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SUMMARY

Most of the information on diabetes in
Hispanic Americans comes from four
large studies: the San Antonio Heart
Study, the San Luis Valley Diabetes

Study, the Starr County Study, and the Hispanic
Heal th and Nutr i t ion Examinat ion Survey
(HHANES). These studies have clearly established
that the prevalence of non-insulin-dependent diabe-
tes mellitus (NIDDM) is two to three times higher
in Mexican Americans than in non-Hispanic whites.
HHANES is the only one of the four studies that
included information on Cuban Americans in the
Miami area and Puerto Ricans in the New York City
area. Diabetes prevalence in Puerto Ricans was as
high as in Mexican Americans. Cuban Americans
had a lower prevalence, although it was still 30%-
50% higher than in non-Hispanic whites. Risk fac-
tors for NIDDM in Hispanic Americans are similar
to those in non-Hispanics and include obesity, unfa-
vorable distribution of body fat, hyperinsulinemia,
and dyslipidemia (high triglyceride and low high-
density lipoprotein, HDL). These abnormalities are
also more common in nondiabetic Mexican Ameri-
cans. NIDDM prevalence in Mexican Americans in
Texas tends to be inversely related to socioeconomic
status and degree of acculturation to mainstream
U.S. society. Little is known about behavioral fac-
tors that may mediate these sociocultural effects,
although newly diagnosed diabetic Hispanics in
Colorado reported consuming greater amounts of
dietary fat than nondiabetic Hispanics. There is a
strong ecological association between the percent-
age of Native American genetic admixture and the
prevalence of diabetes in various Hispanic and Na-
tive American populations. Since admixture and so-
ciocultural factors co-vary, it is difficult to disentan-
gle their joint effects on diabetes risk.

In contrast to NIDDM, registry data indicate that the
incidence of insulin-dependent diabetes mellitus
(IDDM) is lower in Hispanics than non-Hispanics.

Diabetic Mexican Americans experience higher mor-
tality than nondiabetic Mexican Americans although,
surprisingly, all-cause mortality in the general popula-
tion of adult Mexican Americans is quite similar to
that of non-Hispanic whites. The prevalence of myo-
cardial infarction is lower in Mexican-American men,
with or without diabetes, than in the corresponding
category of non-Hispanic white men, but there is no
similar ethnic difference in women. This pattern of a
sex-ethnic interaction for myocardial infarction is
similar to the pattern that has been reported pre-
viously for coronary heart disease mortality. There is
also evidence that diabetic Mexican Americans have a
higher prevalence of peripheral vascular disease as
assessed by ankle-arm blood pressure ratios than non-
Hispanic whites with diabetes.

With respect to microvascular complications of dia-
betes, there is a discrepancy among studies: The San
Antonio Heart Study and the Third National Health
and Nutrition Examination Survey (NHANES III)
show an excess of microvascular complications in
diabetic Mexican Americans compared with non-
Hispanic white diabetic people, although the San
Luis Valley Diabetes Study shows no such ethnic
difference. The explanation for this discrepancy is
not clear but is probably related to the fact that
Mexican Americans with diabetes in San Antonio,
TX were more hyperglycemic than non-Hispanic
whites with diabetes, whereas in the San Luis Valley,
CO there were no differences in the level of hyper-
glycemia between the two ethnic groups. Although
findings differ between the San Antonio and San
Luis Valley studies, statewide surveillance results
indicate that the rates of renal replacement therapy
for diabetes-related end-stage renal disease (ESRD,
kidney dialysis and transplant) are markedly higher
in Hispanics than in non-Hispanics in both Texas
and Colorado. Moreover, this excess is greater
than can be explained on the basis of the higher
diabetes prevalence in Hispanics. Interestingly,  in
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Hispanics are the second-largest minority population
in the United States. In 1991, the estimated size of the
Hispanic population was 21.4 million, representing
~8.6% of the total U.S. population1. Hispanics are also
one of the most rapidly growing minority groups in
the United States, and it is projected that by the year
2050 they will comprise 21% of the U.S. population2.
The three major subgroups that make up the Hispanic
population are Mexican Americans, Puerto Ricans,
and Cubans. By far the largest of these is the Mexican-
American population, the majority of whom live in
the southwestern United States.

In the past 10 years, a great deal has been learned
about the epidemiology of diabetes in Mexican Ameri-
cans. Most of this information has come from four
studies: the San Antonio Heart Study, the San Luis
Valley Diabetes Study, the Starr County Study, and the
HHANES. These studies have established that the
prevalence of NIDDM is two to three times higher in
Mexican Americans than in non-Hispanic whites.
HHANES has also provided information about the
occurrence of diabetes in Puerto Ricans and Cuban
Americans. 

TEXAS

One of the first studies of glucose intolerance in Mexi-
can Americans was carried out in 1979 in Laredo, TX3.
A population-based random sample of 389 Mexican
Americans age 40-74 years was identified and a fasting
blood specimen was obtained from all study partici-
pants. Approximately 16% of men and women re-
ported either a history of diabetes with current use of
antidiabetic medications or had fasting plasma glu-
cose ≥140 mg/dl (Table 32.1). In a sense, these rates
represent the frequency of "severe" diabetes since ad-
ditional individuals could have been diagnosed as
having diabetes on the basis of their 2-hour glucose
values if oral glucose tolerance tests (OGTTs) had
been administered.

The prevalence of "severe" hyperglycemia was as-
sessed in Mexican Americans residing in Starr County,
TX, in 19814. This study included 2,498 persons age
≥15 years who resided in sampled households. Sub-
jects were considered to have "severe" hyperglycemia
if they were currently taking antidiabetic medications
or if they fulfilled all of the following three criteria: 1)
their blood glucose value from a nonfasting finger
stick was ≥130 mg/dl; 2) their glucose value following
a 4-hour fast was ≥130 mg/dl; and 3) their glucose
values following a 12-hour fast met the National Dia-
betes Data Group (NDDG) criteria on a full 2-hour

INTRODUCTION PREVALENCE OF NIDDM IN HISPANICS

Table 32.1
Prevalence of Previously Diagnosed Diabetes and Fasting Hyperglycemia in Mexican Americans, Laredo, TX, 1979

Men Women

Age
(years No.

Previously
diagnosed

%

Fasting
hyperglycemia

%
Total

% No.

Previously
diagnosed

%

Fasting 
hyperglycemia

%
Total

%

40-44 18 5.6 5.6 11.1 34 8.8 0 8.8
45-54 37 8.1 2.7 10.8 93 7.5 0 7.5
55-64 42 16.7 0 16.7 70 12.8 4.3 17.1
65-74 30 16.7 6.7 23.3 65 27.7 3.1 30.8
Total 127 12.6 3.1 15.7 262 14.1 1.9 16.0

Previously diagnosed diabetes defined as a history of diabetes and either fasting plasma glucose ≥140 mg/dl or currently taking antidiabetic medications. Fasting
hyperglycemia defined as fasting plasma glucose ≥140 mg/dl with no medical history of diabetes. 

Source: Reference 3

Texas the survival of Mexican Americans with diabe-
tes on dialysis is longer than for non-Hispanic whites
with diabetes on dialysis. Finally, there is evidence

that the rate of microvascular complications is in-
creased in San Antonio Mexican Americans with diabe-
tes who have less effective health insurance coverage.

• • • • • • •
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OGTT. A total of 5.2% of males and 5.3% of females
age ≥15 years had a history of previously diagnosed
diabetes and were either taking antidiabetic medica-
tions or fulfilled the NDDG criteria for diabetes. Se-
vere hyperglycemia was present in an additional 1.6%
of males and 1.4% of females who had no prior history
of diabetes (Table 32.2). As in the Laredo study, the
true prevalence of NIDDM in Starr County could not
be estimated from these data because glucose toler-
ance tests were administered only to individuals with
fasting hyperglycemia.

The first population-based study of Hispanics in
which a full glucose tolerance test was administered
to all participants was the San Antonio Heart Study.
The baseline component of this study was carried out
in two phases, the first during 1979-82 and the second
during 1984-88. Diabetes was diagnosed by a 2-hour
OGTT. In both baseline phases combined, a total of
3,302 Mexican Americans and 1,877 non-Hispanic
whites age 25-64 years were examined. Subjects were
sampled from three types of neighborhoods: low-in-
come barrios, middle-income transitional neighbor-
hoods, and high-income suburbs. In Mexican Ameri-
cans, NIDDM prevalence was two to four times higher
in the barrio than in the suburban neighborhoods
(Table 32.3). Age-adjusted prevalence for men was
14.0% in the barrio versus 6.5% in the suburbs and for
women was 18.0% in the barrio versus 4.3% in the
suburbs. NIDDM prevalence was similar between
Mexican Americans and non-Hispanic whites in the
suburban neighborhoods, but in the transitional
neighborhoods there was a fourfold excess of NIDDM
among Mexican Americans (Figure 32.1). Overall in
San Antonio, NIDDM prevalence was two to three
times higher in Mexican Americans than in non-His-
panic whites5.

COLORADO

Diabetes prevalence was also estimated for Hispanics
and non-Hispanic whites residing in two counties in
southern Colorado in the San Luis Valley Diabetes
Study6. In this study, all persons with previously diag-
nosed diabetes residing in the two counties, as well as
a random sample of individuals with no prior history
of diabetes, were invited to receive a medical exami-
nation. Individuals with previously diagnosed diabe-
tes were identified through a review of medical re-
cords from all health care facilities in the study area,
and additional cases were ascertained through a pub-
lic media campaign. A sample of 607 persons age
20-74 years without a prior history of diabetes was
also identified, and these individuals, as well as all
previously diagnosed diabetic persons (n=343), at-
tended a medical clinic where they received a 2-hour
OGTT. Diabetes was diagnosed (or verified) using
World Health Organization (WHO) plasma glucose
criteria or by current use of antidiabetic medications.
The prevalence of confirmed, previously diagnosed
NIDDM was estimated for southern Colorado using
county census estimates as the denominator. The
prevalence of previously diagnosed NIDDM in San
Luis Valley was 2.9% in Hispanic men and 4.7% in
Hispanic women age ≥20 years (Table 32.4). These
rates were ~1.8-fold and ~4.1-fold higher than the
rates of previously diagnosed NIDDM in non-His-
panic white males and females of the same age. Diabe-
tes was newly diagnosed in an additional 4.5% of
Hispanic men and 8.4% of Hispanic women, rates that
were also in excess of those for non-Hispanic whites
(Table 32.4). 

Table 32.2
Prevalence of "Severe" Hyperglycemia in Mexican Americans, Starr County, TX, 1981

Males Females

Age
(years) No.

Previously
diagnosed

%

Newly
diagnosed

%
Total

% No.

Previously
diagnosed

%

Newly
diagnosed

%
Total

%

15-24 211 0 0 0 285 0.4 0 0.4
25-34 115 2.6 0 2.6 254 0.4 0 0.4
35-44 92 3.3 0 3.3 210 3.8 1.9 5.7
45-54 95 7.4 5.3 12.6 204 8.3 2.5 10.8
55-64 85 12.9 3.5 16.5 142 18.3 0.7 19.0
65-74 60 13.3 3.3 16.7 94 10.6 6.4 17.0

≥75 35 11.8 5.8 17.6 50 6.0 2.0 8.0
Total 692 5.2 1.6 6.9 1,239 5.3 1.4 6.7

Previously diagnosed hyperglycemia defined as a history of diabetes and either meeting National Diabetes Data Group (NDDG) blood glucose criteria for diabetes or
currently taking antidiabetic medications. Newly diagnosed hyperglycemia defined as casual blood glucose ≥130 mg/dl and 4-hour fasting blood glucose ≥130 mg/dl and
meeting NDDG criteria for diabetes, with no medical history of diabetes.

Source: Reference 4
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Figure 32.1
Prevalence of NIDDM in Mexican Americans and
Non-Hispanic Whites by Neighborhood, San Antonio,
TX, 1979-88

Diabetes diagnosed by World Health Organization criteria (fasting plasma
glucose ≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl) or by current use of
antidiabetic medications.

Source: San Antonio Heart Study

Barrio Transitional Suburbs Transitional Suburbs

 

0

5

10

15

20

25

30

35

40
25-34
35-44
45-54
55-64

Mexican Americans Non-Hispanic Whites

Men

Age (years):

Barrio Transitional Suburbs Transitional Suburbs

 

0

5

10

15

20

25

30

35

40
25-34
35-44
45-54
55-64

Mexican Americans Non-Hispanic Whites

Women Age (years):

Table 32.4
Prevalence of NIDDM in Mexican Americans and
Anglos, San Luis Valley, CO, 1984 

Previously diagnosed Newly diagnosed

Age Hispanics Anglos Hispanics Anglos
(years) % No. % No. % No. % No.

Men
20-29 0 802 0.1 1,137 0 5 0 4
30-39 0.8 533 0.1 754 0 7 0 8
40-49 3.6 388 0.9 531 0 21 0 29
50-59 7.4 312 4.6 460 8.3 36 1.9 52
60-69 8.2 255 5.3 375 6.5 31 6.5 46
70-74 6.7 104 2.9 138 0 11 0 10
Total 2.9 2,394 1.5 3,395 4.5 111 2.7 149
Age-adjusted 3.3 1.8 2.2 1.2

Women
20-29 0.1 839 0.1 1,065 0 12 0 9
30-39 0.6 505 0.5 762 0 15 0 20
40-49 2.6 391 0.6 533 4.0 25 0 31
50-59 11.0 344 2.0 545 5.3 38 5.6 72
60-69 12.4 314 2.5 435 11.1 36 5.7 53
70-74 19.0 142 6.2 161 29.4 17 10.5 19
Total 4.7 2,535 1.1 3,501 8.4 143 4.4 204
Age-adjusted 4.9 1.2 4.3 2.1

Previously diagnosed NIDDM defined as a history of previously diagnosed diabe-
tes with confirmation at clinic examination using World Health Organization
criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl).
Newly diagnosed NIDDM defined as subjects with no prior history of diabetes
who met WHO criteria.

Source: Reference 6

Table 32.3
Prevalence of NIDDM in Mexican Americans and Non-Hispanic Whites According to Neighborhood, San Antonio,
TX, 1979-88

Mexican Americans Non-Hispanic whites

Age Barrio Transitional Suburbs Transitional Suburbs
(years) % No. % No. % No. % No. % No.

Men
25-34 2.8 180 1.5 131 0 73 1.2 87 0.9 111
35-44 7.6 119 7.0 100 2.1 143 1.4 142 4.8 63
45-54 19.8 121 24.2 66 8.9 135 3.3 122 7.9 76
55-64 28.6 154 33.3 60 17.0 59 10.6 94 11.6 121
Total 14.3 574 12.6 357 6.1 410 3.8 445 6.5 371
Age-adjusted 14.0 15.6 6.5 3.9 6.0

Women
25-34 2.9 239 1.2 171 2.9 103 0.0 119 0.0 116
35-44 13.1 222 6.6 136 1.7 173 1.6 193 3.5 8
45-54 23.8 235 12.6 95 9.4 117 0.8 126 7.4 95
55-64 36.3 240 23.9 67 4.1 49 8.8 102 16.8 167
Total 19.1 936 8.3 469 4.3 442 2.4 540 8.2 463
Age-adjusted 18.0 10.4 4.3 2.6 6.4

No non-Hispanic white subjects in the barrio neighborhoods were studied; age-adjusted rates were computed by the direct method using the pooled population as the
standard. NIDDM was diagnosed by World Health Organization criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl) or by current use of antidiabetic
medications.

Source: San Antonio Heart Study
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NEW MEXICO

The prevalence of diagnosed diabetes was ascertained
in 1984-85 through a population-based health survey
conducted among 1,175 Hispanic residents of Albu-
querque, NM7. Diabetes was considered present if the
participant reported ever having been told by a physi-
cian or nurse that he or she had diabetes or sugar
diabetes. The prevalence of reported diabetes in-
creased monotonically with increasing age, with
13.8% of men and 16.1% of women age ≥75 years
reporting a history of diabetes (Table 32.5). These
rates were similar to the rates of previously diagnosed
diabetes among Mexican Americans in Starr County,
TX, and the San Luis Valley, CO.

HHANES

The HHANES, conducted in 1982-84, is the only sur-
vey that has provided data on the prevalence of diabe-

tes in different Hispanic subgroups8. The three popu-
lations in HHANES were Mexican Americans in the
southwestern United States, Cubans in Dade County
(Miami), FL, and Puerto Ricans in the New York City
area. The diabetes component of the survey consisted
of a diabetes history interview, which was adminis-
tered to all 6,588 participants, and an OGTT, which
was administered to a subsample of 1,326 partici-
pants. Cubans were considerably less likely than
either Mexican Americans or Puerto Ricans to have
ever been told that they had diabetes (Table 32.6). The
prevalence of previously and newly diagnosed diabe-
tes combined was also lower in Cubans, whereas there
was little difference in prevalence rates between Mexi-
can Americans and Puerto Ricans (Figure 32.2).
Among those age 20-44 years, 2.4% of Cubans were
estimated to have diabetes, compared with 3.8% and
4.1% of Mexican Americans and Puerto Ricans, re-
spectively. Among individuals age 45-74 years, 15.8%
of Cubans had diabetes, compared with 23.9% and
26.1% of Mexican Americans and Puerto Ricans, re-
spectively.

The lower prevalence of NIDDM in Cubans relative to
Puerto Ricans and Mexican Americans in HHANES8 is
interesting in light of the fact that the latter two
populations are considered to have significantly
higher degrees of native Amerindian genetic admix-
ture than the Cuban population9. As discussed later in
this chapter, it has been hypothesized that genes origi-
nating from Amerindian ancestry influence suscepti-
bility to NIDDM. On the other hand, Cubans partici-
pating in the HHANES survey had a higher socioeco-
nomic status than the Puerto Rican and Mexican
American participants8,10, and it is possible that the
lower prevalence of NIDDM among Cubans is associ-
ated with their higher socioeconomic status. 

Table 32.5
Prevalence of Self-Reported Diabetes in Hispanics,
Albuquerque, NM, 1984-85

Age Men Women
(years) % No. % No.

18-24 0 70 0 127
25-34 1.9 105 0.6 174
35-44 2.2 90 5.9 101
45-54 7.9 76 8.7 92
55-64 9.8 61 10.8 93
65-74 11.5 52 12.2 74

≥75 13.8 29 16.1 31

Reported diabetes defined as previously been told by a physician or nurse that
the subject had diabetes or sugar diabetes.

Source: Reference 7

Table 32.6
Prevalence of NIDDM in U.S. Hispanic Groups, HHANES, 1982-84

Previously diagnosed Newly diagnosed Total

Men Women Both sexes Both sexes Both sexes

% No. % No. % No. % No. %

Age 20-44 years
Mexican American 1.6 1,138 2.3 1,297 1.9 2,435 1.8 566 3.8
Cuban 1.0 202 1.8 267 1.5 469 1.0 77 2.4
Puerto Rican 1.2 311 2.5 521 2.0 832 2.1 122 4.1

Age 45-74 years
Mexican American 13.4 657 15.2 836 14.3 1,493 9.6 337 23.9
Cuban 5.2 302 6.6 363 5.9 665 9.9 114 15.8
Puerto Rican 11.3 269 16.2 418 14.3 687 11.8 110 26.1

HHANES, 1982-84 Hispanic Health and Nutrition Examination Survey. Previously diagnosed NIDDM defined as previously been told by a doctor that the subject had
diabetes. Newly diagnosed NIDDM defined according to World Health Organization criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl).

Source: Reference 8
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PUERTO RICO

The prevalence of previously diagnosed diabetes in
Puerto Rico was estimated through the Puerto Rico
Household Health Interview Survey. This survey was
administered by the Puerto Rico Department of
Health to a multistage probability sample of the
Puerto Rican population. Study participants were
asked if anyone in the family had diabetes, and preva-
lence rates were obtained by dividing the estimated
number of cases by the population census. Household
interviews were conducted annually, and total preva-
lence increased nearly monotonically every year from
3.1% in 1975 to 5.1% in 198611. A total of 4.5% of
males and 5.8% of females reported a history of diabe-
tes (Table 32.7). These rates are comparable to the
prevalence of previously diagnosed diabetes among
Puerto Ricans in the HHANES survey (Figure 32.3). 

In 1969, the Puerto Rico Heart Health Program esti-
mated the prevalence of diabetes to be 3.6% in rural
men and 9.0% in urban men age 45-64 years12. Since
that time, diabetes prevalence has increased at a faster
rate in rural men than in urban men so that, by 1985,
the prevalence of diagnosed diabetes was approxi-
mately similar for urban and rural residents. One
hypothesis to explain the disappearance of the urban-
rural difference is that the modernization of Puerto
Rico has been accompanied by lifestyle changes that
are associated with an increase in diabetes prevalence,
and that these changes have affected the rural as well
as the urban population.

MEXICO

One of the most recent studies to have examined
diabetes prevalence in Hispanics is the Mexico City
Diabetes Study, in which 2,282 Mexicans age 35-65
years were examined during 1989-9213. Participants
were sampled from low-income colonias in Mexico
City, and the examination procedures were identical
to those used in the San Antonio Heart Study. Diabetes
was diagnosed according to WHO criteria and by cur-
rent use of antidiabetic medications. Diabetes was
present in 12.8% of men and 13.3% of women. These
rates were somewhat lower than the corresponding
prevalence rates for Mexican Americans residing in
the San Antonio barrios (Table 32.8). Some, but not
all, of the excess NIDDM in San Antonio could be
accounted for by the higher body mass index of the
Mexican Americans in San Antonio13.

Table 32.7
Prevalence of Self-Reported Diabetes, Puerto Rico, 1985

Age Male Female Total
(years) % Cases % Cases % Cases

<6 0 0 0
6-16 0.6 5 0.5 4 0.5 9

17-24 0.4 2 0.9 6 0.7 8
25-44 2.5 22 2.2 23 2.3 45
45-64 11.9 81 14.8 119 13.5 200

≥65 16.4 60 21.6 92 19.2 152
Mean 4.5 170 5.8 244 5.2 414

Source: Reference 11
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Figure 32.2
Prevalence of NIDDM in U.S. Hispanic Groups,
HHANES, 1982-84

HHANES, 1982-84 Hispanic Health and Nutrition Examination Survey.
Rates of NIDDM are the sum of previously diagnosed NIDDM (previously
told by a doctor that the subject had diabetes) and newly diagnosed
NIDDM (World Health Organization criteria of fasting plasma glucose
≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl).

Source: Reference 8 
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Prevalence of Diagnosed Diabetes in Puerto Rican
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COMPARISON OF NIDDM PREVALENCE
BETWEEN HISPANICS AND NON-
HISPANIC WHITES

In the San Antonio Heart Study, the San Luis Valley
Diabetes Study, and the HHANES survey, diabetes
prevalence was assessed in a comparison non-His-
panic white population, thus allowing direct compari-
son of diabetes prevalence between Hispanics and
non-Hispanic whites. In addition, a non-Hispanic
white group from the 1971-75 NHANES I survey was
also included as a reference population in the Laredo
Diabetes Study. Comparisons of the ethnic differences
in diabetes prevalence are provided in Table 32.9. In

general, the prevalence of diabetes is two to four times
higher in Hispanics than in non-Hispanic whites. The
only exception is the Cuban population, for which the
prevalence of diabetes is only 1.3-1.5 times higher. 

Only two studies have provided data on the incidence
of NIDDM in Hispanics. In the San Antonio Heart
Study, the incidence of NIDDM in Mexican Americans
varied by neighborhood (Figure 32.4). The 8-year
incidence of NIDDM was 8.7% among Mexican
Americans in the low-income barrio neighborhoods,
8.4% among Mexican Americans in the transitional
neighborhoods, and 3.4% in the suburban neighbor-
hoods (Table 32.10). When compared with NIDDM
incidence among non-Hispanic whites, this represents
a 1.66 times higher odds of NIDDM among Mexican
Americans in the transitional neighborhoods and a
2.27 times higher odds of NIDDM among Mexican
Americans in the suburban neighborhoods. 

The 6-year incidence of previously diagnosed NIDDM
was estimated for Hispanics and non-Hispanic whites
in San Luis Valley, CO14. During 1983-88, medical
record reviews and public media campaigns were used
to ascertain all cases of NIDDM that were medically
diagnosed during this period in two counties in the
San Luis Valley. The diagnosis of NIDDM was con-
firmed by inviting all known cases to receive a 2-hour
OGTT and applying WHO plasma glucose diagnostic
criteria. County census figures were used as estimates
for the population at risk. The age-specific annual
incidence rates for diagnosed diabetes are shown in
Table 32.11. When adjusted for age, the incidence of

INCIDENCE OF NIDDM IN HISPANICS

Table 32.8
Prevalence of NIDDM in Mexican Americans in the
San Antonio Barrio, 1979-85, and Mexicans in 
Mexico City, 1989-92

Men Women

Age SA MC SA MC
(years) % No. % No. % No. % No.

35-44 7.6 119 5.9 389 13.1 222 4.8 563 
45-54 19.8 121 12.7 322 23.8 235 15.3 477 
55-64 29.1 151 25.0 220 36.0 239 26.9 286 
Total 19.7 391 12.8 931 24.6 696 13.3 1,326 
Age-adjusted 17.7 13.6 22.8 14.2

Odds ratio
 adjusted for age 1.38 (p=0.049) 1.81 (p<0.001)

Odds ratio
 adjusted for
 age and sex 1.65 (p<0.004)

SA, San Antonio barrio; MC, Mexico City, Mexico; diabetes diagnosed by
World Health Organization criteria (fasting plasma glucose ≥140 mg/dl or
2-hour glucose ≥200 mg/dl) or by current use of antidiabetic medications.

Source: San Antonio Heart Study and Mexico City Diabetes Study

Table 32.9
NIDDM Prevalence Rate Ratios for Hispanics and Non-Hispanic Whites 

Study Age (years)
Age-adjusted ratio, Hispanic/non-Hispanic white Source of Anglo

 comparison groupMen Women Both

Laredo, TX 45-75 2.6 2.7 NHANES I
San Luis Valley, CO 30-69 2.1 4.8 internal
San Antonio, TX 25-64 2.3 3.1 internal

HHANES
Mexican American 20-44

45-74
2.4
2.0

NHANES II
NHANES II

Cuban 20-44
45-74

1.5
1.3

NHANES II
NHANES II

Puerto Rican 20-44
45-74

2.6
2.2

NHANES II
NHANES II

NHANES, National Health and Nutrition Examination Survey; HHANES, Hispanic Health and Nutrition Examination Survey.

Sources: Laredo, Reference 3; San Luis Valley, Reference 6; San Antonio Heart Study; HHANES, Reference 8
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reported NIDDM was 2.4 times higher in Hispanic
men than in non-Hispanic white men (95% confi-
dence interval (CI) 1.6-3.6), and the incidence in
Hispanic women was 3.6 times higher (95% CI 2.4-
5.4).

Many variables associated with NIDDM in Caucasian
populations are also associated with NIDDM in His-
panic populations. The results from some studies are
summarized in the following sections.

OBESITY

Overall obesity, as reflected by body mass index, is one
of the strongest known risk factors for NIDDM.
Among participants of the San Antonio Heart Study
who were nondiabetic at baseline, the 8-year risk of
developing NIDDM was strongly associated with level
of body mass index15. The age-, sex-, and ethnicity-ad-
justed odds ratio associated with a 5.0 kg/m2 increase
in body mass index was 2.01 (Table 32.12).

The prevalence of overall obesity is higher in Mexican
Americans than in non-Hispanic whites5,7. However,

RISK FACTORS FOR NIDDM IN HISPANICS
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Figure 32.4
Incidence of NIDDM in Mexican Americans and 
Non-Hispanic Whites by Neighborhood, San 
Antonio, TX, 1979-92

Diabetes diagnosed by World Health Organization criteria (fasting plasma glucose
≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl) or by current use of antidiabetic
medications. MA, Mexican American; NHW, Non-Hispanic white.

Source: San Antonio Heart Study

Table 32.10
Eight-Year Incidence of NIDDM in Mexican Americans and Non-Hispanic Whites, San Antonio, TX, 1979-92

Barrio Transitional Suburbs

Age MA MA NHW MA NHW
(years) % No. % No. % No. % No. % No.

25-34 6.9 72 2.9 102 1.4 72 0 62 1.4 70
35-44 7.5 67 10.7 84 9.8 51 2.7 111 1.0 96
45-54 11.3 71 8.6 58 8.7 69 5.2 96 1.0 101
55-64 8.9 56 17.1 41 4.4 92 8.7 23 5.6 90
Total 8.7 266 8.4 285 5.6 284 3.4 292 2.2 357
Age-adjusted odds
 ratio (MA/NHW) 1.66 (0.85-3.22) 2.27 (0.81-6.41)

No non-Hispanic white subjects in the barrio neighborhoods were studied; MA, Mexican American; NHW, Non-Hispanic white; diabetes diagnosed by World Health
Organization criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl) or by current use of antidiabetic medications.

Source: San Antonio Heart Study

Table 32.11
Incidence of Medically Diagnosed NIDDM, San Luis
Valley, CO, 1983-88

Hispanic Non-Hispanic white

Age
(years) Cases

Average
annual rate
(per 1,000) Cases

Average
annual rate
(per 1,000)

Men
20-29 1 0.2 0
30-39 12 3.2 1 0.2
40-49 11 4.6 5 1.5
50-59 19 10.2 12 4.3
60-69 16 10.4 15 6.6
70-74 4 6.3 5 5.8
Total 63 4.3 38 1.8

Women
20-29 3 0.6 3 0.5
30-39 10 2.8 3 0.5
40-49 14 5.8 3 0.9
50-59 31 15.2 9 2.8
60-69 19 10.0 14 5.3
70-74 4 4.6 1 1.0
Total 81 5.3 33 1.5

Source: Reference 14
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the excess obesity in Mexican Americans only par-
tially accounts for their higher prevalence of NIDDM
compared with non-Hispanic whites. This is demon-
strated by analyses of the San Antonio Heart Study
which show that for each level of obesity the preva-
lence of NIDDM remains two to four times higher in
Mexican Americans than in non-Hispanic whites16

(Table 32.13, Figure 32.5). In the San Luis Valley Diabe-
tes Study, the odds ratio between Mexican American
ethnicity and prevalence of NIDDM decreased only
slightly, from 3.5 to 3.0, in multivariate analyses that
adjusted for two measures of obesity: the subscapular
skinfold thickness and the waist-to-hip ratio17. 

Not only overall obesity, but also the distribution of
obesity, is associated with NIDDM. Both upper body
obesity, as measured by the ratio of waist-to-hip cir-

cumference, and central adiposity, as measured by the
ratio of subscapular to triceps skinfolds, are positively
associated with the prevalence of NIDDM in both the
San Antonio Heart Study18 and the San Luis Valley
Diabetes Study17. In the latter study, both the waist-to-
hip ratio and subscapular skinfold thickness were
more strongly associated with NIDDM prevalence
than were either body mass index or the subscapular-
to-triceps skinfold ratio. In an analysis of prospective
data from the San Antonio Heart Study, central adipos-
ity was significantly associated with the incidence of
NIDDM (Table 32.12), although in a multivariate analy-
sis that included body mass index, fasting and 2-hour
plasma glucose, HDL cholesterol level, and pulse pres-
sure as additional independent variables, central adi-
posity was no longer statistically significant15. 

Table 32.12
Risk Factors for the Incidence of NIDDM, San Antonio,
TX, 1979-92

Risk factor
Odds
ratio 95% CI p-value

Anthropometric variables
Body mass index (kg/m2)
 (5 kg/m2 difference) 2.01 1.69-2.49 <0.001*
Subscapular/triceps ratio
 (1.0 unit difference) 1.89 1.22-2.93 0.004

Metabolic variables
Fasting plasma glucose
 (10 mg/dl difference) 3.25 2.54-4.17 <0.001*
Two-hour plasma glucose
 (10 mg/dl difference) 1.43 1.32-1.54 <0.001*
Fasting serum insulin
 (5 µU/ml difference) 1.60 1.49-1.71 <0.001
Impaired glucose tolerance
 (present/absent) 8.88 5.39-14.6 <0.001
Triglycerides
 (50 mg/dl difference) 1.44 1.28-1.63 <0.001
HDL cholesterol
 (5 mg/dl difference) 0.72 0.65-0.80 <0.001*

Hemodynamic variables
Systolic blood pressure
 (10 mmHg difference) 1.49 1.25-1.77 <0.001
Diastolic blood pressure
 (10 mmHg difference) 1.61 1.25-2.07 <0.001
Pulse pressure
 (10 mmHg difference) 1.35 1.08-1.69 0.008*
Heart rate
 (10 beats/min difference) 1.23 0.98-1.59 0.076
Hypertension
 (present/absent) 1.86 1.02-3.39 0.043
Hyperdynamic circulation
 (present/absent) 2.24 1.00-5.01 0.051

*Variable was statistically significant in multiple regression model that in-
cluded all variables in the table. CI, confidence interval. Data are from an age-,
gender-, and ethnicity-adjusted logistic regression analysis of the 8-year inci-
dence of NIDDM. Pulse pressure is defined as difference between systolic and
diastolic blood pressure. Hyperdynamic circulation is defined as all of the
following criteria: heart rate ≥80 beats/min, pulse pressure >50 mmHg, and
diastolic blood pressure <90 mmHg.

Source: Reference 15

Table 32.13
Prevalence of NIDDM in Mexican Americans and
Non-Hispanic Whites According to Obesity Level,
San Antonio, TX, 1979-82

Men Women

Obesity
level

MA NHW MA NHW
% No. % No. % No. % No.

Lean 6.9 87 1.8 55 2.4 83 0 76
Average 7.0 128 3.6 55 7.3 124 0 77
Obese 14.5 166 1.8 56 11.4 334 7.6 79
All levels 10.2 381 2.4 166 9.1 541 2.6 232
Ratio,
 MA/NHW 4.02 (p=0.003) 2.41 (p=0.020)

MA, Mexican American; NHW, non-Hispanic white.

Source: Reference 16
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Figure 32.5
Prevalence of NIDDM in Mexican Americans and
Non-Hispanic Whites by Level of Obesity, San Antonio,
TX, 1979-82

MA, Mexican American; NHW, Non-Hispanic white.

Source: Reference 16
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METABOLIC VARIABLES

There is considerable evidence that Mexican Ameri-
cans, like other populations at high risk for diabetes
(e.g., Pima Indians), show signs of peripheral resis-
tance to the action of insulin. In population studies,
insulin levels have often been used as a proxy for
insulin resistance. In both San Antonio and San Luis
Valley, mean serum insulin levels are higher in Mexi-
can Americans than in non-Hispanic whites19,20. The
San Luis Valley Study has also reported that Hispanics
have higher levels of C-peptide than non-Hispanic
whites20 (Table 32.14).

In addition to obesity and hyperinsulinemia, a num-
ber of other metabolic variables have been associated
with the incidence of NIDDM. For example, an analy-
sis of risk factors for development of NIDDM in the
San Antonio Heart Study was based on 844 Mexican
Americans and 641 non-Hispanic whites who were
nondiabetic at baseline15. In analyses adjusted for age,
gender, and ethnicity, the following variables were
associated with 8-year incidence of NIDDM: body
mass index, subscapular-to-triceps ratio, fasting and
2-hour plasma glucose, fasting serum insulin,
triglycerides, systolic and diastolic blood pressure,
pulse pressure (defined as the difference between sys-
tolic and diastolic blood pressure), hypertension, and
low levels of HDL cholesterol (Table 32.12). When
these variables were entered in a single stepwise mul-
tiple logistic regression model, only fasting and 2-
hour plasma glucose, body mass index, HDL choles-
terol, and pulse pressure remained significantly asso-
ciated with the incidence of NIDDM15 (Table 32.12).
The fact that fasting serum insulin level was not sta-
tistically significant when the other factors were in-
cluded in the model implies that hyperinsulinemia
and the other variables may be in the same causal
pathway in the development of NIDDM.

SOCIOCULTURAL AND BEHAVIORAL
RISK FACTORS

A number of sociocultural factors have been associ-
ated with both the prevalence and incidence of
NIDDM in Mexican Americans. A major challenge of
ongoing research programs is to identify the mediat-
ing factors that account for these relationships.

In Mexican Americans in the San Antonio Heart Study,
the incidence of NIDDM is significantly higher in
subjects with a high school education or less than in
subjects with greater than a high school education21.
When age, sex, and body mass index are also included
in a multiple logistic regression model, however, the
relationship between educational status and NIDDM
incidence becomes less clear. As shown in Table
32.15, the incidence of NIDDM is lower (but not
significantly) in Mexican Americans with more than a
high school education than in Mexican Americans
with less than a high school education, but Mexican
Americans with a high school education have a sig-
nificantly higher incidence of NIDDM than Mexican
Americans with less than a high school education
(odds ratio = 1.82, p=0.05). Among Mexican Ameri-
cans in the San Luis Valley Diabetes Study, higher
prevalence of diagnosed NIDDM was associated with
fewer years of education and smaller annual income17.
In contrast to San Antonio and San Luis Valley, neither
education level nor income was associated with the
prevalence of NIDDM determined by medical history
and OGTT among Mexican Americans examined in
the HHANES survey10.

The hypothesis that increasing levels of acculturation
to mainstream U.S. society correlate with reduced
prevalence of diabetes was examined in Mexican
Americans in the San Antonio Heart Study. Three
dimensions of adult acculturation were measured:
functional integration with mainstream society, value

Table 32.14
Mean Insulin and C-Peptide in Mexican Americans
and Non-Hispanic Whites with Normal Glucose 
Tolerance, San Luis Valley, CO, 1984-88

Serum insulin (nM) Plasma C-peptide (nM)
NHW MA p NHW MA p

Fasting 0.07 0.08 0.003 0.54 0.58 0.012
1-hour 0.47 0.52 0.013 2.46 2.72 <0.001
2-hour 0.27 0.36 <0.001 1.97 2.25 <0.001

1-hour and 2-hour values are after a 75-g glucose challenge; NHW, non-His-
panic white; MA, Mexican American.

Source: Reference 20

Table 32.15
Risk Factors for the Incidence of NIDDM in Mexican
Americans, San Antonio, TX, 1979-92

Variable Odds ratio 95% CI

Age (10-year difference) 1.47 1.16-1.86
Sex (male/female) 0.91 0.56-1.48
Body mass index 1.16 1.12-1.21
Education level

Less than high school 1.00 reference
High school 1.82 1.00-3.30
More than high school 0.76 0.39-1.49

CI, confidence interval. Data are from a multiple logistic regression analysis of
8-year incidence of NIDDM.

Source: San Antonio Heart Study
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placed on preserving Mexican cultural origin, and
attitude towards traditional family structure and sex-
role organization. In both men and women, higher
levels of acculturation were significantly associated
with a lower prevalence of diabetes22. This association
was independent of the effects of socioeconomic
status in women (Table 32.16). In men, however, the
association between acculturation and prevalence of
NIDDM became weaker and no longer achieved statis-
tical significance when socioeconomic status was in-
cluded in the model. In the HHANES Mexican Ameri-
can population, there was no significant association
between diabetes prevalence and acculturation as
measured either by three measures of language prefer-
ence or by an eight-factor acculturation scale that
incorporated language preference, birthplace, and
ethnic identification of the subject and his/her par-
ents10.

The relation between physical activity and diabetes
has been examined in several Hispanic populations.
In the HHANES survey, the prevalence of diabetes in
Mexican Americans declined with increasing occupa-
tional physical activity after controlling for age and
obesity10. However, no significant association was ap-
parent in either the Cuban or Puerto Rican groups.

The relation between diet and NIDDM in Mexican
Americans has been examined in the San Luis Valley
Diabetes Study. The amount of dietary fat and carbo-

hydrate intake, as determined by 24-hour recall, was
compared among 70 subjects with newly diagnosed
NIDDM, 171 subjects with impaired glucose toler-
ance, and 1,076 subjects with normal glucose toler-
ance23. Subjects with newly diagnosed NIDDM and
impaired glucose tolerance had higher fat consump-
tion and lower carbohydrate consumption than sub-
jects with normal glucose tolerance, with the differ-
ences between impaired and normal glucose tolerance
groups achieving statistical significance at the .05
level (Table 32.17). After taking physical activity lev-
els into account, subjects with newly diagnosed
NIDDM were 2.66 times more likely to report a 40 g
per day or higher fat intake than subjects with normal
glucose tolerance, and subjects with impaired glucose
tolerance were 2.17 times more likely to report a 40 g
per day or higher fat intake23. The association of die-
tary fiber intake with NIDDM was also investigated
among Hispanic and Anglo participants of the San
Luis Valley Diabetes Study24. Dietary fiber intake was
higher among persons with known NIDDM than
among nondiabetic subjects. This result may have
been due to changes in the diet that occurred after
onset of NIDDM, however, since there was little dif-
ference in fiber intake between subjects with newly
diagnosed NIDDM and normal controls. 

Table 32.16
Relation of Acculturation and Socioeconomic Status to Prevalence of NIDDM, San Antonio, TX, 1979-82

Odds ratio 95% CI

Estimated prevalence (%) of NIDDM
according to sociocultural stratum

Lowest stratum Highest stratum

Men
Univariate analyses

Socioeconomic status adjusted for age 0.94 0.73-1.21 16.5 14.1
Functional integration adjusted for age 0.75 0.59-0.96 22.7 11.1*

Multivariate analyses
Socioeconomic status adjusted for
 functional integration not significant
Functional integration adjusted for
 socioeconomic status not significant

Women
Univariate analyses

Socioeconomic status adjusted for age 0.64 0.48-0.85 13.2 3.8*
Functional integration adjusted for age 0.63 0.48-0.82 15.2 4.4**

Multivariate analyses
Socioeconomic status adjusted for
 functional integration 0.76 0.55-1.02 10.5 4.8
Functional integration adjusted for
 socioeconomic status 0.73 0.54-0.99 11.9 5.0*

*p<0.05; **p<0.001. Functional integration defined as functional integration with mainstream society; prevalences are age-adjusted. CI, confidence interval.

Source: Reference 22
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GENETIC FACTORS 

In Mexican Americans as in other populations, there
is a strong degree of familial aggregation of diabetes.
In San Antonio, the prevalence of NIDDM was deter-
mined in 375 relatives of NIDDM probands25. Among
first-, second-, and third-degree relatives of the dia-
betic probands, the prevalence of NIDDM diagnosed
by WHO criteria was 28.2%, 13.3%, and 11.1%, re-
spectively. These rates were 2.0-fold, 1.3-fold, and
1.1-fold higher than the corresponding rates for Mexi-
can Americans reporting no parental history of diabe-
tes. Interestingly, diabetes prevalence was twice as
high in the first-degree relatives of early onset pro-
bands (age at onset <40 years) compared with first-de-
gree relatives of late onset probands (age at onset ≥40
years) (47% versus 24%, p<0.001). 

It has been hypothesized that Amerindian popula-
tions are enriched with diabetogenic genes and that
the high prevalence of NIDDM observed in Mexican
Americans may be related to their Amerindian ances-
try. There is a reasonably strong ecologic correlation
between the degree of Amerindian admixture in a
population and the prevalence of NIDDM for that
population26 (Figure 32.6). Among Mexican Ameri-
cans in San Antonio, the degree of Amerindian admix-
ture as estimated from skin reflectance was 46%, 27%,
and 18% for Mexican Americans residing in the bar-
rio, transitional, and suburban neighborhoods, re-
spectively27. The decline in admixture across these
neighborhoods corresponds closely with the decline
in NIDDM prevalence.

Amerindian admixture was estimated from a panel of
17 polymorphic red blood cell and serum protein
markers in subjects with normal glucose tolerance, in
subjects with impaired glucose tolerance, and in sub-
jects with NIDDM in San Antonio28. Consistent with
the skin reflectance analyses27, Amerindian admixture
was highest in the barrio, intermediate in the transi-
tional neighborhoods, and lowest in the suburbs (Ta-
ble 32.18). In all neighborhoods combined, mean

Table 32.18
Proportion of Amerindian Genes in Mexican 
Americans, San Antonio, TX, 1979-85

Diabetes
status Barrio Transitional Suburb Total

Males
NIDDM 43.5±4.5 28.5±4.8 17.8±6.6 31.5±2.6
IGT 41.9±2.4 32.1±2.1 20.1±1.5 30.2±1.4
Normal GT 40.9±2.0 20.7±1.3 22.3±1.6 28.7±1.3
Total 41.7±1.5 25.2±1.4 20.3±1.3 29.3±1.0

Females
NIDDM 44.5±3.4 28.4±5.8 36.6±6.9 41.1±4.6
IGT 39.8±2.0 32.0±1.2 16.2±1.7 31.1±1.2
Normal GT 48.2±2.0 35.8±1.3 17.3±1.6 35.0±1.3
Total 45.1±1.4 33.0±1.2 17.2±1.3 34.0±1.0

IGT, impaired glucose tolerance; Amerindian proportion was detected by 17
polymorphic blood group and protein enzyme loci.

Source: Reference 28
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Relationship of Native American Genetic 
Admixture to NIDDM Prevalence

The populations are 1) Pima Indians in Arizona; 2) Seminole Indians in Florida;
3) Seminole Indians in Oklahoma; 4) Cherokee Indians in North Carolina; 5)
barrio Mexican-American men; 6) transitional Mexican-American men; 7) sub-
urban Mexican-American men; 8) barrio Mexican-American women; 9) transi-
tional Mexican-American women; 10) suburban Mexican-American women
(groups 5-10 are from the San Antonio Heart Study); 11) Mexican Americans in
Starr County, TX; 12) non-Hispanic whites from the San Antonio Heart Study;
13) Hispanics in Colorado; 14) Puerto Ricans in Puerto Rico.

Source: Reference 26

Table 32.17
Dietary Intake According to Glucose Tolerance
Status, San Luis Valley, CO, 1984-88

Newly
diagnosed
NIDDM
 (n=70)

Impaired
glucose

tolerance
(n=171)

Normal
glucose

tolerance
(n=1,076)

No. kilocalories/day 1,943.3±100.7 1,798.4±64.3 1,877.9±25.9 
Fat

g/day 83.7±2.3 84.2±1.5* 80.9±0.6
% of calories 39.2±1.1 39.8±0.7* 38.1±0.3

Carbohydrate
g/day 189.5±6.1 187.3±3.9* 197.3±1.6
% of calories 45.1±1.3 44.3±0.9* 46.6±0.3

Protein
g/day 73.8±2.5 73.2±1.6 70.5±0.7
% of calories 15.7±0.6 16.1±0.4 15.5±0.2

*p<0.05 compared with normal glucose tolerance. Mean dietary intake is
adjusted for age, sex, ethnicity, and kilocalories.

Source: Reference 23

642



Amerindian admixture was higher in diabetic persons
than in nondiabetic persons, although the results
were not consistent across all neighborhoods. Overall,
men with impaired glucose tolerance had a mean
Amerindian admixture that was intermediate between
that of men with NIDDM and men with normal glu-
cose tolerance, but this was not true for women.

While admixture analyses provide support for the
hypothesis that Amerindian genes influence suscepti-
bility to NIDDM, this analytic approach suffers from
the limitation that the observed associations are eco-
logical in nature. In San Antonio, for example, the
most admixed neighborhoods (the barrio) differ sub-
stantially from the least admixed neighborhoods (the
suburbs) in a variety of socioeconomic and sociocul-
tural variables. It is thus difficult to determine whether
the observed differences in NIDDM are attributable to
admixture or to other confounding variables.

In the San Antonio Heart Study, an association has
been reported between NIDDM and the distribution
of phenotypes for both the Rhesus blood group and
haptoglobin29. The former association is interesting in
view of the fact that sib-pair analyses from the San
Antonio Family Diabetes Study have revealed evi-
dence for possible linkage between 2-hour insulin
levels and the Rh blood group locus30. In the San Luis
Valley Diabetes Study, however, there was no evidence
for a population level association between Rh blood
group and NIDDM31.

Associations have also been reported between NIDDM
and polymorphisms at loci which are of special inter-
est because of their involvement in glucose and carbo-
hydrate metabolism. One such association was ob-
served among Mexican Americans from the San Anto-
nio Heart Study, where the frequency of a 3.4 kb DNA
restriction fragment length polymorphism (RFLP) of
the insulin receptor gene was present in 42.8% of
diabetic persons, but in only 17.7% of nondiabetic
subjects32. Population level associations such as this
should be interpreted cautiously, however. The fre-
quency of this 3.4 kb allele is reported to be 34% in
Pima Indians33 and the allele is totally absent in non-
Hispanic whites32,33. These population differences
raise the possibility that the association between this
allele and NIDDM in the San Antonio Study may
simply reflect a greater degree of Amerindian admix-
ture among diabetic Mexican Americans relative to
nondiabetic Mexican Americans. 

In the Starr County population, polymorphic length
variation in the signal peptide of the apolipoprotein B
(apoB) gene was described, and individuals who were
homozygous for one of the alleles had elevated plasma

glucose levels relative to other individuals34. However,
there was no association between this allele and
plasma glucose levels in a sample of French whites. In
the San Luis Valley Diabetes Study, an association was
reported between the mean level of fasting glucose
and polymorphisms of GC, the vitamin D binding
protein of human plasma35.

It seems reasonable to expect that genes associated
with diabetes susceptibility will influence traits that
precede the onset of clinical NIDDM. Among nondia-
betic participants in the San Antonio Heart Study,
fasting serum insulin concentration was significantly
higher in nondiabetic subjects reporting that both
parents had diabetes (87.6 pmol/L) than in subjects
reporting that neither parent had diabetes (71.7
pmol/L)36. In the San Antonio Family Diabetes Study,
nondiabetic first-degree relatives of diabetic probands
had significantly higher body mass indexes than non-
diabetic second-degree family members (29.7 versus
27.5 kg/m2), implying that the diabetes genes also
influence the accumulation of body fat long before the
development of diabetes37.

Evidence that a major gene influences 2-hour post-
challenge insulin levels has been observed among 641
pedigreed members of 45 randomly ascertained Mexi-
can-American families in San Antonio38. Using com-
plex segregation analysis, an autosomal dominant ma-
jor gene best described the inheritance of 2-hour in-
sulin levels in these families. Eighty-four percent of
the population was heterozygous or homozygous for
the high insulin allele, and the major gene accounted
for ~30% of the variation in 2-hour insulin levels.

There are considerably fewer data concerning the
epidemiology of IDDM in Hispanic Americans than
there are for NIDDM. One of the first incidence stud-
ies of IDDM that included Hispanics was conducted in
San Diego, CA in 1978-8139. Although the number of
cases in the non-Anglo ethnic groups was small, this
study suggested that Mexican-American children had
a lower incidence of IDDM than non-Hispanic white
children.

A major source of data on IDDM in Hispanics is the
Colorado IDDM Registry, which was developed to
identify all newly diagnosed cases of IDDM in Colo-
rado. During 1978-83, the incidence of IDDM state-
wide among children age 0-17 years was estimated to
be 15.2 per 100,000 per year, a rate similar to other
populations in the United States40. Ethnic compari-

IDDM IN HISPANICS
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sons of these data revealed a 50%-70% lower inci-
dence in Hispanics compared with non-Hispanic
whites41,42. During 1978-88, IDDM incidence in each
age group in Hispanics was lower than in the non-
Spanish origin population, although for the age group
10-17 years, the 95% confidence intervals overlapped
particularly for females (Table 32.19). While Hispan-
ics of both sexes had a lower incidence of IDDM than
non-Hispanic whites, the differential was larger for
males than for females (Figure 32.7). After adjusting
for age, non-Hispanic males had a 2.3-fold greater
incidence of IDDM, while non-Hispanic females had a
1.4-fold excess of IDDM. Among non-Hispanics,
IDDM incidence was slightly higher in males than in
females, whereas Hispanic females had a higher inci-
dence than Hispanic males (10.5 per 100,000 per year
in Hispanic females versus 7.1 per 100,000 per year in
Hispanic males)42.

Comparisons made from the Colorado IDDM registry
do not provide any evidence that the clinical charac-
teristics of IDDM cases differ between Hispanic and
non-Hispanic white children. For example, in neither
boys nor girls were there marked differences in insulin
dose, level of HbA1, distribution of HLA-DR antigens,
or level of islet cell antibodies. Compared with non-
Hispanic white girls with IDDM, however, Hispanic
girls with IDDM had higher body mass index,
subscapular skinfold thickness, waist-to-hip ratio,
and C-peptide level. Hispanic ethnicity, however, ac-
counted for just 3% of the overall variability in C-pep-
tide levels after controlling for diabetes duration, age,

sex, and fatness43. In several other populations, differ-
ences in HLA-DR antigens and haplotype frequencies
have been reported between Hispanics and non-His-
panic whites, with the IDDM-associated HLA antigens
observed more frequently among non-Hispanic
whites44-46.

Most mortality data on Hispanic Americans pertains
specifically to Mexican Americans and, to a lesser
extent, Puerto Ricans. Moreover, since these data are
derived principally from vital statistics, they relate to
mortality in the overall population rather than to
mortality in diabetic subjects, per se. To obtain the
latter, cohort data, which are much more limited, are
necessary. 

ALL-CAUSE MORTALITY IN THE TOTAL
POPULATION

Despite their high rate of NIDDM, all-cause mortality
in Mexican-American adults is not excessive relative
to non-Hispanic whites. Table 32.20 compares age-
specific and age-adjusted mortality derived from
1979-81 vital statistics for Texas for Mexican Ameri-
cans and non-Hispanic whites age ≥35 years47. It is
apparent that there is little if any excess mortality in
Mexican Americans. (At age <45 years, all-cause mor-
tality is higher in Mexican American men, but this
excess is principally due to trauma, homicides, etc.) It
has also been reported that life expectancy at attained
ages of 0, 15, 40, and 65 years among Spanish-sur-
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Figure 32.7
Incidence of IDDM in Colorado by Ethnic Group,
1978-88

Source: Reference 42

Table 32.19
IDDM Incidence in Colorado According to Ethnic
Group, 1978-88

Non-Hispanics Hispanics

Age
(years)

No. of
cases Rate 95% CI

No. of
cases Rate 95% CI

Males
0-4 120 10.1 8.4-12.1 12 4.9 2.5-8.6
5-9 199 18.8 6.3-21.6 10 4.4 2.1-8.1

10-14 241 22.5 19.8-25.5 25 12.0 7.8-17.8
15-17 94 12.9 10.4-16.0 9 6.7 3.1-12.7
Total 654 16.2 14.9-17.5 56 6.9 5.2-9.0

Age-adjusted 16.4 15.1-17.7 7.1 5.4-9.3
Females

0-4 82 7.3 5.8-9.1 8 3.4 1.5-6.7
5-9 178 17.6 15.2-20.4 25 11.7 7.6-17.3

10-14 228 22.4 19.8-25.4 37 18.3 12.8-25.4
15-17 56 8.1 6.2-10.5 9 7.0 3.2-13.3
Total 544 14.1 13.0-15.4 79 10.1 8.0-12.6

Age-adjusted 14.5 13.0-15.7 10.5 8.4-13.1

Rate is per 100,000 population in the age group per year; CI, confidence interval.

Source: Reference 42 
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named individuals in California is virtually identical
to life expectancy among non-Hispanic whites48.
These results are in marked contrast to African Ameri-
cans, whose life expectancies at these same ages are
substantially less than among non-Hispanic whites.
All-cause mortality has also been examined for the
"Spanish-origin" population of Suffolk County, NY,
which is predominantly Puerto Rican49. Compared
with the "all whites" population of the county, the
standardized mortality ratio for all-cause mortality in
Puerto Ricans is significantly less than 1.0 (Table
32.21). Finally, based on the U.S. National Death In-
dex, standardized mortality ratios are consistently be-
low 1.0 for the three major Hispanic subgroups, Mexi-
can American, Cuban American, and Puerto Rican50.

MORTALITY IN DIABETIC SUBJECTS

Table 32.22 presents age-adjusted mortality with dia-
betes listed as the underlying cause of death derived
from vital statistics data from New Mexico for the
years 1958-8751. There are rising trends in diabetes
mortality in both sexes and in all three ethnic groups,
especially in Hispanics and Native Americans, whose
rates, at least after 1967, far exceed those observed in
non-Hispanic whites. Limitations of these data in-
clude the fact that only 55% of the death certificates
that mention diabetes listed it as the underlying cause
of death. Also, growing physician awareness of diabe-
tes as an important public health problem in Hispan-
ics and Native Americans could have contributed to

increasing mentions of diabetes as a cause of death on
death certificates.

Cohort data are presented in Table 32.23, which
shows 8-year crude and age-adjusted all-cause mortal-
ity rates from the San Antonio Heart Study. Mortality
among diabetic persons was increased in both ethnic
groups. The relative risks associated with diabetes
were nearly identical in non-Hispanics whites and
Mexican Americans (2.64 and 2.67, respectively). The
age-adjusted all-cause mortality rates for diabetic and
nondiabetic persons combined was slightly, but not
significantly, higher in Mexican Americans than in
non-Hispanic whites (1.8% versus 1.4%).

Additional cohort data have been reported from Starr
County, TX52. A population-based cohort consisting of
353 Mexican Americans with NIDDM was followed
for a mean duration of 8 years, during which 67
deaths were recorded. Table 32.24 shows the distribu-
tion of causes of death in 55 of the individuals for
whom death certificates were obtained. Of note is the
fact that, among these known diabetic persons, diabe-
tes was mentioned on the death certificate in only

Table 32.21
Standardized Mortality Ratios for Deaths in Hispanics,
Suffolk County, NY, 1979-83

Underlying cause of
death (ICD codes) Sex

Observed
no.

Expected
no. SMR

All causes Male
Female

513
392

642.2
523.9

0.80
0.75

Infectious diseases
 (001-139)

Male
Female

13
5

5.3
4.5

2.43
1.12

All neoplasms (140-239) Male
Female

105
91

152.5
145.8

0.69
0.62

Diabetes mellitus (250) Male
Female

8
19

10.2
11.0

0.79
1.73

Ischemic heart disease
 (410-414)

Male
Female

130
196

197.2
150.6

0.66
0.70

Pulmonary circulation
 (415-429)

Male
Female

26
25

28.7
25.9

0.90
0.97

Cerebrovascular diseases
 (430-438)

Male
Female

27
31

31.3
43.5

0.86
0.71

Respiratory system
 (460-519)

Male
Female

26
15

31.3
22.1

0.83
0.68

Chronic liver disease (571) Male
Female

12
7

14.1
9.8

0.85
0.71

Accidents (E800-929) Male
Female

54
27

61.7
23.2

0.88
1.16

Suicide (E950-959) Male
Female

11
3

15.6
6.0

0.71
0.50

Homicide (E960-969) Male
Female

15
3

6.0
2.8

2.48
1.08

Expected number of deaths is computed on the basis of age- and sex-specific
death rates for "all whites" in Suffolk County; SMR, standardized mortality
ratio, is the ratio of observed to expected number of deaths.

Source: Reference 49

Table 32.20
All-Cause Mortality Rate for Mexican Americans and
Non-Hispanic Whites, Texas, 1979-81

Age
(years)

Mexican
Americans

Non-Hispanic
whites

Ratio,
MA/NHW

Men
35-44 340 269 1.26
45-54 720 712 1.01
55-64 1,545 1,733 0.89
65-74 3,717 3,969 0.94

≥75 9,397 10,514 0.89
Age-adjusted 2,013 2,170 0.93

Women
35-44 134 145 0.92
45-54 340 374 0.91
55-64 885 833 1.06
65-74 2,145 1,880 1.14

≥75 7,335 7,386 0.99
Age-adjusted 1,294 1,260 1.03

Mortality is expressed as the average annual number of deaths per 100,000
persons in the age group per year. MA, Mexican American; NHW, Non-His-
panic white.

Source: Reference 47
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25.5% of cases, and in no case was it listed as the
underlying cause of death. Heart disease was over-
whelmingly the most common cause of death, ac-
counting for 60.0%-72.7% of all deaths, and cere-
brovascular disease accounted for another 12.7%-
23.6% of deaths. This is in marked contrast to San
Antonio, where heart disease and cerebrovascular dis-
ease combined accounted for only 37.1% (13/35) of
deaths among diabetic persons. One probable factor
contributing to this discrepancy is that the mean age
at baseline of diabetic decedents in Starr County was
64 years, whereas in San Antonio it was only 54 years.
It is also noteworthy that baseline glucose and gly-
cated hemoglobin levels were virtually identical in the
Starr County diabetic persons who died and those

who survived (10.6 mM versus 10.6 mM for glucose
and 10.7% versus 10.8% for glycated hemoglobin).
Disease duration was longer in those who died (9.6
versus 5.9 years), but this difference disappeared after
adjusting for the presence of diabetic retinopathy. 

MYOCARDIAL INFARCTION

The prevalence of myocardial infarction (MI) has been
reported for Mexican Americans and non-Hispanic
whites who participated in the San Antonio Heart
Study53. In both sexes and both ethnic groups, diabe-
tes was associated with an increased prevalence of MI
ascertained either by Minnesota-coded EKGs or by
self-report of a physician-diagnosed MI (Table 32.25).
Mexican-American men, whether diabetic or not, had
a lower prevalence of MI, although this ethnic differ-
ence was not statistically significant. A similar ethnic
difference was not seen in women. Thus, the sex-eth-
nic pattern of MI prevalence parallels the pattern for
cardiovascular mortality53. Similar results were re-
ported from the San Luis Valley Diabetes Study in
southern Colorado in that Hispanics tended to have a
lower prevalence of MI than non-Hispanic whites54

(Table 32.26). A difference between these results and
the San Antonio results was that the deficit in Hispan-
ics was present in both men and women with diabetes
and in men with impaired glucose tolerance. 

Table 32.23
Eight-Year Mortality in Mexican Americans and 
Non-Hispanic Whites, San Antonio, TX, 1979-90

Mexican
Americans

Non-Hispanic
whites

Diabetic Nondiabetic Diabetic Nondiabetic

Number of subjects 249 1,713 75 1,054
Mean age (years) 52.3 41.3 55.2 44.9
Crude mortality (%) 12.9 1.8 8.0 3.1
Age-adjusted
 mortality (%) 4.0 1.5 3.7 1.4
Mortality ratio,
 DM/nonDM 2.67 2.64

Mortality rates are adjusted to the mean age of the overall population (43.8
years) by multiple logistic regression analysis.

Source: San Antonio Heart Study

Table 32.22
Mortality from Diabetes Listed as the Underlying Cause, U.S. and New Mexico, 1958-87

1958-62 1963-67 1968-72 1973-77 1978-82 1983-87
Men

U.S. whites 15.3 15.8 17.1 14.6 13.0 12.5 
New Mexico 

Non-Hispanic whites 12.0
(118)

13.3
(157)

13.4
(156)

12.2
(166)

18.0
(293)

16.2 
(295) 

Hispanic whites 10.5
(55)

16.0
(92)

23.0
(136)

21.8
(143)

27.9
(203)

25.3*
(205) 

American Indians 11.6
(10)

10.5
(10)

26.2
(28)

24.9
(30)

22.4
(29)

40.5*
(57) 

Women
U.S. whites 18.5 17.6 17.8 14.4 12.3 11.6*
New Mexico

Non-Hispanic whites 13.5
(154)

9.6
(145)

12.0
(184)

12.3
(216)

15.0
(329)

15.7 
(388) 

Hispanic whites 15.7
(84)

19.8
(120)

27.3
(167)

24.5
(170)

28.6
(234)

33.3*
(305) 

American Indians 6.6
(5)

7.7
(7)

26.0
(26)

18.0
(20)

32.2
(46)

42.9*
(65) 

*p<0.05 using linear regression to assess temporal trends. Values are age-adjusted rates per 100,000 with number of deaths in parentheses.

Source: Reference 51
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PERIPHERAL VASCULAR DISEASE

Mexican Americans with NIDDM appear to have an
increased prevalence of peripheral vascular disease,
although this condition represents both a micro- and
a macrovascular complication. In the San Antonio
study, ankle-arm blood pressure ratios were measured
by Doppler ultrasound using the brachial artery and
either the posterior tibial or dorsalis pedis artery on
each leg55. Peripheral vascular disease was considered
to be present if any of the four ratios was <0.95. For
subjects with NIDDM, the odds of peripheral vascular
disease for Mexican Americans compared with non-
Hispanic whites was 1.84, although this excess was
not statistically significant (Table 32.27).

HYPERGLYCEMIA

In the San Antonio Heart Study, diabetic Mexican
Americans had higher levels of glycemia, a major risk
factor for microvascular complications, than diabetic
non-Hispanic whites56. This led to the hypothesis that
the former group would also have higher rates of
microvascular complications, since these complica-
tions are generally considered to be glycemia depend-
ent. It is not known whether the ethnic difference in
glycemia observed in San Antonio has a genetic or an
environmental or lifestyle basis. The latter could in-
clude access to and quality of health care. A point
against the health care explanation is the fact that in
San Antonio, among diabetic persons newly discov-
ered at the time of their survey visit, Mexican Ameri-

Table 32.25
Age-Adjusted Percent with Myocardial Infarction, San Antonio, TX, 1979-88

Diabetic Nondiabetic Diabetes adjusted ethnic odds ratio
MA NHW MA NHW MA/HNW 95% CI p

Men
ECG 13.5 19.8 3.2 4.6 0.65 0.37-1.15 0.14
Self-reported 12.6 13.3 3.1 4.0 0.79 0.51-1.22 0.29
Either 21.6 29.9 5.6 8.2 0.65 0.41-1.03 0.06
Both 4.8 2.6 0.5 1.8 0.58 0.21-1.59 0.29

Women
ECG 6.3 4.5 1.8 1.1 1.49 0.65-3.33 0.34
Self-reported 4.2 7.2 1.1 1.2 0.99 0.52-1.89 0.96
Either 10.7 11.7 3.1 2.5 1.24 0.68-2.26 0.49
Both 0.0 0.0 0.2 0.1 Too few events 

MA, Mexican American; NHW, non-Hispanic white; CI, confidence interval; ECG, electrocardiogram.

Source: Reference 53

Table 32.24
Percent Distribution of Deaths Based on Death Certificates, U.S. (1988) and Starr County, TX (1981-92)

U.S. population Deaths in Starr County individuals with NIDDM*

Cause of death
(ICD 9-CM codes)

Underlying cause,
 percent of total deaths

Underlying cause of death Underlying or contributing cause
No. % of total No. % of total

Heart disease (390-398, 402, 404-429) 35.3 33 (36) 60.0 (53.7) 40 72.7
Malignant neoplasms (140-208) 22.4 3 (4) 5.5 (6.0) 4 7.3
Cerebrovascular disease (430-438) 6.9 7 (7) 12.7 (10.4) 13 23.6
Accidents (E800-E949) 4.5 0 (4) 0 (6.0) 0 0
COPD (490-496) 3.8 0 (0) 0 (0) 1 1.8
Pneumonia and influenza (480-487) 3.6 0 (0) 0 (0) 0 0
Diabetes mellitus (250) 1.9 0 (2) 0 (3.0) 14 25.5
Suicide (E950-E959) 1.4 1 (1) 1.8 (1.5) 1 1.8
Liver disease (571) 1.2 0 (0) 0 (0) 2 3.6
Nephritis (580-589) 1.0 1 (2) 1.8 (3.0) 6 10.9
All other 18.0 10 (15) 18.2 (22.4) 30 54.5

COPD, chronic obstructive pulmonary disease; numbers in parentheses include both death certificates results and interview results.

Source: Reference 52
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cans were still more hyperglycemic than non-Hispanic
whites, i.e., even before differential health care could
have had an impact. Plasma glucose values for
HHANES, the San Luis Valley Study, and the San
Antonio Study are shown in Appendix 32.1.

RETINOPATHY

In the San Antonio Heart Study, seven-field stereo-
scopic fundus photographs were taken of each eye by
certified photographers, and these were graded by the
University of Wisconsin Fundus Photographic Read-
ing Center. As predicted by their greater degree of
hyperglycemia, diabetic Mexican Americans had a
higher prevalence of retinopathy than diabetic non-
Hispanic whites57. Figure 32.8 shows the prevalence
of any grade of retinopathy (background, preprolifera-
tive, and proliferative) and Figure 32.9 shows the
prevalence of severe retinopathy (preproliferative and
proliferative) according to ethnic group and diabetes
duration. The prevalence of retinopathy increases
with increasing duration in both ethnic groups, but
for any given duration Mexican Americans with dia-
betes have a higher prevalence than non-Hispanic
whites with diabetes. Mexican Americans with diabe-
tes diagnosed prior to the survey (previously diag-
nosed) also had a two- to threefold higher prevalence
of diabetic retinopathy than previously diagnosed
non-Hispanic whites with diabetes in the Wisconsin

Table 32.27
Ethnic Differences in Peripheral Vascular Disease
in NIDDM, San Antonio, TX, 1984-88

Mexican
Americans

Non-Hispanic
whites Odds

ratioNo. % No. % 95% CI

Male 140 16.9 38 10.0 1.83 0.51-6.61
Female 225 14.7 42 8.6 1.84 0.53-6.41
Ethnic odds ratio 1.84 0.75-4.49
Sex effect NS NS

CI, confidence interval; odds ratio is the Mexican American/non-Hispanic
white Mantel-Haenszel odds ratio.

Source: Reference 55

Table 32.26
Prevalence of Coronary Heart Disease Endpoints, Age 25-74 Years, San Luis Valley, CO, 1984-88

Men Women

CHD
endpoint

Normal IGT NIDDM Normal IGT NIDDM
No. % No. % No. % No. % No. % No. %

Heart attack
Hispanic
NHW

16
17

6.7
4.8

5
6

8.8
11.6*

8
14

5.6†
12.3**

1
8

0.4
2.0

2
1

2.5
1.4

8
5

2.8*
4.4

Angina
Hispanic
NHW

17
17

8.0
5.4

1
3

2.6
7.7

7
5

6.1
5.7

16
14

7.3†
4.0

4
3

6.8
5.8

25
6

13.0
8.2

Ischemic ECG
Hispanic
NHW

27
31

12.5
9.7

6
8

13.3
19.0*

17
16

14.2
16.7*

32
53

14.9
15.5

13
10

20.9
18.3

40
21

18.5
25.5**

Asymptomatic
 ischemic ECG

Hispanic
NHW

11
14

5.2
4.5

1
3

2.4
7.4

14
7

12.2**
7.7

22
40

10.3
11.8

10
8

16.7
15.3

28
14

13.6
17.8

Probable MI
Hispanic
NHW

6
9

2.6
2.7

2
2

4.5
4.9

2
6

1.7 
5.5

2
7

0.8
1.9

0
0

0.0
0.0

5
4

1.8
3.7

Possible MI
Hispanic
NHW

34
40

16.3
12.8

7
7

18.0
18.1

13
23

11.3††
26.5**

19
24

8.7
7.0

7
5

11.6
9.5

25
11

12.4
14.2

Overall CHD
Hispanic
NHW

61
70

29.7
23.1

11
14

29.1
37.7*

33
31

29.7
36.9**

70
83

32.6
24.6

21
20

36.4
40.1**

84
36

44.5**
50.6**

*p<0.1, **p<0.05 for comparison with the normal glucose tolerance group. †p<0.1, ††p<0.05 for the comparison with non-Hispanic whites.  Data are age-adjusted
prevalences. IGT, impaired glucose tolerance; NHW, non-Hispanic white; CHD, coronary heart disease; ECG, electrocardiogram; MI, myocardial infarction. Heart attack,
subject has been told by a physician that he/she had had a heart attack; angina pectoris, Rose questionnaire; ischemic ECG, Whitehall criteria, Minnesota codes 1.1-1.3 or
7.1 or 4.1-4.3 or 5.1-5.3; asymptomatic ischemic ECG, ischemic ECG without history of heart attack, angina, MI pain, or exertional chest pain; probable MI, Minnesota
codes 1.1-1.2 or 7.1; possible MI, history of heart attack or pain of MI or Minnesota codes 1.1-1.2; overall CHD, any of the above or nitrate use or exertional chest pain.

Source: Reference 54
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Epidemiologic Study of Diabetic Retinopathy
(WESDR)57. Multivariate analysis showed that, in ad-
dition to duration of diabetes, level of glycemia was a
risk factor for diabetic retinopathy, although age and
systolic blood pressure were not (Table 32.28). Even
after controlling for these risk factors, however, reti-
nopathy was significantly more common in diabetic
Mexican Americans than in diabetic non-Hispanics by
a factor of two to three. Among previously diagnosed
diabetic persons who were on hypoglycemic treat-
ment, insulin use was also a risk factor for retinopathy,
probably because its use implied greater disease sever-
ity. Contrary to expectation, lower socioeconomic
status was not a risk factor for retinopathy among
Mexican Americans with diabetes58. The impact on

diabetic retinopathy of risk factors such as age, gen-
der, diabetes duration, level of glycemia, type of ther-
apy, and blood pressure was similar in Mexican Ameri-
cans with diabetes in San Antonio and non-Hispanic
whites with diabetes in the WESDR, with the possible
exception of systolic blood pressure, which was statis-
tically significant in the WESDR population but not in
Mexican Americans59. Thus, the excess of retinopathy
in diabetic Mexican Americans in San Antonio does
not appear to be due to a greater susceptibility to the
standard risk factors.

In the San Luis Valley Study in southern Colorado,
fundus photographs were obtained and graded using
the same protocol as the San Antonio Heart Study. The
results, however, were very different from those in San
Antonio. In Colorado, the prevalence of diabetic reti-
nopathy was lower in Hispanics than in non-Hispanic
whites60 (Figure 32.10). After adjustment for various
retinopathy risk factors, the odds of retinopathy in
diabetic Mexican Americans compared with diabetic
non-Hispanic whites fell to 0.40, which was highly
statistically significant (Table 32.29). As in San Anto-
nio, insulin use and glycemia (assessed as glycated
hemoglobin in the Colorado study) were significantly
associated with retinopathy. However, the Colorado
study differed from the San Antonio study in that
diabetes duration was not significantly associated
with retinopathy, but systolic blood pressure was. The

Table 32.28
Risk Factors for Retinopathy in Previously Diagnosed
NIDDM, San Antonio, TX, 1984-88

Any retinopathy Severe retinopathy

Risk factor OR 95% CI OR 95% CI

Ethnic group
 (MA vs. NHW) 1.65 0.91-2.99 2.91* 1.30-6.51
Duration of diabetes

<10 years 1.00 1.00
>10 years 3.31† 1.71-6.44 5.51† 1.36-11.4

Glucose sum
Low 1.00 1.00 
Medium 2.08 0.95-4.59 1.50 0.53-2.16
High 5.01† 3.29-10.9 3.01* 1.12-8.08

Age (10-years intervals) 1.12 0.75-1.68 0.99 0.59-1.42
Systolic blood pressure 

Low 1.00 1.00
Medium 0.75 0.34-1.66 0.89 0.35-2.24
High 1.36 0.50-3.71 1.87 0.77-4.56

Therapy 
None 1.00 1.00
Oral agents 1.76 0.92-3.39 1.92 0.85-4.42
Insulin 3.00‡ 1.27-7.12 3.20‡ 1.31-10.0

*p<0.01, †p<0.001, ‡p<.05. Data were calculated by multiple logistic regres-
sion analysis; OR, odds ratio; CI, confidence interval; MA, Mexican American;
NHW, non-Hispanic whites from the Wisconsin Epidemiology Study of Dia-
betic Retinopathy (WESDR).

Source: Reference 57

Newly
Diagnosed

Previously
Diagnosed

    

Previously
Diagnosed

    

0

20

40

60

80

Mexican Americans
Non-Hispanic White

24/147

3/34

39/59

4/15

0/7
2/51

(<10 Years) ($10 Years)

Figure 32.9
Prevalence of Severe Retinopathy by Duration of
NIDDM and Ethnic Group, San Antonio, TX

Source: Reference 57

Newly
Diagnosed

Previously
Diagnosed

    

Previously
Diagnosed

    

0

20

40

60

80

100
Mexican Americans
Non-Hispanic whites

(<10 Years) ($10 Years)

57/147

10/34

7/15

50/59

1/78/15

Figure 32.8
Prevalence of Any Retinopathy by Duration of NIDDM
and Ethnic Group, San Antonio, TX

Source: Reference 57

649



Colorado investigators carried out detailed analyses
and concluded that the discrepancy between their
results and the San Antonio results was genuine and
not an artifact caused by different definitions or differ-
ences in disease duration. The ethnic differences are
highly dependent on the rates of retinopathy in non-
Hispanic whites, which constitute the denominator
for the rate comparisons. Because of its much larger
number of diabetic persons, the WESDR population
provides the most definitive retinopathy rates for non-
Hispanic whites, although this study did not include
newly diagnosed diabetics. The discrepancy between

the Colorado and San Antonio retinopathy results
appears to be due more to a low rate of retinopathy in
San Antonio non-Hispanic whites than to a high rate
in Colorado non-Hispanic whites61(Table 32.30).
However, even when compared with WESDR non-
Hispanic whites, San Antonio Mexican Americans
have more retinopathy57. A possible clue to resolving
this dilemma is that in Colorado the average glycated
hemoglobin levels were similar in Hispanic and non-
Hispanic whites with diabetes (10.6% and 10.3%),
whereas in San Antonio, diabetic Mexican Americans
were clearly more hyperglycemic than diabetic non-
Hispanic whites56.

Results from the 1988-91 phase of NHANES III are
similar to those from San Antonio in that blacks and
Mexican Americans with previously diagnosed
NIDDM had a higher prevalence of retinopathy than
non-Hispanic whites with NIDDM62. These results are
presented in Figure 32.11 according to diabetes dura-
tion and in Figure 32.12 according to severity of reti-
nopathy.

In Starr County, TX, diabetic retinopathy was highly
predictive of subsequent mortality over 8 years in
Mexican Americans of both sexes (Figure 32.13), an
effect that was independent of both age and diabetes
duration52. When cholesterol was added to the multivari-
ate model, however, the effect of retinopathy on sub-
sequent mortality was statistically significant only in men.

NEPHROPATHY AND END-STAGE RENAL
DISEASE

In the San Antonio Heart Study, the prevalence of
clinical proteinuria (≥1 on Ames Albustix) was 1.87
times as common in diabetic Mexican Americans as in

Table 32.29
Risk Factors for Diabetic Retinopathy in NIDDM,
San Luis Valley, CO, 1984-86

Model 1 Model 2

Risk factor
Odds
ratio

95%
CI

Odds
ratio

95%
CI

Ethnicity, Hispanic vs.
 non-Hispanic white 0.40 0.21-0.76 0.40 0.21-0.78
Duration of NIDDM
 (5-year increase) 1.23 0.98-1.54 1.20 0.95-1.51
Age at diagnosis
 (5-year increase) 0.85 0.72-0.99 0.86 0.73-1.01
Glycosylated hemoglobin
 (% increase) 1.12 1.00-1.27 1.14 1.01-1.30
Systolic blood pressure
 (10-mmHg increase) 1.27 1.11-1.46 1.29 1.12-1.49
Insulin use (yes vs. no) 3.06 1.61-5.82
Current smoking (yes vs. no)

Taking insulin 0.37 0.14-0.94
Not taking insulin 2.62 0.93-7.34

CI, confidence interval; an interaction term between current smoking and
insulin therapy was significant (p<0.01) in model 2.

Source: Reference 60

Table 32.30
Percent with Retinopathy in Previously Diagnosed
NIDDM in Three Studies

Retinopathy level

Population No. None
Back-

ground
Pre-

proliferative
Pro-

liferative

Non-Hispanic
 white

Wisconsin 1,370 45.6 28.7 16.9 8.5
San Antonio, TX 49 65.3 20.4 8.2 6.1
Colorado 85 48.2 32.9 14.1 4.7

Mexican
 American

San Antonio, TX 206 48.1 21.3 23.3 7.3
Colorado 166 57.2 23.5 12.7 6.6

Source: Reference 61
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diabetic non-Hispanics63 (Table 32.31). After adjust-
ment for age and duration of diabetes, the odds ratio
for clinical proteinuria in Mexican American versus
non-Hispanic white persons with diabetes increased
to 2.82 (p=0.039). Among previously diagnosed per-
sons with diabetes, the frequency of clinical prote-
inuria was 43% higher in Mexican Americans in San
Antonio than in non-Hispanic whites in the WESDR
(Table 32.31). Among diabetic subjects without clini-
cal proteinuria, the odds ratio for microalbuminuria
(≥30 mg/L) also indicated a higher prevalence in
Mexican Americans than in non-Hispanic whites

(OR=3.62, p=0.063)63. Adjustment for covariates in-
cluding age, diabetes duration, systolic blood pres-
sure, fasting glucose, and cigarette smoking increased
this odds ratio rather dramatically to 6.95 (p=0.004).

As in the case of retinopathy, results from San Luis
Valley differed from those of the San Antonio Heart
Study. Duration-adjusted indicators of diabetic neph-
ropathy indicated either no difference or an excess in
non-Hispanic whites relative to Hispanics61 (Table
32.32). Again, the discrepancy between the San Anto-
nio and the San Luis Valley results may be due to the
fact that, in San Antonio, Mexican Americans with
diabetes had significantly higher levels of fasting glu-
cose than non-Hispanic whites with diabetes56,
whereas no ethnic differences in the level of glycemia
were observed in the San Luis Valley study. Thus,
ethnic differences in microvascular complications
would not have been expected in the latter. 

Among subjects with NIDDM in San Antonio, those
with microalbuminuria had higher systolic and dia-
stolic blood pressures and fasting plasma glucose con-
centrations than those without microalbuminuria64.
They did not, however, have higher lipids or lipoprote-
ins, including Lp(a). Obesity and body fat distribution
were also similar in NIDDM subjects with and without
microalbuminuria. A somewhat different pattern has
been reported for nondiabetic persons among whom
those with microalbuminuria had higher systolic and
diastolic blood pressures, serum triglyceride concentra-
tions, and insulinemia, and lower levels of HDL choles-
terol but no differences in plasma glucose levels65.

Table 32.33 shows the incidence of renal replacement
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Table 32.31
Clinical Proteinuria According to Ethnicity in NIDDM, San Antonio, TX, and Wisconsin

Mexican Americans Non-Hispanic whites

Newly diagnosed
(SAHS)

Previously
diagnosed (SAHS)

Newly diagnosed
(SAHS)

Previously
diagnosed (SAHS)

Previously diagnosed
(WESDR)

No. of subjects 74 243 9 58 476

Negative/trace (%) 90.5 81.1 100 89.7 86.8

1-4+ (%) 9.5 18.9 0 10.3 13.2

SAHS, San Antonio Heart Study; WESDR, Wisconsin Epidemiology Study of Diabetic Retinopathy.

Source: Reference 63

Table 32.32
Prevalence of Markers of Nephropathy in People with NIDDM, San Luis Valley, CO, 1984-86

Hispanic Non-Hispanic white 

Nephropathy marker No.

Adjusted
prevalence

%

95%
confidence

interval No.

Adjusted
prevalence

%

95%
confidence

interval

Serum creatinine >132.6 uM 10/184 5.2 2.1-8.3 7/92 8.9 3.2-14.7

Urine protein-creatinine ratio >1 18/187 9.2 5.4-13.1 9/91 11.4 4.8-18.0

Urinary albumin >25.5 ug/ml* 53/145 34.5 27.1-41.9 21/62 34.3 24.3-44.3

*Roughly equal to 30 ug/min excretion rate. Prevalence is adjusted for NIDDM duration by the direct method with use of duration distribution of all subjects as standard.

Source: Reference 61

Table 32.33
Diabetes-Related End-Stage Renal Disease in the Texas Population, 1978-84

Incidence per 100,000 per year Incidence ratios

Years Mexican American Non-Hispanic white Black
Mexican American/
Non-Hispanic white Black/Non-Hispanic white

1978-80 6.68
(6.29-7.07)

1.02
(0.95-1.08)

4.42
(4.06-4.78)

6.55 4.33

1979-81 8.43
(7.98-8.87)

1.27
(1.20-1.34)

5.00
(4.75-5.52)

6.64 3.94

1980-82 9.62
(9.15-10.09)

1.46
(1.38-1.54)

5.14
(4.72-5.55)

6.59 3.52

1981-83 6.77
(6.30-7.24)

1.51
(1.43-1.59)

5.84
(5.42-6.26)

4.48 3.87

1982-84 10.11
(9.63-10.60)

1.57
(1.49-1.66)

7.14
(6.69-7.60)

6.44 4.55

Age-adjusted 3-year moving average annual incidence per 100,000 population; data in parentheses are 95% confidence intervals; statistical significance for incidence ratios,
z ≥3.29, p=0.001.

Source: Reference 66
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therapy (dialysis or transplant) for diabetes-related
ESRD in 1978-84 for Mexican Americans, non-His-
panic whites, and blacks in Texas66. The age-adjusted
incidence ratios comparing Mexican Americans to
non-Hispanic whites exceed six in four of the five
3-year time periods. These incidences represent the
rate of occurrence of diabetes-related ESRD in the
general population and not among diabetic persons
per se. The excess ESRD in the Mexican-American
population is greater than would be expected based on
their excess prevalence of diabetes alone, which is
only about two- to threefold (Table 32.9). These re-
sults imply that diabetic Mexican Americans in Texas
have an excess risk of ESRD compared with diabetic
non-Hispanic whites; the results are thus compatible
with the proteinuria data from the San Antonio Heart
Study (Table 32.31). Blacks in Texas have an approxi-
mate fourfold excess of diabetes-related ESRD (Table
32.33), which is probably also greater than would be
predicted based on their excess prevalence of diabetes.
The age-specific incidence ratios presented in Figure
32.14 indicate that for both Mexican Americans and
blacks, the excess of diabetes-related ESRD occurs
after age 50 years, suggesting that it is principally due
to NIDDM. Indeed, at age <40 years, the ratios are
very close to 1.0, suggesting that the occurrence of
ESRD due to IDDM is quite similar in the three major
race/ethnic groups in Texas. The excess at age ≥50
years is clearly much greater in Mexican Americans
than in blacks. These inferences are reinforced by data
from a surveillance study in two Texas counties
(which include Dallas and San Antonio) involving
medical record review and algorithms for IDDM and
NIDDM. The results indicate that among diabetic

Mexican Americans developing ESRD, 99% met crite-
ria for NIDDM, whereas the corresponding figure for
diabetic non-Hispanic whites was 56%, with 44% of
incident cases in the latter ethnic group categorized as
being due to IDDM67.

Surveillance data on replacement therapy for ESRD
from Colorado also support an increased risk of ESRD
in Hispanics with NIDDM. Diabetic Hispanics age ≥45
years have a higher incidence of treatment for diabe-
tes-related ESRD than diabetic non-Hispanic whites68

(Figure 32.15). Unfortunately, these data cannot be
directly compared with those presented in Table
32.33, since the latter present incidence of diabetes-
related ESRD treatment for the population as a whole
rather than for persons with diabetes. In contrast to
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Average Annual Incidence of ESRD Treatment in 
Diabetic Patients, Colorado, 1982-89

ESRD, end-stage renal disease.
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Table 32.34
Risk of Death in Mexican Americans and African
Americans with ESRD Compared with Non-
Hispanic Whites with ESRD in Texas

ESRD etiology No.

Hazard ratio,
African

American

Hazard ratio,
Mexican
American

All etiologies 11,963 0.72 (0.70-0.75) 0.94 (0.88-1.00)
Diabetes 3,260 0.56 (0.49-0.64) 0.79 (0.71-0.88)
Hypertension 2,951 0.65 (0.58-0.73) 0.82 (0.70-0.96)
Glomerulonephritis 1,841 0.88 (0.72-1.08) 0.86 (0.71-1.04)
Other 3,911 0.86 (0.77-0.97) 0.90 (0.80-1.01)

Age-adjusted hazard ratios were computed from Cox proportional hazards model;
numbers in parentheses are 95% confidence intervals; ESRD, end-stage renal
disease.

Source: Reference 69
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the Texas results, the incidence of diabetes-related
ESRD treatment in Colorado was higher in diabetic
blacks age 45-74 years than in diabetic Hispanics in
the same age range. This excess persisted even when
the rates were presented as incidence rates for the
general population and may reflect an interaction be-
tween diabetes and hypertension, the prevalence of
which is exceedingly high among blacks.

Surprisingly, the survival of diabetic Mexican Ameri-
cans with ESRD in Texas is superior to the survival of
diabetic non-Hispanic whites with ESRD69. This sur-
vival advantage is observed for all ESRD etiologies and
in blacks as well as Mexican Americans (Table 32.34).
Etiology-specific survival rates by ethnic group are
presented in Table 32.35. In a retrospective surveil-
lance study involving medical record review, diabetic
Mexican Americans beginning renal dialysis had more
severe kidney disease and more non-renal diabetic
complications than diabetic non-Hispanics entering
renal dialysis. Thus, the survival advantage of Mexican
Americans could not be explained by a lesser degree of
severity of ESRD at onset of replacement therapy70.
This unanticipated finding remains unexplained.

NEUROPATHY

Diabetic neuropathy was diagnosed in the San Luis
Valley Diabetes Study on the basis of a screening
examination that included a symptom questionnaire
and testing of cold sensation and deep tendon reflexes
in the lower extremities71. Neuropathy was diagnosed
if the patient demonstrated at least two of the follow-
ing three findings: pain or discomfort such as numb-
ness, burning, or tingling in both legs or feet; absent
or decreased ankle reflexes bilaterally; and lack of cold
sensation over the dorsum of both feet. The screening
examination was carried out by a nurse clinician and
was validated against a standard neurological exami-
nation by a neurologist. There was 90% agreement
(34/38) between the two approaches and the kappa
statistic was 0.79. Using the screening examination,
there was no significant difference in the prevalence
of diabetic neuropathy in Hispanics and non-Hispanic
whites61 (Table 32.36). 

Table 32.36
Prevalence of Distal Symmetrical Sensory Neuropathy,
San Luis Valley, CO, 1984-86

Hispanic
Non-Hispanic

white
Glucose tolerance status No. % No. %

Normal glucose tolerance 188 4.8 298 2.7
Impaired glucose tolerance 48 12.5 41 9.8
NIDDM 186 26.9 91 29.7
NIDDM (duration-adjusted*) 26.3 31.6

*Directly adjusted with duration distribution of all subjects as standard.

Source: Reference 61

Table 32.35
Percent Survival Among Patients with End-Stage Renal Disease in Texas

1-year survival 5-year survival

ESRD etiology
Non-Hispanic

white
Mexican
American

African
American

Non-Hispanic
white

Mexican
American

African
American

Hypertension 76 82 88 35 46 54
Glomerulonephritis 89 90 93 55 64 65
Diabetes mellitus 75 76 83 31 31 41
Other 79 83 85 46 52 54

Source: Reference 69
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Figure 32.16
Prevalence of Sensory Neuropathy, by Race and
NIDDM Duration, U.S., 1989
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In the 1989 National Health Interview Survey, the
prevalence of sensory neuropathy was defined as a
self-report of numbness, loss of feeling, pain, tingling,
or decreased ability to feel hot or cold72. Compared
with non-Hispanic whites with NIDDM, the preva-
lence of sensory neuropathy was higher in Mexican
Americans with 0-4 and 5-14 years duration of diabe-
tes and in blacks with 5-14 years duration (Figure
32.16). These differences were not statistically signifi-
cant, however. For diabetic persons with duration >15
years, there were no racial or ethnic differences in
neuropathy prevalence.

HEALTH INSURANCE AND DIABETIC
COMPLICATIONS

The relationship between health insurance and mi-
crovascular complications has been studied in Mexi-
can Americans with diabetes in San Antonio73. Clini-
cal proteinuria, microalbuminuria, and retinopathy
(defined as above) were consistently less frequent in
individuals with private health insurance and indi-
viduals whose health insurance included reimburse-
ment for outpatient medications and at least some
outpatient physician visits (Figure 32.17). Since these
results are cross-sectional, they do not conclusively
indicate the direction of cause and effect, i.e., patients
with complications may suffer loss of employment
with resultant loss of health insurance, rather than the
inadequate health insurance leading to development
of diabetic complications.

Dr. Michael P. Stern is Professor, Department of Medicine,
University of Texas Health Science Center, San Antonio, TX,
and Dr. Braxton D. Mitchell is Staff Scientist, Southwest
Foundation for Biomedical Research, San Antonio, TX.
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APPENDIX

Appendix 32.1
Values for Metabolic Variables in Hispanic and Non-Hispanic Subjects Age 40-64 Years with NIDDM in U.S. 
Population Samples and in Community-Based Studies

HHANES San Luis Valley San Luis Valley San Antonio San Antonio

Mexican
American

men

Mexican
American
women

Hispanic
men

Hispanic
women

Anglo
men

Anglo
women

Mexican
American

men

Mexican
American
women

Anglo
men

Anglo
women

Previously diagnosed diabetes
Mean fasting plasma glucose 191.8 197.8 184.0 171.5 181.9 188.2 162.8 167.7
Mean 2-hour plasma glucose 309.8 331.6 299.5 287.0 326.8 333.5 308.0 288.5
Mean fasting insulin 21.8 24.5 22.7 26.2 24.6 29.8 25.7 26.6
Mean 2-hour insulin 87.6 98.7 79.3 116.7 57.6 78.5 52.2 73.6
Mean number of years since
 diagnosis of diabetes 6.8 8.0 7.6 7.7 6.0 9.1 6.6 10.1 8.8 9.9

Newly discovered diabetes
Mean fasting plasma glucose 141.6 125.2 164.6 143.4 125.5 165.3 155.2 151.6 161.8 120.5
Mean 2-hour plasma glucose 268.1 260.1 269.2 267.0 244.3 280.2 295.0 289.6 298.4 235.3
Mean fasting insulin 19.2 23.6 25.2 22.7 22.2 28.0 19.8 23.8
Mean 2-hour insulin 101.4 108.2 105.3 84.4 98.9 139.4 84.1 151.3

All diabetes combined
Percent with self-reported history
 of diabetes in mother and/or father 43.5 46.9 37.3 37.5
Mean BMI 28.0 31.4 27.6 30.4 29.0 31.1 29.7 32.1 28.6 31.3
Percent with BMI ≥25 83.0 94.0 74.0 84.9 83.0 82.9 83.1 87.4 81.3 79.4
Percent with BMI ≥30 27.4 52.2 31.5 47.2 35.8 48.6 41.9 58.7 25.0 52.9
Percent with BMI ≥35 3.2 22.8 2.7 17.9 9.4 31.4 14.5 26.7 9.4 23.5
Mean subscapular-to-triceps 
 skinfold ratio 1.89 1.15 1.74 1.19 1.77 1.02 1.93 1.32 1.72 1.33
Mean waist-to-hip ratio 1.00 0.91 0.99 0.91 0.98 1.00 0.98 1.16
Mean systolic blood pressure 134.5 131.0 134.1 136.8 134.5 134.8 132.0 129.4 132.2 129.6
Mean diastolic blood pressure 83.6 77.1 82.5 79.8 81.1 77.7 75.9 73.4 77.6 71.9
Percent with hypertension 25.0 22.8 45.2 52.8 49.1 71.4 25.8 22.3 31.3 47.1
Mean total cholesterol 220.3 224.5 206.6 244.3 207.2 220.8 215.7 218.8 216.2 221.4
Mean LDL cholesterol 132.5 127.5 126.3 148.2 132.6 123.3 138.0 137.7 137.9 138.0
Mean HDL cholesterol 43.2 46.6 41.2 47.1 40.1 43.7 38.0 43.9 39.6 44.4
Mean fasting triglycerides 197.9 185.0 212.4 268.9 186.1 246.0 262.4 198.5 276.6 212.6
Percent with total cholesterol ≥240 27.9 28.0 22.2 45.7 15.1 31.4 20.2 25.7 18.8 26.5
Percent with LDL cholesterol ≥160 18.1 20.8 16.7 33.0 18.8 18.8 23.4 25.7 21.9 29.4
Percent with HDL cholesterol <35 20.6 16.6 27.8 15.2 40.4 25.7 48.4 22.3 53.1 20.6
Percent with triglycerides ≥250 12.9 6.7 27.8 35.2 17.0 37.1 33.9 22.3 31.3 20.6 

Hypertension defined as systolic blood pressure ≥160 mmHg or diastolic blood pressure ≥95 mmHg or using antihypertensive medication; values for blood pressure include
values for subjects using antihypertensive medications; values for lipids are in mg/dl; for empty cells, data were not available. HHANES, 1982-84 Hispanic Health and
Nutrition Examination Survey; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Source:1982-84 Hispanic Health and Nutrition Examination Survey, unpublished data; Richard Hamman, University of Colorado, San Luis Valley Diabetes Study,
unpublished data; Michael Stern, University of Texas, San Antonio Heart Study, unpublished data
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