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Objective: To evaluate the accuracy-and precision of random
sampling in identifying healthcare system outliers in diabetes per-
formance measures.

Study Design: Cross-sectional aanalysis of 79 Veterans Health
Administration facilities serving /250 317 patients with diabetes
mellitus between October 1, 1999, and September 30, 2000.

Methods: Primary outcome measures were poor glycosylated
hemoglobin (ATC) control and good low-density lipoprotein cho-
lesterol (LDL-C) and blood pressure (BP) control. Facility perform-
ance for each measure was calculated using 150 separate random
samples and 'was compared with results using the bootstrap
method as the criterion standard for determining outlier status
(defined as a > 5% difference from the mean, within the 10th or
90th percentile, or =2 SDs from the mean).

Results: The study population was largely male (97.4%), with
54.0% of subjects being 65 years or older. The facility-level mean
performances were 22.8% for poor A1C control, 53.1% for good
LDL-C control, and 55.3% for good BP control. Comparing the ran-
dom sampling method with the bootstrap method, the sensitivity
ranged between 0.64 and 0.83 for the 3 outcome measures, pos-
itive predictive values ranged between 0.55 and 0.88, and speci-
ficity and negative predictive values ranged between 0.88 and 0.99.

Conclusions: The specificity and negative predictive value of
the random sampling method in identifying nonoutliers in perform-
ance were generally high, while its sensitivity and positive predic-
tive value were moderate.” The use of random sampling to
determine performance for individual outcome measures may be
most appropriate for internal quality improvement rather than for
public reporting.

(Am ] Manag Care. 2005;11:797-804)

he Institute of Medicine! suggested that a key fea-

ture of information dissemination to stakehold-

ers is the use of industry benchmarks based on
the “evaluability principle.”2 In this conceptual model,
information is most likely to be used by all stakeholders
if it can distinguish between best and worst performers.
Furthermore, it was recommended that findings would
be most useful if their robustness could be evaluated by
using a wide range of assumptions or methods. Despite
these recommendations, hospitals, managed care health
plans, states, and federal agencies are increasingly

labeled as best or worst performing units based on a vari-
ety of publicly reported performance measures, despite
concerns about the accuracy of “report cards.”3-6

Random sampling strategies ‘are used to generate
data for report cards and are dependent on the compar-
isons that are to be made.! For example, if the objective
of a report card is to provide a broad overview of quali-
ty, simple random sampling might suffice, whereas strat-
ified random sampling might be necessary to compare
quality of care among multiple patient subgroups.

The National Committee for Quality Assurance
(NCQA) is a leader in measuring the quality of ambula-
tory care in the United States.” Managed care health
plans are evaluated on sets of composite measures to
determine comparative scoring on a variety of general
prevention and disease-specific indicators as part of a
rigorous accreditation process, with results made avail-
able on a public basis as part of ‘the NCQA Quality
Compass report. The NCQA recommends a simple ran-
dom sampling strategy for data collection within separate
product lines of healthcare plans. However, in contrast to
physician report cards,$9 the statistical certainty with
which managed care health' plans can be identified as
outliers on performance of individual ambulatory care
measures is not as well studied. We reasoned that the
single random sampling method used to determine the
outlier status of a plan might not necessarily reflect the
overall composition of the population.
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The Veterans Health Administration (VA) is a nation-
wide integrated healthcare system with semiau-
tonomous facilities that function in many ways like
managed care health plans.10 We used the VA’s automat-
ed clinical, pharmacy, and laboratory datall to evaluate
the statistical certainty of the current practice of using
a single random sample to evaluate managed care health
plan outliers in performance, defined as the percentage
of the eligible population meeting the measure specifica-
tions. We constructed facility-level performance meas-
ures for glycemic, lipid, and blood pressure (BP) control
for persons with diabetes mellitus using different
dichotomous thresholds. To examine the accuracy of the
random sampling approach (the ability of random sam-
ples to correctly identify the outlier status), we com-
pared performance measures derived from a single
random sample with those that were derived among all
facility-level patients using a more rigorous statistical
technique (the bootstrap method) as the criterion stan-
dard. We evaluated 3 different approaches to random
sampling (unadjusted, age stratified, and age standard-
ized). To examine the precision of the random sampling
approach (the ability of random samples to repeatedly
identify the outlier status), we redrew 150 separate ran-
dom samples and examined the effect of age adjustment
and measure thresholds on facility outlier classification.

METHODS

Data Sources and Patient Identification

Inpatient and outpatient utilization data and
International Classification of Diseases, Ninth Re-
vision, Clinical Modification codes were obtained from
the National Patient Clinical Dataset (Austin, Tex), and
medication data were provided by the VA’s Healthcare
Analysis Information Group.12 We identified veterans as
having diabetes mellitus in fiscal year 1999 if they had
more than 1 diabetes diagnosis code (codes 250.xx,
357.2, 362.0, and 366.41) associated with separate cal-
endar days or any diabetes-specific medication prescrip-
tion (insulin, sulfonyureas, biguanides, alpha
glucosidase inhibitors, and thiazolidinediones). We
obtained utilization, pharmacy, laboratory, and death
data on these veterans in fiscal year 2000 (October 1,
1999, through September 30, 2000).13 To approximate
the NCQA criteria for indemnity plan member inclusion
in the Health Plan Employer Data and Information Set
reporting, we included veterans who had at least 1 face-
to-face visit with a clinician during the reporting period
and were alive on the last day of the reporting period.14
The VA New Jersey Health Care System Institutional
Review Board approved this study.

Facility-level Inclusion and Exclusion Criteria

To minimize confounding of outlier status by varia-
tion in glycosylated hemoglobin (A1C) test results due
to laboratory assay method variation, we restricted our
analyses to those facilities using assays certified by the
National Glycohemoglobin Standardization Program.15
We identified 125 facilities, with 397 147 veterans who
met our criteria for evaluation of diabetes care during
the observation period. We eliminated 11 facilities with
less than 1000 patients. We then excluded facilities that
were more than 4 SDs from the means with respect to
the proportion of A1C tests (25 facilities), low-density
lipoprotein cholesterol (LDL-C) level (5 facilities), or BP
level (5 facilities) to avoid identification of outliers that
were likely due to incomplete data collection attributa-
ble to the semiautomated extraction programs that were
used for administrative data collection, as previously
reported.16-18 These exclusion criteria reduced the num-
ber of facilities from 125 to 79. The final study sample
comprised 250 317 patients, with a facility-level range
of 1015 to 13 598 patients per facility.

Outcome Measures

We used the accountability performance measures
for diabetes care, reflecting glycemic, lipid, and BP con-
trol based on those developed by the Diabetes Quality
Improvement Project!® and reported by the NCQA in
the 2000 Diabetes Comprehensive Care measures.20
Poor A1C control was defined as the proportion of the
population with an A1C test not performed or with an
A1C level of 9.5% or higher. Good LDL-C control was
defined as the proportion of the population with an
LDL-C test performed and with an LDL-C level less
than 130 mg/dL (< 3.37 mmol/L). Good BP control was
defined as the proportion of the population with BP less
than 140/90 mm Hg. We also constructed performance
measures using thresholds of 8.5% or higher for A1C level,
less than 100 mg/dL (< 2.59 mmol/L) for LDL-C level, and
less than 130/80 mm Hg for BP to more closely approxi-
mate professional society guideline recommendations
during the study period.2! All 6 performance measures
were based on the last recorded values.

Sampling Methods

We followed the Health Plan Employer Data and
Information Set guidelines for calculation and sampling
to draw the random samples for this study.2! Based on
the binomial theorem, a sample size of 411 subjects pro-
vides 90% power for detecting differences when the
mean percentage of patients meeting a measure is 50%,
which is justified as a tradeoff between statistical cer-
tainty and the cost of obtaining data from medical
record review. Therefore, we drew 150 separate single
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random samples of 411 subjects from each facility
among the entire facility population to be used for our
primary analyses.

The NCQA requires commercial managed care health
plans to collect and report results separately by popula-
tions covered by different product lines, including
Medicare. Consequently, we used 2 other random sam-
pling strategies that involved age adjustment (age-
stratified random sampling and age-standardized
random sampling) by randomly sampling within 2 age
strata (= 65 vs < 65 years old). In the first strategy (age
stratified), we sampled from the 2 age strata according to
the proportions at the facility level to ensure that the
proportions of patients in the age categories were the
same as the proportions in that facility.22 In the second
strategy (age standardized), we sampled from the 2 age
strata to ensure that the proportions of patients in
the age categories were the same as the proportions
in the entire study population.

To create a criterion standard that most likely repre-
sented a facility’s true performance measure, we used
the bootstrap method. Bootstrapping is a computer-
intensive method that resamples from the original data
to create a large number of bootstrap samples to cover
various events of random chance. It has been proven to
be an effective tool in statistics to estimate parameters
and to assess variability.2? In our context, 1000 boot-
strap samples, each consisting of 411 randomly drawn
subjects with replacement, were obtained for a given
facility. The bootstrap mean was calculated for each of
the 6 performance measures. Because bootstrap means
are highly accurate assessments of the corresponding
true performance measures, they were treated as if they
were the true values. We repeated the same bootstrap
method for the age-stratified and age-standardized sam-
pling approaches.

Outlier Identification

The outlier status for each facility on each of the per-
formance measures was determined using 3 separate
strategies for each of the 150 individual random samples
with and without age adjustment, as well as for the boot-
strap method. In the first strategy, an individual facility
was considered an outlier if its performance measure
percentage was different by at least 5% from the per-
formance mean across facilities, which is a strategy rec-
ommended by the NCQA.2! In the second strategy, an
individual facility was considered an outlier if its per-
formance measure was within the 10th or 90th per-
centile of rank order (the best performers were in the
10th decile), which is used by the NCQA Quality
Compass and by others.56 In the third strategy, based on
determination of the 95% confidence interval, an indi-

vidual facility was considered an outlier if its perform-
ance measure was 2 or more SDs from the mean.

Evaluation of the Random Sampling Method

Within each random sampling strategy, the facility
outlier status calculated from each of the 150 individual
random samples was compared with the outlier status
determined using the bootstrap method for each per-
formance measure. We defined accuracy as the ability of
a single random sample to correctly identify the boot-
strap outlier status. For each random sampling strategy,
we calculated 4 evaluation measures (sensitivity, speci-
ficity, positive predictive value [PPV], and negative pre-
dictive value [NPV]) for each performance measure for
each of the 3 outlier definitions.

Sensitivity was defined as the probability of a facility
being identified as an outlier by a random sampling
method, given that it is an outlier facility (according to
the bootstrap method). Specificity was defined as the
probability of a facility being identified as not being an
outlier, given that it is not an outlier facility. Positive
predictive value was defined as the likelihood that a
facility is an outlier using the bootstrapping method
given that it was identified by random sampling.
Negative predictive value was defined as the likelihood
that a facility is not an outlier using the bootstrapping
method given that it was not identified by random sam-
pling. We determined the ranges of the sensitivity, speci-
ficity, PPV, and NPV of the random sample outlier status
compared with the bootstrap outlier status using each of
the 3 random sampling approaches and the 3 outlier
approaches for each of the 6 performance measures.

We defined precision as the ability of the single ran-
dom samples to repeatedly identify the outlier status as
determined by the bootstrap method. Therefore, we
reported the ranges of sensitivity, specificity, PPV, and
NPV from the 150 separate samples for each random
sampling approach for each measure.

RESULTS

Table 1 gives the distribution of patient characteris-
tics and diabetes care measures by facility inclusion sta-
tus. The study population was largely male (97.4%), with
54.0% of patients being 65 years or older. The mean =
SD A1C level was 7.6% = 1.7%, the LDL-C level was
107.4 = 32.6 mg/dL (2.78 £ 0.84 mmol/L), the systolic
BP was 139.0 £ 21.0 mm Hg, and the diastolic BP was
73.7 £ 12.1 mm Hg. The patients from the excluded
facilities had similar demographic characteristics and
mean values for A1C level, LDL-C level, and BP, but as
expected they had lower percentages of A1C and LDL-C
tests performed.
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Table 1. Characteristics of Patients With Diabetes Mellitus at 79 Veterans Health
Administration Facilities, 1999-2000*

Characteristic

Included Facilities

Excluded Facilities

Patient
Age, y 639+ 11.1
> 65 54.1
< 65 459
Male sex 97.4
Facility
Patients, No. 250317
Facilities, No. 79

Patients per facility [range]

Glycosylated hemoglobin

3169 = 1886 [1015-13 598]

140/90 mm Hg, and
the best performing
facility had 67.8%.
Variations were simi-
larly large across the
lower threshold per-

63.8+11.2 formance measures.
53.9 These results demon-
46.1 strate a difference of
97.5 20 and 30 percentage
points between the

146 830 best and worst per-
46 forming VA facilities

3124 + 2484 [41-10 718]

for each measure and
a difference of 15 to

Test performed 88.7
Level, % 7.6 +1.7
Low-density lipoprotein cholesterol
Test performed 68.9
Level, mg/dLt 107.4 +32.6
Blood pressure, mm Hg
Systolic 139.0 £ 21.0
<140 50.9%
<130 31.3%
Diastolic 73.7 £12.1
<90 88.3%
<80 65.4%

81.6 20 percentage points

7.6+1.7 between the facilities

in the lowest and

highest quartiles.

>8.5 These differences are

106.4 +32.9

indicative of clinically

meaningful variation

139.2£21.8 in care provided
41 '2:/ 0 among outliers.

73.295'51/02'3 Based on the boot-

71.5% strap criterion and

52.5% using  the  decile

method (whether a

*Data are given as means + SDs or as percentages unless otherwise indicated.
To convert cholesterol to millimoles per liter, multiply by 0.0259.

Facility-level performance was determined for indi-
vidual diabetes care measures, presented as the overall
facility mean and by percentile of rankings (Table 2).
The mean facility rates of poor A1C control were 22.8%
(using a = 9.5% threshold) and 33.0% (using a = 8.5%
threshold). The mean facility rates of good LDL-C con-
trol were 53.1% (using a < 130 mg/dL [< 3.37 mmol/L]
threshold) and 29.8% (using a <100 mg/dL [<2.59
mmol/L] threshold). The mean facility rates of good BP
control were 55.3% (using a <140/90 mm Hg threshold)
and 32.7% (using a <130/80 mm Hg threshold). There
was substantial variation among the facilities, with 2-
fold to almost 3-fold differences between the best and
worst performers. For A1C level, the worst performing
facility had 34.7% of its patients with diabetes mellitus
with A1C levels of 9.5% or higher, and the best per-
forming facility had just 13.2%. For LDL-C level, the
worst performing facility had 32.3% of its patients with
diabetes mellitus with LDL-C levels less than 130 mg/dL
(< 3.37 mmol/L), and the best performing facility had
68.2%. For BP, the worst performing facility had 43.2%
of its patients with diabetes mellitus with BPs less than

facility was within the

10th or the 90th per-

centile of rank order),
there were 16 outlier facilities (20%).Using the outlier
identification strategies of 5% or greater difference from
the mean and 2 SDs from the mean, respectively, the
numbers of outlier facilities were 4 (5%) and 6 (8%) for
A1C level of 9.5% or higher, 9 (11%) and 7 (9%) for LDL-C
level less than 130 mg/dL (< 3.37 mmol/L), and 29 (37%)
and 3 (4%) for BP less than 140/90 mm Hg (Table 2).

The Figure shows the means and ranges of the sensi-
tivity, specificity, PPV, and NPV for the random sampling
method without age adjustment compared with the
bootstrap method for A1C level of 9.5% or higher, LDL-
C level less than 130 mg/dL (< 3.37 mmol/L), and BP
less than 140/90 mm Mg for each of the outlier status
methods (= 5% difference from the mean, > 2 SDs from
the mean, and the decile method). Overall, random
sampling had fairly acceptable accuracy and precision
for detecting nonoutlier status. Specificity was fairly
high (range, 0.88-0.99 across measures), with a fairly
narrow range on 150 repeated samples (usual range,
0.9-1.0 for most performance measures but as low as
0.63 for BP outlier status using > 5% difference from the
mean). Similarly, NPVs had uniformly high means
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Table 2. Distribution of Facility-level Performance for Individual Diabetes Care Measures*

Percentile
Facility 0 50 100th

Measure Mean (Minimum) 25th (Median) 75th (Maximum)
Glycosylated hemoglobin level, %

295 22.8 13.2 18.6 21.7 25.5 34.7

> 8.5 33.0 219 29.2 32.1 36.3 45.5
Low-density lipoprotein cholesterol
level, mg/dL

<130 53.1 32.3 48.6 53.8 57.8 68.2

<100 29.8 13.4 27.4 29.7 33.7 44.6
Blood pressure, mm Hg

< 140/90 55.3 43.2 51.5 55.7 59.6 67.8

< 130/80 32.7 22.5 29.4 32.5 36.0 45.0

*Data are given as percentages among 250 317 persons with diabetes mellitus.

(range, 0.88-0.99) across performance measures,
thresholds, and outlier determination strategies, with
fairly narrow ranges on repeated sampling (usual range,
0.9-1.0).

However, the mean sensitivity and the PPV for the
150 random samples were significantly lower, with
broader ranges for individual samples. The means for
sensitivity varied between 0.73 and 0.80 (range, 0.20-
1.00) for A1C level, between 0.64 and 0.83 (range, 0.30-
1.00) for LDL-C level, and between 0.64 and 0.75
(range, 0.30-1.00) for BP. Similarly, the mean PPVs var-
ied between 0.55 and 0.67 (range, 0.27-1.00) for A1C
level, between 0.68 and 0.88 (range, 0.33-1.00) for LDL-
C level, and between 0.77 and 0.86 (range, 0.33-1.00)
for BP.

The low sensitivity and PPV were not a result of the
method used to determine outlier status, although
results varied slightly depending on the strategy used.
For example, for A1C level of 9.5% or higher, the 5% or
greater difference from the mean approach had the
largest difference between sensitivity and PPV, and the
best and worst decile method had similar sensitivity,
specificity, PPV, and NPV. In contrast, for LDL-C level
less than 130 mg/dL (<3.37 mmol/L), the best and worst
decile method had different sensitivity, specificity, PPV,
and NPV. For BP less than 140/90 mm Hg, the 5% or
greater difference from the mean approach to outlier
detection was the least favorable of the 3 approaches,
and the decile method had similar results. Our results
did not differ when age-stratified or age-standardized
random sampling strategies were used or when lower
performance measurement thresholds (= 8.5% for A1C

level, <100 mg/dL [<2.59 mmol/L] for LDL-C level, and
<130/80 mm g for BP) were used (data available from
the author).

DISCUSSION

The specificity and NPV of the random sampling
method in identifying nonoutliers in performance were
generally higher, with narrow ranges, than its sensitivi-
ty and PPV. Therefore, the random sampling method
was more accurate and precise in identifying facilities
that were not outliers than in identifying facilities that
were outliers with respect to performance on glycemic,
cholesterol, and BP control. Neither different random
sampling approaches that took age into account, nor
lower thresholds for glycemic, cholesterol, and BP con-
trol, consistently improved the sensitivity or the PPV of
the random sampling method in the identification of
outliers. These findings were consistent across 3 differ-
ent methods of outlier detection—identification of at
least a 5% difference from the mean, at least 2 SDs from
the mean, and ranking in the 10th or 90th percentile of
facilities. The inconsistency of the random sampling
approach in identifying outlier status compared with a
criterion standard derived from the entire population
contributes to a growing body of literature raising con-
cerns about the increasingly widespread practice of
ranking hospitals, health plans, and physician groups.

Our findings can perhaps be attributed to the possi-
bility that several factors beyond the control of the
healthcare plan are not randomly distributed among
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Figure. Summary of Accuracy and Precision of Random Sampling Method
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A1C indicates glycosolated hemoglobin; LDL-C, low-density lipoprotein cholesterol; BP, blood pressure.

Means are depicted by symbols. Each outlier method is presented for each measure. 0.05 indicates at least a 5% difference from the mean; 2SD, at least 2 SDs
from the mean; and best and worst decile, facilities above the 10th percentile and below the 90th percentile of rank order, respectively. The mean and range
(bar) of sensitivity (Sn W), specificity (Sp O), positive predictive value (PPV #), and negative predictive value (NPV ™) were derived from 150 random samples of
411 subjects and were compared with values derived using the bootstrap method as the criterion standard.

facilities and could result in biases among random sam-
ples using administrative data. For example, veteran
clinical users may have enrollment in multiple systems
of care,?* accounting for discrepancies between medical
record abstraction and administrative data.l” However,
care in multiple systems would not bias the findings that
we observed with BP measurements, because all BP read-
ings were based solely on VA data. Although age and race
biases in the availability of administrative data have been
reported in the private sector,25 the automated laboratory
databases used by the VA at the facility level render this
an unlikely explanation for our findings. Furthermore,
our findings were similar when we adjusted for age effects
by using stratified sampling and age standardization.
Patient-level factors can also contribute to facility varia-
tion in performance. For example, factors under provider
management, such as shared decision making, can affect
glycemic, lipid, and BP control.26 However, factors extrin-

sic to a healthcare system, including patient age, duration
of diabetes mellitus, and medical comorbidities account
for as much as 10% of the variation in A1C levels1827.28
and may vary among facilities.

Therefore, it is possible that risk adjustment could
improve the accuracy and precision of the random
sampling method. However, risk-mix adjustment to
facilitate comparison among healthcare plans has not
yet been implemented for use in public reporting,19.29
although it is recommended in the health services lit-
erature3? and is used in a voluntary physician recog-
nition program in which qualifying physicians may
receive a bonus for each patient with diabetes melli-
tus covered by a participating employer or health
plan.3t The use of composite measures may also
improve the PPV of random samples, but if there is a
small difference among outliers, variations in patient
mix among the random samples may still result in
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large changes in outlier status based on an “all or
none” threshold.

The effect of the accuracy and precision in outlier
identification will relate to the context in which the
information is to be used and in the consequences that
could result from its use.l For example, if the objective
is to evaluate nonoutliers with reasonable certainty for
the purpose of focusing internal quality improvement
strategies by identifying possible best practices,32 then
our results suggest that the use of single random sam-
ples is an appropriate statistical method based on its
high specificity and NPV.

However, if the objective of report cards is to identify
best and worst performing healthcare plans or large
physician groups that could affect direct marketing to
the public and influence consumer choice, then accred-
iting and payer systems may consider evaluating the
accuracy and precision for the extreme outliers sepa-
rately, providing confidence intervals for the results.
Although we recognize the need for a balance between
public reporting3233 and statistical uncertainty, recent
public sector34 and private sector3S Web site reports do
not present sufficient information to evaluate the statis-
tical confidence with which outliers are ascertained.

Strengths of this study include the VA’s standardized
national data repositories for laboratory and clinical
results, which permitted the construction of performance
measures that identified “actual” outliers. Furthermore,
the data sets and measures used herein have been studied
for reliability13.16.1830 and had already been used at the
time of the study.’® We also used only National
Glycohemoglobin Standardization Program—certified A1C
test results to minimize variation attributable to A1C
laboratory assays.!3

We also recognize several limitations, including the
facts that the VA population is homogeneous and that
variations among VA facilities may be less than those
among private sector plans.3¢ HHowever, greater variation
in outlier determination may well be seen in settings
with more heterogeneity.

In conclusion, the specificity and NPV of the random
sampling method in identifying nonoutliers in perform-
ance on individual diabetes care measures were general-
Iy high and precise, while its sensitivity and PPV in
identifying outliers were moderate, with less precision.
We suggest that random sampling may not meet the level
of certainty necessary for the objective of external
reporting (to consumers and payers) as opposed to inter-
nal feedback (to plans and physicians) for individual dia-
betes care measures. Our findings add to the increasing
debate about the effect of public reporting on consumer,
physician, and health plan behavior.37-3% Therefore, we
recommend that issuers of report cards provide greater

transparency in the certainty of identifying best and
worst performing plans (or providers), consistent with
recommendations from the Institute of Medicine.?
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