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I

N 1998, THE INITIATIVE TO ELIMInate Racial and Ethnic Disparities
in Health1 proposed elimination of
ethnic differences in diabetes and
complications by 2010. Higher rates of
microvascular complications, particularly end-stage renal disease (ESRD)2-4
and lower extremity amputation
(LEA),5 were reported for blacks and
Hispanics relative to whites with diabetes during the 1980s and early
1990s. However, more recent epidemiologic data detailing ethnic disparities in diabetes-related complications
are lacking. It is unknown whether
recent improvements in health care
options for diabetes have benefited all
groups equally or whether socioeconomic differences and substandard
health care among minorities have
continued to perpetrate differences
noted in earlier studies. Disparate
access to quality health care is a common explanation for ethnic disparities
in diabetic complication rates in the
US population. 6 When potential
explanatory factors not related to
health care (eg, genetic or innate
physiological differences or behavioral
factors) are studied, examining an ethnically diverse population with uniform health care coverage is useful.
Few such studies of diabetes complications have been conducted. Here we
report ethnic differences in the incidence of 5 major diabetic complica-

Context Higher rates of microvascular complications have been reported for minorities. Disparate access to quality health care is a common explanation for ethnic disparities in diabetic complication rates in the US population. Examining an ethnically
diverse population with uniform health care coverage may be useful.
Objective To assess ethnic disparities in the incidence of diabetic complications within
a nonprofit prepaid health care organization.
Design and Setting Longitudinal observational study conducted January 1, 1995,
through December 31, 1998, at Kaiser Permanente Medical Care Program in northern California.
Participants A total of 62432 diabetic patients, including Asians (12%), blacks (14%),
Latinos (10%), and whites (64%).
Main Outcome Measures Incident myocardial infarction (MI), stroke, congestive
heart failure (CHF), and nontraumatic lower extremity amputation (LEA), defined by
primary hospitalization discharge diagnosis, procedures, or underlying cause of death;
and end-stage renal disease (ESRD), defined as renal insufficiency requiring renal replacement therapy or transplantation for survival or by underlying cause of death.
Results Patterns of ethnic differences were not consistent across complications and
frequently persisted despite adjustment for a wide range of demographic, socioeconomic, behavioral, and clinical factors. Adjusted hazard ratios (relative to that of whites)
were 0.56, 0.68, and 0.68 for blacks, Asians, and Latinos, respectively (P⬍.001), for
MI; 0.76 and 0.72 for Asians and Latinos, respectively (P⬍.01), for stroke; 0.70 and
0.61 for Asians and Latinos, respectively (P⬍.01), for CHF; 0.40 for Asians (P⬍.001)
for LEA; and 2.03, 1.85, and 1.46 for blacks, Asians, and Latinos, respectively (P⬍.01),
for ESRD. There were no statistically significant black-white differences for stroke, CHF,
or LEA and no Latino-white differences for LEA.
Conclusions This study confirms previous reports of elevated incidence of ESRD
among ethnic minorities, despite uniform medical care coverage, and provides new
evidence that rates of other complications are similar or lower relative to those of
whites. The persistence of ethnic disparities after adjustment suggests a possible
genetic origin, the contribution of unmeasured environmental factors, or a combination of these factors.
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tions observed in a 3-year longitudinal
study of a diabetic population with
uniform health care coverage.
METHODS
Study Cohort

Kaiser Permanente Medical Care Program (Kaiser Permanente), a fully integrated, nonprofit, group practice,
prepaid health plan, provides comprehensive medical services to more than 2.9
million members (as of January 2000)
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throughout northern California (including the San Francisco Bay and Sacramento metropolitan areas), or approximately 25% to 30% of the surrounding
population. The Kaiser Permanente
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mates the general population ethnically
and socioeconomically, except for the extremes of the income distribution.7-9
In 1993, Kaiser Permanente established the Northern California Kaiser
Permanente Diabetes Registry. The registry is updated annually by identification of all health plan members with diabetes from automated databases for
pharmacy and laboratory information,
hospitalization records, and outpatient
diagnoses.10-19 In 1996, registry sensitivity was estimated to be 96%, with a
2% false-positive rate. Between 1994 and
1996, all noninstitutionalized registry
members who were 19 years or older and
identified before January 1, 1996
(n = 90 302), received a health survey
(self-administered questionnaire) or a
computerized telephone interview in English or Spanish. Eighty-three percent of
eligible members with suspected diabetes completed the survey. After those
who denied having diabetes or who discontinued membership in the health
plan were excluded, 70 748 respondents with diabetes remained. The survey provided information on ethnicity
(self-identified, allowing selection of
more than 1 category), information
needed to classify diabetes type (see
Karter et al12 for algorithm), diabetes
family history, education, and behavioral risk factors. Analysis of ethnic variation in complication rates was restricted to the 62432 survey respondents
from the 4 major ethnic groups: black,
14%; Asian, 12%; Latino, 10%; and nonLatino white, 64%. Of those selfidentified as Asian, 44% were Filipino;
24%, Chinese; 12%, Japanese; and 19%,
Korean, other Asian, or mixed race.
Those reporting other ethnic origin or
mixed heritage were excluded because
of insufficient sample sizes. Although
we do not have race data for nonresponders, we compared the demographic composition (age, sex, and socioeconomic status ) of diabetes survey
responders to nonresponders in a previous study14 and found no evidence suggesting responder bias. In addition to
survey-derived data, we obtained measures of neighborhood-level SES by linking each member’s address to the 1990
2520

census block group-level average annual 1989 per capita income.
Study End Points

We evaluated the incidence of 5 complications: myocardial infarction (MI),
stroke (ischemic or hemorrhagic), congestive heart failure (CHF), nontraumatic LEA, and ESRD. The International Classification of Diseases, Ninth
Revision, Clinical Modification20 (ICD-9CM) codes listed as either the primary
hospitalization discharge diagnosis or the
underlying cause of death on the death
certificate were used to identify MI (ICD9-CM code 410), stroke (ICD-9-CM codes
431, 433, 434, and 436), and CHF (ICD9-CM codes 402.01, 402.11, 402.91, and
428). The LEA procedures were identified from discharge codes (ICD-9-CM
procedure codes 84.10-84.17). Endstage renal disease was identified from
Kaiser Permanente’s ESRD treatment registry or defined by chronic renal failure
listed as the underlying cause of death
on the death certificate (ICD-9-CM codes
250.4, 403-404, 585, and 586). Emergency events serviced by non–Kaiser Permanente hospitals were captured via a
claims reimbursement database for outside medical services. Mortality and cause
of death were ascertained with a validated program, the California Automated Mortality Linkage System.21
Previous studies have validated these
end points in this population. For MI,
584 (98.7%) of a sample of 602 hospital
discharge diagnoses also had a chartconfirmed acute MI based on consistent symptoms, elevated cardiac
enzyme levels, or diagnostic electrocardiographic changes (A. Go, oral communication, September 2000). For
CHF,11 194 (97%) of 200 cases met either the major or minor criteria for heart
failure.22 In a previous Kaiser Permanente study of ischemic stroke (ICD9-CM codes 433.00-434.91 and 436.0),
627 (75%) of a consecutive sample of 836
hospitalizations with 1 of these codes as
a primary discharge diagnosis were validated by chart review by using a strict
definition of documented spontaneous
neurologic deficit lasting longer than 24
hours, with no evidence of trauma or
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other competing nonvascular origin (A.
Go, oral communication, September
2000). However, the modest validation
rate in that study was attributable to inclusion of stroke patients who were in
skilled nursing or long-term care facilities and were hospitalized for stroke rehabilitation, whereas our study would
have excluded these prevalent cases. In
2 separate validations of LEA (A.J.K., unpublished data, 2000, n=109; Selby and
Zhang,23 n=209), 99% of electronic hospital discharge records were confirmed
by chart review. Data from Kaiser Permanente’s ESRD treatment registry are
transferred directly to the Centers for
Medicare and Medicaid Services United
States Renal Data System and to Medicare for reimbursement. Given the federally mandated certification of all ESRD
treatment records, we assume a high level
of validity.
Statistical Analysis

We used a follow-up study to evaluate
the incidence of each complication.
Baseline was defined as January 1, 1995,
for all members surveyed in 1994 and
the survey date (January 1995 to March
1997) for those surveyed after that date.
The duration of follow-up (persontime) was tabulated through membership records and ended with an event,
censoring because of dropping of
Kaiser Permanente membership for any
period longer than 2 months, death, or
the end of the study (December 31,
1998). For analyses of complications
other than ESRD, we excluded those
with a history of events of the same type
noted in hospital discharge records during the 5 years before baseline. The
ESRD treatment registry contains lifetime histories of renal dialysis and transplantations, allowing us to exclude all
prevalent ESRD cases. All prognostic,
confounding, and stratifying variables
were ascertained at or before baseline
from automated records, the diabetes
survey, and the 1990 census.
Descriptive and Multivariate
Analysis

Using direct standardization with the entire diabetes cohort as the population
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standard, we calculated age-adjusted and
sex- and ethnic-specific rates for each
complication with SAS version 8 (SAS
Institute Inc, Cary, NC). Proportional
hazards regression (Cox) models were
then used to calculate adjusted hazard
ratios (HRs) as an estimate of the relative risk for Asians, blacks, and Latinos
relative to whites (reference group), allowing for censored data. Because the relationship between ethnicity and each
complication did not differ statistically
by sex (all sex-ethnic cross-product
terms P⬎.10), we pooled the data for
men and women. Additionally, we found
no violations of the proportionality assumption. We then specified a series of
Cox regression models: a base, a demographic model (age and sex adjusted),
and 3 additional models, which added
groups of related, potentially explanatory variables to the base model only.
The SES model added individual-level
education and average census block–
level income to the demographic model.
The modifiable risks model added smoking status, alcohol intake, self-reported
treatments for diabetes (including diet
and exercise), frequency of selfmonitoring of blood glucose levels, and
obesity status based on body mass index24 to the demographic model. Finally, the clinical model added characteristics specific to diabetes to the
demographic model, including type of
diabetes, diabetes duration (ie, time since
diagnosis), diabetes therapy, and firstdegree family history of diabetes. Two
additional risk factors were added for
amputation only, height25,26 and peripheral neuropathy.23,27 We then specified
fully adjusted models to assess the combined explanatory effect of all of these
factors (see TABLE 1 for cut points for
each categorical variable).
RESULTS
Population Characteristics

The study population of 62 432 included 8496 black patients (14%), 7632
Asian patients (12%), 6279 Latino patients (10%), and 40 025 white patients (64%) with diabetes followed up
for approximately 135 000 personyears (approximately 2.5 years per

member). Baseline characteristics are
detailed in Table 1. Latinos were least
likely (36%) and Asians were most
likely (67%) to have more than a high
school education. Blacks and Latinos
were at least twice as likely as Asians
and whites to live in a census block with
more than one fifth of families earning below the poverty level or with at
least a two-thirds majority employed in
working-class occupations. Type 1 diabetes mellitus was more than twice as
common among whites relative to the

other groups. Blacks were most likely
to treat their diabetes with insulin and
least likely to control their diabetes
without pharmacotherapy. Of those
with type 2 diabetes mellitus, Asians
had the shortest duration of diabetes
and were least likely to be treated with
insulin. Latinos were least likely to selfreport using diet and exercise as a component of their treatment for diabetes
even though they were as likely (21%)
as Asian and whites (22%) to control
their diabetes without pharmaco-

Table 1. Baseline Characteristics for 62432 Black, Asian, Latino, and White Patients
With Diabetes*

Age, mean (SD), y
Women
Educational attainment
High school or less
Some college
College graduate
Lives in working-class neighborhood†
Lives in economically disadvantaged
neighborhood‡
Diabetes type
Type 1
Type 2
Insulin§
Oral agents only
No pharmacological therapy
Reported diet as part of treatment
Reported exercise as part of treatment
Daily self-monitoring of blood glucose level
HbA1C level, mean (SD)
Poor glycemic control (HbA1C level ⬎10%)
First-degree family history of diabetes
Duration of diabetes (⬍10 y)
Antilipemic treatment use
Antihypertensive treatment use
Self-reported hypertension
Self-reported peripheral neuropathy
Body mass index, mean (SD), kg/m2
Obesity status (kg/m2)
Underweight (⬍18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)
Obesity class 1 (30.0-34.9)
Obesity class 2 (ⱖ35.0)
Alcohol intake (⬎21 drinks/wk)
Current smoker

Black
(n = 8496)
58.8 (12.6)
52

Asian
(n = 7632)
57.0 (11.9)
46

Latino
(n = 6279)
56.7 (12.3)
48

45
37

33
24

65
24

43
32

18
60
30

43
44
8

12
61
16

25
39
6

3

2

3

7

27
54
16
54
49
30
8.9 (1.8)
28
65
59
10

14
62
22
57
53
20
8.7 (1.8)
22
58
70
15

20
57
21
51
43
25
8.8 (2.0)
27
74
63
9

21
51
22
60
47
34
8.4 (1.8)
18
51
62
14

65
71

50
59

32
30.9 (6.4)

19
25.8 (4.3)

31
30.3 (6.1)

32
30.0 (6.6)

1
15
36
27
21
3
16

1
46
39
11
3
1
8

0.5
16
40
25
19
4
11

1
21
36
24
19
3
12

45
55

White
(n = 40 025)
61.0 (13.1)
45

58
62

*Subjects older than 19 years are considered adults. Data are presented as percentages unless otherwise indicated
and may not total 100% because of rounding.
†Indicates that more than 66% in the census block group are in a working-class occupation.
‡Indicates that more than 20% of the neighborhood’s population has an annual income below poverty level.
§Includes those receiving insulin monotherapy and those receiving insulin in combination with oral agents.
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therapy. Whites had the lowest mean
hemoglobin A1c level at baseline and
were most likely to report daily selfmonitoring of blood glucose levels.
First-degree family history of diabetes
was most common in Latinos, intermediate in blacks and Asians, and least
common among whites. Antilipemic
treatment was most common among
Asians and whites. Antihypertensive
treatment and self-reported hypertension were most common among blacks
and whites. Asians stood out as having substantially lower rates of selfreported peripheral neuropathy, obesity, current smoking, and heavy
drinking than the other 3 ethnic groups.
Myocardial Infarction

We identified 1751 individuals who experienced a first MI during follow-up.
Age-adjusted incidence was higher (by
30%-70%) in men relative to women
across all ethnic groups (TABLE 2).

Blacks, Asians, and Latinos had 34%,
32%, and 26% lower age- and sexadjusted incidence of MI relative to
whites, respectively. These differences persisted despite separate and
combined adjustment for socioeconomic factors, modifiable risk factors
and self-care behaviors, and diabetesrelated clinical traits (FIGURE). Adjusted hazard ratios relative to those of
whites (with 95% confidence intervals [CIs]) were as follows: black, 0.56
(0.47-0.66; P⬍.001); Asian, 0.68 (0.570.82; P⬍.001); and Latino, 0.68 (0.560.81; P⬍.001).

pecially for diabetes-related clinical traits,
attenuated the HR for blacks, resulting
in a nonsignificant black-white difference. Asians and Latinos had 24%
(P⬍.001) and 18% (P=.03) lower sexand age-adjusted incidence rates, which
remained significantly lower than that of
whites, with simultaneous adjustment for
the risk factor domains. Adjusted hazard ratios relative to that of whites (95%
CI) were as follows: black, 1.04 (0.891.22; P = .61); Asian, 0.76 (0.62-0.93;
P=.008); and Latino, 0.72 (0.59-0.88;
P⬍=.002).
Congestive Heart Failure

Stroke

There were 1493 individuals who experienced a first stroke during follow-up.
Incidence rates were similar in men and
women belonging to the same ethnic
group. Relative to whites, blacks had a
20% higher age- and sex-adjusted rate of
stroke (P=.01). Further adjustment, es-

During follow-up, there were 1307 hospital admissions or deaths caused by
CHF. Age-adjusted incidence was not
significantly different between men and
women. Relative to whites, Asians and
Latinos had a 36% (P⬍.001) and 32%
(P⬍.001) lower age- and sex-adjusted
CHF incidence, respectively. Age- and

Table 2. Incidence Rates for Fatal and Nonfatal Myocardial Infarction, Stroke, Congestive Heart Failure, End-Stage Renal Disease, and
Lower Extremity Amputation Procedures

Myocardial infarction
Black (n = 8126)
Asian (n = 7362)
Latino (n = 5991)
White (n = 37 161)
Stroke
Black (n = 8263)
Asian (n = 7462)
Latino (n = 6158)
White (n = 38 744)
Congestive heart failure
Black (n = 8013)
Asian (n = 7402)
Latino (n = 6068)
White (n = 37 498)
Lower extremity amputation
Black (n = 8378)
Asian (n = 7605)
Latino (n = 6211)
White (n = 39 574)
End-stage renal disease
Black (n = 8364)
Asian (n = 7540)
Latino (n = 6202)
White (n = 39 683)
2522

Age-Adjusted Incidence Rate
per 1000 Person-Years
(95% Confidence Interval)

Total
Person-Years
of Follow-up

Incident
Events, No.

Age- and Sex-Adjusted
Incidence Rate
per 1000 Person-Years
(95% Confidence Interval)

17 106
15 880
13 934
82 951

158
145
138
1310

9.1 (7.7-10.6)
9.3 (7.8-11.0)
10.1 (8.5-12.0)
13.7 (13.0-14.5)

6.6 (5.1-8.4)
6.6 (4.8-8.8)
7.8 (5.8-10.4)
11.9 (10.9-13.0)

11.1 (9.0-13.6)
11.7 (9.5-14.2)
12.0 (9.6-14.9)
15.3 (14.2-16.5)

17 358
16 111
14 334
86 649

218
117
109
1049

11.8 (10.3-13.5)
7.4 (6.1-9.0)
8.0 (6.5-9.7)
9.8 (9.2-10.4)

12.7 (10.5-15.1)
7.0 (5.1-9.3)
7.9 (5.8-10.5)
9.3 (8.4-10.2)

11.0 (8.9-13.4)
7.8 (6.0-10.0)
8.0 (6.0-10.4)
10.2 (9.3-11.0)

16 895
16 023
14 173
84 365

192
93
87
935

10.7 (9.2-12.3)
5.9 (4.7-7.2)
6.3 (5.0-7.8)
9.2 (8.6-9.9)

10.3 (8.4-12.6)
4.2 (2.9-6.0)
5.9 (4.2-8.1)
9.5 (8.6-10.4)

11.0 (8.9-13.4)
7.3 (5.6-9.4)
6.7 (4.9-9.0)
9.1 (8.3-9.9)

17 640
16 512
14 502
88 916

82
23
56
413

4.7 (3.7-5.9)
1.5 (0.9-2.3)
3.8 (2.9-5.0)
4.2 (3.8-4.7)

2.8 (1.9-4.1)
1.2 (0.6-2.3)
2.7 (1.6-4.2)
3.0 (2.5-3.6)

6.5 (4.8-8.5)
1.7 (0.8-3.1)
4.9 (3.4-6.8)
5.3 (4.6-6.0)

17 584
16 336
14 481
89 348

127
77
66
281

6.8 (5.7-8.1)
4.6 (3.6-5.8)
4.5 (3.5-5.8)
3.2 (2.8-3.6)

8.0 (6.3-10.1)
3.7 (2.5-5.4)
4.4 (3.0-6.3)
2.8 (2.3-3.4)

5.7 (4.2-7.5)
5.4 (4.0-7.1)
4.6 (3.2-6.3)
3.5 (3.0-4.2)
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sex-adjusted rates for blacks were
higher but not significantly different
than those for whites; however, adjustment for diabetes-related clinical traits
attenuated the HR for blacks. Other disparities were not altered substantially
by separate or combined adjustment for
risk factor domains. Adjusted hazard ratios relative to that of whites (95% CI)
were as follows: black, 0.93 (0.791.10; P = .39); Asian, 0.70 (0.56-0.87;
P⬍.001); and Latino, 0.61 (0.48-0.76;
P⬍.001).
Nontraumatic LEA

During follow-up, there were 574 hospitalizations with LEA procedures. For
blacks and whites, age-adjusted incidence rates were significantly higher in
men than women. Age- and sexadjusted incidence rates of LEA did not
differ significantly between whites and
blacks or Latinos, whereas Asians had
a rate 64% lower than that of whites
(P⬍.001). Adjustment for diabetesrelated clinical traits again attenuated the
HR for blacks. The substantially lower
rates of amputation among Asians persisted despite separate and combined adjustment for risk factor domains. Adjusted hazard ratios relative to that of
whites (95% CI) were as follows: black,
0.84 (0.65-1.08; P = .16); Asian, 0.40
(0.28-0.62; P⬍.001); and Latino, 0.85
(0.63-1.14; P=.27).
End-Stage Renal Disease

During follow-up, there were 551 individuals with newly initiated ESRD
treatments or deaths caused by renal
failure. Age-adjusted incidence rates did
not differ significantly between men and
women from the same ethnic group.
Relative to that of whites, age- and sexadjusted incidence rates of ESRD were
significantly higher for blacks, Asians,
and Latinos (112% [P⬍.001], 44%
[P⬍.001], and 41% [P = .004] higher,
respectively; P⬍.004). For each ethnic group, relative to whites, HR estimates remained significantly higher
than unity despite separate and combined adjustment for risk factor domains. Adjusted hazard ratios relative
to that of whites (95% CI) were as fol-

lows: black, 2.03 (1.62-2.54; P⬍.001);
Asian, 1.85 (1.40-2.43; P⬍.001); and
Latino, 1.46 (1.10-1.93; P=.004).
COMMENT
In a large diabetic cohort with uniform health care coverage, we found
ethnic disparities in the incidence of
each of the most debilitating and costly
diabetic complications. In models adjusted for demographics, socioeconomics, behavior, and clinical profile, relative to whites, Asians and Latinos had
significantly lower cardiovascular disease rates (MI, CHF, and stroke), and

blacks also had significantly lower incidence of MI but had the same incidence of CHF and stroke as whites. The
incidence of LEA procedures among
Asians was one third that of whites,
whereas rates for blacks and Latinos did
not differ significantly from that of
whites. All 3 minority ethnic groups had
significantly higher incidence of ESRD
than whites. However, ethnic disparities for LEA and ESRD observed in this
insured population with diabetes were
usually smaller than those reported in
previous population-based studies.
Our findings of lower rates of MI were

Figure. Hazard Ratios and 95% Confidence Intervals for Ethnicity (Reference: Whites) From
Cox Proportional Hazard Models of Diabetic Complications
Myocardial Infarction
Black

Age- and Sex-Adjusted Model
Fully Adjusted Model

Asian
Latino
Stroke
Black
Asian
Latino
Congestive Heart Failure
Black
Asian
Latino
Lower Extremity Amputation
Black
Asian
Latino
End-Stage Renal Disease
Black
Asian
Latino

0.1

1.0

10

Hazard Ratio (95% Confidence Interval)

Hazard ratios and 95% confidence intervals (error bars) are shown for ethnicity (reference, whites) from Cox
proportional hazard models of myocardial infarction, stroke, congestive heart failure, end-stage renal disease (fatal or nonfatal), and nontraumatic lower extremity amputation. The fully adjusted model includes ethnicity, age,
sex, individual-level educational attainment, census block group-level annual income and proportion of neighborhood with working-class occupations, smoking status, alcohol intake, frequency of self-monitoring of blood
glucose levels, exercise reported as a treatment for diabetes, obesity status based on body mass index according
to the current23 classification of overweight and obesity, first-degree family history of diabetes, duration of diabetes (ie, time since diagnosis, type of diabetes, diabetes therapy), and height (for amputation only).
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consistent with that of national surveillance reports28,29 and population-based
studies30-32 that reported lower risks of
coronary heart disease among ethnic
minorities with diabetes, particularly
blacks and Latinos. However, few published data exist for Asians, and no data
on ethnic differences in CHF among persons with diabetes exist. In contrast to
our findings and those from a study in
the United Kingdom, 33 most studies28,34,35 have reported substantially
higher rates of LEA among blacks relative to whites (relative risks, 1.8-2.3).
Our finding of similar LEA rates among
Latinos and whites is consistent with 1
report.5 Additionally, our observation of
a substantially lower LEA rate among
Asians is consistent with a single report
from the United Kingdom of a 4-fold
lower incidence of LEA in diabetic South
Asians relative to European whites.36 The
2.5- and 1.5-fold higher incidence of
ESRD among blacks and Latinos relative to whites is consistent with nationwide 28 and some state surveillance
reports,2,37 although much larger minority excesses have been reported in some
regional studies (eg, 6.5- and 6.1-fold
higher incidence in Texas).38 Recent published reports on the incidence of ESRD
among Asians with diabetes relative to
other ethnic groups in the United States
are unavailable, although an excess burden in Asians relative to whites living in
the United Kingdom has been confirmed.39
Explanatory Factors

Minority excesses in adverse health outcomes are likely due in part to lower SES,
disproportionate enrollment in health
plans with poorer performance,40 and associated reductions in access to quality
health care caused by lack of health insurance or less comprehensive coverage.6,41-47 Uninsured individuals are less
likely to seek medical care after being
newly diagnosed as having diabetes,48
possibly resulting in more rapid disease
progression. A recent national study49
(1997-1999 Behavioral Risk Factor Surveillance System survey) reported reduced levels of several processes of diabetes care among Latinos relative to other
2524

ethnic groups surveyed. There is also
some evidence from other populations
that minorities receive inferior medical
care despite having health coverage.50-54
A recent study of the quality of care for
Medicare beneficiaries enrolled in managed care reported that blacks with diabetes were significantly less likely to receive retinal examinations than whites.40
Given previously reported associations between SES and diabetes-related
outcomes55-58 and our observations of
ethnic differences in SES and significantly lower incidence of each complication among college graduates (data not
shown), we expected SES disparities to
explain a substantial portion of the unadjusted ethnic differences. Contrary to
expectation, age- and sex-adjusted
model estimates of ethnic differences did
not differ substantively from estimates
additionally adjusted for an individual’s education and 2 census block–level
variables (neither significantly related to
complications), average annual income and proportion in working-class
occupations in their neighborhood. The
SES effect is likely diminished in fully
insured populations such as this study
population in which comprehensive
health coverage removes most financial barriers to health care.
Modifiable behavioral variables (selfreported smoking status, alcohol consumption, body mass index, home glucose monitoring frequency, and exercise
and diet as a self-reported treatment for
their diabetes) also failed to explain ethnic variation. For ethnic groups other
than blacks, differences in clinical profile (duration of diabetes, first-degree
family history of diabetes, type and
therapy for diabetes, and peripheral
neuropathy) explained relatively little
of the observed ethnic differences in
complication rates. Among blacks, adjusting for clinical profile tended to attenuate the HR for stroke, CHF, and
LEA. Consistent with those of previous studies, height (P⬍.001)25,26 and peripheral neuropathy (P⬍.001)23,27 were
significantly related to the risk of LEA
in our population. Among Asians, average height (1.63 m) and the prevalence of peripheral neuropathy (19%)
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were significantly lower than among
blacks, Latinos, and whites (height:
1.71, 1.66, and 1.71 m, respectively;
P⬍.001; and peripheral neuropathy:
32%, 31%, and 32%, respectively;
P=.001). However, the markedly lower
rate of LEA among Asians was not explained by their more favorable profile of established risk factors.
The patterning of ethnic disparities
across the range of complications within
a single health care environment is itself informative. Although some differences in access to relevant components of preventive health care may
persist across ethnic groups, even in a
setting of uniform insurance coverage, one would expect poorer care to
increase the risk of each complication
for the disadvantaged ethnic group. Additionally, healthy lifestyle behaviors
that reduce disease progression (eg,
weight control and exercise) are likely
to be beneficial for each complication
and ethnic group. Thus, one would expect that, for a given ethnic group, if
either inadequate preventive care or
poor health behaviors explained elevated relative rates of a specific complication, then similar elevations should
be observed across all complications. Instead, we found no consistency in the
ethnic rankings across complications.
For example, whites had the highest incidence of MI but the lowest of ESRD,
blacks had the lowest incidence of MI
but the highest of ESRD, Asians and
Latinos had intermediate rates for MI
and ESRD, and Asians differed substantially from the other 3 groups by having much lower LEA rates.
Because residual disparities remain in
the fully adjusted models, there must
exist some key explanatory factors not
specified in these models that account
for the disparities. Psychosocial stressors and attitudes,59 diabetes knowledge and medical literacy,60 adherence and service use,61 and physician
perceptions and racial discrimination62-64 have been proposed as causes
of ethnic disparities. However, analogous to health care and behaviors, ethnic differences in these internal and external environmental factors are more
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likely to result in consistent direction
of effects across complications rather
than the variable patterns we observed. Ethnic differences in genetic
susceptibility are a plausible alternative explanation for the persistent inconsistency we observed across populations. For example, there is evidence
for a genetic basis for the greater familial aggregation of renal disease among
blacks.65,66 However, our observations
provide evidence of a genetic origin by
default only and thus should be considered strictly suggestive; further direct study of the ethnic differences in
the genetics of diabetes-related complications is needed.67
Competing risk for mortality has also
been suggested as a potential promoter of ethnic disparities. Despite an
often earlier onset of diabetes, lower
rates of coronary heart disease among
diabetic Latinos30 may confer longer
survival relative to that of whites and
thus a greater opportunity for Latinos
to express microvascular complications such as ESRD or LEA. However,
this hypothesis was not supported by
our observations. The average age at
death among our diabetic cohort was
oldest for whites (72.0 years), youngest for Latinos (68.8 years), and intermediate for blacks (69.9 years) and
Asians (69.3 years). Additionally, although elevated rates of ESRD among
the minority groups with lower MI rates
support this hypothesis, the higher LEA
rates for whites do not.
The attenuated ethnic disparities observed in our study could conceivably
be attributable to favorable selection.
Although previous research found no
difference in self-reported health for
Kaiser Permanente members compared with individuals from northern
California with other forms of private
insurance (indemnity plans, preferred
provider plans, or Medicare supplemental plan),8 our membership may be
somewhat healthier than the general
population. Kaiser Permanente members younger than 65 years are primarily employed and thus typically healthy
enough to work. However, it is difficult to conceive that such a selection

process would act differentially across
ethnic groups and complications.
Limitations and Strengths

Hospital records are subject to misclassification, although previous medical record review validations suggested a high
level of reliability. Additionally, regional comparisons are limited because Latinos in northern California are
almost exclusively Mexican American,
whereas Latinos from the East Coast are
more typically of Cuban or Puerto Rican
ethnic origin. Our Asian membership is
ethnically heterogeneous (eg, Chinese,
Japanese, Korean, or Filipino), and
pooled estimates may mask important
variation. Another limitation is that we
were unable to control for family size,
so larger families would appear to have
a higher risk of diabetes despite equal
prevalence of diabetes. We were unable to establish with certainty that the
access to or quality of health care received by the study cohort was equivalent across ethnic groups. However, previous and several current studies in this
population have failed to detect substantive ethnic differences. No blackwhite differences were detected in a chart
review study of 8 primary preventive
care measures for diabetes.68 Similarly,
no substantive ethnic differences were
detected in the use of angiotensinconverting enzyme inhibitors and angiotensin II AT-1 receptor antagonists.69 A national study of the quality
of health care among patients with diabetes 70 detected no substantive or significant differences in the rates of
annual primary care visits and eye examinations across ethnic groups within
Kaiser Permanente (A.J.K., unpublished data, 2000-2002). These findings were also confirmed by 2 internal
Kaiser Permanente surveys that failed to
detect important ethnic disparities in recommended processes of care for diabetic patients (A.J.K., unpublished data,
1994-1997, 2001).
The major strengths of this study are
its inclusion of a wide range of complications, prospective design, large sample
size with rich clinical and behavioral
data, and generalizability to insured pa-
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tients with diabetes. Our diabetes registry identifies patients who do not have
pharmacotherapy prescriptions through
laboratory findings and outpatient diagnosis, providing a more representative diabetic sample than pharmacybased registries that fail to capture such
patients or studies from diabetes specialty clinics that typically include patients with more severe disease.71
CONCLUSIONS
Despite comparable health insurance
coverage, ethnic disparities persist for
each of the 5 major complications of diabetes. Ethnic disparities in this population were generally smaller than those
reported in population-based studies.
Ethnic patterns showed no consistency across complications. Surprisingly, a wide range of socioeconomic,
behavioral, and clinical factors explained few of the observed ethnic disparities. Although they are evidence by
default, the robust findings within ethnic groups along with the inconsistent
patterns across ethnic groups are consistent with a genetic role in the etiology. Although minority risk of diabetic
complications may be smaller than that
of whites, minorities still bear a substantial burden because of complications,
given their greatly increased prevalence of diabetes.72-75
This study facilitates a realistic assessment of the potential to meet national health objectives set by the
Initiative to Eliminate Racial and Ethnic Disparities in Health, assuming
additional steps are taken toward equalizing access and quality of care across
ethnic groups. Although eliminating
ethnic disparities in complications for
patients with diabetes is certainly a
worthwhile goal, it is currently unrealistic. Targets, if not ethnic specific,
should be based on the lowest complication rates, which are more often experienced by minorities (eg, Asian LEA
rates) rather than the white majority.
To assess whether ethnic disparities can
be eliminated and to design appropriate interventions, we need a better understanding of the extent to which disparities have a genetic basis and the
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nature of their nongenetic causes. Although providing similar medical coverage alone will not eliminate disparities, equal access to quality care will
probably confer the greatest reduction in ethnic disparities in diabetesrelated complications.
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Nothing contributes so much to tranquilize the mind
as a steady purpose—a point on which the soul may
fix its intellectual eye.
—Mary Wollstonecraft Shelley (1797-1851)
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