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Objective. To determine whether additional risk adjustment is necessary in economic
profiling of physicians when claims data are already grouped into episodes of care, and
to measure effects of risk adjustment on cost efficiency rankings of physicians.
Data Sources. Four years of inpatient, outpatient, professional, and pharmacy claims
data from a mixed model HMO.
Study Design. Claims data were processed through Symmetry Health Data Systems’
episode treatment group (ETG) grouper to define episodes of care and Symmetry’s
episode risk group (ERG) software to define measures of patients’ health risk scores. For
each episode type (ETG), ETG-mean expected costs were calculated as the mean costs
of all episodes of that type, and risk-adjusted expected costs were calculated using three
alternative risk model formulations.
Data Collection. Within specialties, physicians were ranked from most cost efficient to
least cost efficient, based on standardized difference between actual and expected costs.
ETG-mean based rankings were compared with risk-adjusted rankings. Analyses were
performed for cardiologists, family practitioners, general surgeons, and neurologists.
Principal Findings. With all three risk models, risk scores were essentially unrelated to
episode costs in approximately three-fourths of episode categories (ETGs). In a sample of
ETGs for which risks–costs relationships appeared to exist, split sample validation showed
the relationships to be unstable or spurious in all except one ETG. Within specialties, risk-
adjusted cost efficiency rankings differ little from ETG-mean adjusted rankings.
Conclusions. Depending upon the purpose for which economic profiling is per-
formed, additional risk adjustment, beyond that already provided by episode grouping,
may be unnecessary. Additional research may be needed to identify and validate ETG-
level relationships between patient risks and episode costs.
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After the medicare prospective payment system was introduced in the early
1980s, some hospitals——especially teaching institutions——were concerned
about inadequate reimbursement for the care they delivered. This concern
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was prompted by findings that: (a) severity-related cost differences existed
among hospitalized patients, even after controlling for diagnosis-related group
(DRG) (Horn et al. 1985; McMahon and Newbold 1986; Averill et al. 1992);
and, (b) within individual DRG categories, teaching hospitals treated a more
severe case mix than other hospitals (Berman et al. 1986; McNeil, Kominski,
and Williams-Ashman 1988).1 A similar question, based on similar assump-
tions, has been raised about possible bias of patient health status differences on
economic profiles of physicians (Yi et al. 2002).

In economic profiling, health plans compare physicians’ actual costs for
services performed or ordered on behalf of patients to the expected costs of those
services. Physicians whose actual costs are less than expected are considered cost
efficient,2 while those whose actual costs exceed the expected values are viewed
as cost inefficient. On the basis of measured cost efficiency, physicians may find
their compensation rates increased or decreased (Strunk and Reschovsky 2002),
their placement in provider network tiers determined (Fronstin 2003), or their
continued membership in provider networks terminated.

In recent years, it has become common for health plans to use episode of
care as the unit of analysis for economic profiling. Thus, the first step in eco-
nomic profiling is to process a claims database through software, such as
Symmetry Health Data Systems’ Episode-Treatment Group (ETG) system
(Symmetry Health Data Systems 2005), that aggregates groups of claims into
diagnostically and chronologically related episodes. The actual cost of each
defined episode is calculated as the sum of costs associated with included
claims, and episode expected costs are determined, typically as the mean cost
of all episodes of the same type (e.g., ETG) in the database. Once episodes and
their costs are defined, responsibility for each episode is assigned to a phy-
sician. Physicians’ profiles are then constructed using average actual costs and
average expected costs of attributed episodes.

In economic profiling of physicians, a concern is that both (a) differences in
health status among patients may influence treatment costs within defined ep-
isode types and (b) average health status of patients treated may differ signif-
icantly among physicians. As a consequence, average cost per episode may be
higher for some physicians than for others, not because of poorer cost efficiency,
but rather because of the poorer health status of their patients. If episode
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expected costs were adjusted to account for effects of differences in patient health
status, the potential bias against such physicians might be removed.

The purpose of the study described here is to answer the following
questions:

� Are episode costs related to patient health status, and, if so, can
episode expected costs be risk adjusted to account for relationships
that exist?

� Do cost efficiency rankings that are adjusted for patient health status
differ from rankings that are not adjusted?

The first of these questions asks whether or not episode definitions
themselves account adequately for relationships between patient health status
and episode costs. If they do, then no additional risk adjustment is necessary. If
they do not, then additional risk adjustment may be needed. Even if relation-
ships between patient health status and episode costs exist, additional risk
adjustment may not be needed if these relationships are too small and/or
infrequent to influence profile rankings. This is the focus of the second
question.

METHODS

Data for the project were provided by a university-owned, mixed model
(group and independent practice association [IPA]) HMO in Southeast Mich-
igan. Data included all professional, outpatient, inpatient, and pharmacy
claims for members who were enrolled for the full 12 months of 1999, 2000,
2001, and/or 2002. The HMO was experiencing growth during the study
years, expanding its membership, its geographic market area, and its network
of physicians.

Claims data were processed through Symmetry’s ETG software. The
ETG system, which is widely used by health plans and other organizations for
analyses of claims databases, is described by Rosen and Mayer-Oakes (1999).
The resulting 4-year dataset included 658,646 completed episodes, each of
which is associated with a specified member, and is characterized by: a cat-
egory (ETG) and in some cases a subcategory (ETGSub), a start date, an end
date, and a total cost. Episodes were divided among 693 ETG/ETGSub com-
binations (we will hereafter refer to these combinations simply as ETGs) and
were associated with a total of 104,744 different members. Data were also
processed through Symmetry’s Episode-Risk Group (ERG) software to obtain
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member level retrospective risk scores, which can be considered measures of
member health status for the periods analyzed. Separate member-level ret-
rospective risk scores were developed for each of the 4 data years. Over the 4-
year period, scores averaged 2.31 with standard deviation of 3.11, and ranged
from 0 (very healthy) to 64.44 (very unhealthy). Mean annual retrospective
risk scores did not differ significantly across years.

For each type of service, a standard cost was developed using all claims
in the 4-year database. For professional and outpatient claims, standard costs
were calculated as arithmetic averages of actual costs of claims associated with
each CPT-4 procedure code (for professional claims) or HCPCS or local rev-
enue code (for outpatient claims). Pharmacy claims costs were standardized on
the basis of national drug code (NDC) and amount dispensed, and costs of
inpatient admissions were standardized on the basis of DRG. (Details of cost
standardization procedures are given in Thomas, Ward, and Grazier 2004.)
Once costs were standardized, episode costs were calculated by summing
costs of individual claims——professional, outpatient, inpatient, and pharma-
cy——associated with that episode.

To control for the potentially distorting effects of very high cost or very
low cost episodes on estimates of physicians’ mean costs, costs within ETGs
were Winsorized to the second percentile of category-specific costs for low
outliers; high outlier episode costs were Winsorized at the 98th percentile
(Hedges and Olkin 1985).

Four different methods were used to develop expected cost estimates for
episodes:3

� ETG Means: Expected cost for an ETG was estimated as the average
cost of all episodes in that ETG category. (This is the methodology
commonly used by health plans and others when profiling physi-
cians on the basis of episode costs.)

� One Variable Regression Model: Expected cost was estimated by re-
gressing retrisk, (the ERG member-level retrospective risk score for
the year in which the episode occurred) on episode costs. With ep-
isode as the unit of analysis, the regression equation is:

Ŷ ij ¼ ai þ bi � retriskj

where Ŷ ij is expected cost ETG i of member j; ai is the intercept term
for ETG i, retriskj is the ERG retrospective risk score for member j,
and bi is the slope coefficient of retriskk.
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� Two Variable Regression Model: Expected cost was estimated by
regressing retrisk and retrisk2 on episode costs. The regression
equation is:

Ŷij ¼ ai þ bi � retrisk j þ c i � retrisk2
j

where Ŷ ij , ai, bi, and retriskj are the same as above, retriskj
2 is the

square of retriskj and ci is its slope coefficient.

� Dichotomized Risk Model: Within each ETG, episodes were dicho-
tomized using mean retrisk score, and expected costs were esti-
mated as the average cost of all episodes within each of the two
subgroups.

Three alternative risk-adjustment models were examined because it was
not clear, a priori, which functional form would be most appropriate. Because
two of the risk-adjustment methods involved regression, analyses (and there-
fore expected cost estimates) were limited to ETGs for which at least 26 ep-
isodes were available in the database. Further, because we wanted to produce
full-year profiles, our analyses were limited to episodes that started and ended
during the same calendar year.4 With these two sets of restrictions, the final, 4-
year analysis dataset included 595,425 episodes, representing 457 ETGs and a
total of 104,335 members. Among the 457 ETGs, 106 included 1,000 or more
episodes, 62 included 500–999 episodes, 160 included 100–499 episodes, and
129 included 99 or fewer episodes.

The three retrospective risk-based risk-adjustment models were com-
pared on the basis of strength and stability of relationships between patient
retrospective risk score and episode costs. Strength of relationship was indi-
cated by R2 value——regression-adjusted R2 for the regression based models
and squared correlation between actual and expected costs for the dicho-
tomized risk model.5 Relationship stability was assessed using split sample
analysis for selected ETGs, with the first half of the sample used for estimating
risk–cost relationships, and the second half used for validation testing of those
relationships. ETG selection for these analyses was based on strength of risk–
cost relationships (both one-variable and two-variable regression model
R2 � 0.05) and volume of episodes (the 12 largest volume ETGs satisfying the
R2 requirement were selected).

Many episodes involved services and charges, from multiple physicians.
But profiling requires that, when possible, responsibility for each episode be
assigned to a single physician. Health plans have used a variety of decision
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rules for determining which physician, among those participating in an ep-
isode of care, should be assigned overall responsibility for episode associated
costs. In this study, we used the following rule: responsibility for each episode’s
actual and expected costs was attributed to the physician who accounted for 50
percent of more of episode-related professional and prescribing costs. If no
one physician accounted for at least 50 percent of professional and prescribing
costs, the episode was not assigned.

After episode responsibility was assigned, physicians were ranked within
specialties from most cost efficient to least cost efficient on the basis of stand-
ardized cost difference, which is the standardized difference between average
actual cost and average expected cost for the sample of episodes managed by
the physician. Using Zkj to represent the standardized cost difference for the
kth physician according to the jth model,

Z kj ¼
yk�ŷk j

sj=
ffiffiffiffiffiffi
Nk
p

where yk is average actual costs associated with the kth physician’s set of
episodes, ŷkj is the average expected costs associated with these episodes ac-
cording to the jth model, sj is the standard deviation of episode expected costs
according to the jth model, and Nk is the number of episodes assigned to the
kth physician. As we have shown (Thomas, Grazier, and Ward 2004), this
measure is less likely than those that do not adjust for sample size to incorrectly
identify smaller sized panels as high or low outliers.

As a measure of agreement between alternative model rankings, we used
the weighted k statistic proposed by Landis and Koch (1977), who indicate that
appropriate interpretation of weighted k values, which vary from 0.0 to 1.0,
would be: 0–20 percent, slight agreement; 21–40 percent, fair agreement;
41–60 percent, moderate agreement; and 61 percent and greater, substantial
agreement. For our weighted k analyses, we partitioned physician rankings
into quintiles, and measured level of agreement between pairs of quintile
rankings.

Analyses included all physicians within a specialty who satisfied a spec-
ified minimum episode sample size criterion. In this paper, we show findings
for economic profile rankings in four clinical specialties: cardiology, family
practice, general surgery, and neurology. Based on results provided elsewhere
(Thomas 2005), we profiled and ranked cardiologists having 20 or more at-
tributed episodes, family practitioners with at least 125 episodes, general sur-
geons and neurologists with at least 25 episodes.6
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RESULTS

Table 1 presents data on strength of relationships between episode costs and
patient retrospective risk scores. R2 values shown in this table are adjusted R2

for each of the two regression models and squared correlations between actual
and expected costs for the dichotomized model. (For the first model, R2 would
be, by definition, equal to 0.) The data show that none of the three risk models
is explain more than a marginal amount of within-ETG cost variation
(R2 � 0.025) for approximately three-fourths of ETG categories. Summing the
last two rows for each model shows that, with one-variable regression models,
in only 6 percent of ETGs are R2 values greater than 0.10; with two-variable
regression models, R2 values are greater than 0.10 for 8 percent of ETGs, and
for dichotomous models, R2 exceeds 0.10 in 4 percent of ETGs. The relatively
small proportions of ETGs exhibiting even moderate risks–costs relationships

Table 1: Number of ETGs with Risk Adjustment R2 in Specified Range, by
Risk-Adjustment Model

Risk-Adjustment Model R2 Range
Number
of ETGs

Percent
of ETGs

Number of Episodes per ETG

Minimum Average Maximum

One-variable regression � 0.01 271 0.59 25 1,400.8 70,426
� 0.01 � 0.025 85 0.19 28 1,567.5 18,208
� 0.025 � 0.05 49 0.11 28 1,388.6 14,745
� 0.05 � 0.075 19 0.04 30 380.7 3,170
� 0.075 � 0.10 4 0.01 46 245.0 800
� 0.10 � 0.15 15 0.03 38 340.3 1,627
� 0.15 14 0.03 26 54.6 114

Two-variable regression � 0.01 228 0.50 25 1,477.1 70,426
� 0.01 � 0.025 91 0.20 32 1,745.3 21,979
� 0.025 � 0.05 67 0.15 30 1,225.3 14,745
� 0.05 � 0.075 26 0.06 28 310.6 3,170
� 0.075 � 0.10 5 0.01 53 357.0 1,331
� 0.10 � 0.15 20 0.04 28 302.7 1,627
� 0.15 20 0.04 26 68.1 279

Dichotomous risk score � 0.01 224 0.49 25 1,775.8 70,426
� 0.01 � 0.025 116 0.25 25 1,359.2 18,208
� 0.025 � 0.05 58 0.13 28 544.3 4,514
� 0.05 � 0.075 30 0.07 25 212.6 1,627
� 0.075 � 0.10 11 0.02 30 61.2 149
� 0.10 � 0.15 8 0.02 28 66.0 104
� 0.15 10 0.02 26 38.5 59

ETG, episode treatment group.
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suggest that Symmetry’s ETG grouper performs well at defining episode cat-
egories in which patient health status exerts relatively little influence on di-
agnostic and treatment costs. Nevertheless, patient health status appears to be
related to episode costs in some ETGs. Table 1 indicates that retrospective risk
has at least a slight relationship (R240.025) with episode costs in 22 percent of
ETGs for one-variable regressions, 26 percent of ETGs for dichotomized
model risk adjustment, and for 30 percent of ETGs for two-variable regres-
sions. These ETGs account for 13.7, 6.6, and 16.7 percent, respectively, of all
episodes in the study population.

To test stability of the risk-adjustment models, we selected 12 ETGs
according to the criteria specified above. The ETGs are shown in Table 2. In
each of these ETG categories, half of the episodes were used to estimate re-
lationships between retrospective risk and episode costs. Estimation R2 values
suggest that modeled retrospective risk relationships are modestly predictive of
episode costs in every ETG category considered. Weighted average difference
between estimation and validation R2 values is smallest for the two-variable
regression model. However, even with this model, differences within individ-
ual ETGs are quite large——greater than 30 percent in 10 of the 12 ETGs listed.
We cannot attribute these relatively poor validity results to the small size of the
database used for the project, as ETG volume appears to be unrelated to risk
model validation results. In the absence of validity evidence, we must consider
that many, if not all, of the ETG-level risks–costs relationships are spurious.

Even if our analyses had validated all of the estimated relationships, the
question of whether or not the frequency and strength of such relationships are
sufficient to affect physicians’ profile rankings would remain. If rankings are
unaffected, then additional risk adjustment, beyond episode grouping, would
be unnecessary. If risks–costs relationships exist and do affect judgments about
physicians’ relative cost efficiency performance, additional risk adjustment in
profiling analyses should be performed. While we are unable to validate the
existence of most ETG-level risks–costs relationships, we can investigate im-
plications of those relationships, under the assumption that they do in fact exist.

Differences among risk-adjusted cost efficiency rankings are shown in
Table 3 for four specialties in each of 4 years7. In all cases, weighted k values in
this table indicate substantial agreement between the rankings based on ERG
risk scores and the rankings based on ETG means. Although agreement be-
tween pairs of rankings in most cases is not perfect (i.e., weighted ko1.0),
weighted k values are high in the substantial agreement range for all risk-
adjustment models, indicating that for these four specialties risk-score-based
and ETG-mean-based rankings are very similar.
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No episodes used in Table 3 analyses were in ETGs for which full sample
estimation R2 � 0.05 for any of the risk models. However, a number of ep-
isodes used in these profiles were in ETGs for which patient risk was mar-
ginally related to episode cost (ETGs with risk model 0.025oR2 � 0.05). It
might reasonably be assumed that lower weighted k values would be asso-
ciated with larger proportions of physicians’ episodes in ETGs with higher R2

values. However, Table 3 demonstrates that this assumption is incorrect. For
all three types of models, there appears to be no relationship between weight-
ed k scores and percentages of cases in ETGs with R2 values40.025.

To better understand the meaning of ‘‘substantial agreement’’ between
risk-score adjusted and ETG-mean adjusted cost efficiency rankings, in Table
4 we show data for the 14 cardiologists who had 20 or more attributed episodes
during 2001. Several interesting patterns can be observed in these data. First, it
is clear that the physicians identified as most cost efficient with ETG-mean
adjusted expected costs remain as most cost efficient when expected costs are
based on risk score calculations. Rankings of several of the six most cost
efficient cardiologists change when expected costs are risk adjusted, but these
six continue to be identified as the most cost efficient of the 14 physicians
profiled. At the bottom of the cost efficiency rankings, five of the six cardi-
ologist identified as least cost efficient remain at the bottom of the distribution
when expected episode costs are adjusted to account for patient risk. The sole
exception is physician K who is ranked 11th with ETG-mean adjustment and
is replaced by physician G in all risk-adjusted cost efficiency rankings.

Table 4 also shows that physicians’ average actual episode costs are not
predictive of cost efficiency rankings, regardless of risk adjustment method-
ology. Average actual costs for physicians C and D, who are ranked second,
third, or fourth depending upon risk-adjustment model, are among the lowest
for the 14 cardiologists, while average actual cost for physician A, who is
ranked first in cost efficiency by all models, is relatively high compared with
those of the other physicians. Neither are average risk scores determinant of
physicians’ cost efficiency rankings. Physicians M and N, ranked last (13th and
14th) by all models, have higher average risk scores than 8 and lower average
risk scores than 4 of the other profiled physicians. It is not actual costs or risk
scores, but rather relationships between expected and actual episode costs that
determine physicians’ cost efficiency rankings. Table 4 shows that expected
cost estimates based on ETG means are generally similar to those based on the
various risk score models. With all risk-adjustment methodologies, physician
A has the largest and physician H the smallest average expected costs. For
two of the risk-adjustment methodologies——ETG-means and dichotomized
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model——five of the six largest average expected cost values are associated with
physicians A through F, while for each of the two regression-based risk-
adjustment methodologies four of the six largest average expected cost values
are associated with these physicians.

Although not presented here, ranking statistics for family practitioners,
general surgeons, and neurologists show similar patterns to those in Tables 4.8

Adjustment for relationships between retrospective risk and episode costs
leads to small alterations in cost efficiency rankings with all models, but no
major shifts in relative rankings occur.

DISCUSSION AND CONCLUSION

In this study, we examined four different methodologies for estimating ep-
isode expected costs. Although all risk-adjusted rankings were in substantial——
and in some cases perfect——agreement with ETG-mean based rankings,
differences did exist. Of the risk-adjustment methodologies considered, two-
variable regression produced the strongest relationships between retrospec-
tive risk and episode costs. However, even with the two-variable regression
model, essentially no relationship was found between patient health status and
episode costs in approximately three-quarters of symmetry’s ETG categories.
In less than 10 percent of ETGs do risks–costs relationships produce R2 values
that exceed 0.10. Furthermore, with all models, split sample validation indi-
cates instability, and possibly spuriousness, in most modeled relationships.

Other findings of this study can be summarized as follows:

� Symmetry Health Data System’s ETG grouper classifies health care
claims into episode groupings in which patient health status exerts
relatively little influence on diagnostic and treatment costs. For all
three of the risk models considered in this study, none of the eco-
nomic profiles in any of the four specialties included ETG categories
for which risk–cost model R2 values were 0.05 or higher.

� No relationship was found between percentage of episodes in ETG
categories with nonzero risks–costs relationships and the likelihood
that risk adjustment will cause changes in physicians’ cost efficiency
rankings.

� Physicians’ cost efficiency rankings are not biased with respect to
average retrospective risk score of patients treated. This is true even
when episode expected costs are based on ETG means. Thus, the
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‘‘my patients are sicker’’ argument cannot be used credibly to ex-
plain substandard cost efficiency performance.

� Risk-adjusted cost efficiency rankings agree substantially with ETG-
means based rankings, for all years and all four specialties examined.
In several cases, there was perfect agreement between pairs of ran-
kings.

� When changes in rankings occurred because of risk adjustment,
changes were small. Specific changes in rankings differed with dif-
ferent risk models.

When evaluating cost efficiency performance of network physicians,
health plans typically compare actual costs of services provided or ordered by
each physician to the costs expected for those services, given the types of
episodes being managed. Expected costs of episodes are calculated as average
actual costs of all episodes of the same type (i.e., ETG) in the claims dataset
being analyzed. With nominal cost standards such as these, performance as-
sessments depend not only on the claims for which physicians are themselves
responsible, but also on other claims in the dataset, as these other claims help
determine episode expected costs. Use of nominal cost standards might also
suggest that if additional risk adjustment is to be performed, ETG-level risk–
costs relationships should be estimated in the dataset being analyzed. How-
ever, we found that most of the risks–costs relationships estimated with a 4-
year database from a small HMO are spurious or unstable, in that, if they exist
at all, the relationships almost certainly are sensitive to inclusion or exclusion
of small numbers of episodes in profiling analyses. To protect against such
sensitivity, risk-adjustment, if performed, should utilize validated risk models,
and this suggests that models must be estimated and validated with datasets
larger than that used in this study. If externally estimated and validated models
are used in when profiling physicians, episode expected costs will still be
nominal because models will be recalibrated to the dataset being analyzed.

A possible concern related to generalizability of our findings is that our
analyses were based on only one patient risk measure, the ERG retrospective
risk score. We have shown in an earlier study (Thomas, Grazier, and Ward
2004) that this measure produces similar profiling results to those obtained
with other commonly used risk measures (e.g., Adjusted Clinical Groups
[ACGs] from Johns Hopkins University and Diagnostic Cost Groups [DCGs]
from DxCG Inc.). For the current study, in addition to developing health plan
members’ ERG retrospective risk scores, we also processed the database
thorough DCG software from DxCG Inc. For each of the four data years, we

Episode-Based Economic Profiles 595



found ERG and DCG retrospective risk measures to be highly correlated
(average r 5 0.75 over the 4-year period), and we are confident that our find-
ings on risk adjustment would have been similar had we utilized the DCG risk
measure instead of the ERG risk measure in our analyses.

Another issue regarding the generalizability of out findings——and this is
an important caveat——is that our analyses were performed on data from a
single, university-owned health plan. We do not know whether or not the
strength and stability of within-ETG risks–costs relationships would be similar
if estimated in different datasets. Similarly, it is possible that effects of such
relationships on cost efficiency rankings could be greater or lesser than shown
here. We believe that a priority for future research should be investigation of
these relationships in large datasets.
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NOTES

1. Other research has suggested that, controlling for DRG, teaching institutions do
not, in fact, treat more severely ill patients than nonteaching hospitals (Welch 1987;
Goldfarb and Coffey 1987).

2. A consensus conference convened in September 2005 by the Ambulatory Care
Quality Alliance and National Committee for Quality Assurance determined that
the relative-resource-use measure described in this paper should be termed cost
efficiency, and that this should be differentiated from efficiency, a term long used
by economist to refer to the cost of resources utilized in achieving a given outcome
or benefit to the patient.

3. To control for skewness in episode cost distributions, in preliminary analyses, we
estimated risk models using log transform of episode costs as the dependent var-
iable. Findings from subsequent analyses using transformed actual and expected
cost estimates did not differ greatly from those based on untransformed data, and as
a result are not presented here. Results of these analyses are available from the
author upon request.

4. The 595,425 single year episodes represented 89.1 percent of the total 668,234
episodes in the database. Among episodes that began in one year and ended in a
different year (10.8 percent of the total), the most frequently occurring conditions
were benign hypertension (ETG 0281), hyperlipidemia (ETG 0047), and minor
depression (ETG 0096). Including these cross-year episodes in our analyses would
have required estimating cross-year retrospective risk scores, for example by
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calculating simple or time-weighted averages of single year risk scores. Because
within-ETG relationships between these calculated risk scores and episode costs
might be different than risk adjustment relationships for single year single year
episodes, we chose to exclude cross-year episodes from our analyses.

5. For the dichotomized risk model, R2 is calculated as
P
ðyi � Ŷ i Þ2

.P
ðyi � yÞ2

where yi is actual cost of episode i, Ŷi is expected cost of episode i, and �y is mean
actual cost of all episodes within the ETG.

6. Analyses were also performed with other minimum sample sizes for each specialty.
Results were similar to those reported below for the minimum sample sizes spec-
ified here.

7. Number of episodes per physician for profiles represented in Table 3 ranged from
20 to 105, with mean 5 47.1 for cardiologists; from 125 to 418, with mean 5 190.5
for family practitioners; from 25 to 89, with mean 5 44.7 for general surgeons; and
from 25 to 163, with mean 5 54.1 for neurologists.

8. Tables are available from the authors upon request.
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