the stable treatment fraction
for OM,8 and the decline in OM diagnoses
is consistent with prior reports.26 How-
ever, the decrease in “unlinked” dis-
pensings is a new finding. Although we
cannot confirm the clinical circum-
stances of these dispensings with av-
ailable claims data, they may include
prescriptions written or refilled without
an in-person visit, a practice that was,
except for prophylaxis, discouraged by
efforts to promote more judicious anti-
biotic prescribing.

Consistent with data from 9 health plans
(1996—2000),27 only a small minority of
dispensings in this study seemed to be
for clearly inappropriate indications,
such as diagnosed viral ilinesses. The
observed treatment fraction for viral
diseases (5%—8% in 2008—2009) was
lower than that found in other stud-
ies,2829 including an NAMCS analysis
that suggested that 23% of <<5-year-olds
in 2006 with non-OM acute respiratory
tract infection for which antibiotics are
rarely indicated received an antibiotic
prescription.28 The observed decling in
the pharyngitis treatment fraction may
reflect greater adherence to recom-
mended testing and treatment practi-
ces, now widely reported as quality
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measures.30 The diagnosis of cough
iliness as “bronchitis” (as a presumed
bacterial infection) is generally believed
to be unwarranted in young children.s!
Although this diagnosis was rarely as-
signed in these communities, a substan-
tial fraction of patients thus labeled
received antibiotic treatment. This high-
lights the danger of using diagnostic
labels that erroneously signify to
parents that antibiotics are necessary.

Despite concern about increasing use
of second-generation macrolides,?35233
this study showed only a small increase
in dispensings of these antibiotics only
for 48-to <<72-month-olds (Fig 3),t0 0.26
per p-y in 2008—2009.

Trends inthe use of specific vaccines may
have influenced trends in OM diagnosis
and overall antibiotics dispensed. During
the study period, the Advisory Committee
on Immunization Practices expandedthe
guidelines for influenzavaccinationtoall

20 GREENE et al

children =6 months old.34-%6 Inactivated
and live-attenuated influenza vaccines
have been reported to decrease AOM by
as much as 30% in some settings.57.58
The percentage of 6- to 23-month-olds in
Massachusetts vaccinated for influenza
rose from ~6% in 2002—20033° to ~46%
in 2008—2009.40 We doubt that annual
variation in influenza-related illness
rates had a substantive impact on the
described antibiotic usage trends. Ac-
cording to sentinel sites in Massachu-
setts participating in the US Outpatient
Influenza-Like Iliness Surveillance Net-
work, the peak weekly percentage of
visits to sentinel providers for influenza-
like illness averaged 3.0% during the
study period, ranging from 1.7% in 2006—
2007 to 5.3% in 2003-2004, and was
~4.0% for each of the last 2 study years.

Opinions differ on the extent to which
heptavalent pneumococcal conjugate
vaccine (PCV7) decreased antibiotic

use.2841 PCV7 was introduced in Massa-
chusetts in July 2000, after the down-
ward trend in antibiotic use had already
begun,827.28 to <<2-year-olds universally
and to 2- to 5-year-olds at increased
risk.42 Goverage of children 19 to 35
months old with =3 doses of PCV7 in
Massachusetts rose to ~95% in 2009.43
Initial trials showed PCV7 had only ~6%
efficacy in preventing AOM# but sub-
sequent modeling approaches that in-
cluded the effect of serotype replacement
suggested that PCV7 might decrease
AOM incidence by up to 12%.45 Although
our study provides no direct data on
this point, we believe that immunization
may have had indirect effects as well;
that is, as immunization decreased the
risk of serious bacterial infection, physi-
cians became more comfortable not
treating febrile infants and young chil-
dren, allowing physicians to essentially
raise their threshold for diagnosing



AOM. We suspect that the confluence of
PCV7 and increased influenza immu-
nization, and the release of professional
guidelines allowing observation in
2004,"" together facilitated a chang-
ing culture of practice around AOM.

Reporting rates of antibiotic use from
precisely defined populations, rather
than by analysis of visit-level data, allows
directanalysis oftrends inthe frequency
of office visits as well as treatment
practices. Our pharmacy-dispensing
ratesin 3-to <72-month-olds are not
directly comparable with rates recently
reported for <<15-year-olds by using
NAMCS data®; measuring medication-
dispensing events rather than pre-
scriptions may better reflect actual
use by patients. However, claims data are
limited by the lack of: (1) some de-
mographic information, such as race/
ethnicity; (2) clinical details; (3) capture
of antibiotics for which the health plans
did not pay (eg, out-of-pocket payments);
and (4) reasons why antibiotics unlinked
to a diagnosis were dispensed (eg,
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