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BACKGROUND:

 

Diabetes causes 45% of incident end-stage
renal disease (ESRD). Risk of progression is higher in those
with clinical risk factors (albuminuria and hypertension), and
in ethnic minorities (including blacks, Asians, and Latinos).
Angiotensin-converting enzyme inhibitors (ACE) and angio-
tensin receptor blockers (ARB) slow the progression of diabetic
nephropathy, yet little is known about their use among patients
at high risk for progression to ESRD.

 

OBJECTIVES:

 

To examine the prevalence of ACE or ARB (ACE/
ARB) use overall and within patients with high-risk clinical indi-
cations, and to assess for ethnic disparities in ACE/ARB use.

 

DESIGN:

 

Observational cohort study.

 

SETTING:

 

Kaiser Permanente Northern California (KPNC) Dia-
betes Registry, a longitudinal registry that monitors quality
and outcomes of care for all KPNC patients with diabetes.

 

PATIENTS: 

 

Individuals (

 

N

 

 = 38,887) with diabetes who were
continuously enrolled with pharmacy benefits during the year
2000, and had self-reported ethnicity data on survey.

 

INTERVENTIONS AND MEASUREMENTS:

 

Pharmacy dispensing
of ACE/ARB.

 

RESULTS:

 

Forty-one percent of the cohort had both hyper-
tension and albuminuria, 30% had hypertension alone, and
12% had albuminuria alone. Fourteen percent were black,
11% Latino, 13% Asian, and 63% non-Latino white. Overall,
61% of the cohort received an ACE/ARB. ACE/ARB was dis-
pensed to 74% of patients with both hypertension and albumi-
nuria, 64% of those with hypertension alone, and 54% of those
with albuminuria alone. ACE/ARB was dispensed to 61% of
whites, 63% of blacks, 59% of Latinos, and 60% of Asians.
Among those with albuminuria alone, blacks were significantly
(

 

P

 

 = .0002) less likely than whites to receive ACE/ARB (47% vs
56%, respectively). No other ethnic disparities were found.

 

CONCLUSIONS:

 

In this cohort, the majority of eligible patients
received indicated ACE/ARB therapy in 2000. However,
up to 45% to 55% of high-risk clinical groups (most notably

individuals with isolated albuminuria) were not receiving
indicated therapy. Additional targeted efforts to increase use
of ACE/ARB could improve quality of care and reduce ESRD
incidence, both overall and in high-risk ethnic groups. Policy-
makers might consider use of ACE/ARB for inclusion in
diabetes performance measurement sets.
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I

 

n 1999, over 38,000 individuals, approximately 45% of
all incident end-stage renal disease (ESRD) cases, ini-

tiated dialysis for diabetes-related renal failure.

 

1

 

 The doubl-
ing of ESRD incidence over the past decade

 

1

 

 is due almost
entirely to diabetic nephropathy and parallels the worsen-
ing “epidemic” of diabetes in the United States, where an
estimated 7% of the adult population has diagnosed dia-
betes.

 

2

 

 At current rates of growth, over 175,000 individuals
will receive a new diagnosis of ESRD in 2010 with the major-
ity of cases attributable to diabetes.

 

1,3

 

 Once renal replace-
ment therapy is initiated, those with diabetes are more likely
to develop complications, be hospitalized, or die than those
without diabetes.

 

1,3,4

 

Known clinical risk factors for progression of nephro-
pathy include hypertension and albuminuria. In addition,
several ethnic minority groups are known to be at higher
risk to develop ESRD due to diabetes.

 

1,5–9

 

 Nationwide, the
incidence of diabetes-related ESRD is 4 times higher among
blacks, 1.5 times higher among Asians, and 2 times higher
among Latinos, when compared to the incidence among
whites.

 

1,3,10

 

 Previous research from the population on which
the present study is based

 

9

 

 suggests that even in a popu-
lation with uniform access to care, statistically and clini-
cally significant excess ESRD incidence among minorities
remains even after adjustment for differences in clinical,
socioeconomic, behavioral, and other access to care
confounders.

While ESRD can be a devastating complication of diabetes,
effective prevention exists. Treatment of high-risk diabetes
patients with an ACE inhibitor (ACE) or angiotensin recep-
tor blocker (ARB) can reduce the risk of progression to
ESRD by 23% to 50%.

 

11–15

 

 Since 1997, professional society
clinical guidelines and Kaiser Permanente Clinical Practice
Guidelines (April 1998) have recommended the use of ACE
or ARB for 2 high-risk groups of patients with diabetes:
those with hypertension and those with albuminuria
(microalbuminuria or overt nephropathy).

 

16,17

 

 Although guide-
lines do not make special recommendations for ACE or ARB
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use in high-risk ethnic minorities, prior literature has
shown important ethnic disparities in the use of other
effective treatments.

 

18–27

 

Despite evidence of efficacy and the existence of guide-
line recommendations, little is known about rates of ACE
or ARB (ACE/ARB) use among patients at high risk for pro-
gression of nephropathy. In this study, we assessed the
prevalence of ACE/ARB use, and ethnicity-based differ-
ences in use, among patients with diabetes and among
those subgroups at higher risk of progression to ESRD
based on additional clinical risk factors.

 

METHODS

Setting

 

Kaiser Permanente Northern California (KPNC) is a fully
integrated, nonprofit, group practice, prepaid health plan
providing comprehensive medical services to over 3 million
members throughout Northern California (25% to 30% of
the region’s population). Plan members are mainly employed
individuals and approximate the general population ethni-
cally and socioeconomically except at the extremes of the
income distribution.

 

28–30

 

The Kaiser Permanente Northern California Diabetes
Registry was established in 1993 to monitor the quality of
care and health outcomes for plan members with diabetes.
Details regarding the methodology used for this diabetes
registry have been published previously.

 

9,31–40

 

 The registry
is updated annually by identifying all plan members with
diabetes from automated databases of pharmacy data, lab-
oratory data, hospitalization records, and outpatient diag-
noses. A chart review study in 1996 estimated a 2% false
positive rate and a validation study in 2000 found the registry
was 99% sensitive for detecting members with diabetes.
Between 1994 and 1996, the ~98,000 noninstitutionalized
diabetic members over 18 years of age were surveyed (in
English or Spanish) to assess key patient-specific history
and risk factors. The survey had a response rate of 83%
and provided information on ethnicity, information needed
to classify diabetes type, education, lifestyle and behavioral
risk factors, and diabetes family history.

 

Study Cohort

 

Our study cohort included active KPNC members with
diabetes who had continuous plan enrollment with phar-
macy benefits for at least 10 months during the year 2000
and had responded previously to the patient survey (sole
source of ethnicity data). From these 50,989, we excluded
those missing data on diabetes type (

 

n

 

 = 2,225) and those
missing laboratory data on albuminuria status (

 

n

 

 = 3,706).
Members whose prescription copayment exceeded 80% of
medication cost (

 

n

 

 = 700) were excluded to minimize bias
related to underascertaining medication use among indi-
viduals with high out-of-pocket costs who may obtain their
medications at non-Kaiser pharmacies. We also excluded

those who reported “other” ethnic origin or various mixed
heritages (

 

n

 

 = 6,087) because it is difficult to make mean-
ingful inferences about this heterogenous group, and
difficult to report on the individual subgroups because
of small sample sizes.

 

Data Sources and Definitions

 

Patient characteristics were ascertained on or prior to
December 31, 1999, from clinical, laboratory, administra-
tive, and survey records. The outcome of interest was at
least one dispensing of an ACE/ARB at any time during
the calendar year 2000. We assumed that contraindica-
tions to treatment would be rare because most individuals
not tolerating an ACE can receive an ARB with a low like-
lihood of side effects.

 

41,42

 

Individuals with diabetes were separated into 4 clini-
cal risk strata: those with hypertension only, those with
albuminuria only, those with both hypertension and
albuminuria, and those with neither risk factor. We
hypothesized that individuals with 2 clinical indications
would have higher rates of ACE/ARB use than those
with a single clinical indication, and those with neither
indication would have the lowest rates of use. Among those
with a single clinical indication, we hypothesized that
those with albuminuria would have higher rates of ACE/
ARB use than those with hypertension as their indication,
reflecting the strength of guideline support for ACE use
in these groups as well as multiple alternative therapy
options for hypertension, but not albuminuria.

 

16,43

 

 A
patient was classified as having hypertension based on
either self-report on survey or a diagnosis coded on an out-
patient encounter form. A patient was classified as having
albuminuria based on laboratory data demonstrating
albumin excretion >30 mg/24 hours or >20 

 

µ

 

g/minute on
timed urine specimen, or an albumin to creatinine ratio
>30 mg/g on a spot urine specimen. Throughout this
report, we use the term albuminuria to describe any abnor-
mal urinary albumin excretion including microalbumi-
nuria or macroalbuminuria. When albuminuria was more
stringently defined as those with 2 or more positive urine
tests, rates of ACE/ARB use were 3% to 6% higher, but
because ACE/ARB can reverse albuminuria on subsequent
testing, we report rates of use using the less stringent
definition.

Ethnicity was determined by self-report on survey and
categorized as black, Latino, Asian, and non-Latino white.
Patients were also classified according to age, gender, and
educational attainment (high school or less, some college,
or college graduate). Diabetes type was determined based
upon a previously described algorithm

 

38

 

 incorporating age
and BMI (obesity) at diagnosis, use of insulin, and length
of time between diagnosis and insulin initiation. Other
disease-related factors examined included duration since
diabetes diagnosis (<10 years, 

 

≥

 

10 years), and level of gly-
cemic control as measured by hemoglobin A

 

1

 

c (<7.0, 7.0 to
7.9, 8.0 to 9.5, or 

 

≥

 

9.5%).
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Analyses

 

We tabulated patient characteristics and prevalence of
ACE/ARB use for the entire cohort, and for each clinical
risk stratum (hypertension alone, albuminuria alone, hyper-
tension and albuminuria, and neither risk factor). For the
overall cohort and within each clinical risk stratum, we also
calculated the prevalence of ACE/ARB use for each racial/
ethnic group. We assessed the statistical significance of all
comparisons using analysis of variance for continuous
variables and Wald 

 

χ

 

2

 

 tests for categorical variables using
whites as the reference group for ethnic contrasts. We did
not risk-adjust ethnic comparisons because we were evalu-
ating ACE/ARB use as a clinical performance standard
(i.e., process measure), rather than making inferences
about the causes of differences. All analyses were performed
using SAS, version 8.0 (SAS Institute, Cary, NC), with two-
tailed 

 

P

 

 values less than or equal to .05 considered statis-
tically significant.

 

RESULTS

 

There were 38,887 eligible individuals with diabetes in
the study cohort. Approximately half were over the age of
65, and half were female (Table 1). The vast majority had
type 2 diabetes. Eighty-three percent of the cohort had at
least one clinical indication, identified by guidelines, for

ACE/ARB: 41% of the sample had both hypertension and
albuminuria, 30% had hypertension alone, and 12% had
albuminuria alone. Thirty-seven percent of the cohort com-
prised high-risk ethnic minority groups: 14% of the sample
(

 

n

 

 = 5,310) was black, 11% (

 

n

 

 = 4,063) Latino, 13% (

 

n

 

 =
5,028) Asian, and 63% (

 

n

 

 = 24,486) were non-Latino white.
Several characteristics differed notably between ethnic

groups (Table 2). Whites were significantly older and had
significantly better glycemic control than any of the other
ethnic groups. The prevalence of hypertension was sig-
nificantly higher among blacks than among the other eth-
nicities. Compared to the other ethnic groups, Latinos
were less likely and Asians were more likely to have had
education past high school.

Overall, 61% of the study cohort received an ACE or
ARB. An ACE/ARB was dispensed to 74% of patients with
both hypertension and albuminuria, 64% of those with
hypertension alone, 54% of those with albuminuria alone,
and 23% of those with neither hypertension nor albumi-
nuria (Fig. 1). In general, decreasing age and longer duration
since diabetes diagnosis were associated with higher rates
of ACE/ARB use in all of the clinical risk strata (data not
shown).

There were no significant differences in the rates of
ACE/ARB use among the different ethnic groups overall.
An ACE or ARB was dispensed to 61% of whites, 63% of
blacks, 59% of Latinos, and 60% of Asians (Fig. 2). Among

Table 1. Baseline Characteristics Overall and by Clinical Risk Group

Characteristic Overall

Clinical Risk Group

Neither HTN Alb HTN and Alb

Sample size 38,887 6,557 11,585 4,741 16,004

%
Age, y

18–40  3.9  9.9  1.4  8.2  2.0
41–65 47.0 56.8 45.0 53.9 42.4
65–79 41.9 29.1 46.2 32.6 46.8
≥80  7.1  4.2  7.4  5.4  8.7

Female 47.8 43.3 51.5 44.9 47.8
Ethnicity

White 63.0 65.0 65.1 60.9 61.2
Black 13.7  9.2 14.8 10.4 15.6
Latino 10.5 12.0  8.7 13.5 10.2
Asian 12.9 13.9 11.4 15.2 13.0

Education
≤ High school 38.3 31.6 39.3 35.6 41.2
Some college 28.6 29.2 28.6 27.5 28.7
≥ College 24.0 28.4 24.8 23.4 21.9
Missing  9.0 10.8  7.4 13.5  8.2

Diabetes type, %
Type 1  5.2 11.7  2.3  9.4  3.3
Type 2 92.3 84.1 96.0 87.2 94.6
Unclear  2.5  1.8  1.8  3.4  2.1

Diabetes duration ≥10 years 50.0 44.5 44.1 51.5 56.1

HTN, hypertension; Alb, albuminuria.
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the clinical risk strata, the only ethnic disparity was noted
for those who had albuminuria alone as their indication
for ACE/ARB treatment (Fig. 3); ACE/ARB was dispensed
less frequently to blacks (46.6%) than to whites (55.8%) and
this difference was statistically significant (odds ratio 0.69;
95% confidence interval, 0.57 to 0.84). No other racial/
ethnic disparities in ACE/ARB use were noted.

 

DISCUSSION

 

In a large cohort of health plan enrollees with diabetes,
we found that between 55% and 75% of patients with
important clinical risk factors were receiving ACE/ARB
therapy to prevent progression of nephropathy. Among the
high-risk clinical groups, ACE/ARB use was significantly
lower in those with albuminuria alone than among those
with hypertension (regardless of whether albuminuria was
concomitantly present) as a risk factor. Additionally, within
this high-risk group with the lowest rates of use (those with
albuminuria alone), we found that blacks were less likely
than whites (47% vs 56%) to receive ACE/ARB. No other
racial/ethnic disparities were apparent.

To our knowledge, ours is the first large, population-
based study to examine ACE/ARB use with data collected
after guidelines started recommending ACE/ARB

 

16,17

 

 for
high-risk clinical subgroups with diabetes. Studies predat-
ing the wide dissemination of guidelines found rates of use
ranging from 40% to 45% depending on the setting and

Table 2. Baseline Characteristics by Ethnicity

Characteristic White Black Latino Asian

Sample size 24,486 5,310 4,063 5,028

%
Age, y

18–40  4.0  3.5  4.5  3.6
41–65 42.7 54.5 52.4 55.9
65–79 44.4 36.7 39.6 37.0
≥80  8.9  5.3  3.5  3.6

Female 46.3 53.6 48.6 48.3
Education

≤ High school 38.2 37.5 54.3 27.1
Some college 30.0 34.6 21.0 21.6
≥ College 24.7 17.6 10.2 38.7
Missing  7.1 10.3 14.5 12.7

Hypertension 70.8 79.4 65.0 67.6
Albuminuria 51.8 56.4 55.9 55.7
Diabetes type, %

Type 1  6.9  2.5  2.2  1.7
Type 2 90.4 94.3 96.1 96.6
Unclear  2.7  3.2  1.7  1.7

Glycemic control 
(HbA1c %)
<7.0 31.1 26.3 23.5 22.2
7.0–7.9 28.3 23.7 23.7 27.9
8.0–9.5 24.3 23.9 25.2 27.4
≥9.5 15.0 25.6 26.2 21.3
Missing  1.4  1.5  1.3  1.2

Diabetes duration 
≥10 years 

50.5 51.4 50.7 45.1

FIGURE 1. ACE/ARB use by clinical risk group. HTN, hypertension;
Alb, presence of albuminuria.

FIGURE 2. ACE/ARB use among ethnic groups (all patients).

FIGURE 3. ACE/ARB use among ethnic groups with albuminuria.
The asterisk indicates a significant (P < .05) difference in rates
of ACE/ARB use compared to rates of use in whites with albumi-
nuria in the absence of hypertension.
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clinical risk of the population.

 

44–46

 

 One study found that
only 40% of high-risk patients with diabetes and no contra-
indication to therapy had ever been prescribed an ACE
inhibitor.

 

47

 

 While rates of use in the current study are
higher than reported in prior studies, between 25% and
45% of those with clear clinical indications for ACE/ARB
were still not receiving therapy. Additionally, our results
suggest that, despite clear guidelines for ACE/ARB use for
patients with diabetes and albuminuria, physicians may
not be as likely to recognize or treat isolated albuminuria
with ACE/ARB as strongly as they are to treat hypertension
with ACE/ARB.

Ours is the first study to examine the association
between race/ethnicity and ACE/ARB use among indi-
viduals with diabetes. In contrast to prior studies,

 

18–27

 

 we
found few racial/ethnic disparities in ACE/ARB use among
patients with diabetes. There were no racial/ethnic dispar-
ities in ACE/ARB use among patients with isolated hyper-
tension or combined hypertension and albuminuria.
However, blacks with isolated albuminuria received ACE/
ARB less frequently than whites. Some past ACE inhibitor
trials suggested that blacks may not achieve the same
degree of blood pressure reduction as whites,

 

48,49

 

 but reduc-
tions in cardiovascular and renovascular event rates occur
independent of blood pressure lowering effects in indi-
viduals with diabetes.

 

48,50

 

 Because of this and hypertension
guidelines that recommend ACE or ARB as the preferred
first-line agents for blacks with diabetes or renal disease,

 

51

 

we would not expect rates of use to be lower in the black
population.

Our findings may have important implications for
improving the quality of diabetes care. Our data suggest
that more could be done to encourage ACE/ARB use
particularly among normotensive diabetic patients with
microalbuminuria. Efforts to increase ACE/ARB use in this
group should improve overall quality of care and may also
help to narrow the one racial gap we found in this clinical
risk group.

Our results also highlight an important opportunity for
quality measurement efforts such as the National Commit-
tee for Quality Assurance’s (NCQA) Health Plan Employer
Data and Information Set (HEDIS), which, in recent years,
has focused on the quality of diabetes care. In 1998, the
NCQA adopted 6 diabetes performance measures, includ-
ing a measure for annual microalbuminuria screening. In
2000, only 41% of individuals with diabetes enrolled in
HEDIS-reporting health plans were screened for albumi-
nuria.

 

52

 

 Prior literature suggests that, of those screened and
found to have microalbuminuria, only 40% are placed on
ACE/ARB in response to a positive screening test.

 

53

 

 It
appears, therefore, that a large number of patients who
would potentially benefit from ACE/ARB use are not receiv-
ing indicated screening or indicated treatment. In addition,
the indications in diabetes for renin-angiotensin blockade
continue to expand with evidence of cardiac benefit for
ACE

 

54–57

 

 and for ARB,

 

11,58

 

 and likely renal benefits of ACE
for normotensive, normoalbuminuric individuals.

 

59–61

 

 Given

the expanding eligible population, low screening rates, and
low treatment rates in response to positive screens, in the
future it may be desirable to replace the current HEDIS
measure of microalbuminuria screening with an alternative
performance measure assessing ACE/ARB treatment for
all patients with diabetes.

Our study had some limitations. Our sample excluded
patients who failed to report their race/ethnicity on a survey
administered during 1994–1996. However, past research
suggests that ethnicity data are more reliable when obtained
from self-report than from administrative data.

 

62

 

 The
survey response rate was high (83%) but nonresponse bias
cannot be excluded. Because rates of ACE/ARB use were
comparable in all ethnic minorities except in blacks with
albuminuria, it is possible that this represents a chance
finding. While the registry had excellent completeness of
laboratory follow-up (albuminuria screening done in 91% of
the population compared to an average of 41% nationally

 

52

 

),
we did not estimate rates of ACE/ARB use among the
9% of patients who did not undergo screening for micro-
albuminuria. Because of incomplete ascertainment of key
clinical factors, such as history of adverse reaction to ACE,
we could not exclude all individuals with contraindications
to treatment. However, because our end point was a com-
posite of ACE or ARB use and contraindications to ARBs in
those not tolerating ACE are rare,

 

41,42

 

 we would expect any
bias to be small. Only 0.1% to 0.2% of patients develop
ACE-related angioedema. Although this contraindication
may be 3 times more frequent in blacks than in whites,

 

63

 

the low incidence makes it an unlikely explanation of the
racial disparity we observed. Our estimates may not gen-
eralize directly to other health care settings because KPNC
enrolls an insured, predominantly employed population,
and has quality improvement programs in place (such
as guidelines and the use of physician opinion leaders) to
improve ACE/ARB use in at-risk populations. By defining
our outcome as a single ACE- or ARB-dispensing event
during the year 2000, we were unable to estimate rates of
sustained ACE/ARB use. We expect that sustained use
would be lower because of nonadherence. Finally, we were
unable to determine whether patients with clinical indi-
cations (i.e., albuminuria or hypertension) not using
ACE/ARB were never prescribed these therapies by their
physician, or that they were prescribed ACE/ARB but did
not fill the prescription. It is unlikely, however, that the
prevalence of failure to fill prescriptions would differ across
the clinical risk groups we studied.

 

Conclusion

 

In summary, we found that between 55% and 75% of
high-risk diabetic patients with known clinical indications
for preventive therapy were treated with an ACE or ARB
during 2000. Those with albuminuria as their sole clinical
indication of increased risk were significantly less likely
than those with hypertension to receive an ACE/ARB;
and among those with albuminuria alone, blacks were
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significantly less likely than whites to receive ACE/ARB.
No other significant racial/ethnic differences in ACE/ARB
use were found. To further increase rates of ACE/ARB use
and narrow the racial gap we observed, educational efforts
to patients and physicians should highlight microalbumi-
nuria as an important clinical indication for ACE/ARB. In
addition, policymakers may want to consider designing a
measure of ACE/ARB use for inclusion in future diabetes
performance measurement sets.
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