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OBJECTIVE — To investigate the comparable risk of developing proliferative diabetic
retinopathy (PDR) in African-Americans and whites with type 1 diabetes.

RESEARCH DESIGN AND METHODS— Using a cohort design with the sample
drawn from medical records, the sample consisted of 312 people with type 1 diabetes (97
African-Americans, 215 whites) having at least two visits to a Model Demonstration Unit with
gradeable fundus photographs (stereo, color, 7 standard fields). Excluded were subjects with
preexisting or treated PDR or hemoglobinopathy. Masked grading of the fundus photographs
was conducted at the Wisconsin Reading Center.

RESULTS — At baseline, African-Americans had poorer glycemic control (mean HbAj of
11.3 vs. 10.0%, P < 0.0001), higher systolic blood pressure (mean of 117 vs. 110 mmHg, P <
0.001), and were older (mean of 26.8 vs. 19.3 years, P < 0.0001) than the white subjects.
African-Americans also tended to have slightly longer duration of diabetes and length of fol-
low-up. In the African-Americans, 17.5% developed PDR, compared with 10.2% in the 215
whites, for an odds ratio (OR) of 1.86 (95% CI 0.93-3.70). When adjusted for baseline
glycemic control, retinopathy grade, and length of follow-up, race was not a significant risk fac-
tor (OR = 0.73, 95% CI 0.30-1.78).

CONCLUSIONS — African-Americans with type 1 diabetes may have a higher rate of devel-
oping PDR. The observed racial difference, however, is attributable to the presence of a worse
risk factor profile, especially to poorer glycemic control. Efforts should be expanded to
improve the care for all individuals with poor glycemic control.

African-Americans with diabetes are at
an increased risk for developing
nephropathy (1) and requiring lower-

limb amputations (2). There are, however,
limited data comparing the risk of devel-
oping another micro vascular complication,
proliferative diabetic retinopathy (PDR), in
African-Americans and other racial or eth-
nic groups, although at least one study is
currently underway (3). Our pilot study (4)
had suggested that African-Americans with
type 1 diabetes in our sample had poorer
glycemic control and increased mean blood

pressure, both of which would be associ-
ated with heightened development of dia-
betic retinopathy (5-10), than the whites
with type 1 diabetes. The rate of developing
retinopathy or the progression of preexist-
ing retinopathy was unexpectedly similar,
however, thus yielding an adjusted protec-
tive effect of race. That study suffered from
having a small sample size and limited fol-
low-up time. Thus, it did not examine the
time span in which vision is threatened
with the more clinically significant end
point of PDR. Therefore, the current study
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was undertaken to examine the compara-
ble risk of developing PDR in African-
Americans and whites with type 1 diabetes.

RESEARCH DESIGN AND
METHODS— Similar to our pilot
study (4), data were obtained by reviewing
records of subjects participating in the
Model Demonstration Units of the Wash-
ington University (St. Louis, MO) Diabetes
Research and Training Center, and masked
grading of their fundus photographs was
carried out at the Wisconsin Reading Cen-
ter (Madison, Wl). Subjects participating in
the Model Demonstration Units are
recruited from the private practices of fam-
ily practice physicians, internists, and pedi-
atricians in the St. Louis metropolitan area
and from the Washington University
Endocrinology and Diabetes Clinics. Of the
subjects participating in the Model Demon-
stration Units, ~59% have repeat visits.
These subjects have diverse socioeconomic
and educational backgrounds and varying
degrees of diabetic control, complications,
and regimen adherence.

After giving informed consent, subjects
undergo a detailed history and physical
examination, followed by extensive testing
using a standardized protocol designed to
characterize the status of diabetic complica-
tions. Information on socioeconomic and
educational background is not systemati-
cally collected. For this analysis, the variables
examined include supine blood pressure
(after a 5-min rest), serum creatinine con-
centration (measured by the Jaffe reaction),
and glycosylated hemoglobin (detailed
below). To determine retinopathy status,
color stereoscopic fundus photographs of
seven standard fields are taken after pupil-
lary dilation. Subjects also undergo an
assessment and an update of diabetes
knowledge and skills by a clinical nurse spe-
cialist and a registered dietitian. Results and
recommended adjustments in the therapeu-
tic regimen are then communicated to the
subject and primary physician.

Criteria for inclusion in this analysis
were as follows: 1) type 1 diabetes (defined
as age of onset of ^40 years and continu-
ous insulin usage), 2) at least two visits with
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Table 1—Baseline comparisons

n
Factors

HbA! (%)
Age (years)
Retinopathy status (%)

None
Minimal/mild
Moderate/severe

Systolic blood pressure (mmHg)
Females (%)
Serum creatinine (mg/dl)
Follow-up (years)
Duration (years)

African-American
subjects

97

11.3 ±2.8
27 ±15

53
17
31

117 ±19
68

0.79 ± 0.25
7.2 ±3.1
9.2 ±7.0

White subjects

215

10 ±2.1
19 ±11

60
18
23

110 ±16
55

0.74 ±0.18
6.7 ±3.0
8.0 ±6.4

P values

0.0001
0.0001

0.0001
—
—

0.002
0.03
0.04
0.12
0.15

Data are means ± SD or %.

gradeable eye photographs, and 3) race
recorded as African-American or white. If
there were more than two visits, visits were
chosen to maximize the time of follow-up.
Initially, age between 7 and 41 years at
baseline with gradeable eye photographs
was a criterion for inclusion, as was dura-
tion of diabetes of ^16 years, to make the
sample similar to those used in the Diabetes
Control and Complications Trial (10).
However, these latter two criteria were
relaxed to expand the number of African-
Americans in the sample. Subjects with
hemoglobinopathy were excluded because
one of the assays used to measure glycosy-
lated hemoglobin is inaccurate in the pres-
ence of hemoglobinopathies. Subjects with
either PDR or evidence of treatment for
PDR at the baseline were also excluded.

From 1978 to mid-1981, glycosylated
hemoglobin was measured as HbAlc by
high-performance liquid chromatography
(11). From mid-1981 through late 1987,
glycosylated hemoglobin was measured as
HbAi by minicolumn cation-exchange
chromatography (Isolab, Akron, OH).
Before changing to the minicolumn assay in
mid-1981, glycosylated hemoglobin was
determined simultaneously by the two pro-
cedures (high-performance liquid chro-
matography and minicolumn) in 121
subjects with diabetes by our clinical labo-
ratory, and the following relationship was
found: HbAi (minicolumn) = 0.786 HbAlc

± 1.9 (r = 0.92) (12). The corresponding
95% CI is approximately ±0.2%. In late
1987, the assay for glycosylated hemoglo-
bin was changed to measure total glycosy-
lated hemoglobin by boronate affinity

chromatography (GlycoTest, Pierce Chem-
ical, Rockford, IL). Before changing assays
in 1987, glycosylated hemoglobin was
determined simultaneously by the two pro-
cedures (HbA! by minicolumn and total
glycosylated hemoglobin by affinity chro-
matography) in 56 subjects with diabetes
by our clinical laboratory, and the following
relationship was found: HbA! (minicol-
umn) = 0.567 total glycosylated hemoglo-
bin by affinity chromatography ± 2.15 (r =
0.87) (13). Consistency of measurement
over time has been accomplished by stan-
dardization against high-performance liq-
uid chromatography methods (14).

All measures of glycosylated hemoglo-
bin in this study are expressed in units
equivalent to HbA! by cation-exchange

minicolumn, either as originally measured
or as converted by the regression equa-
tions discussed above. The normal range of
HbAi in our clinical laboratory is from 4.6
to 5.7%.

The color stereoscopic fundus pho-
tographs of seven standard fields were sent
to the Wisconsin Reading Center for masked
grading. Retinopathy status was determined
using the scale developed for the Wisconsin
Epidemiologic Study of Diabetic Retinopa-
thy (15). Briefly, the scale measures no
retinopathy; minimal, mild, moderate, or
severe nonproliferative retinopathy; and pro-
liferative retinopathy, treated or untreated.
Each eye is graded separately. The grades of
both eyes are then combined, with the more
severely involved eye receiving greater
weight, to form an ordinal scale with 11 lev-
els of increasing severity. For this analysis,
the primary end point was development of
PDR, which was denned as a reading con-
sistent with PDR or evidence of prior treat-
ment for PDR. The secondary end point of a
two-step or more progression on the ordinal
scale, compared with those who had pro-
gressed only one step, had no change, or
regressed, was also examined. Those sub-
jects who had progressed to PDR were con-
sidered to have progressed two steps or
more for this secondary end point.

Analysis consisted of comparing those
who developed PDR or were treated for it
with those who had not developed it using
stepwise multivariate logistic regression to
control for length of time between visits and
potential confounders. Similar analysis was
then conducted for the development of two
steps or more of progression. This secondary

Table 2—Factors associated with development of PDR

n
Factors

HbA! (%)
Age (years)
Retinopathy status (%)

None
Minimal/mild
Moderate/severe

Systolic blood pressure (mmHg)
Females (%)
Serum creatinine (mg/dl)
Follow-up (years)
Duration (years)
African-Americans (%)

PDR

39

12.0 ±2.2
27 ±14

23
8

69
120 ±21

64
0.79 ±0.22

8.3 ±2.9
11.6 ±6.0

44

No PDR

273

10.2 ±2.4
21 ±12

62
19
19

111 ±16
58

0.75 ±0.20
6.6 ±3.0
7.9 ±6.6

29

P values

0.0001
0.005

0.0001
—
—

0.01
0.49
0.20
0.001
0.001
0.07

Data are means ± SD or %.
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Table 3—Multivariate analysis

Factors
Retinopathy status

N one/minimal/mild
Moderate/severe

HbAj (2% change)
Follow-up (5 years)
African-Americans

OR (95% CI)

1.00 (—)
12.40 (5.31-28.98)

1.92 (1.36-2.70)
3.50(1.78-6.90)
0.73 (0.30-1.78)

P values

0.0001
—

0.0002
0.0003
0.49

analysis was included with the intention to
replicate our pilot study (4). Results are
expressed as odds ratios (ORs) with large
sample 95% CIs. For continuous variables,
ORs were calculated using a change of 1 SD
for the entire sample. Comparisons at base-
line between African-Americans and whites
and bivariate comparisons of those develop-
ing PDR were conducted using t tests and
Mann-Whitney U tests for continuous vari-
ables and x2 for categorical variables.

RESULTS— The sample included 97
African-Americans and 215 whites with
type 1 diabetes. At baseline, the African-
American subjects had significantly poorer
glycemic control, higher systolic blood
pressure, and higher serum creatinine than
the white subjects (Table 1). The African-
American subjects were also older than the
white subjects. Mean duration of diabetes
and mean years between visits were in the
direction of increased risk among the
African-American subjects.

Of the African-American subjects,
17.5% developed PDR, compared with
10.2% in the white subjects, for an OR of
1.86 (95% CI 0.93-3.70). Other factors
associated in bivariate analysis with the
development of PDR were poorer glycemic
control, older age at baseline, more
advanced retinopathy at baseline, higher
systolic blood pressure, increased duration
of diabetes, and increased follow-up inter-
val (Table 2).

To assess the independent risk factors
for development of PDR, stepwise logistic
regression analysis was conducted. This
analysis confirmed that more advanced
retinopathy at baseline, poorer glycemic
control, and increased follow-up interval
independently predicted development of
PDR (Table 3). The statistical interaction of
glycemic control and more advanced
retinopathy at baseline was nonsignificant (P
= 0.88) and not included in the final model.

To assess the impact of these three remaining
factors on race as a risk factor, race was
forced into the resulting model. This analy-
sis yielded a substantially reduced and non-
significant OR of 0.73 (95% CI 0.30-1.78).

Using the factors identified above as
independent predictors of PDR, race-spe-
cific models were constructed (Table 4).
Although based on small numbers in the
African-American group, the resulting ORs
for retinopathy at baseline, glycemic con-
trol, and follow-up interval by race had
overlapping CIs.

Analysis was then repeated using the
secondary end point of a two-step or more
progression in retinopathy. The African-
American subjects had a trend towards
higher rate of progression (56 vs. 46%, P =
0.11). In multivariate analysis, length of fol-
low-up (OR = 3.50, 95% CI 1.78-6.90)
and glycemic control (OR = 1.92, 95% CI
1.36-2.70) were independent predictors
of a two-step or more progression in
retinopathy. However, race and more
advanced retinopathy at baseline were not
predictive of progression. Forcing race into

Table 4—Race-specific multivariate analysis

the multivariate analysis yielded an OR of
0.93 (95% CI 0.53-1.63).

C O N C L U S I O N S — The African-Amer-
icans in our sample had a worse risk factor
profile for the development of PDR than the
whites in our sample. As expected, this
resulted in a trend toward a greater rate of
developing PDR in the African-American
subjects. When controlling for the presence
of other risk factors, however, race clearly
did not predict development of PDR. Thus,
the appearance of a higher rate of develop-
ing PDR was not due to race but to the pres-
ence of other risk factors. This study was not
designed to answer the equally important
question of why the African-American sub-
jects had a higher burden of risk factors at
baseline.

The results, while consistent with find-
ings for other microvascular complications
(1,2), contradict our earlier findings of an
adjusted protective effect (4). The current
findings are based on both a larger sample
size and a longer follow-up interval, lending
more credence to the conclusions. Interest-
ingly, we found identical findings regardless
of whether we used PDR or a two-step or
more progression as the end point.

The current study does share a number
of limitations with the earlier study. First,
neither study used a population-based
sample. Thus, we cannot conclude that
African-Americans with type 1 diabetes in
general have a worse risk profile than
whites; we can conclude that the African-
Americans with type 1 diabetes who have
repeat visits at our Model Demonstration
Unit had a worse risk factor profile than
similarly selected whites. We demonstrated

OR (95% CI) P value

Factors
African-American subjects

Retinopathy status
None/minimal/mild
Moderate/severe

HbAi (2% change)
Follow-up (5 years)

White subjects
Retinopathy status

N one/minimal/mild
Moderate/severe

HbAj (2% change)
Follow-up (5 years)

97

215

1.00 (—)
6.68(1.75-25.42)
1.68(1.00-2.85)
4.90(1.48-16.90)

1.00 (—)
16.55 (5.43-50.45)
2.17(1.34-3.50)
2.84(1.19-6.81)

—
0.005
0.05
0.009

0.0001
0.002
0.02
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previously that the white subjects were
similar to those in the Wisconsin Epidemi-
ologic Study of Diabetic Retinopathy sam-
ple, a population-based sample (4,16).
Different selection process by race (i.e.,
selection bias), while possible, seems
unlikely to explain the findings but is
always a concern when the sample is not
population-based and information is not
available on everyone.

Second, the sample size, while larger, is
still too small for rigorous analysis. With a
larger sample size, we would have been
able to stratify the subjects by extent of
retinopathy at baseline. In addition, the
race-specific analysis conducted could only
describe trends in risk factors for African-
American subjects although the trends
were similar to those for the white subjects.
Both a larger sample size and a population-
based sample would have enhanced the
generalizability of the results.

Third, the study's conclusions are lim-
ited to subjects with type 1 diabetes. Poten-
tial racial differences in the risk of
developing PDR for people with type 2 dia-
betes are very important, and unpublished
data suggest a finding similar to that of this
study (M.I. Harris, M. Rowland, R.K., C C
Cowie, D.D. Byrd-Holt, unpublished obser-
vations).

Our findings do support efforts to
reduce the presence and extent of risk fac-
tors for PDR, regardless of race. Glycemic
control was equally important in the white
subjects and the African-American sub-
jects. In that respect, the findings of the
Diabetes Control and Complications Trial
would appear applicable to African-Amer-
icans with type 1 diabetes too (10).

In conclusion, African-Americans with
type 1 diabetes may have a higher rate of
developing PDR. The observed racial dif-

ference, however, is at least partially attrib-
utable to the presence of a worse risk factor
profile of, most notably, poor glycemic con-
trol. Efforts should be expanded in improv-
ing the care in those individuals with
poorer glycemic control.
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