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Type 2 diabetes (hereafter “diabetes”) is an
increasing public health problem and among
the leading causes of death' and disability® in
the United States. Recent studies using na-
tional data consistently show that diabetes
prevalence has been increasing over the past
years.>* This increase has been disproportion-
ate in the American population, with studies
showing higher prevalences of diabetes
among minority groups.*™® The prevalence of
diabetes was higher among African Ameri-
cans and Hispanics, specifically Mexican
Americans, than among Whites.® A similar
pattern has been observed for socioeconomic
status, with those at the lower end exhibiting
the highest prevalence, regardless of the indi-
cator used.”™ Specifically, studies focusing on
education show that less-educated people
have a higher prevalence of diabetes than
their more-educated counterparts.”

These studies suggest that educational at-
tainment may promote the adoption of
health behaviors such as adequate nutrition
and compliance with medications. Therefore,
it is possible that educational attainment acts
as a fundamental cause of disease by utiliz-
ing resources such as knowledge that
strongly influence people’s ability to reduce
risks that may prevent or delay diabetes or
better control the disease once it occurs."
Moreover, although the interplay between
race/ethnicity and education has been un-
derscored in previous studies," ™ the impact
of this relation on diabetes has seldom been
investigated.

The National Health Interview Survey
(NHIS), an annual survey of US households,
affords the opportunity to aggregate several
years of data, 1997 to 2002, to examine the
association between education and the preva-
lence of diabetes in US adults aged 18 years
and older before and after adjusting for se-
lected covariates. We investigated whether the
association between education and the preva-
lence of diabetes differs by race/ethnicity.
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Objectives. We used data from the National Health Interview Survey (1997-2002)
to examine the association between education and the prevalence of diabetes in
US adults and whether this relation differs by race/ethnicity.

Methods. The analyses were limited to non-Hispanic Blacks, non-Hispanic Whites,
and Hispanics. SUDAAN was used to account for the complex sampling design.

Results. Educational attainment was inversely associated with the prevalence
of diabetes. Individuals with less than a high-school diploma were 1.6 (95% con-
fidence interval [Cl]=1.4, 1.8) times more likely to have diabetes than those with
at least a bachelor’'s degree. Whites and Hispanics exhibited a significant rela-
tion between diabetes and having less than a high-school education (odds ratio
[OR]=1.7; 95% Cl=1.5, 2.0; and OR=1.6; 95% Cl=1.1, 2.3, respectively). In addi-
tion, the odds of having diabetes was stronger for women (OR=1.9; 95% Cl=1.6,
2.4) than for men (OR=1.4; 95% Cl=1.1, 1.6)

Conclusions. Educational attainment was inversely associated with diabetes
prevalence among Whites, Hispanics, and women but not among Blacks. Educa-
tion may have a different effect on diabetes health among different racial/ethnic
groups. (Am J Public Health. 2006;96:1637-1642. doi:10.2105/AJPH.2005.072884)

METHODS

The NHIS is an annual face-to-face inter-
view of the civilian, noninstitutionalized house-
hold population of the United States that uses
a 3-stage stratified cluster probability sampling
design. A complete description of the plan and
operation for the NHIS has been given else-
where."™ Briefly, the NHIS comprised a core
set of questions (questions that are repeated
yearly) and supplemental questions/modules.
The survey oversampled Black and Hispanic
persons to obtain reliable estimates for
these groups. The interview sample for
NHIS consisted of persons of all ages in
families within households; those older than
85 years were labeled as 85 years of age.
Data for these analyses were extracted from
the Person and Sample Adult files and in-
cluded the records of adults aged 18 years
or older for years 1997 to 2002, yielding a
total sample size of 196 101.

These analyses were limited to non-
Hispanic Blacks, non-Hispanic Whites, and
Hispanics (henceforth, non-Hispanic Blacks
and Whites will be referred to as Blacks and
Whites). Records of individuals with missing

data for race/ethnicity (n=67), education
(n=1888), and diabetes (n=194), and those
who self-identified their race as Other (n=
6719) were excluded. Those classified as
Other were excluded because they may rep-
resent a heterogeneous group, making find-
ings difficult to interpret. These exclusion cri-
teria yielded a final sample of 187233 adults.

The outcome for this study was self-reported
diabetes. Diabetes information was collected
using the question “Have you ever been told
by a doctor or health professional that you
have diabetes or sugar diabetes?” For women,
the phrase, “Other than pregnant” was added
before the question for diabetes to exclude
cases of gestational diabetes. Consistent with
NHIS analyses, responses from survey partici-
pants who said they had “borderline” diabetes
were treated as unknown with respect to dia-
betes and were included among those report-
ing not having diabetes.”

The main independent variable was educa-
tion. Education was collected as a continuous
variable from O to 21 and congruent with
other studies®® categorized as (1) less than
high-school diploma, (2) high-school diploma
or general equivalency diploma (GED),
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(3) some college, vocational, or technical
school or associate’s degree, or (4) bachelor’s,
master’s, or professional degree.

Variables considered as risk factors or
potential confounders in studies of dia-

betes7—9,19—22

were included in these analyses.
These variables were age, gender, marital
status, race/ethnicity, place of birth, region
of residence, health insurance, income, and
body mass index (BMI). Age, collected as a
continuous variable, was coded as 18 to 44
years, 45 to 64 years, 65 to 75 years, and
75 years of age and older. Gender (male/
female) was included in the analysis as col-
lected during the interview. Marital status,
collected as married, divorced, widowed,
separated, single, living with partner, and un-
known, was classified into a dichotomous var-
iable (married or unmarried). The term mar-
ried encompasses the categories married and
separated, and unmarried comprises individu-
als indicating single, living with a partner,
widowed, or divorced.

Race/ethnicity was used in the analysis as
collected: non-Hispanic White, non-Hispanic
Black, non-Hispanic Other, and Hispanic, with
the exception of survey year 1997. For 1997,
mutually exclusive race/ethnicity categories
were created by cross-classifying information
on an individual’s ethnicity (“Do any of these
groups represent your national origin or an-
cestry—Hispanic ethnicity?”) and the cate-
gories for race (White, Black, and Other).
Foreign-born status was ascertained from
1997 to 2001 with the question “Were you
born in the US (excluding US territories)?” In
2002, foreign-born status was derived from a
question with regard to the geographic place
of birth. Region of residence was included in
the analyses as collected (Northeast, South,
West, and Midwest). Health insurance was
collected with a detailed question regarding
multiple sources of insurance and recoded as
private, public, and noncoverage.

Income was collected by asking each partici-
pant to select his or her total annual income
from 12 categories (ranging from $0 to $75000
and over as well as a refusal category) and, on
the basis of the sample distribution, was catego-
rized as <$20000, $20000-$49 999, and
>$50000. Because of the large number of
missing values, the multiple imputations income
files provided by the National Center for Health
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Statistics were used for these analyses.”* BMI,
a risk factor for diabetes, was included in the
analyses. BMI (kg/m?) was calculated with
self-reported weight and height and was catego-
rized as less than 18.5 kg/m? (underweight),
18.5 kg/m? to less than 25.0 kg/m? (healthy
weight), and greater than 25.0 kg/m? (over-
weight including obese).2*

Descriptive statistics for the characteristics of
the population and prevalence of diabetes were
calculated by education. To determine signifi-
cant differences, 3 (discrete variables) and
t tests (continuous variables) were used. We
used ¥ tests to assess significant differences in
the prevalence of diabetes between groups.

Logistic regression was used to estimate the
strength of the association between education
and the prevalence of diabetes before and
after control for other covariates. Specifically,
4 sets of analyses were performed: (1) odds
ratios adjusted for survey year (model 1),

(2) odds ratios adjusted for survey year, age,
and gender (model 2), (3) odds ratios addi-
tionally adjusted for race/ethnicity (model 3),
and (4) odds ratios additionally adjusted for
marital status, nativity, BMI, insurance, and in-
come (model 4).

To determine whether the strength of the
association between education and diabetes
differed by race/ethnicity, an interaction be-
tween race/ethnicity and education was tested.
In addition, an interaction between education
and gender was tested. A test for trends for
education was performed with the variable
used as ordinal rather than the categorical.
The number of records available for the multi-
variable logistic regression varied according to
the covariates included in the model.

Data management procedures were carried
out with SAS,?® and the statistical analyses
were conducted with SUDAAN.?® SUDAAN
takes into account the complex sampling de-
sign yielding unbiased standard error esti-
mates. In order to adjust the population size
across the 6 years of the NHIS surveys used
in these analyses, first, data from the 6 survey
years were combined, and then a new weight
variable was created that averaged the popu-
lation size across the 6 years (telephone com-
munication with Zakia Coriaty Nelson, epi-
demiologist, Centers for Disease Control and
Prevention, National Center for Health Statis-
tics, July 17, 2004; information was verified

on May 18, 2006). In the tables, the sample
sizes were unweighted. However, estimates
for means, proportions, standard errors, and
odds ratios with their 95% confidence inter-
vals were weighted.

RESULTS

Table 1 presents the distribution of se-
lected covariates by educational attainment.
In general, older people, Hispanics, those with
low income, those with public health insur-
ance coverage, and those living in the South
were more likely to have less than a high-
school diploma (all Ps<.001). By contrast,
those with at least a bachelor’s degree were
more likely to be male, White, have an in-
come of at least $50 000, be married, and
live in the Northeast. Finally, the foreign-born
were more likely to have less than a high-
school diploma and less likely to have a bach-
elor’s degree or more than the US-born.

The overall prevalence of diabetes was
5.8% for individuals aged 18 years and older
who participated in NHIS from 1997 to 2002
(data not shown). Table 2 shows that the over-
all prevalence of diabetes was associated with
education, with the least educated exhibiting
the highest prevalence (10.2%) and those with
at least a bachelor’s degree the lowest (3.4%;
P<.001). This pattern was consistently ob-
served for age, race/ethnicity, gender, marital
status, country of birth, insurance, and region
of residence (all P values<.001).

However, people aged 65 to 74 years,
Blacks, those reporting being married or liv-
ing with someone, those born in the United
States, and those having public health insur-
ance coverage exhibited the highest preva-
lence of diabetes regardless of their educa-
tion. Interestingly, women with at least a
high-school diploma or GED had a higher
prevalence of diabetes, whereas men with at
least some college had a higher prevalence.

Table 3 presents the unadjusted and ad-
justed odds ratios with their 95% confidence
intervals for the prevalence of diabetes by
educational attainment. In the crude analysis,
the odds of having diabetes among NHIS
participants with less than a high-school
diploma was 3.2 times higher (95% CI=3.0,
3.5) than among their counterparts with at
least a bachelor’s degree. The odds of having
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diabetes was higher among people with a
high-school diploma or a GED (OR=1.9;
95% CI=1.7, 2.0) or among those with
some college (OR=1.3; 95% CI=1.2, 1.4)
than among people with at least a bachelor’s
degree. Although the magnitude of the asso-
ciation decreased, these patterns persisted
after adjustment for age, gender, race/ethnic-
ity, survey year, marital status, BMI, health
insurance, and income.

The odds of having diabetes among those
with less than a high-school diploma was 1.6
(95% CI=1.4, 1.8) times higher than that of
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TABLE 1—Distribution (SE) According to Education of Selected Characteristics of the
National Health Interview Survey Study Population (n=187 233): United States,
1997-2002
Less than
Less Than High School Some Bachelor's
High School or GED College Degree
(n=39729) (n=55208) (n=52424) (n=39872) P
Mean age, y 49.4 (0.20) 45.9 (0.12) 41.6 (0.16) 44.7(0.12) <.001
Gender, % <.001
Male 18.3(0.23) 29.7(0.27) 27.9(0.21) 24.1(0.28)
Female 17.9(0.22) 31.4(0.24) 29.6 (0.20) 21.0 (0.26)
Race/ethnicity, % <.001
Non-Hispanic White 13.5(0.21) 31.3(0.26) 29.6 (0.18) 25.6 (0.30)
Non-Hispanic Black 245 (0.52) 31.4(0.44) 30.0 (0.50) 14.1(0.40)
Hispanic 44.2 (0.59) 24.6 (0.34) 21.7(0.37) 9.6 (0.29)
Marital status, % <.001
Married 16.0 (0.22) 30.9 (0.25) 27.6 (0.18) 25.5(0.31)
Not married 21.4 (0.25) 30.1(0.27) 30.6 (0.30) 17.9(0.26)
Country of birth, % <.001
US-born 15.5(0.19) 31.6(0.23) 29.9(0.17) 23.0 (0.26)
Foreign-born 39.2 (0.63) 22.5(0.36) 20.1(0.35) 18.2 (0.40)
Region, % <.001
Northeast 15.8(0.29) 33.2(0.46) 25.4(0.34) 25.6 (0.56)
Midwest 14.2 (0.30) 33.5(0.49) 30.6 (0.31) 21.7(0.51)
South 21.3(0.39) 30.1(0.36) 27.8(0.27) 20.8 (0.42)
West 19.6 (0.49) 24.8(0.35) 31.9(0.35) 23.6 (0.44)
Income, % <.001
<$20000 20.8 (0.32) 34.9(0.35) 31.9(0.36) 12.4(0.24)
$20000- $49999 9.1(0.19) 31.2(0.32) 34.0(0.29) 25.7(0.33)
>$50000 3.5(0.15) 17.2(0.35) 27.1(0.34) 52.2 (0.47)
Health insurance, % <.001
Private 13.2(0.17) 30.0 (0.24) 30.4(0.17) 26.4 (0.28)
Public 47.6 (0.60) 30.5(0.54) 17.6 (0.41) 4.4(0.23)
None 32.9 (0.44) 33.9(0.39) 24.7(0.33) 8.5(0.23)
Note. GED = general equivalency diploma.

their counterparts with at least a bachelor’s
degree. Those with a high-school diploma or
GED (OR=1.3; 95% CI=1.2, 1.4) or with
some college (OR=1.3; 95% CI=1.1, 1.4)
had similar odds of having diabetes as their
counterparts with at least a bachelor’s degree.
Additional adjustment for the region of the
country did not change the estimates pre-
sented here (data not shown).

The association between education and the
prevalence of diabetes varied by race/ethnicity
(P for interaction<<.001; Table 4). The associ-
ation between education and the prevalence

of diabetes was significant among Whites and
Hispanics, with the highest odds for those
with less than a high-school diploma (OR=
1.7; 95% CI=1.5, 2.0; and OR=1.6; 95%
CI=1.1, 2.3, respectively) compared with
their counterparts with at least a bachelor’s
degree. There was no association between
education and the prevalence of diabetes
for Blacks.

In addition, the association between edu-
cation and the prevalence of diabetes dif-
fered by gender (P for interaction=.01) (data
not shown). Specifically, men and women
with less than a high-school diploma had
higher odds of diabetes than their peers with
more than a bachelor’s degree. However, the
odds of having diabetes was stronger for
women (OR=1.9; 95% CI=1.6, 2.4) than it
was for men (OR=1.4; 95% CI=1.1, 1.6;
data not shown).

DISCUSSION

Educational attainment was associated with
the prevalence of diabetes in the US adult
population. People with less than a high-
school diploma were almost twice as likely to
report having diabetes as those with at least a
bachelor’s degree. This association persisted
after adjustment for age, gender, marital sta-
tus, race/ethnicity, income, country of birth,
insurance, and BMI. Furthermore, this associ-
ation varied by race/ethnicity and gender.
Whites and Hispanics exhibited a stronger as-
sociation between education and the preva-
lence of diabetes than Blacks. Among those
with less than a high-school diploma, the odds
of having diabetes was greater for women
than for men.

Very few studies have examined the associ-
ation between educational attainment and
the prevalence of diabetes. In addition, these
studies did not compare Whites, Blacks, and
Hispanics. However, these studies found an
inverse association between education and
the prevalence of diabetes.***” For example,
Tang et al.*° examined the association be-
tween education and diabetes by gender, and
Leonetti et al.>” examined this association
among Japanese American men. After adjust-
ing for age, area of residence, BMI, and physi-
cal activity, Tang et al. found that women in
the lowest income category or with the least
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education were approximately 2 times more
likely to have diabetes than those with high
income or educational attainment. However,
the association was not significant for men.*
Our findings are consistent with the results of
Tang et al., in which women with less than a
high-school diploma had almost twice the
odds of diabetes than their peers with more
than a bachelor’s degree. The association for
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TABLE 2—Prevalence (SE) of Diabetes by Educational Attainment for Selected
Characteristics (n=187233): National Health Interview Survey, 1997-2002
Less Than High School Some >Bachelor’s
High School or GED College Degree
(n=39729), (n=55208), (n=52424), (n=39872),
% % % % p?

Overall 10.2 (0.19) 6.2 (0.13) 45(0.11) 3.4(0.10) <.001

Age,y <.001
18-44 2.3(0.14) 2.1(0.10) 1.7 (0.08) 1.2 (0.09)

45-64 15.2 (0.48) 8.8(0.26) 7.5(0.25) 4.9 (0.20)
65-74 19.9 (0.66) 14.6 (0.48) 13.8(0.66) 10.1 (0.65)
275 16.1(0.53) 12.3(0.50) 10.9(0.73) 9.4(0.72)

Gender 45
Male 9.1(0.27) (0.19) 49(0.18) 4.2(0.17)

Female 11.2 (0.26) 0.17) 42(0.12) 2.6(0.12)

Race/ethnicity <.001
Non-Hispanic White 10.1(0.24) 6.0 (0.14) 43(0.12) 32(0.11)

Non-Hispanic Black 13.3(0.58) 7.8(0.37) 5.9(0.32) 6.3 (0.45)
Hispanic 8.4(0.33) 5.6 (0.33) 45(0.31) 3.5(0.49)

Marital status <001
Married 10.9(0.27) 0.17) 5.1(0.16) 35(0.13)

Not married 9.3(0.25) 0.17) 3.7(0.13) 3.3(0.15)

Country of birth <.0158
US-born 11.0(0.23) 13) 4.6(0.11) 35(0.11)

Foreign-born 7.6(0.31) 5 (0.40) 3.3(0.31) 2.9(0.35)

Region <.001
Northeast 10.8 (0.43) 6.2 (0.26) 4.0(0.25) 33(0.22)

Midwest 10.6 (0.42) 5.6 (0.25) 4.2(0.18) 3.1(0.16)
South 10.9 (0.30) 6.5(0.22) 4.8(0.18) 39(0.19)
West 7.6 (0.39) 6.1(0.29) 4.7(0.27) 3.2(0.26)

Income A48
<$20000 5.1(0.23) 39(0.17) 29(0.15) 3.3(0.28)
$20000-$49999 4.8(0.41) 3.6(0.19) 3.3(0.16) 2.4(0.18)
>$50000 5.5(0.93) 3.9(0.34) 3.5(0.28) 2.6(0.17)

Health insurance <.001
Private 11.6 (0.27) 6.5(0.14) 46(0.12) 34(0.11)

Public 15.4 (0.51) 10.3(0.64) 9.1(0.68) 10.0 (1.49)
None 4.2(0.22) 32(0.22) 2.8(0.22) 2.2(0.32)
Note. GED = general equivalency diploma.
%P for  test of independence.

men, although significant, was of a lower
magnitude (OR=1.4).

Other studies have included diabetes as a
risk factor for cardiovascular disease and
have examined the clustering of cardiovascu-
lar risk factors as related to education."~3%®
These studies also found an inverse associa-
tion between education and the cumulative

number of risk factors.’™® Furthermore,

these studies found that among persons with
high educational attainment, Mexican Ameri-
cans and Blacks had a higher risk of cardio-
vascular disease than Whites.*®

Finally, studies examining the association
between diabetes and race/ethnicity have
included education as a control variable.’*®
For example, Winkleby et al.”* found that
after adjustment for years of education, there
were significant differences in the prevalence
of diabetes among both Black and Mexican
American women compared with White
women (P<.001). In contrast to the study of
Winkleby et al., our study focuses on the as-
sociation between education and the preva-
lence of diabetes. However, our findings show
that in general, Blacks and Hispanics had a
higher prevalence of diabetes, regardless of
their education, than Whites.

According to the 2000 US Census, educa-
tional attainment differs among racial/ethnic
groups.”’ Moreover, the economic return of
education varies by race/ethnicity.>*~>* For
example, Blacks and Hispanics tend to earn a
lower income for the same level of education
than Whites after adjustment for age and
occupation. This difference is further in-
creased for gender, with women receiving
lower income returns than men regardless
of their race/ethnicity.***'

Our study found that the association be-
tween education and the prevalence of dia-
betes varied by race/ethnicity and gender.
Specifically, education seems to be strongly
associated with diabetes among Whites and
Hispanics but not among Blacks. This finding
confirms that education may have a different
translation for health across racial/ethnic
groups. In addition, there was a difference
in the association between education and
the prevalence of diabetes by gender, with
women exhibiting a stronger association than
men when we compared those with less than
a high-school diploma with those with more
than a bachelor’s degree.

Among the strengths of this study are the
use of multiple years of a national representa-
tive sample and the large sample size, which
allowed us to control for numerous potential
confounders while also examining interac-
tions. In addition, this study afforded the op-
portunity to assess this association among
Hispanics, the fastest growing segment of the
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TABLE 3—Unadjusted and Adjusted Odds Ratios for Diabetes by Educational Attainment
Categories: National Health Interview Survey, 1997-2002

Unadjusted Model, Model 1, Model 2, Model 3,
Education OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Less than high school 3.2(3.0,35) 2.4(2.2,2.6) 2.0(1.9,22) 1.6(1.4,1.8)
High-school diploma or GED 1.9(1.7,2.0) 1.7(1.6,1.8) 1.6 (1.51.7) 1.3(1.2,1.4)
Some college 1.3(1.2,1.4) 1.5(1.4,1.6) 1.4(1.3,1.5) 1.3(1.1,1.4)
Bachelor’s degree or more 1.0 1.0 1.0 1.0

Interview Survey, 1997-2002

Note. OR=odds ratio; Cl =confidence interval; GED = general equivalency diploma. Unadjusted model: education (adjusted
for survey year). Model 1: crude model additionally adjusted for age and gender. Model 2: model 1 additionally adjusted for
race/ethnicity. Model 3: model 2 additionally adjusted for marital status, nativity, BMI, income, and health insurance.

TABLE 4—0dds Ratios for the Prevalence of Diabetes by Race/Ethnicity: National Health

Non-Hispanic White, Non-Hispanic Black, Hispanic,
Education OR (95% Cl) OR (95% CI) OR (95% CI)
Less than high school 1.7 (1.5,2.0) 1.1(0.8,1.4) 1.6 (1.1,2.3)
High-school diploma or GED 1.3(1.2,1.5) 1.0(0.8,1.2) 1.6 (1.1,2.4)
Some college 1.3(1.2,1.5) 1.1(0.8,1.2) 1.4(0.9,2.1)
Bachelor’s degree or more 1.0 1.0 1.0

race/ethnicity=.01.

US population®* and a group with a higher
prevalence of diabetes than that found
among Whites.®

Important limitations are the cross-sectional
nature of the data that precluded making in-
ferences regarding cause and effect and the
self-reported nature of diabetes. However,
self-reported data for this condition are highly
correlated with physicians’ records.***® An-
other limitation is the lack of disaggregate
data to present Hispanics by subgroup. Be-
cause Mexican Americans represent the
largest Hispanic subgroup and have the high-
est prevalence of diabetes among Hispanics,
it is possible that the estimates presented here
are a better reflection of the prevalence of
diabetes among Mexican Americans than
among Hispanics as a whole.

In summary, this study shows that education
was significantly associated with the preva-
lence of self-reported diabetes in the US adult
population during 1997 to 2002. Further-
more, this association varied by race/ethnicity
and gender, with Whites, Hispanics, and
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Note. OR = odds ratio; Cl = confidence interval; GED = general equivalency diploma; BMI=body mass index. Adjusted for
survey year, age, gender, marital status, nativity, BMI, income, and health insurance. P for interaction for education and

women exhibiting a stronger association be-
tween education and diabetes than Blacks and
men. Although the cross-sectional nature of the
NHIS survey precluded any causal inference,
our findings suggest that educational attain-
ment is not only associated with diabetes, but
it also may interact with race/ethnicity and
gender to promote or prevent diabetes. W
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