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OBJECTIVES — The prevalence rate of diabetes is probably higher in Hispanics than in
Caucasians, although there is controversy about differences in the risk of diabetic retinopathy.
The purpose of the study is to determine the prevalence rates of diabetes and diabetic retinopathy
in a population-based study of Hispanics aged $40 years.

RESEARCH DESIGN AND METHODS — Proyecto VER is a random sample of His-
panic populations aged $40 years in Arizona. A total of 4,774 individuals (71.6% of the eligible
sample) completed the examinations. Diabetes was defined as self-report of a physician diagnosis
or HbA1c value of $7.0%. Diabetic retinopathy was assessed on stereo fundus photographs of
fields 1, 2, and 4.

RESULTS — The prevalence rate of diabetes in the Hispanic community (individuals $40
years of age) was 22%. The prevalence rate of diabetic retinopathy (DR) was 48%; 32% had
moderate to severe nonproliferative and proliferative retinopathy. DR increased with increasing
duration of diabetes and increasing level of HbA1c. The prevalence rate of DR-like changes in the
sample of individuals without diabetic retinopathy was 15% and was not associated with hy-
pertension, systolic blood pressure, or diastolic blood pressure.

CONCLUSIONS — The prevalence rate of diabetes in this population of Hispanics is high,
almost twice that of Caucasians. The prevalence rate of DR is high but similar to reports in a
Caucasian population. The prevalence rate of 9% moderate to severe retinopathy in the newly
diagnosed group suggests that efforts to improve detection and treatment of diabetes in Hispan-
ics may be warranted.
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In the U.S., the Hispanic population is
the second largest minority group and,
if the current trends continue, it will

become the largest minority group in this
century (1). This trend has led to consid-
erable interest in the health and well-
being of this population, which has
ramifications for provision and utilization
of health services. Several studies have
pinpointed, in particular, the high preva-

lence rate of diabetes among Hispanics of
Mexican origin (2– 6). The prevalence
rate in adults varies from 10–24% but is
generally 2- to 2.5-fold higher in Mexi-
can-Americans than in non-Hispanic
whites (2– 4,6,7). Mexican-Americans
with diabetes seem to have more severe
hyperglycemia as well, indicating poorer
control (8).

However, there are conflicting re-

ports about the prevalence rate of diabetic
retinopathy (DR) in Mexican-Americans
with diabetes; one study reported no
greater risk compared with non-Hispanic
whites, whereas others reported twofold
or higher risk (9 –11) The conflicting
prevalence rates from these populations
are unlikely to be due to differences in the
definition of retinopathy, because fundus
photographs were graded for all three
studies by the same center in Wisconsin.
In part, the discrepancies may be due to
the smaller numbers in the San Luis Val-
ley study (n 5 187) and San Antonio
Heart Study (n 5 258). In the National
Health and Nutrition Examination Survey
(NHANES), the sensitivity of diagnosing
retinopathy using one photograph taken
with a nonmydriatic camera is an issue.

Proyecto VER (Vision Evaluation and
Research), a population-based study of
4,774 residents of the Hispanic commu-
nities of Nogales and Tucson, Arizona,
was designed in part to determine the
prevalence rate of DR in the population
with diabetes.

RESEARCH DESIGN AND
METHODS

Selection of population
Proyecto VER is a population-based sur-
vey of noninstitutionalized Hispanics
aged $40 years living in Pima and Santa
Cruz counties in Arizona. Based on the
1990 census, random samples of block
groups that contained at least 5% His-
panic residents aged $40 years in two
strata (Nogales and Tucson) were se-
lected. The probability of selection within
the strata was proportional to the percent-
age of the Hispanic population aged $40
years. Every other household of the se-
lected block groups in Nogales was listed
and eligibility was determined. In Tuc-
son, two-thirds of the households in se-
lected block groups were listed; the
change in listing procedures was due to
substantial residential changes in Tucson
since 1990, which resulted in fewer than
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expected eligible households in the se-
lected block groups.

Procedures
Eligibility criteria for members in selected
households included self-described His-
panics aged $40 years. After eligibility
was determined, household members
were recruited for interviews and clinical
examinations at a central clinical site. In-
formed consent (in Spanish or English)
was obtained following procedures ap-
proved by the Johns Hopkins Hospital
Committee on Clinical Investigation. Eli-
gible individuals who refused to partici-
pate were asked to respond to a short
questionnaire, which included a question
about the presence of diabetes.

The randomly selected block groups
included 20,622 households, and 4,255
households (21%) had at least one eligible
resident. From the 4,255 eligible house-
holds, 6,659 subjects were identified,
4,774 (72%) of whom completed the
home questionnaire and the clinic visit.
An additional 955 subjects (14%) com-
pleted the home questionnaire only, and
229 subjects (3%) refused the home ques-
tionnaire but completed the short form;
the remaining 701 subjects (11%) refused
to provide any information except for
gender, Hispanic origin, and, in some
cases, age.

Most home interviews (80%) were
conducted in Spanish by trained bilingual
interviewers. Questions included whether
the diagnosis of diabetes had been con-
firmed by a physician and when the
diagnosis had been made. Subjects re-

sponding affirmatively regarding physi-
cian diagnosis were also asked whether
they were being treated with insulin, pills,
diet, herbal remedies, or nothing.

At the clinic site, blood was drawn for
the determination of HbA1c level. All
blood was stored in a refrigerator for no
more than 5 days and shipped on ice to
the reference lab (Dr. Michael Steffes,
University of Minnesota). HbA1c level was
determined using high-performance liq-
uid chromatography and standard con-
trols, as described for the Diabetes
Control and Complications Trial (12).
Previous work in this laboratory has
shown identical mean values in split sam-
ples and no assay drift over time (12).

Stereo fundus photographs of fields

1, 2, and 4 were taken through dilated
pupils, using a Zeiss 30° fundus camera
(Carl Zeiss, Oberkochen, Germany).
These fields are as follows: center of the
optic disc (field 1), center of the macula
(field 2), and superior temporal to the
macula (field 4). They were graded for the
presence and severity of DR following
a protocol developed by the Wisconsin
Ocular Epidemiology Reading Center,
Madison, Wisconsin. A preliminary and
detailed grading was performed by one of
the two graders, using the Wisconsin ad-
aptation of the modified Airlie House
classification of DR; discrepancies be-
tween the gradings were resolved by an
edit by a senior grader, and if all three
gradings were still discrepant, they were
resolved by adjudication by a senior oph-
thalmologist (R.K.) (13,14).

Fundus photographs of at least one
eye were obtained in 89% of subjects. Of
the 11% of subjects for whom photo-
graphs were not obtained, the primary
reasons were medical (contraindications
to dilation), physical limitations (wheel-
chair-bound), refusal, and film lost in
processing. No significant differences by
gender or prior knowledge of diabetes
status existed between those with and
without photographs; however, older
participants were less likely to have had
photographs taken (data not shown). In
20 cases, DR could not be graded based
on the photographs, primarily due to me-
dia opacity.

Blood pressure was measured accord-
ing to a standardized protocol; three
measurements of systolic and diastolic

Table 1—Comparison of selected characteristics in nonparticipants and participants

Characteristics

Nonparticipant: no
questionnaire or

clinic exam‡

Nonparticipant:
questionnaire only, no

clinic examination*

Participant:
questionnaire and

clinic exam†

Age (years)
40–49 180 (31) 385 (41) 1594 (33)
50–59 166 (29) 225 (24) 1362 (29)
60–69 105 (18) 165 (18) 984 (21)
701 125 (22) 163 (18) 833 (18)

Sex
Male 767 (52) 954 (42) 4774 (39)

Self report of diabetes
(age-adjusted)

266 (11) 932 (17) 4757 (19)

Data are n (%). *A total of 17 people in this group did not report age, and one did not report sex; †17 people
did not know whether they had received a diagnosis of diabetes; ‡of nonrespondents, 354 refused to answer
questions regarding age, sex was not reported for 163, and 226 of 229 people responding to the short
questionnaire answered the self-report of diabetes (although 69 did not report age, which would have
enabled age adjustment).

Table 2—Prevalence rate (per 100) of subjects with diabetes and questionable diabetes by age
and sex

Age-groups (years)

40–49 50–59 60–69 70–79 801

Men
n 605 528 394 261 56
Diabetes 12.2 19.7 29.9 33.7 19.6
Questionable diabetes 1.0 1.3 3.3 2.7 5.4

Women
n 936 830 588 373 140
Diabetes 11.8 23.2 29.9 34.6 25.0
Questionable diabetes 1.1 2.0 3.2 2.4 4.3

Population
n 1,541 1,358 982 634 196
Diabetes 11.9 21.9 29.9 34.2 23.5
Questionable diabetes 1.1 1.8 3.3 2.5 4.6

Data are % unless otherwise indicated.
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pressure were taken, and an average of the
second and third measurements were
used (15). Hypertension was defined as 1)
a positive response to the question as to
whether the patient had been told that he
or she had hypertension and was current-
ly under treatment for hypertension, 2)
systolic blood pressure $160 mmHg, or
3) diastolic blood pressure $90 mmHg.

Definition of diabetes
Definite diabetes was defined as either an
affirmative response to the question of
whether diabetes had been diagnosed by a
physician or having an HbA1c of 7.0% or
greater (16,17). Questionable diabetes
was defined as those who reported no di-
agnosis of diabetes but who had HbA1c
values between 6.5 and 7.0%. All other
subjects were classified as not having di-
abetes.

Definition of diabetic retinopathy
Photographs from all subjects with ques-
tionable and definite diabetes as well as a
5% random sample of individuals with-
out diabetes were sent for masked grad-
ing. For these analyses, grades 10–13 were
considered absence of DR, grades 14–20
were considered very early nonprolifera-
tive DR, grades 31–51 were considered
moderate to severe nonproliferative DR,
and grades 60 and higher were consid-
ered evidence of proliferative DR. Macu-
lar edema was graded separately. If at least
one eye had evidence of DR, the subject
was considered to have DR.

Statistical analyses
The prevalence rates of diabetes and DR
are presented, stratified by age and gender.

Differences in characteristics of partici-
pants and nonparticipants were assessed
using x2 test or, when age-adjusted, Man-
tel Haenzel tests. After adjustment for age,
subjects with self-reported diabetes were
as likely to participate in the project as
those who did not report diabetes.

The association of blood pressure or
hypertension with early signs of DR in
subjects without diabetes was assessed
using logistic regression models, with ad-
justments for age and gender. Compari-
sons of our data with data from other
studies were performed using the dura-
tion-specific rates from other studies and
data supplied by Scot Moss and Dr. Ro-
nald Klein from the Wisconsin Epidemi-
ologic Study of Diabetic Retinopathy
(WESDR) cohort. For these comparisons,
subjects with type 2 diabetes were defined
as those not taking insulin or insulin users
with onset of diabetes at $30 years of age.
In addition, the study from San Antonio
classified insulin users with onset $30
years of age who also had BMI $30 kg/
cm2 as having type 2 diabetes.

Duration of diabetes was calculated as
time from year of diagnoses (as reported
by the participant) to year of the exami-
nation at Proyecto VER.

RESULTS — Differences in participa-
tion rates by age and gender were shown
(Table 1). Men were less likely to partici-
pate, and the youngest and oldest individ-
uals were also slightly less likely to
complete both the home questionnaire
and the clinic visit. Self-report of diabetes
was no different between the participants
and nonparticipants after age adjustment.

As expected, the distribution of val-

ues for HbA1c in the total population was
skewed (median value 5.9%). The values
ranged from 3.0 to 16.6%; the 25th per-
centile value was 5.3%, and the 75th per-
centile value was 6.2%. Among the
people with diabetes in this study, 15%
were included based only on an HbA1c
value of 7% or higher (“newly diag-
nosed”).

The prevalence rates of diabetes in-
creased by age and were slightly higher in
women (Table 2). The overall rate of dia-
betes in this population was 22%, increas-
ing from 12% in subjects aged 40–49
years to 34% in subjects aged 70 –79
years. Of our group of 1,044 individuals
with diabetes, 21 (2.0%) were insulin us-
ers who had onset of diabetes before 30
years of age. The prevalence rate of ques-
tionable diabetes (defined as those who
reported no diabetes but who had HbA1c
levels between 6.5 and 6.9%) did not in-
crease consistently with age, and no gen-
der differences were noted.

The prevalence rate of any DR in sub-
jects with diabetes was 48%; 32% had
moderate to severe nonproliferative or
proliferative retinopathy (Table 3). Of the
5% subsample of subjects without diabe-
tes for whom fundus photographs were
obtained, the prevalence of very early DR-
like changes was 15.5%, slightly lower
than in subjects with diabetes or ques-
tionable diabetes. Subjects with diabetes
had more severe changes than subjects
with questionable or no diabetes. Clini-
cally significant macular edema was
present in 5.1% of the subjects with dia-
betes. No proliferative DR or clinically

Table 3—Prevalence rate (per 100) of retinopathy and macular edema, based on fundus
photographs, by status of diabetes

Diabetes status

DR signs* Absent (subsample) Questionable Definitive

None† 82.5 79.0 52.0
Early changes‡ 15.5 16.8 16.5
Moderate to severe, nonproliferative§ 2.0 4.2 25.3
Proliferative\ 0 0 6.3
Macular Edema

Not clinically significant 0.5 0 2.3
Clinically significant 0 1.0 5.1

n 200 95 918

*Diabetic retinopathy level could not be graded for 20 people; †WESDR grading system grades 10–13 (see
text for further description); ‡WESDR grading system grades 14–20; §WESDR grading system grades
31–51; \WESDR grading system grades 601.

Table 4—Prevalence rate of very early reti-
nopathy changes* by level of systolic and
diastolic blood pressure in the 5% sample of
people without diabetes

Blood pressure n
Percentage of
retinopathy

Systolic blood pressure†
,140 159 15.1
140–160 28 14.3
.160 9 33.3

Diastolic blood pressure†
,90 172 15.1
90–100 16 18.8
.100 8 25.0

Total 196 15.8

Data are n and %. *Grades 14–20; †age- and sex-
adjusted differences not significant (P 5 0.21).

Diabetic retinopathy in Mexican-Americans
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significant macular edema was noted in
subjects without diabetes.

The very early DR changes did not
seem to be associated with increasing sys-
tolic or diastolic blood pressure or self-
report of hypertension in this population
(Table 4). Within the group of subjects
who did not have diabetes, the prevalence
rate of having very early DR-like changes
seemed to increase with increasing dia-
stolic or systolic blood pressure, but the
test for trend was not significant, nor was
Fisher’s exact test. Blood pressure, adjust-
ing for age and gender, was not associated
with very early DR (P 5 0.21 for systolic
and diastolic blood pressure).

Among Hispanics with diabetes in
this study, the severity of retinopathy in-
creased with increasing level of HbA1c
(Fig. 1). The severity of retinopathy
also increased with increasing reported
duration of diabetes (Fig. 2); 9.3% of in-
dividuals with moderate to severe non-
proliferative or proliferative retinopathy
were newly diagnosed during the study.
As discussed by others, the onset of dia-
betes in this group diagnosed during the
study was probably 4 –7 years earlier
(18).

CONCLUSIONS — The prevalence
rate of diabetes in the Mexican-Americans
aged $40 years enrolled in Proyecto VER
was high (estimated to be 22%). The rate
of diabetes is similar to that reported by
other studies in Mexican populations. In
the Hispanic Health and Nutrition Exam-
ination survey, Flegal et al. reported a
23.9% prevalence rate of diabetes in Mex-

ican-Americans aged 45–74 years, com-
pared with 12% in non-Hispanic whites
of the same age (2). In the San Antonio
Heart Study, an estimated threefold dif-
ference in prevalence of type 2 diabetes in
individuals aged $25 years was found be-
tween Mexican-Americans and non-
Hispanic whites (8,19). Our findings that
15% were newly diagnosed by the project
is identical to the 15% reported by
Haffner et al. in their Hispanic population
(9).

The duration-specific prevalence
rates of DR we report herein for Hispanic
individuals with diabetes were not differ-
ent from data from the Wisconsin non-
Hispanic white population (Table 5).
These data are also consistent with re-

ported findings from the San Antonio
Heart Study Group (9) (Table 5). Al-
though Haffner et al. reported higher rates
in Hispanics than in whites (20), we are
not able to replicate that finding. In part,
the difference may be due to the inclusion
of a BMI criterion by Haffner et al. for
individuals with diabetes using insulin to
be classified as having type 2 diabetes; this
criterion was not used either in the
WESDR data we presented nor in our cur-
rent study. In addition, the other studies
report data from the 1980s, whereas our
study was conducted in 1997–1999; sec-
ular trends in prevalence rates of DR can-
not be excluded, although our DR rates
are similar to those of Haffner et al. in
their 1979–1982 study (9).

Both our rates of DR and those of
Haffner et al. are higher than those re-
ported for the Mexican-Americans in the
San Luis Valley diabetes study in Colo-
rado (10). The rates in our study and
those of the studies in Colorado, Texas,
and Wisconsin all report higher rates than
those reported from the NHANES. This
discrepancy might be explained because
the NHANES data are based on a single
nonstereoscopic photograph taken
through a nondilated pupil of a single eye.
The likelihood of underascertainment of
DR is higher using such an approach (21)

The prevalence of diabetes (and
therefore the prevalence of DR) is sensi-
tive to the definition of diabetes used in
these studies. We did not use oral glucose
tolerance testing or fasting plasma glucose
concentration but instead relied on deter-
mination of HbA1c. Our cutoff of 7% or

Figure 1—HbA1c levels and severity of retinopathy.

Figure 2—Duration of diabetes and severity of retinopathy.
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higher has been shown to have maximum
sensitivity and specificity compared with
results of oral glucose tolerance tests, and
it identifies individuals in need of phar-
macologic intervention (16). Reported
prevalences using this method are only
slightly lower than with other methods
(17), so our estimate of the prevalence of
diabetes may be an underestimation. Oth-
ers have suggested that elevated HbA1c
.6.5% but ,7.0% may also represent el-
evated glucose levels requiring interven-
tion by diet and/or exercise (16). We
show our data separately for that group
because there are few and no consistent
age-related increases are shown. If we in-
cluded that group in the definition of di-
abetes, our overall prevalence estimates
would increase from 22 to 24%; both val-
ues are within the range reported by oth-
ers for Hispanics in this age-group.
Therefore, it is unlikely that our definition
of diabetes is skewing our prevalence
rates of DR either too high or too low.

We based the definition of DR on ste-
reo fundus photographs of fields 1, 2, and
4 rather than photographs of all seven
fields. This compromise was necessary to
ensure a high response rate to our popu-
lation-based study (in which photographs
were obtained for all participants) while
maintaining reasonable sensitivity for de-
tecting DR. This choice may have resulted
in some underascertainment of DR, with
resulting lower prevalence estimates.
However, the pattern of the association of

DR we observed with duration of diabetes
and level of HbA1c is consistent with pre-
vious studies. In the San Antonio study,
photographs of all seven fields were ob-
tained of each eye in each subject with
diabetes. Our duration-adjusted rates of
DR matched the rates in this study most
closely, even accounting for modest un-
derascertainment of early noncentral
lesions. In the San Luis Valley study, pho-
tographs of three fields were obtained
through dilated pupils in all subjects with
diabetes (similar to our protocol); how-
ever, our duration-adjusted rates were
significantly higher. There is no good ex-
planation at present for the lower rates in
the San Luis Valley Study.

The rate of very early DR-like changes
in subjects without diabetes or question-
able diabetes was higher (15.5%) than has
been reported in non-Hispanic white
populations (5–10%) (22–24). The data
in our population did not support a rela-
tionship between blood pressure or hy-
pertension and signs of DR in those
without diabetes. This is in contrast to the
findings in the Caucasian populations of
Wisconsin and Blue Mountain, Australia,
in which an association was found
(22,24). Photographs from all studies
were read by the Wisconsin Reading Cen-
ter. The Blue Mountain Study used a sin-
gle measure of blood pressure, which
could have misclassified the level of blood
pressure, but such misclassification
would have served to weaken any positive

association. We followed a strict protocol
for blood pressure ascertainment, in
which three readings were obtained, and
the average of the second and third val-
ues was used; this protocol is similar to
that used in other studies of Mexican-
Americans (25). If anything, our readings
would have produced lower estimates of
people with elevated blood pressure com-
pared with some other studies. Thus, it
seems unlikely that differences in ascer-
tainment of blood pressure explain the
lack of association observed. We did ob-
serve a nonsignificant trend of increasing
prevalence rate of early retinopathy with
increasing blood pressure, but the num-
ber of individuals in our subsample with-
out diabetes may have been too small to
detect a significant difference.

In summary, our study in a large pop-
ulation of Mexican-Americans confirms
the high rate of diabetes and DR in this
community. The finding that 15% of the
cases of diabetes in this community were
unknown before the survey and that,
within this group, 23% of subjects had
any retinopathy and 9% had moderate to
severe retinopathy speaks to the special
efforts that may be required to perform
diabetes identification and control in this
Hispanic population.

Acknowledgments— This study was sup-
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tute (U10-EY11283).

Table 5—Prevalence of diabetic retinopathy* among people with type 2 diabetes, by duration of diabetes

Study site

Duration of diabetes (as reported)

Newly
diagnosed ,5 years 5–9 years

5–14.9
years

$15
years

,10
years

$10
years

Proyecto VER Mexican-Americans (n 5 907)
Any DR 24 31 47 60 79 37 77
Moderate to severe DR 9 14 27 40 64 18 60

San Luis Valley Mexican-Americans (n 5 187)
Any DR —† 20 — 49 60 — —
Moderate to severe DR — — — — — — —

San Antonio Mexican-Americans (n 5 257)
Any DR 16 35 46 — 86 39 85
Moderate to severe DR 4 — — — — 16 66

NHANES III Mexican-Americans
Any DR — 14 — 41 54 — —
Moderate to severe DR — — — — — — —

WESDR Caucasians (n 5 1,343)
Any DR — 32 45 53 79 39 76
Moderate to severe DR — 12 27 33 64 19 59

Data are n. *Any DR is grade 14 and higher, and moderate to severe is grade 31 and higher; †data were not reported for this duration or level of severity.
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