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OBJECTIVE — To develop a risk adjustment method for HbA1c based solely on administrative data and to determine the extent to which risk-adjusted HbA1c changes the identification of high- or low-performing medical facilities.
RESEARCH DESIGN AND METHODS — Through use of pharmacy records, 204,472
diabetic patients were identified for federal fiscal year 1996 (FY96). Complete information
(HbA1c levels, demographic data, inpatient records, outpatient pharmacy utilization records)
was available on 38,173 predominantly male patients from 48 Veterans Health Administration
(VHA) medical facilities. Hierarchical mixed-effects models were used to estimate risk-adjusted
unique facility–level HbA1c.
RESULTS — Predicted HbA1c demonstrated expected patterns for major factors known to
influence glycemic control. Poorer glycemic control was seen in minorities and patients with
greater disease severity, longer duration of disease (using treatment type or presence of amputation as surrogates), and more extensive comorbidity (measured by an adapted Charlson
index). Better glycemic control was seen in Caucasians, older diabetic patients, and patients
with higher outpatient utilization. The number of performance outliers was reduced as a result
of risk adjustment. For mean HbA1c levels, 7 facilities that were initially identified as statistically significant outliers were no longer outliers after risk adjustment. For high-risk HbA1c
(9.5%) rates, 12 facilities that were initially identified as statistically significant outliers were
no longer outliers after risk adjustment.
CONCLUSIONS — Risk adjustment using only administrative data resulted in substantial
changes in identification of high or low performers compared with non–risk-adjusted HbA1c.
Although our findings are exploratory, risk adjustment using administrative data may be a necessary and achievable step in quality assessment of diabetes care measured by rates of high-risk
HbA1c (9.5%).
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igh HbA1c is a proven risk factor for
the development of microvascular
complications and poor quality of life
in individuals with diabetes (1–4). HbA1c
levels are therefore a key indicator for assessing the quality of diabetes care in populations. The Diabetes Quality Improvement
Project (DQIP), a federal private-sector coalition, has recommended that HbA1c be
included as an outcome measure to promote
accountability, performance comparison,
and quality improvement (5).
However, HbA1c is subject to wellknown influences outside of the control of
health care providers or health plans; such
influences (which include include age,
race/ethnicity, type and duration of diabetes, comorbidity, and patient adherence)
should be accounted for to avoid unfair
comparisons. Unfortunately, many of these
risk factors are not readily available from
administrative data sources. Developing
effective risk adjustment for performance
measurement poses particular challenges,
and no established risk adjustment model
for HbA1c currently exists.
Consequently, DQIP conservatively
established the threshold for “poor
glycemic control” at HbA1c 9.5%, assuming that adjusting for risks and lack of laboratory standardization would be less
important with this relatively high measure. It is uncertain to what extent risk
adjustment of this chosen threshold may be
warranted even after nationwide implementation of the National Glycohemoglobin Standardization Program (6–9).
We developed a risk adjustment
model using only administrative data in
the Veterans Health Administration (VHA),
the nation’s largest integrated health care
system. Using facility-specific automated
data systems and the central VHA database repository, a large diabetes registry
linking inpatient discharges and demographic, pharmacy, and laboratory files
was made available for our study (10).
Specifically, we examined the extent to
which performance status of medical facilities (characterized by statistically significant differences from the average VHA
HbA1c) changed with risk adjustment.
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RESEARCH DESIGN AND
METHODS
Diabetes case identification
Using a pharmacy database, veterans with
diabetes were identified as those who had
received insulin, oral agents (metformin,
sulfonylurea, or acarbose), or blood glucose
monitoring supplies from a VHA medical
facility during federal fiscal year 1996
(FY96) (from 1 October 1995 to 30 September 1996) (10).
Setting and data
During the study period, the VHA comprised 173 medical facilities and 401
ambulatory clinics, providing care to 2.6
million veterans. Information on diabetic
patients was collected through a program
initiated by the VHA National Center for
Cost Containment (NCCC) to determine
the prevalence, costs, and outcomes of diabetes. Reporting in 1996 was voluntary; 65
facilities were thus included.
From pharmacy files, we identified
204,472 diabetic patients with 1,017,873
records from the 65 facilities (10); 80,809
patients had at least 1 laboratory value. There
were 103,459 inpatient records on 59,598
individuals with up to 10 International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. The total number
of inpatient records included 2,219 records
on 1,925 individuals hospitalized with incident amputation, and 8,670 records on 6,187
individuals hospitalized for lower-extremity
ulcers. Also available were residential postal
codes (zip codes) for each of the 204,472
identified patients and normative ranges of
HbA1c for each reporting facility.
Of the 80,809 patients with at least 1
laboratory value, 53,361 (66%) were found
to have had at least 1 true HbA1c result
(those with glycohemoglobin were
excluded). After excluding patients with
missing or invalid values on any of the predictor variables, we included 38,173 of the
53,361 (71.5%) patients from 48 facilities in
our analyses. We compared this reduced
sample with the original cohort and found
no difference in the distributions of age and
sex. We did find, however, that the reduced
sample significantly underrepresented
white Hispanic and African-American
patients and overrepresented Caucasian
patients. Nevertheless, neither the mean
HbA1c level (2.199) nor the high-risk rate
(0.28) in the reduced sample differed substantially from those in the whole sample
(2.181 and 0.26, respectively).
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Measures
The upper limit of normative ranges of
HbA1c varied between 5 and 8.2% across
facilities. To reduce the impact of differences in HbA1c measurement methodology
(11,12), we calculated upper-limit–adjusted
HbA1c (HbA1c level) by subtracting the
upper limit of the normative range at each
facility from individual HbA1c values. The
dichotomous measure of HbA1c used 9.5%
as a cutoff, defined as high-risk HbA1c or
high-risk rate (5).
In constructing our risk adjustment
model, we sought to control for those
extrinsic factors known to influence HbA1c
that are likely to be outside the control of a
health system (13). Because of the nature of
administrative data, we faced several challenges. First, aside from demographic variables, most measures related to diabetes
care have both extrinsic and intrinsic components or implications. For example,
treatment modality may be considered an
intrinsic variable because it is determined,
at least in part, by physicians. Treatment
choice, however, is complex and determined by multiple factors, including diabetes type, duration (an extrinsic factor
with which treatment choice has been
strongly correlated [14]), medical history,
the patient’s treatment preferences, as well
as the physician’s practice patterns.
Second, a central issue for this study
was to use as much information as available in the data to achieve operationalization of such key concepts as diabetes
severity, diabetes duration, and health services utilization. Without survey data or
complete physiological measures, some of
these concepts had to be approximated by
using surrogate administrative variables.
We constructed 4 general types of measurement factors: demographic; health care
seeking; geographic; and diabetes severity,
duration, and comorbidity.
Demographic factors included age, sex,
and race/ethnicity. Age and race/ethnicity
are well-documented correlates of HbA1c
(15). To approximate access to care, we
included an eligibility (priority) rating for
VHA medical care. Eligibility classification
for a patient was administratively determined; a higher percentage of connection
to military service was associated with
higher eligibility to receive VHA medical
care during the study period.
Health care–seeking factors were also
included. Diabetes is an illness that
requires patient compliance for successful
treatment; it requires patients to adhere to

prescribed treatments and to follow appropriate referral recommendations to subspecialty or ancillary services. We thus
included total pharmacy costs (patient
expenditures on diabetes-specific drugs
and supplies) and number of outpatient
contacts to a VHA facility, including all
facility contacts, not only office visits (as
reported by VHA local facilities). These 2
variables were log-transformed because of
substantial variability.
Geographic factors are reported to be
predictive of utilization of recommended
procedures for diabetic patients (16).
Because the quality of care for common
medical conditions has been reported to be
lower in rural hospitals (17,18), we identified metropolitan areas in which patients
lived during FY96 by using their residential
zip codes as an additional measure.
Duration and severity of diabetes are
central measures to quantify risks for outcomes of diabetes care. Diabetes treatment
modality has been found to be highly correlated with duration of type 2 diabetes. The
Third National Health and Nutrition Examination Survey (NHANES 3) showed that
insulin use increased rapidly and oral agent
use decreased within 5 years of diagnosis
(14). Likewise, in the U.K. Prospective Diabetes Study, most patients progressed to
insulin therapy despite the closely monitored setting of a clinical trial (2). Because
90% of people with diabetes in the general population have type 2 diabetes
(10,19), we used treatment modality as a
proxy measure for diabetes duration. To
control for severity of disease, we included
hospitalization for lower-extremity amputation or ulcers. Home glucose monitoring
was included as a potential correlate of both
disease severity and compliance (14).
The Charlson index, originally developed to classify prognostic comorbidity in
longitudinal studies, has been adapted for
use in predicting general mortality risk
using administrative data (20,21). Hospital discharges, including up to 10 discharge ICD-9-CM diagnoses, were
classified into 0–6 categories according to
severity and the extent of comorbid conditions. Diabetes-related diagnoses were
by definition not part of comorbidity and
were thus excluded. Multiple diagnoses
were summed up; i.e., a diagnosis was only
counted once if duplicate diagnoses existed
within FY96. Because outpatient diagnostic
information was not available in FY96, all
patients without hospitalization received a
0 score for comorbidity. This measure
DIABETES CARE, VOLUME 23, NUMBER 7, JULY 2000
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Table 1—Descriptive statistics, numbers of Veterans Affairs outpatient contacts, and simple group comparisons of HbA1c levels and rates (%) of
high-risk HbA1c

n

No. of
contacts

HbA1c level*
(95% CI)

High-risk HbA1c
Rates (95% CI)

Odds ratios (P)

Age (years)
45
45–54
55–64
65–74
74
ANOVA

1,897
6,039
8,848
15,112
6,278

15.36
18.05
16.39
15.83
15.80
F(4, 38169) = 18.15
P  0.0001

3.0 (2.90–3.12)
2.6 (2.57–2.68)
2.3 (2.33–2.42)
2.0 (2.00–2.05)
1.7 (1.68–1.76)
F(4, 38169) = 274.61
P  0.0001

0.43 (0.41, 0.46)
0.37 (0.36, 0.37)
0.32 (0.31, 0.32)
0.24 (0.24, 0.25)
0.19 (0.18, 0.20)

1.67 (0.01)
1.29 (0.01)
—†
0.69 (0.01)
0.51 (0.01)

Sex
Female
Male
ANOVA

723
37,451

20.20
16.21
F(1, 38172) = 32.48
P  0.0001

2.22 (2.06–2.38)
2.20 (2.18–2.22)
F(1, 38172) = 0.07
P = 0.79

0.27 (0.24, 0.30)
0.28 (0.28, 0.28)

—†
1.05 (0.59)

Ethnicity/race
White Hispanic
Black Hispanic
Native American
African-American
Asian
Caucasian
ANOVA

1,043
103
127
6,860
70
29,971

21.80
20.88
18.14
18.17
26.06
15.62
F(5, 38168) = 45.50
P  0.0001

2.46 (2.33–2.59)
2.31 (1.95–2.68)
2.27 (1.83–2.71)
2.47 (2.41–2.91)
2.92 (2.43–3.49)
2.12 (2.10–2.15)
F(5, 38168) = 37.30
P  0.0001

0.32 (0.29, 0.35)
0.33 (0.30, 0.36)
0.31 (0.27, 0.36)
0.35 (0.34, 0.36)
0.36 (0.24, 0.47)
0.26 (0.26, 0.27)

1.32 (0.01)
1.37 (0.13)
1.28 (0.19)
1.49 (0.01)
1.55 (0.08)
—†

22.21
15.21
15.11
F(2, 38171) = 383.5
P  0.0001

2.14 (2.09–2.19)
2.31 (2.25–2.36)
2.19 (2.16–2.21)
F(2, 38171) = 10.96
P  0.0001

0.26 (0.25, 0.27)
0.30 (0.29, 0.31)
0.28 (0.28, 0.29)

0.91 (0.01)
1.08 (0.02)
—†

Service connection rating (%)
50–100
6,241
50
5,771
0
26,162
ANOVA

*Adjusted for the upper limits of normative ranges (see text); †reference category used in logistic regression for simple comparisons of the rates of high-risk HbA1c.

therefore only represented additional risk
adjustment among inpatients.
Analysis
We used mixed-effects models to estimate
HbA1c for several reasons. First, we were
interested in glycemic control at the facility
level, but data were collected from individuals. Traditional methods of aggregation
by pooling individual data into facility-level
measurements have generated concerns
about aggregation bias (16,22). Additionally, patients were nested within participating medical facilities unevenly (23).
Traditional analytic approaches would yield
less reliable estimates of HbA1c from facilities with fewer patients compared with
those with more patients.
We proceeded with the analyses by taking 4 steps to disentangle and identify the
potential roles of each cluster of risk factors
in predicting both HbA1c level and high-risk
rate. First, we constructed model 1 using
DIABETES CARE, VOLUME 23, NUMBER 7, JULY 2000

age, sex, race/ethnicity, and degree of military service connection. This model established a baseline prediction, adjusting for
patient demographic characteristics that
were entirely exogenous to HbA1c; it would
not be affected by any disease or treatment
processes. Next, in model 2, we added
pharmacy spending, outpatient contacts,
and geographic location to examine
whether health care seeking or utilization
made additional contributions. Next, in
model 3, we added proxy measures for diabetes severity and duration: hospitalization
for lower-extremity amputation or ulceration, treatment modality, blood glucose
monitoring, and length of stay. Without
controlling for these variables, the effects of
more frequent contacts and higher pharmacy spending in model 2 were expected to
partially reflect severity of diabetes. In
model 4, we included the Charlson comorbidity score to determine the extent to
which the previous models were affected by

comorbid conditions, as a way to assess the
sensitivity of our risk adjustment results.
To evaluate the proportion of variation
in HbA1c potentially attributable to institutional factors apart from individual factors,
we estimated intraclass correlations (22–24).
An intraclass correlation is the proportion of
facility-level variability relative to the total
variability in HbA1c among individuals and
among facilities; that is, the maximum
amount of variability that could have been
explained by facility-level predictors. The
intraclass correlations indicated (at most) a
10–11% variability in HbA1c levels and
high-risk rates due to facility-level factors.
Individual HbA1c levels were adjusted
by risk factors; unique facility-level HbA1c
values were estimated simultaneously. Deviations of facility-specific HbA1c estimates
from the estimated VHA national average
were tested for both the high-risk HbA1c
rates and mean HbA1c levels. Facilities that
were statistically (P  0.05) below or above
921
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Table 2—Adjusting HbA1c values using hierarchical mixed-effects models
HbA1c levels
Estimate
Conditional Veterans Affairs
average level and rate
Demographic factors
Age (years)
45
45–54
55–64
65–74
74
Sex
Male
Ethnicity/race
White Hispanic
Black Hispanic
Native American
African American
Asian
Caucasian
Service connection rating (%)
50–100
50
0
Care-seeking (utilization) factors
Pharmacy cost (log)
Number of outpatient visits (log)
Geographic factor
Metropolitan areas
Diabetes duration/severity and
comorbidity factors
Amputation or ulceration
Days of hospitalization (log)
Treatment modality
Oral medication
Insulin
Oral and insulin therapies
Diet control only
Monitored blood glucose
Charlson index

Rate of high-risk HbA1c
P

Estimate

P

1.49

0.01

0.05

0.01

0.64
0.33
—
0.30
0.47

0.01
0.01
—
0.01
0.01

0.60
0.33
—
0.33
0.52

0.01
0.01
—
0.01
0.01

0.007

0.96

0.13

0.41

0.001
0.06
0.17
0.31
1.34
—

0.99
0.90
0.52
0.01
0.01
—

0.14
0.03
0.32
0.28
0.87
—

0.32
0.95
0.29
0.01
0.06
—

0.03
0.04
—

0.54
0.52
—

0.04
0.09
—

0.53
0.23
—

0.14
0.14

0.01
0.01

0.14
0.11

0.01
0.01

0.04

0.47

0.05

0.40

0.22
0.08

0.01
0.01

0.22
0.07

0.01
0.01

2.17
1.56
2.73
—
0.34
0.09

0.01
0.01
0.01
—
0.01
0.01

3.16
2.62
3.70
—
0.27
0.06

0.01
0.01
0.01
—
0.01
0.03

As an illustration for the results presented in this table, for example, a facility with more Caucasian patients who
were 64 years of age, controlled by diet alone and with a lower Charlson score, is expected to have a lower
mean HbA1c level and lower rate of high-risk HbA1c than a facility with more African-American and younger
patients who received insulin therapy.

that average were identified as high- and
low-performing outliers, respectively.
RESULTS — The mean age in our final
sample was 66 years of age. Within our
final sample of 38,173 patients, 31% used
insulin, 58% used oral agents, 8% used a
combination of insulin and oral agents, and
the remaining 3% received only home
monitoring supplies and were presumed to
be diet-controlled.
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Table 1 shows that HbA1c decreased
with age monotonically. Minorities had
higher levels of HbA1c than Caucasians.
Individuals between 45 and 54 years of age
had the most frequent contacts at a facility.
A military service connection 50% was
associated with an almost 50% increase in
the number of facility contacts and a lower
HbA1c. The univariate distributions of
patients with a high-risk HbA1c had a pattern similar to the level of HbA1c.

Table 2 shows the results from all of the
final models with HbA1c levels and highrisk rates as dependent measures adjusting
for all available risk factors. Many estimates
confirmed previous reports. For example,
age trends were approximately linear for
both outcome measures. Relative to Caucasian patients, African-American and Asian
patients had higher HbA1c. Hospitalization
for lower-extremity amputation or ulcer was
associated with poorer glycemic control.
Patients treated with oral agents, insulin, or
a combination of the 2 had poorer glycemic
control than diet-controlled individuals.
Those with higher HbA1c were more likely
to self-monitor blood glucose.
The 4 steps of risk adjustment allowed
us to view the course of some important
changes—in effect magnitude and direction—as each set of new variables was
added to an existing model. Pharmacy
costs initially were associated with poor
glycemic control, but after accounting for
disease severity and duration resulted in an
association with better control. Also, the
magnitude of the effects of pharmacy costs
and outpatient facility contacts more than
doubled when inpatient comorbidity was
taken into account, suggesting that these
are highly important and correlated variables. A significant negative effect of metropolitan areas for the high-risk HbA1c rates
turned nonsignificant when inpatient
comorbidity was entered. When comorbidity was controlled for, greater length of
hospital stay became a significant predictor
of better results of glycemic control.
Although the convenient goodness-offit measure of R2 has no equivalent in a
mixed-effects model, it is roughly its lower
bound of goodness-of-fit estimates. Other
statistics, such as Akaike’s information criterion (25), are unbounded and useful only
when comparing 2 nested models. Hence,
using R2 as a conservative estimate, our
model without random effects explained
10.5% variance of HbA1c levels. Similarly, a
logistic model including all risk variables
but no random effects yielded a C statistic
of 0.67 for the high-risk rates.
Figure 1 shows changes in performance
status in rates of high-risk HbA1c for the 48
facilities before and after risk adjustment.
Five initially low-performing (poorly performing) facilities moved into the averageperforming (that is, no longer significantly
different) realm with risk adjustment; 6
high-performing facilities moved into the
average-performing realm; and 1 averageperforming facility moved into the highDIABETES CARE, VOLUME 23, NUMBER 7, JULY 2000
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Figure 1—Changes of performance status with risk adjustment of high-risk rate of HbA1c. “Above average” or “below average” denotes facilities that had
a rate of high-risk HbA1c statistically higher or lower than the Veterans Affairs national estimate. Arrows indicate the directions of change in performance
status with risk adjustment. Darkened bars represent those facilities whose performance status significantly changed with risk adjustment (e.g., Facility 6
was “above average” before adjustment but relocated near the center of the Veterans Affairs national average after risk adjustment; Facility 37 changed from
“below average” to “average” with risk adjustment). Fewer facilities had a rate significantly above or below the Veterans Affairs national mean after risk
adjustment as indicated by the expanded range of average performers.

performing realm. Altogether, 12 of 48 facilities (25%) changed performance status
when evaluated based on rates of high-risk
HbA1c. Of the 48 facilities, 30 were initially
assessed as high-risk HbA1c outliers, which
changed to only 20 after risk adjustment. Of
note, when evaluated based on mean HbA1c
levels, only 7 facilities (15%) changed status
(data not shown).
CONCLUSIONS — Diabetes is a
major health problem in the U.S., with
ample documentation of suboptimal care
for many patients, despite strong evidence
demonstrating the benefits of good care
and the staggering costs this disease incurs
(2,16,26–35). DQIP represents a major
DIABETES CARE, VOLUME 23, NUMBER 7, JULY 2000

step toward improvement, with the promise
of standardized measures that will permit
benchmarking of care across health systems (5). A critical challenge remains, however, in how best to adjust these measures
for risks to allow fair comparisons.
Early efforts to identify low-performing
hospitals and surgeons of coronary bypass
surgery were misleading as a result of lack
of risk adjustment (36). Since then, considerable progress in risk adjusting inpatient outcomes has been achieved (37,38),
as evidenced, for example, by the state of
New York’s focus on mortality rates of
patients undergoing coronary bypass
surgery (39) and Pennsylvania’s focus on
mortality rates after acute myocardial

infarction (40). However, inpatient data
sources typically contain elements not readily available in most ambulatory settings.
Some valuable strategies from the inpatient
experience therefore are not pertinent in
the largely outpatient diabetes quality of
care setting.
Consequently, DQIP proposed the
threshold for high-risk HbA1c to be 9.5%
in an attempt to circumvent the lack of an
established risk adjustment method for this
important diabetes outcome. Our analyses
demonstrate that risk adjustment nevertheless changed performance status for a
substantial number of facilities. Both the
quality improvement (level of HbA1c) and
the accountability measures (rate of high923
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Appendix 1—Predicting levels of upper-normal-limit–adjusted HbA1c using a hierarchical mixed-effects model
Model 1
Estimate
P
Conditional Veterans Affairs average level
Demographic factors
Age (years)
45
45–54
55–64
65–74
74
Sex
Male
Ethnicity/race
White Hispanic
Black Hispanic
Native American
African-American
Asian
Caucasian
Service connection rating (%)
50–100
50
0
Care seeking (utilization) factors
Pharmacy cost (log)
Number of outpatient visits (log)
Geographic factor
Metropolitan areas
Diabetes duration/severity and comorbidity factors
Amputation or ulceration
Days of hospitalization (log)
Treatment modality
Oral medication
Insulin
Oral and insulin therapies
Diet control only
Monitored blood glucose
Charlson index

Model 2
Estimate
P

Model 3
Estimate
P

Model 4
Estimate
P

2.22

0.01

1.94

0.01

0.97

0.01

1.49

0.01

0.60
0.26
—
–0.34
–0.64

0.01
0.01
—
0.01
0.01

0.62
0.27
—
–0.34
–0.63

0.01
0.01
—
0.01
0.01

0.49
0.24
—
–0.31
–0.57

0.01
0.01
—
0.01
0.01

0.64
0.33
—
–0.30
–0.47

0.01
0.01
—
0.01
0.01

0.06

0.40

0.06

0.42

0.05

0.44

0.01

0.96

0.20
0.12
0.19
0.29
0.54
—

0.01
0.52
0.27
0.01
0.02
—

0.21
0.15
0.22
0.30
0.54
—

0.01
0.44
0.21
0.01
0.02
—

0.17
0.18
0.18
0.25
0.35
—

0.01
0.34
0.27
0.01
0.01
—

0.01
0.06
0.17
0.31
1.34
—

0.99
0.90
0.52
0.01
0.01
—

–0.13
–0.08
—

0.01
0.01
—

–0.14
–0.08
—

0.01
0.01
—

–0.12
–0.07
—

0.01
0.03
—

–0.03
–0.04
—

0.54
0.52
—

—
—

—
—

0.07
–0.06

0.01
0.01

–0.06
–0.07

0.01
0.01

–0.14
–0.14

0.01
0.01

—

—

–0.04

0.10

–0.04

0.11

–0.04

0.47

—
—

—
—

—
—

—
—

0.18
–0.01

0.01
0.38

0.22
–0.08

0.01
0.01

—
—
—
—
—
—

—
—
—
—
—
—

—
—
—
—
—
—

—
—
—
—
—
—

1.85
1.42
2.49
—
0.23
—

0.01
0.01
0.01
—
0.01
—

2.17
1.56
2.73
—
0.34
0.09

0.01
0.01
0.01
—
0.01
0.01

Prediction variables were entered stepwise with each additional model. Model 1 contained only demographic variables and Model 4 contained all of the predictors. This
stepwise construction of risk adjustment enabled us to view potential confounding between predictive factors. For example, pharmacy cost was positively (0.07) associated with levels of HbA1c shown in Model 2. That association, however, turned negative (–0.06) when diabetes duration/severity factors were introduced in Model 3.
That negative association more than doubled (–0.14) when a Charlson index comorbidity score was introduced in Model 4, which suggested further disentangling of
confounding among those variables.

risk HbA1c) were responsive to risk adjustment. In this exploratory model, risk
adjusting the level actually resulted in less
change than for the high-risk rate, a finding
that must be validated.
Recent efforts to use risk adjustment for
HbA1c levels have incorporated patient-level
factors obtained from surveys (41). The feasibility of this approach remains in question,
however. Ideally, a risk adjustment method
for HbA1c should be widely applicable and
inexpensive to use. For this reason, we
developed this exploratory model based
924

solely on existing administrative data,
acknowledging that such data are, out of
necessity, often proxies for the desired variable. For example, duration of diabetes, a
key patient-level factor closely correlated
with glycemic control, is not available in
administrative data; we used treatment
modality as a proxy measure. (Of note, we
also used treatment modality to control for
potential sampling bias introduced by the
choices in identifying diabetic patients permitted by the Health Plan Employer Data
and Information Set [HEDIS].) Currently,

health plans can use pharmacy records,
ICD-9-CM codes, or a combination of the 2,
possibly favoring plans with larger numbers
of enrollees with diet-controlled diabetes.
Several results of our study reassured
us of the validity of our approximations.
First, the coefficient estimates for our constructed measures were in the expected
directions. Our findings were consistent
with previous studies of demographic variables and glycemic control (14,42) that
confirmed that age and ethnicity were
associated with HbA1c. These findings
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Appendix 2—Predicting high-risk HbA1c (9.5%) using a generalized hierarchical mixed-effects model
Model 1
Estimate
P
Conditional Veterans Affairs average level
Demographic factors
Age (years)
45
45–54
55–64
65–74
74
Sex
Male
Ethnicity/race
White Hispanic
Black Hispanic
Native American
African-American
Asian
Caucasian
Service connection rating (%)
50–100
50
0
Care seeking (utilization) factors
Pharmacy cost (log)
Number of outpatient visits (log)
Geographic factor
Metropolitan areas
Diabetes duration/severity and cormorbidity factors
Amputation or ulceration
Days of hospitalization (log)
Treatment modality
Oral medication
Insulin
Oral and insulin therapies
Diet control only
Monitored blood glucose
Charlson index

Model 2
Estimate
P

Model 3
Estimate
P

Model 4
Estimate
P

0.27

0.01

0.25

0.01

0.37

0.01

0.06

0.01

0.52
0.27
—
0.38
0.69

0.01
0.01
—
0.01
0.01

0.52
0.28
—
0.38
0.69

0.01
0.01
—
0.01
0.01

0.43
0.26
—
0.37
0.66

0.01
0.01
—
0.01
0.01

0.60
0.33
—
0.33
0.52

0.01
0.01
—
0.01
0.01

0.12

0.17

0.12

0.18

0.12

0.19

0.14

0.40

0.27
0.22
0.26
0.28
0.52
—

0.01
0.30
0.19
0.01
0.04
—

0.28
0.24
0.28
0.29
0.52
—

0.01
0.28
0.17
0.01
0.04
—

0.25
0.28
0.24
0.25
0.60
—

0.01
0.21
0.24
0.01
0.02
—

0.14
0.03
0.32
0.28
0.88
—

0.32
0.95
0.29
0.01
0.06
—

0.16
0.13
—

0.01
0.01
—

0.17
0.13
—

0.01
0.01
—

0.14
0.12
—

0.01
0.01
—

0.04
0.09
—

0.53
0.23
—

—
—

—
—

0.03
0.03

0.02
0.13

0.08
0.04

0.01
0.05

0.14
0.11

0.01
0.01

—

—

0.07

0.03

0.07

0.04

0.05

0.40

—
—

—
—

—
—

—
—

0.18
0.00

0.01
0.92

0.22
0.07

0.01
0.01

—
—
—
—
—
—

—
—
—
—
—
—

—
—
—
—
—
—

—
—
—
—
—
—

2.45
2.08
3.06
—
0.18
—

0.01
0.01
0.01
—
0.01
—

3.16
2.62
3.70
—
0.27
0.06

0.01
0.01
0.01
—
0.01
0.03

See legend for APPENDIX 1.

alone justify risk adjustment of accountability measures. In addition, we observed
sizable changes of effect estimates in the
expected direction with entry into the
model of disease severity and comorbidity
adjusters, including the modality of treatment and the Charlson index. These
changes should be distinguished from
regression to the mean, because the latter
occurs only in longitudinal settings. The
inverse correlation of outpatient utilization with HbA1c levels was understandable, albeit different from a recent analysis
of the NHANES 3 (14), when viewed in
the context of multiple risk adjustments
with a carefully specified statistical model.
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Although preliminary, these findings suggest that the associations between healthseeking/utilization factors and HbA1c were
likely to be confounded by severity and
diabetes duration as well as inpatient
comorbidity, underscoring the importance
of controlling for all of these variables to
estimate their respective effects.
We should stress that this study
focused on the effects of applying risk
adjustment to a selected group of health
care systems and not on describing diabetes care in the VHA overall. To facilitate
our analysis, we chose to exclude individuals without complete data and recognized the potential selection bias this

introduced. However, the number of facilities reporting was reasonably large and the
variability in HbA1c was broad, thereby
making possible an exploration of how
risk adjustment might affect a quality
assessment.
We also note that only 65 of 173 facilities chose to report to NCCC in 1996, a
situation reminiscent of voluntary HEDIS
reporting, in which about half of health
plans still choose not to participate. Ongoing
mandated data collection in the VHA
should allow future analyses of a more sizable proportion of the population, and the
issue of missing data will then need to be
addressed accordingly.
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Risk adjustment model for HbA1c
Although our ability to obtain crosslinked demographic, laboratory, pharmacy,
and diagnostic coding data from the VHA
database may not be widely possible to
duplicate in the health care industry currently, availability of such data is anticipated
in the future. Even though our veteran population was predominantly male, diabetes
severity and outcomes have not previously
been demonstrated to be related to sex (14);
thus, our findings may well apply to other
settings that include more women.
Several important variables that could
potentially influence HbA1c were not available as direct measures. We lacked data on
socioeconomic and educational status, but
these factors have not been correlated with
glycemic control in non-Hispanic white or
Mexican-American (43), Caucasian (44),
or African-American (44,45) patients.
Comorbidity may impact diabetes
control. Because of our particular data
characteristics, we were unable to use
non–disease-specific risk adjustment developed for use with outpatient ICD-9-CM
codes (such as the Adjusted Care Groups
[16,46]) or in-depth pharmacy information (such as the Chronic Disease Score
[47]). We did have inpatient ICD-9-CM
codes and therefore applied an adapted
Charlson index to estimate comorbidities,
albeit only for the minority of our sample
who were hospitalized during FY96 (21).
Further validation using outpatient ICD-9CM data is warranted.
Medical use and expenditure patterns
have not been captured completely in this
study. Again because of data limitations, we
were unable to build on previous findings
of outpatient ICD-9-CM codes correlating
with medical use and expenditure patterns
for Medicare beneficiaries with diabetes
(48,49). Data limitations also prevented us
from fully describing resource utilization,
because many veterans are also Medicare
beneficiaries and receive at least some private-sector care (50).
A crucial concern in observational studies of this nature is the inability to ascribe
directionality and causation. For example,
pharmacy costs and the number of outpatient contacts were found to be significantly
associated with high-risk HbA1c rates in our
study. Based on this work, we cannot distinguish whether more frequent contacts or
higher pharmacy spending are a result of
more severe disease or of better systematic
health care delivery. Ongoing data collection
should allow longitudinal analyses to better
explore these relationships.
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Summary
We demonstrated the feasibility of evaluating quality of care of medical providers
using administrative data sources. We
developed an exploratory diabetes-specific
hierarchical mixed-effects model to predict
HbA1c. Performance status of diabetes care
measured by HbA1c levels or rates changed
for a substantial number of facilities, especially with the current DQIP accountability
measure for HbA1c (percentage of patients
with HbA1c 9.5%). Although our model
remains to be validated in other databases,
we demonstrated that use of non–riskadjusted HbA1c values may inappropriately
identify plans as high or low performers.
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