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Profiling Care Provided by Different Groups of Physicians: Effects of
Patient Case-Mix (Bias) and Physician-Level Clustering on Quality

Assessment Results

Sheldon Greenfield, MD; Sherrie H. Kaplan, PhD, MPH; Richard Kahn, PhD; John Ninomiya, MS; and John L. Griffith, PhD

Background: Patient characteristics (case-mix bias) and physi-
cian-level variation (clustering) are often overlooked in profiling
the quality of care provided by different groups of physicians,
such as specialties.

Objective: To examine the effect of case-mix bias and physi-
cian-level clustering on differences in quality of diabetes care
between specialty groups participating in the American Diabetes
Association’s Provider Recognition Program.

Design: Retrospective record review of both process and out-
come measures over 1 year and a cross-sectional patient survey.
The sample included 29 solo and group practice sites in diverse
regions of the United States. Of the 29 sites, 15 were endocri-
nology sites and 14 were primary care sites.

Patients: 1750 adults with diabetes.

Measurements: Process measures included frequency of hemo-
globin A, lipid, and urine protein testing; blood pressure mea-
surement; and foot and eye examinations. Outcome measures
included A,. level, blood pressure, lipid levels, and patient
satisfaction. Patient case-mix variables included age, sex,

health status, level of education, ethnic minority status, and
duration of diabetes.

Results: Unadjusted differences between endocrinologists and
generalists were statistically significant for most process and out-
come measures. Inclusion of patient case-mix variables reduced
the statistical significance of specialty differences for some quality
measures. After accounting for the substantial physician-level
clustering, observed differences between specialties were no
longer statistically significant for any of the quality measures
except patient satisfaction.

Conclusions: The findings underscore the importance of design-
ing physician profiling studies with sufficient power to account for
physician-level variation (clustering) as well as patient case-mix.
Studies that are not designed with both sufficient numbers of
physicians and patients per physician may distort differences in
quality of care between physician groups.
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dentification of physician characteristics associated

with optimal management of chronic disease could
serve as the basis for designing quality improvement in-
itiatives. However, assessment of the quality of care pro-
vided by physicians with different characteristics (for ex-
ample, generalists vs. specialists, male vs. female, or
those in health maintenance organizations vs. those with
fee-for-service arrangements) presents a unique set of
methodologic problems that stem from the nature of
outpatient medicine. First, if older or sicker patients
with multiple diseases have different needs for health
care services and different health outcomes independent
of the quality of care they receive, physicians who see
such patients may appear to provide lower quality of
care than do those who see younger patients with less
comorbid disease. Accounting for these patient charac-
teristics (that is, avoiding case-mix bias) is therefore an
essential feature of fair and accurate comparisons of phy-
sicians’ quality of care.

Second, patients with specific characteristics (such
as age, sex, or health problems) choose and remain with
physicians who have specific characteristics (such as age,
sex, specialty training, proximity, or practice style). Pa-
tients in a physician’s practice (or even those seen by a
small group of physicians practicing together) might
therefore “cluster,” that is, be more like each other and
differ from patients who are drawn to another physi-
cian’s practice. Thus, patients are not independent ob-
servations, as assumed by standard statistical techniques.
While also inherent in any unit or “cluster” being com-
pared (such as a health plan, a hospital, or a state), the
smaller and more homogenous the unit (for example,
the individual physician’s office practice as opposed to a
hospital), the greater the potential for a clustering prob-
lem (1). Accounting for physician-level clustering is
therefore another key feature of scientifically sound pro-
filing of physicians’ quality of care.

Finally, to be reliable for profiling at the physician
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level, quality-of-care measures must be chosen that reg-
ister the physician’s style, or “thumbprint.” For exam-
ple, measures of the process of medical care (such as test
ordering or interpersonal behavior) are more directly
under the physician’s control and are therefore more
likely than some outcome and utilization measures to
register the physician’s thumbprint (1, 2). To detect
physician style reliably, a sufficient number of patients
per physician must be sampled.

Although these methodologic issues have been rec-
ognized in the design and analysis of randomized trials
(1, 3, 4), attempts to address both patient case-mix and
physician-level clustering in observational studies of
quality-of-care assessment have been limited (2, 5-12).
As part of a continuing effort to draw attention to qual-
ity of care, the American Diabetes Association (ADA)
developed the Provider Recognition Program to ac-
knowledge physicians who provide high-quality diabetes
care. To illustrate the effects of patient characteristics
and physician-level clustering on quality assessment re-
sults among patients with diabetes, we used ADA Pro-
vider Recognition Program data to compare two groups
of physicians, in this case generalists and specialists,
whose results were expected to differ (7, 13).

MEeTHODS
Definitions

“Groups of physicians” refers to physicians who
share a characteristic, such as specialty; it does not des-
ignate a collection of physicians practicing together.
“Site” or “practice” refers to the office setting, as in “solo
or group practice” or “endocrinologist practices,” not to
the behavior of physicians (as in “practice patterns”).
We use a broad definition of “case-mix” that includes
such patient characteristics as age, sex, level of educa-
tion, and health status. “Physician-level clustering” re-
fers to the variation in any measurements (patient char-
acteristics or quality-of-care measures) associated with
the physician. In this study, it reflects the extent to
which rates of performance of quality measures differ
between physicians within a specialty. The effect of this
clustering is summarized by the inflation factor (also
called “design effect” [1]), which is the ratio of estimated
variances of differences between specialty groups, with
and without adjustment for clustering (see Glossary).
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Site Selection and Patient Sampling

A convenience sample of 15 managed care plans, 10
clinics, and 6 endocrinology practices responded to a
nationwide ADA solicitation to participate in a diabetes-
related quality-of-care study. Seven of the 15 managed
care plans agreed to recruit physicians. All 10 clinics and
all 6 of the endocrinology practices agreed to have some
or all of their physicians participate. Thirty-one practice
sites that included a total of 63 physicians agreed to
participate in the study. Of these 31 sites, 2 dropped out
because of the burden of data collection.

Each participating practice self-reported specialty of
the practice. To avoid misclassification of practices, the
investigators verified specialty. Physicians at each partic-
ipating practice were asked to submit data only for those
patients for whom they provided the principal diabetes
care.

To maximize the reliability of physician-level qual-
ity measures, approximately 35 patients per site were to
be sampled. All but 3 practice sites recruited 27 or more
patients; the average number of patients sampled per site
was 67. All patients received most of their diabetes care
at the practice site. Practice sites recruited consecutive
patients starting at an index date.

Data Collection

Clinical data were abstracted from medical records
for all visits to participating physicians in the 12 months
immediately preceding the index date. The care assessed
was delivered between October 1994 and July 1996.
Following detailed ADA specifications, personnel at
each practice site abstracted study measures from pa-
tients’ medical records. Abstraction by sites was deter-
mined to agree with expert ADA personnel by perform-
ing duplicate abstraction at two participating practices.

A survey to collect patient case-mix variables and
ratings of interpersonal care was also administered at the
time of recruitment. A majority of patients (69%) re-
turned the survey by mail; the remainder (31%) com-
pleted the survey in the physician’s office. The method
of survey administration did not affect the variables an-
alyzed. Completed patient surveys were obtained from
1258 (73.5%) patients. Compared with responders,
nonresponders had a higher mean hemoglobin A, level
(0.091 [9.1%] vs. 0.087 [8.7%]), had had diabetes for
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less time (10.8 vs. 14.3 years), and fewer received most
of their care from an endocrinologist (68% vs. 73%).
Since clinical measures not found in the medical
record were scored as not performed rather than as miss-
ing, none of these measures was imputed. Missing data
from the survey exceeded 5% for only four variables.
Values were imputed for single-item measures by using
Hot-Deck (14); multi-item scales were imputed by us-
ing each respondent’s average of completed items for
those completing at least 50% of scale items. Although
multiple imputation methods are available, a single im-
putation procedure for missing data was chosen for this
project in order to focus on the issues of clustering and
case-mix, apart from additional sources of variability.

Measures

A panel of experts recruited by the ADA identified
process and outcome measures that together defined a
comprehensive evaluation of quality of care for diabetes.
These measures were lipid profile (frequency of mea-
surement and levels of total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein choles-
terol, and triglycerides), dilated eye examination (a note,
report, or letter from a physician or optometrist docu-
menting the date of the examination, or a dated photo-
graph of the retina), foot examination (reference to a
visual inspection or sensory examination of the feet),
blood pressure, urinalysis or any test for urinary protein
(such as 24-hour collection or dipstick protein testing),
and self-monitoring of blood glucose (any mention of
patient-collected blood glucose values and any mention
of patient self-adjustment of diet or treatment on the
basis of blood glucose results).

Glycated hemoglobin was recorded as hemoglobin
A, or total glycated hemoglobin. Total glycated hemo-
globin values were converted to hemoglobin A, _ values.
For items that appeared more than once during the
study year, the most recent value recorded was used.

Satisfaction with care was measured by using four
well-tested survey items, rated on a five-point scale from
“excellent” to “poor” (15): personal manner of the
health care provider, overall diabetes care, explanation of
laboratory results, and how well questions were an-
swered. The proportion of “excellent” scores was used in
the analysis. Self-reported health status was measured by
using a single five-point rating scale from “excellent” to
“poor.” This item has been shown to reflect the sum-
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mary of diabetes complications and comorbid condi-
tions (16).

Statistical Analysis

All data were analyzed by using SAS software (17).
We used univariate analysis to examine frequency distri-
butions and variability in study measures. Derived vari-
ables from the patient survey were tested for internal
consistency reliability by using the Cronbach a value;
reliability coefficients exceeded 0.70 for all study mea-
sures. Characteristics of respondents and nonrespon-
dents were compared by using #tests for continuous
variables and chi-square tests for proportional variables.

For each process and outcome measure, regression
models were used to calculate estimated odds ratios and
95% Cls comparing the two specialties. Odds ratios
were estimated from regression models with no adjust-
ments, inclusion of patient case-mix only, inclusion of
physician-level clustering only, and inclusion of both
case-mix and physician-level clustering. Although the
odds ratio may not be the optimal metric when perfor-
mance rates are extremely high or low (18, 19), we used
odds ratios only to illustrate the effects of patient case-
mix bias and physician-level clustering on specialty com-
parisons. Models were adjusted for patient age, level of
education, ethnic minority status, sex, duration of dia-
betes, treatment with insulin, and health status. Health
status and education were entered as continuous vari-
ables. Crude and covariate-only adjusted estimates were
obtained from logistic regression models.

Generalized estimation equations (20) were used to
investigate the additional effect (beyond case-mix bias)
of physician-level clustering on significance testing. This
effect, summarized by the inflation factor, is derived
from the covariate-adjusted model and the full model
with both covariate and cluster adjustments. It reflects
the proportional decrease (or increase) in sample size
required to see statistically significant differences be-
tween the groups being compared given the extent of
clustering of patients by physician. It can be written as
IF =1+ (n — 1) X p, where [F is the inflation fac-
tor, p is the intraclass correlation coefficient, and 7 is the
number of patients seen per physician. The intraclass
correlation coefficient measures how similar patients are
within practices and how different they are from pa-
tients in other practices (21). In this study, after adjust-
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Table 1. Proportion of Patients Conforming with Process and Outcome Measures, by Specialty and Unadjusted for

Patient Characteristics

Quality Measure Patients of Patients of Difference P Value
Endocrinologists Generalists (95% ClI)
(n = 1250) (n = 500)
% percentage points
Process measure*
Hemoglobin A, measurement 20 79 11 (6 to 14) <0.001
Lipid measurement 45 51 -6 (=11t0 0) 0.042
Urine protein measurement 58 42 16 (12 to 22) <0.001
Blood pressure 91 92 =1 (=2to3) >0.2
Eye examination 4 34 7 (2t012) 0.008
Foot examination 75 54 21 (16 to 26) <0.001
Self-measurement of blood glucose 83 73 10 (6 to 15) <0.001
Outcome
Hemoglobin A, value < 0.10 (<10.0%)t 79 76 3(1to8) 0.153
Hemoglobin A  value < 0.08 (<8.0%) 38 32 6 (1to 12) 0.029
Total cholesterol level < 5.18 mmol/L (<200 mg/dL) 46 43 3(-4t09) >0.2
Low-density lipoprotein cholesterol level < 3.37
mmol/L (<130 mg/dL) 51 58 -7 (=14 1o 0) 0.063
High-density lipoprotein cholesterol level+ 58 51 7 (0 to 14) 0.046
Triglyceride level < 2.26 mmol/L (<200 mg/dL) 68 57 11 (5 to 17) <0.001
Blood pressure = 140/90 mm Hg 58 52 6 (0to11) 0.037
Satisfaction with interpersonal care rated as
“excellent” 38 22 16 (11 to 22) <0.001

* Blood pressure was measured twice annually; all other process measures were obtained once annually.
1 Unadjusted mean values were 0.087 (8.7%) for endocrinologists and 0.09 (9.0%) for generalists (2 < 0.05).
¥ Specified levels were >0.91 mmol/L (>35 mg/dL) for men and >1.17 mmol/L (>45 mg/dL) for women.

ment for case-mix, the intraclass correlation coefficient
indicates the consistency of the physician’s behavior
across patients in his or her practice. A high intraclass
correlation occurs when the quality measures are similar
for patients within a physician’s practice and differ from
those for patients in another physician’s practice. An
inflation factor of 1 implies no physician-level clustering
(standard analytic approaches assuming independence of
observations might therefore be appropriate), and those
greater than 1 represent data with positive intraclass cor-
relation. These methods allowed us to examine differ-
ences between specialists and generalists after accounting
first for patient case-mix, then for physician-level clus-
tering, and finally for both.

Role of the Funding Source

This research was supported by the American Dia-
betes Association, which developed and maintains the
Provider Recognition Program. Data from the Provider
Recognition Program were analyzed by the authors with
support from the ADA. The ADA had no role in the
design, conduct, and reporting of the study.
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REsuLTS
Patient and Practice Sample Characteristics

The 29 participating sites were located in 13 states;
14 were in urban locations, 10 in were in suburban
locations, and 5 were in rural communities. There were
13 individual physician sites (solo practices) and 16
multiple physician (group practices) sites. Of the solo
practitioners sampled, 6 were endocrinologists and 7
were internal medicine or family practice physicians
(generalists). Of the multiple physician practices, 9 were
endocrinology sites and 7 were generalist sites.

A total of 1750 adult patients participated in the
study. The patients ranged in age from 18 to 92 years
(mean age [=SD], 59 * 15 years), 48% were male,
81% were white, and 32% had attended college. We did
not distinguish between patients with type 1 and type 2
diabetes because the measures used to assess care were
the same for both groups and diabetes type was not
uniformly reported.

Relationship of Quality Measures to Physician Specialty
We first examined the relationship between physi-
cian groups (specialties) and quality measures. In a
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patient-level analysis unadjusted for patient characteris-
tics, process and outcomes measures differed signifi-
cantly between specialties (Table 1). Most process mea-
sures were performed significantly more often by
endocrinologists than generalists. In addition, more pa-
tients of endocrinologists achieved specified outcome
levels than did patients of generalists; however, only tri-
glyceride level less than 2.26 mmol/L (<200 mg/dL)
and patient satisfaction were statistically significant
(P < 0.01). When the specified level of hemoglobin A,
was defined as less than 0.08 (<<8.0%), 38% of patients
seen by endocrinologists compared with 32% of patients
seen by generalists achieved this level (2 = 0.029).

Variation in Patient Characteristics by Specialty

We next compared the characteristics of patients of
endocrinologists with those of patients of generalists.
Patients of endocrinologists differed significantly from
patients of generalists for four of the seven patient char-
acteristics studied (Table 2). Compared with patients of
generalists, patients of endocrinologists were signifi-
cantly younger and better educated, more had had dia-
betes for 15 years or longer, and more were taking in-
sulin.

Relationship of Specialty to Quality Measures after
Accounting for Patient Case-Mix and Physician-Level
Clustering

Tables 3 and 4 show results of a three-stage exam-
ination of the effects of specialty on each of the quality
measures in unadjusted analysis, analysis accounting for
patient case-mix only, and analysis accounting for both
patient case-mix and for physician-level clustering. We
examined the statistical significance of odds ratios and
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the 95% Cls comparing the two specialties for each
adjustment procedure. Odds ratios between the columns
“Case-Mix Adjustment Only” and “Full Model Adjust-
ment” in Tables 3 and 4 are therefore similar, but the
ClIs in the latter column are wider. The inflation factor
in Tables 3 and 4 indicates the relative effect of physi-
cian-level clustering compared with that of case-mix ad-
justment only. Larger inflation factors indicate greater
effects of physician-level clustering. An inflation factor
of approximately 4.0 or greater, for example, indicates
an approximate doubling of the CI (the square root of 4).

Although the unadjusted comparisons of specialties
for each process measure were similar to the results
shown in Table 1, the differences between specialties in
the performance of annual lipid tests, eye examinations,
and self-monitoring of blood glucose were no longer
statistically significant after adjustment for patient char-
acteristics (Table 3).

Accounting for physician-level clustering increased
the variance associated with the specialty variable, such
that no difference between specialties in process mea-
sures remained statistically significant (Table 3). The
inflation factor exceeded 3.0 in all cases, suggesting that
adjustment for clustering at the physician level substan-
tially reduced the effective sample size and therefore re-
duced the study’s statistical power to detect specialty
differences in quality measures. The observed intraclass
correlations for process measures, a reflection of the
physician-level clustering, were moderately high com-
pared with those in the literature (2, 22). The intraclass
correlation coefficient for the hemoglobin A;_ process
measure, for example, was 0.18; adjustment for patient
case-mix did not change this value.

The Figure shows the variability in the proportion

Table 2. Comparisons of Patient Characteristics (Case-Mix) by Specialty Group

Characteristic Patients of
Endocrinologists
(n = 1250)

Mean age, y 57

Men, % 48

College or greater education, % 36

Nonwhite ethnicity, % 23

Duration of diabetes = 15y, % 39

Use of insulin, % 68

Mean health status scoret 53

Patients of Difference P Valuet
Generalists (95% Cl)*

(n = 500)

62 5 (4 to 6) <0.001
48 0(=5to6) >0.2

20 16 (11 to 21) <0.001
19 4 (0 to 10) 0.070
26 13 (8 to 19) <0.001
45 23 (18 to 29) <0.001
51 2 (0to6) 0.080

* Differences between percentages are expressed as percentage points.

1 Comparisons of mean differences in proportions of patients with selected characteristics by practice specialty.
¥ Self-reported health status was rated on a 5-point scale from “excellent” to “poor.” Scores have been transformed to range from 0 to 100. Higher scores reflect better health.
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Table 3. Odds Ratios for Process Measures, by Method of Adjustment

Process Measure*

Hemoglobin A,

P value

Odds Ratio (95% CI)t

Self-measured blood glucose

Unadjusted

2.24 (1.69-2.97)

P value <0.001

Lipids 0.81 (0.66-0.99)
P value 0.04

Urine protein 1.96 (1.59-2.42)
P value <0.001

Blood pressure 0.95 (0.65-1.38)
P value >0.2

Eye examination 1.34 (1.08-1.66)
P value <0.01

Foot examination 2.52 (2.03-3.13)
P value 0.07

1.79 (1.40-2.28)
0.001

Inflation Factort

Case-Mix Full Model
Adjustment Only§ Adjustment]|

1.94 (1.44-2.62) 1.94 (0.81-1.24) 8.73
<0.001 0.14

0.86 (0.69-1.07) 0.86 (0.50-1.49) 6.40

0.18 >0.2

1.81 (1.45-2.26) 1.81 (0.83-3.96) 12.70
<0.001 0.14

0.79 (0.53-1.17) 0.79 (0.30-2.04) 5.74
>0.2 >0.2

1.23 (0.98-1.54) 1.23 (0.62-2.43) 8.98

0.08 >0.2

2.35(1.86-2.98) 2.35(0.86-6.47) 18.53
<0.001 0.1

1.16 (0.88-1.53) 1.16 (0.35-3.90) 19.43

>0.2

>0.2

* Blood pressure was measured twice annually; all other process measures were obtained once annually.

T Odds ratios > 1.0 favor endocrinologists.

¥ Inflation factor (or design effect) is the ratio of the estimated SEs of the regression coefficients for full model versus case-mix model only.
§ Adjusted for patient characteristics (case-mix bias), including age, sex, ethnicity, educational level, duration of diabetes, and health status.

|| Adjusted for both patient characteristics (case-mix bias) and cluster effect.

of patients with unadjusted HbA,_ values less than 0.10
(10%) for each practice site within specialty. Consider-
able variation was observed between physicians within
each specialty.

Similar results were obtained for each of the out-
come measures (Table 4). However, although more pa-
tients of endocrinologists had hemoglobin A,_ values
less than 0.08 (8%), more had blood pressure values less
than 140/90 mm Hg, and more rated their interpersonal
care as “excellent”; adjustment for patient characteristics
did not change the statistical significance of differences

between specialties in hemoglobin A, _ values or satisfac-
tion results. Borderline specialty differences in lipid val-
ues in favor of generalists were statistically significant
after case-mix adjustment only. Results for other lipid
measures were similar (data not shown). After case-mix
adjustment, differences in patients’ blood pressure that
initially favored endocrinologists became statistically in-
significant. Accounting for physician-level clustering
increased the variance associated with specialty differ-
ences for all outcome measures except satisfaction with
care, such that differences between specialties were no

Table 4. Odds Ratios for Outcome Measures, by Method of Adjustment

Outcome Measure

Hemoglobin A, value < 0.10 (<10.0%)
P value
Hemoglobin A, value < 0.08 (<8.0%)
P value
Low-density lipoprotein cholesterol level < 3.37 mmol/L (<130 mg/dL)
P value
Blood pressure = 140/90 mm Hg
P value
Satisfaction with care
P value

Odds Ratio (95% CI)* Inflation

Unadjusted

Case-Mix
Adjustment Only#

Full Model
Adjustment§

Factort

1.22 (0.93-1.60) 1.32 (0.99-1.76) 1.32 (0.67-2.59) 5.51

0.15 0.06 >0.2

1.31(1.03-1.67) 1.54 (1.19-1.99) 1.54 (0.92-2.57) 3.90
<0.03 <0.03 0.10

0.77 (0.58-1.02) 0.69 (0.51-0.93) 0.69 (0.46-1.04) 1.34

0.07 0.02 0.12

1.25 (1.01-1.54) 1.06 (0.85-1.33) 1.06 (0.71-1.59) 3.23
<0.04 >0.2 >0.2

2.20 (1.64-2.96) 1.95 (1.43-2.66) 1.95 (1.14-3.33) 2.98

<0.001

<0.001

0.02

* Odds ratios > 1.0 favor endocrinologists.

T The inflation factor (or design effect) is the ratio of the estimated SEs of the regression coefficients for full model versus case-mix model only.
¥ Adjusted for patient characteristics (case-mix bias), including age, sex, ethnicity, educational level, duration of diabetes, and health status.

§ Adjusted for both patient characteristics (case-mix bias) and cluster effect.
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longer statistically significant (Table 4). As with process
measures, outcome measures had moderately high intra-
class correlations (for example, 0.12 for hemoglobin A,
value < 0.10 [<10%]) that were not affected by case-
mix adjustment.

Reduction in the specification of the hemoglobin
A,. outcome measure from less than 0.10 (<10%) to
less than 0.08 (<<8%) reduced the inflation factor, de-
creased the contribution of physician clustering, and in-
creased the contribution of patient case-mix to differ-
ences between specialties (Table 4).

Discussion

Using data from the ADA Provider Recognition
Program, we demonstrated that profiling and comparing
the quality of care provided by different physician
groups may be inaccurate if careful attention is not paid
to patient case-mix and physician-level clustering. Al-
though we compared generalists and specialists, our re-
sults would also apply to comparisons of quality of care
provided by any group of physicians, such as those prac-
ticing in health maintenance organizations versus fee-
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for-service arrangements, those in higher-volume versus
lower-volume practices, or older versus younger physi-
cians. This research has implications for four areas of the
design and analysis of physician-level quality-of-care
studies: case-mix measurement and adjustment; choice
of quality measures; sampling, power, and physician-
level reliability; and analysis of physician profile data.
Patient characteristics, including age, socioeconomic
status, comorbid conditions, access to health resources,
and health and lifestyle behaviors, have long been un-
derstood to have a direct and independent effect on
health outcomes (16, 23-32). In our study, younger,
better-educated patients who had diabetes of longer du-
ration but slightly better overall health status were more
prevalent in endocrinology practices than in generalist
practices. Adjustment for these patient characteristics re-
duced the statistical significance of specialty differences
for some of the process and outcome measures. These
findings are consistent with those of other recent spe-
cialty comparisons where careful adjustment for case
mix was performed (6, 33—-37). Because case-mix mea-
sures are imperfect, however, there may still have been

Figure. Proportion of patients with unadjusted hemoglobin A, values less than 0.10 (10%) for each practice site

within specialty.
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residual unmeasured case-mix differences between spe-
cialties. Improvement in these measures may improve
quality-of-care comparisons between groups of physi-
cians.

Simple adjustment for patient case-mix alone, how-
ever, could still lead to inaccurate inferences about dif-
ferences in quality of care between groups of physicians.
Quality measures must accurately reflect differences be-
tween the physician groups being compared and must
be reliable at the physician or practice level. Our find-
ings suggest that choosing only process or only outcome
measures would have led to different conclusions about
the quality of care provided by the two specialties. Spe-
cialty comparisons seldom use both process and out-
come measures simultaneously (35, 38, 39), which, as
our findings suggest, may be more appropriate. We also
observed that choosing different thresholds for outcome
measures may be important in measuring the effect of
the physician versus the patient in quality-of-care assess-
ments. As seen in Table 4, we observed a higher infla-
tion factor (5.51) when the specified hemoglobin A,
level was set at less than 0.10 (<10%) than when it was
set at less than 0.08 (<8%) (inflation factor, 3.90). In
addition, patient characteristics were more significantly
associated with achievement of lower versus higher he-
moglobin A, _ levels. Thus, higher versus lower thresh-
olds may be a better reflection of the physician’s contri-
bution to quality of care. In future studies, comparisons
of physicians’ care could be improved by combining
selected quality measures into multi-item scores (en-
hancing the reliability and validity of profile scores) and
by choosing thresholds for measures that reflect physi-
cian (rather than patient) effects more accurately.

Although physicians’ behavior may be highly con-
sistent across patients in their practices, their behavior
may or may not be similar to that of other physicians in
their group (for example, specialty). This is the essence
of physician-level clustering. We observed considerable
variation between physicians within each of the specialty
groups; in other words, physicians tended to behave
more like individuals than like the specialty group to
which they belonged. These large between-physician dif-
ferences within the same specialty, coupled with the
consistency of physicians’ behavior across patients in
their practices, increased the variance associated with
specialty. Once this physician-level variation was taken
into account, the specialty differences were no longer
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statistically significant. To see statistically significant dif-
ferences between specialties given the clustering that we
observed, we would have needed to increase the size of
the physician sample from 3- to 20-fold, depending on
the quality measure being compared.

In quality assessment, comparison of two groups of
physicians (such as specialists, those scoring over or un-
der a benchmark value, or those in different care set-
tings) requires both a sufficient number of patients per
physician to ensure physician-level reliability and a suf-
ficient number of physicians per comparison group to
account for variation with the group. Paradoxically, to
obtain a reliable profile of care at the level of an indi-
vidual physician or a practice, a relatively large sample of
patients from that practice might be required. However,
having large samples of patients per practice does not
ensure optimal comparisons of groups of physicians or
practices and may actually substantially increase the
number of physicians or practices needed to achieve ad-
equate power for the comparison. To compare general-
ists and specialists, for example, when adequate numbers
of patients are sampled to obtain reliable physician- or
practice-level quality-of-care scores, considerably more
physicians or practices may be needed to accurately
compare the specialty groups. The greater the variability
in care across physicians or practices, the larger the num-
ber of physicians needed to estimate differences between
physician groups, such as specialties. The Appendix
shows an example of this relationship. With 1750 pa-
tients, our study was designed with 80% power to detect
significant differences between physician groups in the
presence of the minimal intraclass correlation coeffi-
cients that we expected on the basis of previous research
(2, 22). For example, for the hemoglobin A, _ process
measure, we had 80% power to detect an unadjusted
difference of 6% between specialties. In the presence of
the large inflation factor that we observed (8.7), the
11% difference between specialties in this measure was
not statistically significant after adjustment for cluster-
ing. With the observed inflation factor for this measure,
our study had 80% power for detecting only a larger
difference (15%) between specialties. Therefore, our
findings emphasize the importance of designing quality-
of-care profiling studies with sufficient numbers of phy-
sicians in any comparison group to detect meaningful
differences in the presence of at least moderate physi-
cian-level clustering.
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Finally, our study underscores the importance of
using appropriate statistical techniques to account for
both patient case-mix and physician-level clustering
when comparing groups of physicians. Because patients
within physicians’ practices are not independent obser-
vations, as assumed by many standard statistical tech-
niques, and because physicians seem to behave more like
individuals than like groups, failure to account for phy-
sician-level clustering by using an appropriate analytical
method could lead to overestimation of the statistical
significance of the groups being compared (1, 3, 5, 41—
43). In addition to the generalized estimation equations
that we used (20), other approaches also exist for ana-
lyzing cluster data (44—47).

It is assumed that some study patients might have
been “co-managed” by generalists, endocrinologists, and
other medical subspecialties and associate providers (for
example, nurses, nutritionists, and podiatrists). We did
not attempt to determine the level of co-management.
We assume that such co-management would enhance
patient care through the application of the experience,
knowledge, and skills of multiple providers. However, to
the extent that extensive co-management occurred, the
unadjusted differences between specialties would have
been less than those we observed.

Our study has at least two potential limitations.
First, participating physicians volunteered, and patients
were not randomly sampled within practices. These
physicians may overrepresent those who were confident
that they were providing high-quality care. Any bias in-
troduced by sampling these practices might therefore
result in higher performance on quality measures than
would be expected in a more representative sample.
However, even among these physicians, the variation
between physicians in each specialty was unexpectedly
large. Therefore, a broader sample of both physician
groups would be unlikely to decrease the variation be-
tween physicians and therefore unlikely to yield findings
different from those observed.

In addition, although medical record data are com-
monly assumed to be the “gold standard” for quality
assessment, they may not be the optimal data source for
this purpose. Physicians tend to record only positive
findings and not document clinical care yielding nega-
tive findings. To affect our results, however, specialties
would have had to differ in recording practices. A recent
study suggests that specialties do not differ in this way (48).
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In summary, most national quality-of-care initia-
tives fail to adjust adequately for patient characteristics
and none adjust for variations between individual phy-
sicians or practices. The failure to take both of these
important design and analytical features into account
might lead to inaccurate conclusions in comparisons of
profiles of quality of care provided by different groups of

physicians.

GLOSSARY

Case-mix adjustment: Statistical methods applied to physi-
cian comparisons to account for case-mix bias.

Case-mix bias: The nonrandom tendency of patients with
certain characteristics (such as age, comorbid conditions, or se-
verity of illness) that affect outcomes to choose physicians with
certain characteristics (such as specialty). Ignoring this tendency
in comparisons of physicians would introduce bias in those com-
parisons.

Hierarchical modeling: Statistical technique of accounting for
nested data structures (for example, patients within physician). It
does not assume independence of observations, accounts for mul-
tiple levels of sources of variability measured at different levels of
the hierarchy, and allows estimation of random and fixed effects.

Inflation factor: The proportional increase (or decrease) in
sample size, reflecting the variation around the group mean or
rate for a measure due to differences between individuals in the
groups, needed for observed differences between groups to reach
statistical significance.

Intraclass correlation: With respect to physician profiling, a
reflection of the consistency of the physician’s behavior across
patients (especially if adjusted for patient case-mix) and practices.

Physician-level clustering: The nonrandom clustering of pa-
tients with certain characteristics within a physician’s practice;
the variation between physicians in quality measures which, after
case-mix adjustment, are attributable to differences in physicians’
behavior.

Physician-level reliability: Reproducibility of a physician’s
quality measure (rate of a desired process or outcome) across
multiple samples of patients in his or her practice.

Validity: The accuracy (or absence of bias) of measurement;
the extent to which a measure actually measures what it is in-
tended to measure. (Validity of the physician profile scores is not
addressed in this paper.)

APPENDIX

Following is an example of the relationship among design
effects, patient and physician sample sizes, intraclass correlation
coefficients, and effective sample sizes to detect differences be-
tween physician groups.

Suppose a fully randomized trial comparing two groups of
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250 patients each had 80% power to detect a difference in the
performance of a quality measure of 20% versus 31% (odds ratio,
1.8) for each of two physician groups, and patients were sampled
with attention to the physician’s practice from which they were
drawn. If instead 20 physicians were sampled and then 25 pa-
tients of each physician were sampled (for the same total of 250
patients in each comparison group), the actual power of the study
would depend on the intraclass correlation. Both the intraclass
correlation and the number of observations in each cluster have
implications for the inflation factor and the effective sample size.
For example, with a very high intraclass correlation of 0.25, this
nested design would have an inflation factor of 7.0 and have only
80% power to detect a much larger difference in the performance
of the quality measure (20% vs. 52% [odds ratio, 4.2]) for the
two physician groups. With the high intraclass correlation, each
patient’s response provides less independent information. Thus,
adding more patients per physician only marginally increases the
study’s power. In the hypothetical extreme case of an intraclass
correlation of 1.00, the effective sample size for this study would
be 20, the number of participating physicians.

Even low intraclass correlation can significantly affect the
inflation factor and, thus, the study’s power. For example, in the
above design, an intraclass correlation of 0.05 would produce an
inflation factor of 2.2, resulting in an effective sample size of 227.
This study would then have 80% power to detect a difference in
the performance of the quality measure of 20% versus 37% (odds
ratio, 2.4) for the two physician groups. Therefore, studies must
have a sufficient number of patients seen by each physician to
estimate physician performance reliably, and to make appropriate
case-mix adjustments, and they must have adequate numbers of
physicians to have sufficient power to detect relevant differences
between physician groups.
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