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Abstract

Objective—We evaluated variation in outpatient antibiotic utilization among U.S. commercial
health plans and the implications of this variation on cost and quality.

Study Design and Methods—We measured antibiotic utilization rates among 229 U.S.
commercial health plans that participated in the 2005 Healthcare Effectiveness Data and
Information Set. Rates were adjusted to account for the age and sex distribution of the health
plans. To estimate antibiotic costs, we multiplied utilization data for each drug class by national
estimates of intra-class distribution of drugs, duration of therapy, and median Average Wholesale
Price.

Results—Antibiotic utilization rates varied markedly among plans, ranging from 0.64 antibiotic
fills per member per year (PMPY) at the 5" percentile of plans to 1.08 at the 95! percentile, with
a mean of 0.88 (SD +/— 0.15) antibiotic fills PMPY. U.S. census region was the strongest
predictor of antibiotic utilization. Antibiotic costs averaged $49 PMPY, and ranged from $34 to
$63 PMPY among plans at the 51 and 95™ percentiles of cost, respectively. If a health plan with
250,000 members at the 90t percentile of antibiotic costs were to reduce its costs to the 25t
percentile, annual drug cost savings would be approximately $4.1 million.

Conclusions—Antibiotic utilization varies substantially among commercial health plans, and is
not accounted for by differences in the age and sex distribution of plan members. Since reducing
rates of antibiotic utilization is likely to lower costs and improve quality, high-utilizing plans may
reap considerable rewards from investing in programs to reduce the overuse of antibiotics.
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Introduction

Methods

Antibiotics are widely overused in ambulatory practice, particularly in the management of
acute respiratory tract infections.: 2 Although bacterial infections cause a small minority of
these illnesses, it is estimated that 40 to 50 percent of all patients in the United States who
seek medical attention due to these conditions receive antibiotics.3 The consequences of this
overuse are striking. Every year, millions of people are directly exposed to the side effects of
antibiotics, ranging from common, bothersome symptoms to infrequent but devastating
complications such as Clostridium difficile colitis and anaphylaxis.* Moreover, research
suggests that community levels of bacterial resistance occur in proportion to the volume of
community antibiotic use.>~’ Thus, perpetuation of antibiotic overuse promotes the
continued evolution of ominous resistance profiles.

Since early this decade, the European Surveillance of Antimicrobial Consumption (ESAC)
project has been collecting country-level data on antibiotic utilization and has documented
large differences in per capita antibiotic utilization between counties in Europe. & 9 Because
the ESAC measures are not based on a particular clinical condition, an optimal rate of
overall antibiotic utilization is difficult to establish. Nonetheless, clinical evidence and
expert opinion strongly suggest that prescribing is most appropriate in countries at the lower
end of the spectrum, and that the difference between low-and high -utilizing countries to a
considerable extent represents potentially unnecessary and avoidable prescriptions.® 10, 11

Recently, the United States adopted a similar (albeit more limited) approach to track and
report antibiotic utilization. In 2005, the National Committee for Quality Assurance
(NCQA) developed and implemented a new measure to compare overall rates of antibiotic
utilization between U.S health plans. By evaluating variation in antibiotic use within a
country, these data can improve understanding of factors that contribute to variation in
overall antibiotic utilization without the confounding effects of different countries’ health
care systems. In addition, implementation of this measure in an established program to
compare and improve health care quality can directly facilitate efforts to improve quality of
care by identifying high-prescribing plans and stimulating them to investigate the factors
that contribute to potentially excessive antibiotic use.”> 8 12-15

In this study, we analyze antibiotic utilization rates among non-elderly members of
commercial health maintenance organizations and point-of-service health plans in the
United States participating in the National Committee for Quality Assurance’s Healthcare
Effectiveness Data and Information Set (HEDIS®) program. We quantify the degree of
variation in antibiotic utilization rates across health plans, controlling for member
characteristics, and estimate the cost implications of this variation.

Data for this study were collected by commercial health maintenance organizations (HMO)
and point-of-service (POS) health plans in the United States who participate in NCQA’s
Healthcare Effectiveness Data and Information Set (HEDIS) program.1® HEDIS is a
voluntary program that collects data from health plans on various domains of effectiveness
and utilization. These data are used to benchmark and compare the quality of care across
health plans. Participating health plans account for over 85 percent of individuals enrolled in
U.S. commercial plans. We report data from 2005, the first year plans reported data on
overall antibiotic utilization for a new HEDIS measure.

We received a core set of data from 248 commercial health plans, representing 83% of
commercial plans in established parts of the HEDIS program. The antibiotic utilization
measure was a first-year measure. All first-year measures in HEDIS are not publicly
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reported in order to evaluate the measure, and, as is common, some plans choose not to
report during this first year of data collection. We were able to obtain information on
approximately 80% of the plans not contributing core data. Plans which did not report data
had fewer members than those which did report (55% of non-reporting plans had fewer than
10,000 members vs. 7% of reporting plans, P<.001).

Among 248 plans contributing core data, we excluded 4 health plans that did not provide
basic data necessary for our analyses, 14 health plans whose rate of overall antibiotic
utilization was extreme enough to suggest discrepancies in the way these data were collected
or reported, and one plan that did not employ a HMO or POS model of care. Our final
analytic dataset thus comprised 229 health plans.

Our main outcome variable was each plan’s rate of antibiotic utilization per-member-per
year (PMPY), as assessed by pharmacy claims billed. In calculating this rate, we counted
each antibiotic prescription fill equally, regardless of drug dose or duration. Our analyses
focused on people age 0-64 years, as most people 65 years and older are enrolled in
government-sponsored Medicare plans and those remaining in commercial plans may not be
representative of the larger population of elders.

Each plan reported antibiotic utilization data for enrollees stratified into age-sex groups. To
calculate standardized rates of antibiotic utilization, for each plan we multiplied the PMPY
utilization rates for each of these age-sex strata by the proportion of the overall study cohort
within each of these strata. Next, we summed each of these weighted rates to create an
overall antibiotic utilization rate for all plan members age 0-64 years. This approach yields a
PMPY antibiotic utilization rate that adjusts for the age and sex distribution of each plan’s
members. This standardized rate yielded similar figures as a crude rate that did not adjust for
differences in the age and sex distribution of plans (see technical appendix).

Next, we evaluated variation in use of specific types of antibiotics. Health plans provided
utilization information for each of 15 classes of antibiotics, following a categorization
scheme defined by a multi-stakeholder expert panel working with NCQA to arrive at a
consensus definition that was both clinically relevant and feasible to implement. This panel
further grouped each of the antibiotic classes into two categories: “antibiotics of concern,”
agents generally considered to have broad-spectrum activity; and all other agents (“other
antibiotics”), generally considered to have a narrow spectrum of antimicrobial activity (see
Table 2). For purposes of clarity, we will use the terms “broad-spectrum” and “narrow-
spectrum” to refer to these categories. We identified potential discrepancies in class-level
utilization data for 20 plans. These discrepancies were most likely due to rounding errors, as
plan-level data on utilization rates were provided to only 2 decimal places (for example, if
the reported utilization rate for an antibiotic class was 0.04 antibiotic fills PMPY, the actual
rate could be anywhere from 0.0351 to 0.0449, an error rate of up to +/—12%.)We excluded
these 20 plans from our analyses of antibiotic classes, plus an additional 3 plans that did not
report data necessary to complete these analyses, leaving 206 plans with usable data. Since
these discrepancies could also affect estimates of drug expenditures, we also excluded these
plans from our cost analyses, described below.

Next, we evaluated plan characteristics associated with the overall rate of antibiotic
utilization. First, we conducted bivariate analyses using linear regression, where the
outcome of interest was the plan’s age-sex adjusted rate of antibiotic utilization, and the
predictor variables were plan characteristics available from HEDIS that we hypothesized
might be associated with antibiotic utilization. Next, we entered all variables into a
multivariable linear regression model, on which further diagnostic testing confirmed the
adequacy of model fit.
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To estimate the cost of antibiotic utilization for each plan, we used several steps (see
technical appendix for details). Health plans provided data on utilization of antibiotic classes
but not specific drugs within those classes. To compensate, we used data from the 2004 and
2005 National Ambulatory and National Hospital Ambulatory Medical Care Surveys
(NAMCS/NHAMCS)to estimate the frequency of use of specific antibiotics within each
antibiotic class. Next, we estimated the typical course of therapy for each antibiotic,
including the most commonly-used formulation, dose, dosing frequency, and duration of
therapy, repeating this process separately for persons age 0-3 years, 4-9 years, and 10-64
years. For each antibiotic, we used data from the 2005 Red Book to assess the median price
per pill (or other formulation), averaging across all manufacturers of a given drug and all
bottle sizes.1” For multisource (generically-available) drugs, we evaluated only the price for
the generic versions. Finally, we calculated the estimated cost of a typical course of therapy
for each antibiotic and then integrated this cost at the level of the antibiotic class and
ultimately at the level of the health plan.

This research was approved by the Committee on Human Research at the University of
California, San Francisco and the Research and Development Committee at the San
Francisco VA Medical Center. We submitted an advance copy of this paper to NCQA for
review and comments, but that institution had no control over the analyses and interpretation
of data or over the decision to publish this work. The funding sources had no role in the
design and conduct of the study; collection, management, analysis, and interpretation of the
data; or preparation, review, or approval of the manuscript.

Characteristics of the 229 health plans are shown in Table 1. Plans were distributed across
the United States and varied widely in the size of their enrolled population. Together, these
plans accounted for 42.9 million enrollees age 0-64 years. Children ages 0-17 comprised
27% of the overall member population.

Across all plans, the mean rate of antibiotic utilization was 0.88 prescription fills per
member per year (PMPY). Rates of antibiotic utilization varied widely among plans (Figure
1), with standard deviation of 0.15 fills PMPY, and 1.7-fold variation in rates of antibiotic
utilization between the plans at the 5™ and 95t percentiles of utilization (0.64 and 1.08
prescription fills PMPY, respectively). For a plan with 250,000 members, 89,000 fewer
antibiotics would be dispensed each year if plan doctors prescribed antibiotics at the 10t
percentile rate compared with the 90t percentile rate. If a similarly-sized plan were to
reduce its utilization from the 75t to 25™ percentile, 47,000 fewer antibiotic prescriptions
would be filled.

Variation in rates of antibiotic utilization persisted among age and sex groups (Figure 2).
Mean rates of antibiotic utilization differed across age-sex groups, and there was
considerable variation in utilization rates within each group (standard deviations for each
group ranged from 0.10 fills PMPY for males 18-34 to 0.24 fills PMPY for males 0-9).

Table 2 shows variation in the distribution of types of antibiotics used among health plans.
Across plans, a mean of 47% of antibiotics dispensed were broad-spectrum agents
(“antibiotics of concern™). The proportion of antibiotics that were broad-spectrum varied
among plans, with standard deviation of 8%, and ranged from 34% of antibiotic prescription
fills for plans at the 5" percentile of broad-spectrum utilization to 59% for plans at the 95t
percentile. There was little corrrelation between plans’ overall rate of antibiotic utilization
and the proportion of antibiotics that were for broad-spectrum agents (Pearson r = 0.12,
P=0.08).
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We next evaluated factors associated with a plan’s rate of overall antibiotic utilization. On
bivariate analyses, plans with “excellent” accreditation status (the highest achievable rank)
used more antibiotics than plans with “commendable” status (the second-highest rank), and
plans with a smaller percentage of physicians who were board-certified used more
antibiotics than plans with a larger percentage of physicians who were board-certified (Table
3). In addition, national region was strongly associated with rates of antibiotic utilization.
Compared to plans in the West, plans in the South used a mean of 0.16 more antibiotic
prescription fills PMPY, plans in the Midwest used 0.12 more fills per year, and plans in the
Northeast used 0.07 more fills per year. As the mean rate of antibiotic utilization in the West
was 0.78 fills PMPY, these differences correspond to a 21% higher rate of antibiotic
utilization in the South, 15% higher rate in the Midwest, and 9% higher rate in the Northeast
(see Table 3 footnote for further explanation of how these percents were derived). On
multivariable analysis, geographic region remained the most notable predictor of antibiotic
utilization rates. Thirteen percent of the total variance in antibiotic utilization rates was
explained by national region, while multivariable adjustment for all variables shown in
Table 3 explained 26% of the total variance.

Finally, we estimated the cost implications of variation in antibiotic utilization. Across 206
plans with 38 million enrollees available for this analysis, total antibiotic expenditures
totaled $1.90 billion, corresponding to a mean antibiotic cost of $49 PMPY. The standard
deviation of PMPY antibiotic costs was $9, and costs ranged from $34P MPY for plans at
the 51 percentile of costs to $63 PMPY for plans at the 95! percentile of costs. If all plans
above the 25t percentile of antibiotic costs PMPY reduced their costs to this level, the mean
(SD) drug cost savings would be $10 (+/— $6) PMPY. Across the 38 million enrollees of the
plans we studied, this corresponds to $305 million in savings per year. If plans reduced their
utilization to the 10t percentile, the drug cost savings would be greater, with mean (SD)
savings $14 (+/—$7) PMPY, and total savings of $492 million per year.

Discussion

In this study of 229 commercial health plans in the US, we found substantial variation in the
rate of antibiotic utilization, with high-utilizing plans dispensing nearly 70% more
antibiotics per capita than low-utilizing plans. There was similarly large variation in the
proportion of broad-spectrum antibiotics used by health plans, ranging from 34% of all
antibiotics in plans at the lower end of the spectrum to 59% in plans at the higher end.
Geographic region was strongly associated with health plans’ rate of antibiotic utilization:
after controlling for other factors, plans in the Southern U.S. used 0.16 more antibiotics
PMPY than plans in the Western U.S., a difference larger than 1 standard deviation of
utilization rates nationally.

This variation in antibiotic utilization has substantial implications for health and health care
costs in the United States. Overprescribing of antibiotics results in unnecessary drug side
effects and promotes population-level resistance to antibiotics, which - consistent with our
data - is greater in Southern than in Western states.18720 While resistance to any antibiotic is
promoted by high-volume use, excessive prescribing of broad-spectrum agents is of
particular concern, since this promotes resistance to agents that are commonly used to treat
serious or complicated infections where the consequences of treatment failure can be severe.
2,21 Finally, unnecessary antibiotic use has important cost implications.? Of an estimated
$1.9 billion spent on antibiotics per year by health plans in our study cohort, direct drug
costs could be reduced by 16% if health plans reduced their antibiotic utilization to the
current 25t percentile of costs, and by 26% if plans reduced their utilization to the current
10t percentile of costs.
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As with European antibiotic studies and other investigations into variation in the delivery of
health care, it is difficult to determine the “correct” amount of antibiotic utilization.
Nonetheless, understanding variation can provide valuable information to health plans and
policymakers seeking to improve care quality and reduce unnecessary spending.12: 14
Wennberg and colleagues were among the first to highlight the importance of reporting
variation, pointing to large geographic differences within the U.S. in the use of health care
interventions such as surgical procedures.?2 For interventions where an optimal rate of
utilization is known, these data can stimulate benchmarking, allowing health plans and
institutions to set achievable goals for their practice and to monitor progress toward these
goals.23 Where an optimal rate of utilization is not known, reports of variation can help
health plans and institutions understand their performance relative to their peers. This can
prompt plans with relatively high rates of utilization to examine why their delivery of
services varies substantially from the norm, to determine whether this represents a
remediable problem in quality, and if so to investigate how to improve their care quality.24

Our results suggest that overall rates of antibiotic utilization are well-suited to a variation-
centered approach. A number of commercial health plans are achieving far lower rates of
antibiotic utilization than others. Of course, not all health plans are comparable; for
example, plans whose enrollees have greater illness severity and barriers to accessing care
may have legitimate reasons for prescribing more antibiotics than others.2> Thus, a high
observed rate of antibiotic utilization should not be an end unto itself, but should prompt in-
depth analysis to identify non-clinical factors that promote increased antibiotic use. Such
analyses can be further guided by evaluation of prescribing rates within age-and sex strata to
evaluate whether certain patient subgroups have disproportionately high antibiotic utilization
rates relative to a health plan’s peers. Where appropriate, local initiatives can be crafted to
address the factors that promote increased antibiotic use, preferably borrowing from
previous research to employ active forms of clinician education and other methods proven to
reduce unnecessary antibiotic prescribing 26=28 This is the approach taken by the National
Committee for Quality Assurance in creating this measure for the HEDIS program, in which
overall antibiotic utilization has been included in the “use of services” domain which tracks
utilization and can be useful for comparison and identification of achievable goals without
any specific performance targets.

Although we cannot definitively establish a “correct” rate of antibiotic utilization in
commercial health plans, a variety of data suggest opportunities for improvement in the U.S.
Numerous studies have documented substantial overuse of antibiotics in the U.S, and cross-
national comparisons have found that Americans receive approximately 20% more
antibiotics per capita than Europeans, with only 3 of 27 European countries having higher
rates of antibiotic dispensing than the U.S. 173: 10 patients in the Netherlands, the lowest-
prescribing European country, receive 60% fewer antibiotics than patients in the United
States.19: 29 Reducing antibiotic utilization is a complex endeavor and requires attention not
only to clinical efficacy but to patient satisfaction and downstream health services
utilization. Nonetheless, controlled trials to reduce inappropriate antibiotic use in the
outpatient setting found no increase in subsequent health services utilization (e.g., office
visits or telephone calls) and little to no adverse impacts on patient satisfaction.28

Our study has several limitations. The data collected were from the first year in which this
measure was implemented by HEDIS. Although plans were given detailed instructions for
complying with this measure, it is possible that certain plans had not perfected their data-
collection and reporting processes. In addition, data is not publicly reported for the first year
of any HEDIS measure. As is common, some plans chose not to report their results during
this first year, and it is difficult to know whether these plans did not participate because they
expected their performance to be poor or because of other factors. (For example, over half of
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non-reporting plans had fewer than 10,000 members, compared with 7% of reporting plans,
suggesting the possibility that smaller plans might have had fewer resources available to put
towards a first-year, non-publicly reported measure). Nonetheless, we did receive data from
83% of plans, and all HEDIS data are audited, suggesting that our results are representative
of the target population.

Other characteristics of our methods merit consideration in interpreting this study’s findings.
First, the manner in which data was reported by health plans may result in slight imprecision
in our calculation of overall antibiotic utilization rates. However, this imprecision is likely to
be small in relation to the large variation in rates among plans. Second, our estimates of drug
cost data were based on extrapolations from another national data source (NAMCS)
combined with utilization data from the study plans and do not precisely reflect the actual
drug costs incurred by plans (which may be influenced by negotiated deals with drug
suppliers, and so forth). Thus, our drug cost analyses should be interpreted as reasonable
estimates rather than a precise accounting of real drug costs, and do not account for
downstream cost expenditures or savings associated with reduced antibiotic use. Third, we
did not have access to clinical data such as comorbid conditions, and thus we could not
control for inter-plan differences in members’ health beyond that which is correlated with
patient age and sex. Finally, we collected data only on HMOs and POS plans participating in
the HEDIS program. While the strong majority of eligible commercial health plans
participate in the HEDIS program, we cannot know the generalizability of our results to
plans not participating in HEDIS or to persons with public insurance (such as Medicaid),
other forms of commercial insurance, or no insurance at all,

It is difficult to improve health care quality unless it can be measured. The substantial
unexplained variation in antibiotic utilization across U.S. health plans suggests opportunities
to improve the quality and costs of antibiotic prescribing. We believe the NCQA antibiotic
utilization measure should stimulate additional efforts to understand and improve antibiotic
utilization at the health plan level--particularly for health plans in the higher range of
antibiotic use. If successful, these efforts are likely to improve quality of care and to
generate meaningful cost savings from reduced antibiotic costs—a “win-win” for patients,
payors, and the public health.

Take-Away Points

Outpatient antibiotic utilization varies substantially among commercial health plans in
ways not explained by patient case mix. As a result:

e Antibiotic utilization is likely to be a valuable marker of prescribing quality for
health plans.

e Health plans with high rates of antibiotic utilization may benefit from targeted
quality improvement programs to reduce unnecessary antibiotic use.

e Cost savings from reducing unnecessary antibiotic use are substantial.
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Technical appendix

Age-sex standardized rates vs crude rates of antibiotic utilization

To calculate the age-sex standardized per-member-per-year antibiotic utilization rate, we
used the following equation:

standardized utilization rate age 0 — 64=(utilization rate among males 0
— 9” proportion of entire sample population who were males O
— 9)+(utilization rate among males 10
— 17" proportion of entire sample population who were males 10
— 17)+[ and so on, for each of the following 10 age — sex groups]

Males 0-9 Females 0-9

Males 10-17 | Females 10-17

Males 18-34 | Females 18-34

Males 35-49 | Females 35-49
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Males 50-64 | Females 50-64

To calculate the crude per-member-per-year antibiotic utilization rate, we used the following
equation:

crude utilization rate age 0 — 64=[ (utilization rate among males 0
— 9*number of enrollees males 0
— 9)+(utilization rate among males 10 — 17*number of enrollees males 10 — 17)+[ and so on, for each of the 10 age
— sex groups]]
/number of enrollees both sexes 0 — 64

To calculate the difference between the standardized rate and the crude rate, we subtracted
one from the other. The mean difference was —0.001 antibiotic fills PMPY/, with standard
deviation +/— 0.011 fills PMPY. Differences ranged from —0.043 to + 0.040 antibiotic fills
PMPY. Thus, for almost all plans the difference between the age-sex standardized PMPY
rate and the crude PMPY rate was small, and considerably smaller than the degree of
variation in PMPY rates among plans.

Derivation of antibiotic cost estimates

A. Identification of specific antibiotics

For our cost analyses, we used data provided by health plans that reported antibiotic
utilization at the level of antibiotic class. Specifically, for each of 15 antibiotic classes listed
in Table 2, plans provided per-member-per-year prescribing rates for each of 10 age-sex
strata. To determine the cost of prescribing for each antibiotic class, we first needed to
estimate the relative frequency of use of specific antibiotics within a given class. To do this,
we used data from the 2004 and 2005 National Ambulatory and National Hospital
Ambulatory Medical Care Surveys (NAMCS/NHAMCS), a group of surveys that provide
nationally-representative estimates of medications used in outpatient and emergency room
settings. Using data from NAMCS and NHAMCS, we determined the relative proportion of
specific antibiotics used within each of 15 antibiotic classes. In doing so, we separately
evaluated these proportions within 3 age groups (0-3 years, 4-9 years, and 10-64 years) to
account for differences in antibiotic prescribing for infants and toddlers, young children, and
older children and adults (as described in further detail below).

This method is best illustrated by example. Take the example of fluoroquinolones. Using
data from NAMCS and NHAMCS, we determined that among all prescriptions for
fluoroquinolones in persons age 10-64 years, ciprofloxacin accounted for 34% of
prescriptions, levofloxacin accounted for 37% of prescriptions, moxifloxacin for 15% of
prescriptions, and so forth. Thus, if a plan in our dataset reported 0.10 fluoroquinolone fills
per member per year among enrollees age 10-64 years, we estimated that 34% of those
fluoroquinolone fills were for ciprofloxacin, 37% were for levofloxacin, etc. Thus, the
estimated rate of ciprofloxacin utilization for 10-64 year-old members of that plan would be
0.034 ciprofloxacin fills per member per year (i.e., 0.10 * 0.34), the estimated rate of
levofloxacin utilization would be 0.37 levofloxacin fills PMPY (i.e., 0.10 * .37), and so
forth. We repeated this process for each age group (0-3 years, 4-9 years, 10-64 years) and
antibiotic class.
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B. Estimating costs based on a typical course of therapy

For each antibiotic, we based cost data on a typical course of therapy. To derive a “typical”
course, we used the methods described below. Estimates of typical drug doses, dosing
frequencies, and durations were made by one of us (KY), and subsequently reviewed by two
other authors (MAS and RG), with disagreements resolved by consensus.

Drug formulation—For persons age 10 and older, we assumed that most drugs were
dispensed in tablet or capsule form. Several drugs are available only in intravenous or
intramuscular form — for example, as might be used for home IV therapy in the outpatient
setting — and in these cases, we priced the parenteral form. For children age 0-9, we
assumed that all children ages 0-3 were dispensed elixir or other liquid formulations of
drugs taken orally, whereas for children ages 4-9, we assumed that half of children received
elixir preparations and the other half received chewable tablets (if available).

Drug dose and frequency—To determine average dose and dosing frequency of each
drug, we used clinical judgment to determine a typical dose and dosing frequency for the
infections for which a given antibiotic would commonly be used. For example, for adults we
assigned trimethoprim-sulfamethoxazole a dose of 160mg/800mg twice a day on the basis of
this being a typical dose for urinary tract infections, and cephalexin a dose of 500 mg four
times per day on the basis of this being a typical dose for skin and soft tissue infections. For
children, we used standard weight tables to assume a weight of 11.4 kg for children age 0-3
and 22.4 kg for children age 4-9, with drug doses weighted accordingly.

Duration of therapy—For each drug, we estimated an average duration of therapy based
on clinical practice patterns. Among adults and children, for most drugs we estimated a
mean duration of therapy of 10 days, which accounts for some courses of therapy being
shorter but occasional courses much longer. For drugs commonly used to treat urinary tract
infections in adults, including ciprofloxacin, norfloxacin, and trimethoprim-
sulfamethoxazole, we estimated a 5-day duration of therapy. For cefixime, ceftriaxone, and
benzathine penicillin, we estimated a single dose of therapy, since these drugs are often used
as a one-time therapy for sexually transmitted diseases. Finally, we estimated a 1-year
course for sulfadiazine and sulfasalazine on the basis of their presumed use for
Toxoplasmosis encephalitis and ulcerative colitis, respectively.

Other considerations—For drugs dispensed as capsules or tablets, we multiplied the
average cost per pill by the number of pills needed to complete a typical course of therapy.
For drugs dispensed as liquids (or equivalents), we used the cost of smallest vial size needed
to complete a course of therapy.
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Figure 1. Health plans’ antibiotic utilization rate per-member-per-year, age 0-64
Per-member-per-year antibiotic utilization rates across health plans. Labels on the X-axis
represent the mid-point of a range; for example, plans in the 0.90 category dispensed
between 0.85 — 0.94 prescriptions PMPY.
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Figure 2. Health plans’ antibiotic utilization rate per -member-per-year, by age and sex groups
For each age-sex category, the center dot represents the mean rate of antibiotic utilization
across health plans. The bars show the range of antibiotic utilization rates for plans in the 5t
to 95t percentile of utilization. Differences in mean utilization rates between adult females
and males are likely due in part to differences in disease distribution. For example, urinary
tract infections are a common source of antibiotic prescribing in women but not in men.
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Table 1

Characteristics of health plans

N of plans (%0)

Mean % (+ SD) across plans

Plan type
HMO 61 (27%)
HMO/POS 162 (71%)
POS 6 (3%)

Plan location®

Northeast 29%
Midwest 29%
South 27%
West 16%

Number of enrollees

<10,000 12 (5%)
10,000 -50,000 48 (21%)
50,000 —200,000 103 (45%)
200,000 —1 million 61 (27%)
> 1 million 5 (2%)

Percent of plan’s physicians in different specialties

Primary care adultP 43% (+8%)

Pediatrics 5% (+4%)
Other specialists 53% (£7%)
% of physicians in plan who are board certified 84% (+ 6%)

For-profit status

For profit 161 (70%)
Non profit 63 (28%)
Not reported or missing 5 (2%)

Accreditation status

Excellent 170 (74%)
Commendable 16 (7%)
Other 43 (19%)

Data on plan location and the percentage of physicians who are board certified were not available for 11 plans. Some numbers do not add to 100%
because of rounding.

a . L . .
Denotes the mean percentage of each plan’s population within a given region

Includes adult primary care physicians, geriatricians, and obstetricians/gynecologists

Am J Manag Care. Author manuscript; available in PMC 2010 July 27.



1duasnue Joyiny vd-HIN

Steinman et al. Page 15

Table 2

Use of antibiotic classes by health plans, as a percentage of total antibiotic use

Percent of all antibiotics dispensed®

Mean (+SD) across plans

All ages Children (0-17 years)  Adults (18-64 years)

“Narrow-spectrum” antibiotics 53% (+ 8%) 56% (+ 8%) 51% (+ 8%0)
Penicillins other than Amoxicillin/Clavulanate  25% (+ 4%) 38% (+ 5%) 21% (+ 3%)
Cephalosporins, 1st generation 8% (+ 2%) 6% (+ 2%) 9% (+ 2%)
Tetracyclines 8% (+ 2%) 6% (+ 2%) 9% (£ 2%)
Sulfonamides 5% (+ 2%) 4% (£ 1%) 5% (+ 2%)
Miscellaneous narrow spectrum antibiotics 4% (+ 1%) 1% (+ <1%) 6% (+ 1%)
Macrolides, 15 generation 1% (* 1%) 1% (+ 1%) 1% (+ 1%)
Aminoglycosides <1% (+ <1%) <1% (z <1%) <1% (* <1%)
Lincomycins 0% (+ 0%) 0% (+ 0%) 0% (+ 0%)

“Broad-spectrum” antibiotics 47% (+ 8%) 44% (+ 8%) 49% (+ 8%)
Azithromycin & clarithromycin 18% (+ 3%) 18% (+ 3%) 18% (+ 3%)
Fluoroquinolones 11% (£ 2%) 1% (+ <1%) 15% (+ 3%)
Amoxicillin/Clavulanate 9% (+ 2%) 13% (+ 3%) 8% (= 1%)
Cephalosporins, 2nd-4th gen. 5% (+ 2%) 11% (+ 4%) 3% (£ 1%)
Clindamycin 2% (+ <1%) 1% (+ <1%) 3% (+ 1%)
Ketolides 1% (£ 1%) <1% (+ <1%) 2% (+ 1%)
Miscellaneous broad-spectrum antibiotics <1% (+ <1%) <1% (z <1%) <1% (* <1%)

a . I .
Use of each antibiotic class as a percentage of a plan’s total antibiotic use. Values shown are the mean percentage and standard deviation across
health plans.
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Table 3

Health plan characteristics associated with rates of antibiotic utilization

Characteristic Bivariate results Multivariable results

Mean rate of antibiotic utilization PMPY?2 | Beta coefficient (95% CI)b

Plan type
HMO, HMO/POS combined 0.79 --
POS 0.88 .08 (-0.11t0 0.27)
Profit status
For profit 0.90 0.06 (0.01 to 0.10)
Non-profit 0.84 -

Accreditation status

Excellent 0.892 -
Commendable 0.78 —0.08 (-0.15to —0.01)
Other 0.88 0.01 (—0.06 to 0.04)
Plan size
<100,000 enrollees 0.88 —0.02 (—0.06 to 0.02)
> 100,000 enrollees 0.88 -
| Beta coefficient |
% of plan physicians in primary care specialties® | 021 | 0.44(0.16t0 0.71)
% of plan physicians board certified -0.43 —0.56 (—0.89 to —0.23)
Region®
Northeast 0.072 0.09 (0.03 t0 0.15)
Midwest 0.12 0.13 (0.07 to 0.19)
South 0.16 0.16 (0.11t0 0.22)
West Referent -

Rate of utilization for plan enrollees age 0-64, adjusted for the age and sex distribution of plans
aSignificant at P < 0.05 on bivariate analysis

bFor variables entered as categories, the beta -coefficient in the multivariable analysis corresponds to the adjusted difference in number of
prescriptions PMPY compared to the reference group. For example, for-profit plans utilized 0.06 more antibiotics PMPY than did non-profit plans.
For variables entered as a continuous value, the beta-coefficient corresponds to the adjusted difference in the number of antibiotic fills PMPY if a
plan had 0% of that characteristic vs. 100% of that characteristic. For example, if a plan had 100% primary care physicians, it would dispense 0.44
more antibiotics PMPY than if that plan had 0% primary care physicians. Similarly, if a plan had 50% primary care physicians, it would dispense
0.044 more fills PMPY than a plan with 40% primary care physicians (e.g., 10% of 0.44).

Primary care specialties include adult primary care physicians, geriatrics, obstetrics-gynecology, and pediatrics

Data for analyses of primary care specialties, board certification, and national region were available for 218 of 229 plans. In the multivariable
analysis, complete data were available for 209 of 229 plans

eIn the Western United States, the mean rate of antibiotic utilization was 0.78 fills PMPY. Thus, on bivariate analyses, plans in the South had a
21% higher rate of antibiotic utilization than plans in the West, calculated as (0.78 + 0.16) divided by 0.78. Regions included the following states:
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Northeast (CT, ME, MA, NH, NJ, NY, PA, RI, VT); Midwest (IL, IN, IA, KS, MI, MN, MO, NE, ND, OH, SD, WI); South (AL, AR, DE, DC, FL,
GA, KY, LA, MD, MS, NC, OK, SC, TN, TX, VA, WV); West (AK, AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY).
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