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Diabetic retinopathy (DR) is the leading cause of
blindness in adults in the United States. Because
photocoagulation can reduce the incidence of
blindness from severe DR by -50%, it is important
to identify people at increased risk for DR so that
appropriate treatment can be accomplished. Use of
populations at increased risk for diabetes may identify
groups at increased risk for complications. A recent
report from the San Antonio Heart Study showed that
Mexican Americans were at greater risk for servere DR
than non-Hispanic Whites. To compare the prevalence
of DR between non-Hispanics and Hispanics in
southern Colorado, 279 people with non-insulin-
dependent diabetes mellitus (NIDDM) were identified,
and retinal photographs identified the presence and
severity of retinopathy. The worse eye was used to
classify the severity of DR for each patient. Ninety
percent of the subjects (166 Hispanics and 85 non-
Hispanic Whites) were classified by retinopathy level.
The duration-adjusted prevalence of any DR was 41.8%
in Hispanics and 54.1% in non-Hispanic Whites. Severe
DR (preproliferative and proliferative) occurred in
18.5% of the Hispanics and in 21.3% of the non-
Hispanic Whites. The odds ratio for any DR, comparing
Hispanics with non-Hispanic Whites adjusted for other
risk factors, was 0.40 (95% confidence interval = 0.21,
0.76). Other risk factors for the presence of any
retinopathy included use of exogenous insulin,
increased duration of diabetes, younger age at
diagnosis, increased glycosylated hemoglobin level,
and increased systolic blood pressure. These data
suggest that, compared with non-Hispanic Whites,
Hispanics in Colorado may be at decreased risk for
diabetic retinopathy. Diabetes 38:231-37, 1989
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Diabetic retinopathy is a microvascular complication
of non-insulin-dependent (NIDDM) and insulin-de-
pendent diabetes mellitus (IDDM) and is the fore-
most cause of new cases of blindness in adults in

the United States (1). Results from the Diabetic Retinopathy
Study demonstrated that panretinal photocoagulation can
reduce the incidence of blindness from severe retinopathy
by -50% (2). The efficacy of focal photocoagulation as a
treatment for macular edema has also been shown in the
Early Treatment Diabetic Retinopathy Study (3). Therefore,
it is important to identify people who may be at increased
risk for diabetic retinopathy so that appropriate medical care,
including photocoagulation treatment, can be accomplished
in a timely fashion.

Numerous studies of the prevalence and risk factors of
diabetic retinopathy have been conducted in (4-8) and out-
side of (9-11) the United States. However, the epidemiology
of this condition remains somewhat unclear because of in-
consistent definitions of diabetes and classification of reti-
nopathy and a lack of population-based studies that have
used standardized methods. Such standardization is critical
to ascertain whether certain subgroups of the population are
at increased risk of developing retinopathy.

The Wisconsin Epidemiologic Study of Diabetic Retinop-
athy (5) reported the prevalence and risk factors of retinop-
athy by use of standardized grading of fundus photographs,
one of the first population-based studies to do so. Because
the Wisconsin population was largely White, these results
cannot necessarily be extrapolated to other ethnic groups.
Although Hispanics are known to have a two- to fourfold in-
creased risk of NIDDM compared with non-Hispanic Whites
(NHWs, termed Anglos in other publications; 12), data com-
paring the prevalence of various complications of diabetes
between these ethnic groups are limited. The San Antonio
Heart Study reported a comparison of the prevalence of
retinopathy among 257 Mexican Americans compared to 56
NHWs with NIDDM (6). Adjusted for duration and other risk
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factors, the prevalence of any retinopathy was significantly
greater among Mexican Americans than NHWs (odds ratio
[OR] = 2.39, 95% confidence interval [Cl] = 1.63-3.50).

We compared the prevalence of diabetic retinopathy be-
tween NHWs and Hispanics in the San Luis Valley Diabetes
Study to determine whether Hispanics in southern Colorado
constituted a high-risk group for DR. Use of standardized
methods enabled comparisons with prevalence data from
San Antonio and Wisconsin. We also investigated other po-
tential risk factors and explored whether the impact of these
factors on DR differed between Hispanics and NHWs.

RESEARCH DESIGN AND METHODS
Sample selection and definition of diabetes. Methods of
the geography-based San Luis Valley Diabetes Study have
been described in detail elsewhere (12). Eligible subjects
were 20-74 yr of age, were residents of Alamosa and Co-
nejos counties in southern Colorado, and spoke English or
Spanish. Four hundred twenty previously known diabetic
subjects were identified through review of community med-
ical records and through self-report. Response to the invi-
tation to attend the clinic was 81.7%.

World Health Organization (WHO) criteria based on a 2-h
oral glucose tolerance test (75-g load) or use of insulin or
oral hypoglycemic agents confirmed the diagnosis of dia-
betes in 304 of the 343 previously known diabetic subjects
who attended the clinic (13). These subjects were classified
by diabetes type as IDDM if C-peptide levels were <0.1
pmol/ml (n = 23) or, in the absence of C-peptide levels,
age at onset was <18 yr, and insulin treatment was for no
less than all but 1 yr of duration (n = 2). Analyses presented
herein were restricted to the remaining diabetic subjects
(n = 279) classified as having NIDDM.
Retinopathy classification. After pharmacological dilation
of pupils, stereoscopic fundus photographs were taken of
Diabetic Retinopathy Study fields I, II, and IV (14). Photo-
graphs were graded at the University of Wisconsin Fundus
Photography Reading Center with the modified Airlie House
criteria (15,16). The classification scheme for assigning se-
verity of retinopathy is presented in Table 1. The worse eye
determined the retinopathy level for each patient. In the ab-
sence of photographs, ophthalmologists' medical records
were reviewed and were used to classify retinopathy if pho-
tocoagulation treatment for retinopathy was recorded or spe-
cific lesions were identified within 6 mo before a visit to the
San Luis Valley Diabetes Study clinic. Among the diabetic
subjects, 88.8% of the Hispanics and 92.4% of the NHWs
were classified (242 by photographs and 9 by medical rec-
ords) by retinopathy status. The remaining subjects, whose
retinopathy status was undetermined, either refused pho-
tographs, had ungradable photographs, or had no ophthal-
mologic medical record available.
Classification of potential risk factors. Ethnicity was de-
termined by self-report based on response to the 1980
United States Census questions regarding Hispanic origin
(17). Duration of diabetes was calculated from age at di-
agnosis and current age as reported on the medical history
interview. Glycemia was assessed by the percentage of gly-
cosylated hemoglobin present, determined by a microcol-
umn method (18). Systolic blood pressure was the average

TABLE 1
Severity of retinopathy as classified by the San Luis Valley
Diabetes Study from 1984 to 1986

Grade Definition

10 Normal fundus
12 Abnormal fundus not characteristic of DR
15 Background DR with no MA but >1 of the following:

hemorrhage, soft exudates, or IRMA
20 Background DR with MA only
30 Background DR with MA and >1 of the following:

hemorrhage and MA < standard photo 2A,* <3 hard
exudates, venous looping, questionable soft
exudates, questionable IRMA, and questionable
venous beading

40 Preproliferative DR with MA and >1 of the following:
hemorrhage and MA > 2A,* <3 hard exudates, soft
exudates, IRMA, and venous beading

60 Proliferative DR with fibrous proliferations but without
new vessels

65 Proliferative DR with >1 of the following: new vessels
elsewhere, new vessel disk < 10A,* preretinal
hemorrhage, and vitreous hemorrhage

70 Proliferative DR, high-risk characteristics
80 Proliferative DR that cannot be graded because of DR
88 Cannot be graded

Summary classification: 10-12 normal, 15-30 background DR, 40
preproliferative DR, 60-80 proliferative DR. DR, diabetic retinopa-
thy; MA, microaneurysms; IRMA, intraretinal microvascular abnor-
mality.
*For definition, see refs. 14-16.

of the last two of three supine measurements with a mercury
sphygmomanometer. Kidney function was assessed by total
urine protein to creatinine ratio. Subjects who had smoked
<100 cigarettes in their lifetime were considered to have
never smoked; others were classified as current or ex-smok-
ers.
Statistical methods. Descriptive statistics were generated
by the SAS statistical software package (19). For duration-
adjusted prevalence rates, we used the direct-adjustment
procedure (20), and for confidence intervals, we used the
normal approximation (21). Multiple logistic regression was
performed with GLIM software (22). The significance of the
independent variables and Akaike's information criteria (23)
were used to assist in model selection.

RESULTS
Prevalence of retinopathy. Among diabetic subjects, the
prevalence of any retinopathy for Hispanics with duration of
diabetes <5 yr was 19.2%; for NHWs with the same duration,
prevalence was 34.4% (Fig. 1). When duration was >15 yr,
61.9% of Hispanics and 87.5% of NHWs had some retinop-
athy.

The duration-adjusted prevalence of diabetic retinopathy
among Hispanics and NHWs is shown by severity in Table
2. The presence of any retinopathy occurred significantly
less frequently among Hispanics (41.8%, 95% Cl = 34.8-
48.8) than among NHWs (54.1%, 95% Cl = 44.4-63.7). This
difference was most pronounced in background retinopathy,
where the prevalence for Hispanics was 23.3% (95% Cl =
17.1-29.6) compared to 32.8% (95% Cl = 22.8-42.8) for
NHWs.
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FIG. 1. Prevalence by duration of any retinopathy among non-Hispanic
Whites {solid bars) and Hispanics (open bars) with confirmed non-
insulin-dependent diabetes mellitus (NIDDM).

Analyses of potential risk factors. The distributions of po-
tential risk factors for diabetic retinopathy by ethnicity and
severity of retinopathy among subjects with NIDDM are pre-
sented in Table 3. These variables were analyzed in multiple
logistic regression models with the presence of any retinop-
athy as the dependent variable. Continuous independent
variables included age at diagnosis, duration of diabetes,
glycosylated hemoglobin level, systolic blood pressure, cho-
lesterol, triglycerides, body mass index (kg/m2), and resting
heart rate. Ethnicity, use of exogenous insulin, use of oral
hypoglycemic agents, sex, current smoking, ex-smoking,
and family history of diabetes were included as dichotomous
variables.

The two models that best fit the data are presented in
Table 4. From model 1, Hispanics were significantly less
likely to have DR than NHWs after adjustment for the other
risk factors in the model (OR = 0.40, 95% Cl = 0.21-0.76).
For all subjects, use of exogenous insulin was associated
with a threefold excess of retinopathy. Longer duration of
diabetes, younger age at diagnosis, and higher systolic
blood pressure were also significantly associated with in-
creased risk of retinopathy. An increased glycosylated
hemoglobin level was not significantly associated with the
presence of any retinopathy.

Model 2 included the same variables as model 1, with the
addition of current smoking and an interaction term between
current smoking and insulin use. This term was to determine
whether the impact of smoking was different between sub-
jects who did and did not take insulin. For subjects who were
taking insulin, current smoking was associated with lower
prevalence of retinopathy (OR = 0.37, 95% Cl = 0.14-0.94).

R.F. HAMMAN AND ASSOCIATES

In contrast, current smokers not taking insulin had increased
prevalence of retinopathy (OR = 2.62, 95% Cl = 0.93-7.34),
although this difference was not statistically significant. Re-
sults for ethnicity, insulin use, duration of diabetes, age at
diagnosis, glycosylated hemoglobin levels, and systolic
blood pressure were similar to those reported above. In the
absence of the interaction term between current smoking
and insulin therapy, current smoking as a main effect variable
was not associated with retinopathy (OR = 0.86, Cl = 0.42-
1.77; model not shown).

Interaction terms to look for differences in the impact of
other risk factors for DR between Hispanics and NHWs did
not reach statistical significance and are not shown.

DISCUSSION
The crude prevalence of diabetic retinopathy did not differ
significantly between Hispanics with NIDDM and NHWs with
NIDDM. However, after adjustment for other risk factors, the
prevalence of DR was significantly lower among Hispanics
than NHWs. Use of insulin, longer duration of diabetes,
younger age at diagnosis, higher glycosylated hemoglobin
levels, and higher systolic blood pressure were all associ-
ated with increased risk of retinopathy. In addition, current
smokers who were not taking insulin were at greater risk of
having retinopathy than people who had never smoked, but
this was not observed among smokers taking insulin.
Comparison of results with other studies. Within the
United States, studies of the prevalence and risk factors for
diabetic retinopathy have been conducted among various
ethnic groups, including the Pima Indians of Arizona (8),
Hopi and Navajo Indians (4), and Oklahoma Indians (7).
WHO coordinated a multinational study of diabetic retinop-
athy that included 14 centers and four racial groups: Whites,
American Indians, Japanese, and Indians (10). Unfortu-
nately, comparisons across these studies are problematic
because of varying methods of diagnosing retinopathy that
have relied largely on ophthalmologic examinations. Klein et
al. (24) reported that agreement between direct ophthal-
moscopy and grading of retinopathy from stereoscopic pho-
tographs was only 54%. In addition, differences exist in sub-
ject selection and classification of diabetes as well as in the
distributions of risk factors for retinopathy, including the du-
ration of disease.

We compared data by ethnicity between three population-
based studies, each with ascertainment of retinopathy by
photographs graded at the University of Wisconsin. Com-
parable definitions of diabetes were applied, and data were

TABLE 2
Duration-adjusted prevalence (per 100) of retinopathy by ethnicity and severity among subjects with non-insulin-dependent diabetes
mellitus (NIDDM) in the San Luis Valley, Colorado, from 1984 to 1986

Severity

None
Background
Preproliferative
Proiiferative
Any diabetic retinopathy

n

95
39
21
11
71

Hispanic (n = 166)

Adjusted prevalence/100

58.2
23.3
12.1
6.4

41.8

95% Cl

51.2-65.2
17.1-29.6
7.4-16.9
2.8-10.0

34.8-48.8

Non-Hispanic White (n - 85)

n Adjusted prevalence/100

41
28
12
4

44

45.9
32.8
15.6
5.7

54.1

95% Cl

36.3-55.6
22.8-42.8
8.0-23.1
0.9-10.6

44.4-63.7

Cl, confidence interval. Values are directly adjusted with the duration distribution of all subjects as standard. Table excludes 21 Hispanics
(11.2%) and 7 non-Hispanic Whites (7.6%) because of missing or ungradable photos and insufficient medical records.
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TABLE 3
Distribution of potential risk factors for diabetic retinopathy by ethnicity and severity
dependent-diabetes mellitus (NIDDM) in the San Luis Valley,

Non-Hispanic White
n
%

Hispanic
n
%

Taking exogenous insulin (%)
Non-Hispanic White*
Hispanic

Mean current age (yr)
Non-Hispanic White
Hispanic

Mean age at diagnosis (yr)
Non-Hispanic White
Hispanic

Mean duration of NIDDM (yr)
Non-Hispanic White
Hispanic

Mean glycosylated hemoglobin (%)
Non-Hispanic White
Hispanic

Mean systolic blood pressure (mmHg)
Non-Hispanic White
Hispanic

Mean urine protein to creatinine ratio
Non-Hispanic White
Hispanic

Current smoking (%)
Non-Hispanic White
Hispanic

Normal

41
48.2

95
58.2

25.0
38.3

57.6
59.3

51.3
51.2

6.0
8.1

9.4
10.2

130.9
135.3

0.15
0.30

9.8
30.5

Colorado, from 1984 tc

Background

28
32.9

39
23.5

39.3
71.8

57.2
58.1

48.3
46.5

8.9
11.6

11.5
10.6

135.7
140.7

0.18
0.31

14.3
25.6

of retinopathy among
) 1986

Preproliferative

12
14.1

21
12.7

75.0
81.0

63.0
60.0

47.5
43.9

15.5
16.1

10.2
11.5

144.3
154.9

1.38
1.17

25.0
19.0

subjects with

Proliferative

4
4.7

11
6.6

100.0
100.0

62.6
59.3

36.3
42.3

26.4
17.0

11.0
11.2

148.8
162.6

1.99
2.22

25.0
0.0

non-insulin-

All

85

166

40.5
55.8

58.4
59.1

49.0
48.6

9.3
10.5

10.3
10.5

135.2
140.8

0.42
0.54

14.1
25.9

*One non-Hispanic White and 1 Hispanic, both with normal retinas, were missing diabetes treatment information.

adjusted for duration of diabetes. The prevalence of reti-
nopathy among NHWs and Hispanics with previously di-
agnosed NIDDM in the San Luis Valley was first compared
with the prevalence among subjects from the Wisconsin Ep-
idemiologic Study of Diabetic Retinopathy (5; R. Klein, un-
published observation). The Wisconsin definition of diabetes
(confirmed by glucose tolerance test and diagnosed in sub-
jects >29 yr of age) was applied to San Luis Valley subjects,
and 242 of the 251 original San Luis Valley subjects were

included. No significant difference in prevalence of retinop-
athy was observed between San Luis Valley NHWs (n = 81)
and Wisconsin subjects (n = 1370) (OR = 1.31, 95% Cl =
0.81-2.21). However, San Luis Valley Hispanics (n = 161)
had a lower prevalence of retinopathy than Wisconsin sub-
jects with the same definition of diabetes and adjustment for
duration (OR = 0.69, 95% Cl = 0.48-0.98). These data
suggest that the ethnic difference observed in the San Luis
Valley is unlikely to be caused by an unusually high rate of

TABLE 4
Analysis of risk factors for diabetic retinopathy among subjects with non-insulin-dependent diabetes mellitus (NIDDM) in the San Luis
Valley, Colorado, from 1984 to 1986

Factor

Ethnicity
Hispanic vs. non-Hispanic White

Duration of NIDDM (5-yr increase)
Age at diagnosis (5-yr increase)
Glycosylated hemoglobin (% increase)
Systolic blood pressure (10-mmHg increase)
Insulin use (yes vs. no)
Current smoking (yes vs. no)*

Taking insulin
Not taking insulin

Model 1

Odds ratio

0.40
1.23
0.85
1.12
1.27
3.06

95% Cl

0.21-0.76
0.98-1.54
0.72-0.99
1.00-1.27
1.11-1.46
1.61-5.82

Odds ratio

0.40
1.20
0.86
1.14
1.29

0.37
2.62

Model 2

95% Cl

0.21-0.78)
0.95-1.51)
0.73-1.01
1.01-1.30
1.12-1.49

0.14-0.94
0.93-7.34

Cl, confidence interval. Table excludes 1 NHW and 1 Hispanic for whom treatment status was unknown.
*Cigarette smoking not included in model 1. An interaction term between current smoking and insulin therapy was significant (P <.01) in
model 2.
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retinopathy among San Luis Valley NHWs compared with
other NHWs but is more likely a difference related to Hispanic
ethnicity.

Next, duration-adjusted comparisons were made between
the San Antonio Heart Study (6; S. Haffner, unpublished
observation) and the San Luis Valley Diabetes Study. The
San Antonio definition of previously diagnosed NIDDM in-
cluded diabetic subjects (confirmed by glucose tolerance
test) between 25 and 64 yr of age, who were not taking insulin
or were taking insulin but were diagnosed when they were
>30 yr of age, with a body mass index >30 kg/m2. Appli-
cation of this definition to San Luis Valley subjects led to the
inclusion of 115 of the original 251 subjects. Retinopathy
occurred less frequently among San Luis Valley Hispanics
(n = 69) than San Luis Valley NHWs (n = 46), although this
difference was not statistically significant (OR = 0.55, 95%
Cl = 0.24-1.24). This OR estimate is consistent with that
shown in Table 4, despite the exclusion of 134 subjects
because of the San Antonio definition of NIDDM. In contrast,
significantly more retinopathy was observed among San
Antonio Mexican Americans (n = 206) than San Antonio
NHWs (n = 49; OR = 3.56, 95% Cl = 1.75-7.27).
There was no difference in the prevalence of retinopathy
between San Luis Valley Hispanics and San Antonio NHWs
(OR = 1.09, 95% Cl = 0.49-2.44), but San Luis Valley
Hispanics had significantly less retinopathy than San Antonio
Mexican Americans (OR = 0.37, 95% Cl = 0.20-0.71).

Based on these data, a discrepancy exists in the effect of
Hispanic ethnicity on the prevalence of retinopathy between
the San Antonio data and the San Luis Valley data, which
is not caused by differences in definitions of diabetes or
retinopathy or to confounding by duration. In addition to
biological or genetic differences between the two Hispanic
populations, methods of sample selection, sample size, re-
sponse bias, and varying patterns of access to or use of
medical care could be important. Further work in both set-
tings and in other Hispanic populations is needed to better
understand the role of Hispanic versus NHW ethnicity as a
potential risk factor for diabetic retinopathy.
Other risk factors for diabetic retinopathy. Use of exog-
enous insulin in the San Luis Valley subjects appeared to be
more frequent among Hispanics than NHWs, particularly
within the category of background retinopathy where 72%
of the Hispanics were on insulin compared to 39% of the
NHWs (Table 3). Interestingly, this category accounted for
much of the NHW excess of prevalent retinopathy (Table 2).
In the multivariate analysis, insulin use, independent of eth-
nicity, was significantly associated with increased preva-
lence of retinopathy (Table 4). Other studies have reported
increased prevalence of retinopathy with more frequent use
of insulin (4-7,10,11). As a potential risk factor for retinop-
athy, it is not clear whether insulin use is a marker for current
severity of disease, previously increased glycemia, or other
factors associated with medical care decision patterns or
whether exogenous insulin itself may be deleterious (5,27).

A marginally significant interaction term between ethnicity
and insulin use (P < .10) was demonstrated in a logistic
regression model (not shown) with goodness of fit and es-
timates of other risk factors comparable with those in model
1. In the presence of this interaction term, there was signif-
icantly less retinopathy among Hispanics who were not tak-

ing insulin than NHWs not taking insulin (OR = 0.24, 95%
Cl = 0.10-0.59) adjusted for the other variables in the
model. However, Hispanics and NHWs who were taking ex-
ogenous insulin did not differ significantly in prevalence of
retinopathy (OR = 0.72, 95% Cl = 0.29-1.78). The reasons
for this finding are unclear but may relate to the potential for
insulin use to mark past and current clinical status and med-
ical care. These relationships will be explored further when
the sample size is increased and prospective data are avail-
able.

Duration of diabetes, age at diagnosis, and current age
have been conceptualized by Knuiman et al. (11) as time-
related variables that must be considered as they relate to
one another. Of these, duration accounted for the time-re-
lated risk of retinopathy in their data from western Australia,
and duration appeared to be the variable most consistently
associated with the presence and severity of retinopathy in
many other studies (4-8,10,25). In the models presented in
Table 4, duration and age at diagnosis were included, and
current age was excluded to avoid colinearity in the models.
Absence of colinearity was demonstrated by the correlation
coefficient between duration and diagnosis age (-.45) and
by the stability of the estimates for all risk factors in alternative
models that included only one time-related variable at a time
(models not shown). Duration was significantly associated
with the presence of retinopathy (OR for an increase of 5 yr
duration = 1.26, 95% Cl = 1.00-1.58), as was younger age
at diagnosis adjusted for duration (OR for 5-yr increase =
0.83, 95% Cl = 0.71-0.98). Younger age at diagnosis has
also been identified as a risk factor in other reports, although
somewhat less consistently than duration. Klein et al. (5)
found an association among subjects diagnosed when they
were >29 yr of age who were taking insulin, but they did not
find an association among non-insulin takers. Young age at
diagnosis was related to retinopathy in San Antonio subjects
on a univariate basis but was not included in regression
analyses adjusted for duration (6).

Increased current glycemia, as measured by glycosylated
hemoglobin levels, was associated with slightly increased
prevalence of retinopathy, with marginal statistical signifi-
cance (Table 4, models 1 and 2). Similar results for glycos-
ylated hemoglobin levels have been reported by others
(5,11,26). Increases in other measurements of blood glucose
(fasting and 1 and 2 h, av measurements over time) have
also been associated with retinopathy (6-8,27). Glycosy-
lated hemoglobin levels have been shown to be significantly
associated with the incidence and progression of retinopathy
in prospective data from Wisconsin (28).

Consideration of hypertension as a risk factor for retinop-
athy is difficult with this prevalent study design because
concomitant kidney disease can lead to increased blood
pressure. For NHWs and Hispanics, an increase of 10 mmHg
in systolic blood pressure was associated with increased
prevalence of retinopathy (OR = 1.28,95% Cl = 1.12-1.48).
This is in agreement with several other studies, including the
Wisconsin study (5,11,29,30). Haffner et al. (6) found no
association between systolic blood pressure and retinopathy
in San Antonio residents. Studies that stratified analyses of
hypertension by kidney status found less clear relationships
between blood pressure and retinopathy among subjects
without kidney disease than among those with kidney dis-
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ease (7,27). We chose not to analyze kidney function as a
risk factor for retinopathy but rather to describe the urine
protein to creatinine ratio by severity of retinopathy. The data
in Table 3 suggest worsening kidney function with increasing
severity of retinopathy; however, the small number of sub-
jects with severe retinopathy prohibited analyses of risk fac-
tors for retinopathy stratified by the presence of kidney dis-
ease.

It has been suggested that cigarette smoking may con-
tribute to the risk of retinopathy, perhaps through tissue hy-
poxia (31). A few of the WHO multinational centers reported
such an association (10), but others have not found a sig-
nificant effect of smoking (7,10,31). As shown in Table 4, a
deleterious effect of smoking was found among subjects not
taking insulin, but the opposite relationship was observed
among insulin takers. Ex-smoking was explored but did not
explain our results. These findings could be an artifact of
smoking behavior over time (including pack-years smoked)
not accounted for by the three levels of smoking (never,
ex-, and current) or differential survivorship among smokers
compared with nonsmokers that cannot be avoided in a
prevalent design. Prospective follow-up, currently underway,
should clarify this observation.

Although body mass index was not associated with reti-
nopathy in our data, others have suggested that leanness
could be a marker for previous hyperglycemia and have
found it to be a significant risk factor for retinopathy (5,7,10).
With regard to other risk factors, comparative data are lim-
ited, but the lack of associations between retinopathy and
family history of diabetes, sex, resting heart rate, and lipid
levels (triglycerides and cholesterol) in this study is in agree-
ment with reports from Wisconsin (5) and Oklahoma (7).
Limitations of the study. At least two issues should be
considered related to the use of a prevalent study design to
evaluate potential risk factors for retinopathy. First, temporal
relationships between the appearance of potential risk fac-
tors and the onset of retinopathy are usually unknown. For
example, the association between insulin use and retinop-
athy could reflect a causal pathway that is due to insulin
excess or is simply marked by insulin (e.g., more severe
hyperglycemia), or this association could reflect a medical
care decision to begin insulin therapy in the face of wors-
ening retinopathy. Second, results from a prevalent design
could be biased by differential survivorship (32). For ex-
ample, if one ethnic group tended to live longer with dia-
betes, members of that group could have an increased rate
of retinopathy that was not due to a detrimental effect of their
ethnic origin but rather to improved survivorship. However,
we are aware of no data that would suggest this has oc-
curred.

Differential ascertainment of retinopathy might also have
biased our results because 11.2% of the Hispanics and 7.6%
of the NHWs could not be classified by retinopathy status.
For the crude prevalence of retinopathy to be the same be-
tween ethnic groups, - 90% of the unclassified Hispanics
and 10% of the unclassified NHWs would have to have had
retinopathy. This seemed unlikely because potential risk fac-
tors for retinopathy (duration, age at diagnosis, insulin use,
systolic blood pressure, and glycosylated hemoglobin lev-
els) were similar between both groups of unclassified sub-
jects (data not shown).

In summary, among people with NIDDM residing in two
counties in southern Colorado, a lower prevalence of dia-
betic retinopathy was observed in Hispanics than NHWs
adjusted for insulin use, duration of diabetes, age at diag-
nosis, glycosylated hemoglobin levels, systolic blood pres-
sure, and smoking status. Use of a population-based design
with standardized classification of retinopathy enabled com-
parisons of the prevalence of retinopathy in our study with
data from Wisconsin and San Antonio. Differences in the
prevalence of retinopathy by ethnicity between these studies
demonstrate the need for further study with standardized
methods of the prevalence and risk factors of diabetic reti-
nopathy across genetically and culturally diverse groups.

The suggestion of a differential effect of insulin use on the
role of ethnicity as a potential risk factor for diabetic reti-
nopathy in these data provides a possible direction for future
research. Although the interaction term between ethnicity
and insulin use did not reach statistical significance in the
presence of this term, a significant decrease in prevalence
of retinopathy among Hispanics compared with NHWs was
observed only among subjects not treated with insulin. Col-
lection of prospective data, which is underway in the San
Luis Valley, will help determine whether this finding will per-
sist over time and will enable exploration of the roles of insulin
therapy, ethnicity, and other potential risk factors in the ap-
propriate time sequence. If this finding does persist, it will
be important to carefully consider which of the several as-
pects of diabetes that can be marked by insulin usage (e.g.,
severity of previous hyperglycemia or presence of other
complications) could have the effect of elevating the His-
panics' level of risk for development of retinopathy to that of
NHWs.

Finally, the elucidation of risk factors for diabetic retinop-
athy will enable public health and private practitioners to
identify people for whom screening and interventions could
be planned to prevent the onset or progression of this im-
portant complication of diabetes mellitus.
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