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Objectives. This study examined the
associations of poverty income ratio
(PIR), education, and occupational sta-
tus with type 2 diabetes prevalence
among African American and non-
Hispanic White (White) women and men
aged 40 to 74 years.

Methods. We analyzed cross-
sectional data from the Third National
Health and Nutrition Examination Sur-
vey, controlling for age and examination-
related variables.

Results. Among African American
women, there was a strong, graded as-
sociation between PIR and diabetes,
which remained significant after other
risk factors were adjusted for. All 3 vari-
ables were significantly associated with
diabetes among White women. Among
White men, only PIR was significantly
associated with diabetes. Controlling for
risk factors substantially attenuated these
associations among White women. There
were no significant associations for Af-
rican American men.

Conclusions. Socioeconomic sta-
tus is associated with type 2 diabetes
prevalence among women, but not con-
sistently among men. Diabetes preva-
lence is more strongly associated with
PIR than with education or occupational
status. These associations are largely in-
dependent of other risk factors, espe-
cially among African American women.
Economic resources should be ad-
dressed in efforts to explain and reverse
the increasing prevalence of diabetes in
the United States. (Am J Public Health.
2001;91:76–83)

The prevalence of type 2 diabetes varies
with socioeconomic status (SES) within pop-
ulations. In industrialized countries, diabetes
is associated with low SES.1,2 SES is a complex
construct, and different variables used to meas-
ure it (most often education, income, and oc-
cupation) can reflect different specific expo-
sures. Income is a direct (although incomplete)
measure of economic resources, but it may re-
flect feedback effects, because poor health can
limit income. Educational status reflects child-
hood and adolescent SES as well as partially
determining adult occupations and income.
Occupation carries with it specific environ-
mental exposures, and it may be of limited
value in measuring SES for women who have
not been in the paid workforce for much of
their adult lives. Each of these variables pro-
vides somewhat different information, and dif-
ferentiating their effects should advance our
efforts to understand—and address—socio-
economic inequalities in diabetes in the United
States.

We examined the association of diabetes
with each of these measures of SES within
each of 4 strata—African American women,
non-Hispanic White (hereafter called “White”)
women, African American men, and White
men—because there are indications that the
association may vary with sex as well as race/
ethnicity.3 In addition, we examined the role
of a number of risk factors in mediating these
associations, including obesity, physical activ-
ity, diet, and alcohol and tobacco use.

Methods

The Third National Health and Nutrition
Examination Survey (NHANES III) collected
cross-sectional data between 1988 and 1994
from a sample representative of the civilian
noninstitutionalized population of the United
States.4 Among Whites and African Americans
aged 40 to 74 years who were identified as
sample persons, basic demographic informa-

tion was obtained for 100% (where necessary,
from interviews with at least 2 neighbors), and
77% were interviewed successfully. Interview
rates for African Americans (women, 81%;
men, 79%) were slightly higher than for Whites
(women, 78%; men, 76%).5

All subjects were also invited to receive
physical examinations in mobile examination
centers; for subjects aged 40 to 74 years, a 2-
hour, 75-g oral glucose tolerance test (OGTT)
was conducted unless a subject refused the test
or reported using insulin. Among those inter-
viewed, physical examinations were completed
and diabetic status was ascertained (on the basis
of the use of antidiabetic medication or OGTT)
for 77% of African American men, 79% of Af-
rican American women and White women, and
82% of White men. Overall, there was little
variation of missing information according to
SES or self-rated health. Within strata, the
widest variation by any of the SES variables
in rates of diabetes ascertainment was among
White men, with 84% diabetes ascertainment
among those with incomes at least 5 times the
poverty level and 75% among those with in-
comes below the poverty line.

There were 4993 White and African
American women and men aged 40 to 74 years
who were examined in the mobile examina-
tion center and who either reported use of an-
tidiabetic medication or completed an OGTT.
Fifteen subjects who reported a physician’s di-
agnosis of diabetes before age 40 and use of in-
sulin within 1 year of diagnosis were excluded
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TABLE 1—Characteristics of the Type 2 Diabetes Study Sample:Third National Health and Nutrition Examination Survey,
1988–1994

African American Non-Hispanic African American Non-Hispanic
Women White Women Men White Men
(n=961) (n=1641) (n=839) (n=1537)

Poverty income ratio, mean (SE) 2.04 (0.05) 3.38 (0.05) 2.30 (0.06) 3.62 (0.05)
Years of education, mean (SE) 11.03 (0.10) 12.19 (0.07) 10.22 (0.13) 12.44 (0.08)
Duncan SEI score, mean (SE) 29.65 (0.54) 36.06 (0.42) 27.19 (0.45) 35.77 (0.43)
Diabetic, % 20.1 13.2 18.8 13.9
Age, mean (SE) 54.16 (0.33) 57.87 (0.26) 55.60 (0.36) 58.21 (0.27)
Mean length of fast, h (SE) 10.37 (0.15) 10.35 (0.10) 10.21 (0.17) 10.45 (10)
Weekend examination, % 31.4 26.6 28.2 28.2
Season of examination, %

Summer 21.9 35.6 21.2 33.3
Winter 27.6 19.0 29.9 20.9
Spring/fall 50.6 45.4 48.9 45.8

Region, %
Northeast 20.0 17.8 14.2 19.0
South 52.5 37.3 56.0 41.1
Midwest 20.4 28.5 21.1 25.7
West 7.1 16.5 8.7 14.2

Body mass index, mean (SE) 30.41 (0.24) 27.49 (0.15) 26.99 (0.17) 27.41 (0.12)
Waist–hip ratio, mean (SE) 0.908 (0.003) 0.895 (0.002) 0.969 (0.002) 0.996 (0.002)
Weight (kg) at age 25, mean (SE) 60.61 (0.42) 57.74 (0.25) 74.26 (0.45) 74.76 (0.33)
Exercise score, mean (SE) 60.40 (3.22) 92.58 (2.68) 94.43 (4.30) 113.21 (3.04)
Total kilocalories, mean (SE) 1559 (23) 1651 (16) 2108 (38) 2361 (24)
Current cigarette smoker, % 27.4 20.6 42.7 24.8
Current alcohol use, % 24.1 36.8 54.2 56.0

Note. SEI=socioeconomic index.

as possibly having type 1 diabetes, leaving a
study sample of 4978: 961 African American
women, 1641 White women, 839 African
American men, and 1537 White men.

Definition of Variables

Subjects whose race was identified by
the respondent as Black or a mixed racial cat-
egory including Black6 and whose ancestry
was not identified as Mexican/Mexican Amer-
ican or other Latin American or Spanish were
classified as non-Hispanic Blacks (referred to
here as African Americans). Non-Hispanic
Whites (referred to here as Whites) were de-
fined as subjects whose race was reported as
White (or more than 1 racial category, not in-
cluding Black, with White mentioned first)6

and whose ancestry was not identified by the
respondent as Mexican/Mexican American or
other Latin American or Spanish. This study
examines only the White and African Ameri-
can groups.

Income was modeled as categories of
poverty income ratio (PIR), which is annual
family income divided by the federal poverty
line. This line is adjusted each calendar year
for inflation and varies with the size of the
household. The categories used in the analy-
ses of African American women and men
were less than 1 (poor), 1 to 1.999 (near poor),
and 2 and above. In analyses of White women
and men, there was a much larger proportion

of higher-income families, and the highest in-
come group was divided into the categories 2
to 2.999, 3 to 4.999, and 5 and above. In all
cases, the lowest income group, comprising
those with family incomes below the poverty
line, was used as the reference category. Ed-
ucation was categorized as less than 9 years,
9 to 11 years, 12 years, and 13 years and
above. Occupations were coded to 1 of the 13
major occupational groups assigned by the
Census Bureau in 1980 and assigned the av-
erage Duncan socioeconomic index score for
that grouping7; these scores were modeled as
tertiles.

Diabetes prevalence was ascertained by
OGTT and by the use of antidiabetic medica-
tions. Subjects who were examined in the
morning were instructed to fast for 12 hours
preceding the test. Those who were examined
in the afternoon or evening were instructed to
fast for 6 to 8 hours. Glucose levels were meas-
ured at the Diabetes Reference Laboratory at
the University of Missouri–Columbia by a
modified hexokinase enzymatic method.8 Fol-
lowing criteria developed by the National Di-
abetes Data Group, subjects with fasting glu-
cose levels of ≥7.8 mmol/L (140 mg/dL) (all
examinees) or 2-hour glucose levels of
≥11.1 mmol/L (200 mg/dL) (for morning ex-
aminees) or ≥13.9 mmol/L (250 mg/dL) (for
afternoon and evening examinees) were clas-
sified as type 2 diabetes cases. All subjects
who reported use of antidiabetic medications

were classified as type 2 diabetes cases, re-
gardless of whether or not they completed the
OGTT.

Covariables examined as possible medi-
ators of the SES–diabetes association included
body size, physical activity, diet, and alcohol
and tobacco use. Stratum-specific tertiles of 3
measures of body size were used: body mass
index (BMI) (weight in kilograms divided by
height in meters squared), waist–hip ratio
(waist circumference divided by hip circum-
ference), and self-reported weight at age 25.
On the basis of a series of questions about
walking and recreational activities in the past
month and standard intensity ratings for these
activities,9 we calculated an exercise score for
each subject, and the log of these scores was
used along with a dichotomous variable for
any participation in vigorous exercise and a
variable indicating whether subjects reported
that they were more or less active than 10 years
previously. Dietary variables included were
total kilocalories consumed and total fat and
saturated fat as percentages of total kilocalo-
ries. Alcohol use was based on subjects’ re-
ports of the frequency of drinking and average
amount consumed on each occasion during
the 12 months preceding the interview. Vari-
ables for ever having been a smoker, being a
current smoker, number of cigarettes smoked
daily at the time of the interview, and lifetime
number of cigarettes smoked were included
as measures of tobacco use. Some analyses
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TABLE 2—Odds Ratios (95% Confidence Intervals) for Type 2 Diabetes Prevalence Among African American Women, by
Socioeconomic Status (SES):Third National Health and Nutrition Examination Survey, 1988–1994

SES Variables

Poverty Income Ratio
Control Variable

<1a 1–1.999 ≥2
Age and confoundersb 1.00 0.62 (0.36, 1.06) 0.42 (0.25, 0.70)**
Body size 1.00 0.79 (0.42, 1.49) 0.51 (0.28, 0.96)*
Physical activity 1.00 0.60 (0.34, 1.05) 0.44 (0.26, 0.74)**
Diet 1.00 0.60 (0.34, 1.04) 0.43 (0.25, 0.74)**
Cigarette smoking 1.00 0.67 (0.42, 1.09) 0.41 (0.25, 0.66)***
Alcohol use 1.00 0.59 (0.34, 1.04) 0.41 (0.23, 0.74)**
All mediators 1.00 0.81 (0.45, 1.47) 0.53 (0.29, 0.96)*

Years of Education

0–8a 9–11 12 ≥13
Age and confoundersb 1.00 1.18 (0.71, 1.97) 0.90 (0.42, 1.93) 0.81 (0.32, 2.03)
Body size 1.00 1.29 (0.69, 2.41) 0.97 (0.41, 2.30) 0.96 (0.38, 2.43)
Physical activity 1.00 1.30 (0.77, 2.21) 1.02 (0.46, 2.24) 0.95 (0.38, 2.40)
Diet 1.00 1.19 (0.70, 2.02) 0.96 (0.45, 2.04) 0.85 (0.35, 2.07)
Cigarette smoking 1.00 1.13 (0.69, 1.84) 0.86 (0.40, 1.85) 0.77 (0.33, 1.82)
Alcohol use 1.00 1.04 (0.65, 1.68) 0.81 (0.39, 1.68) 0.78 (0.32, 1.91)
All mediators 1.00 1.21 (0.62, 2.38) 0.84 (0.36, 1.99) 0.86 (0.37, 2.01)

Duncan Socioeconomic Index Score

<21a 21–32 >32
Age and confoundersb 1.00 0.56 (0.32, 0.96) 0.84 (0.43, 1.65)
Body size 1.00 0.53 (0.27, 1.04) 1.11 (0.51, 2.41)
Physical activity 1.00 0.56 (0.32, 0.96) 0.94 (0.47, 1.88)
Diet 1.00 0.53 (0.31, 0.91) 0.84 (0.43, 1.63)
Cigarette smoking 1.00 0.52 (0.30, 0.92) 0.80 (0.45, 1.45)
Alcohol use 1.00 0.55 (0.31, 0.98) 0.86 (0.44, 1.72)
All mediators 1.00 0.46 (0.21, 1.01) 1.04 (0.46, 2.35)

aReference category.
bAllmodels are adjusted for age and the following confounders: time of day (morning, afternoon, or evening); day of the week (weekday or

weekend); season of the year (June–August, December–March, or other); number of minutes between the time glucose was administered
and the “2-hour” venipuncture (categorized as high or low when it deviated from 120 minutes by more than 1 standard deviation [6.575
minutes]); and reported length of fast before the oral glucose tolerance test (categorized as high [>13 hours], medium, or low [<6 hours for
morning examinees or <4.5 hours for afternoon or evening examinees]).

*.01<P<.05; **.001<P<.01; ***P<.001.

also included a variable for self-rated health
(rated from 1=excellent to 5=poor).

All analyses were controlled for age and
for variables related to the conditions of the
examination, including time of day, day of the
week, season of the year, minutes between the
time glucose was administered and the “2-
hour” venipuncture, and reported length of fast
before the OGTT.

Data Analysis

We used logistic regression to evaluate
the association of income, education, and oc-
cupational status with type 2 diabetes among
African American and White women and
men. We examined each of these associations
in a series of models: controlling for age and
examination-related confounders only, con-
trolling for each of the potential mediating
variables described above, and controlling for
all of the potential mediators together. We re-
peated the analyses controlling for self-
assessed health, to assess the possibility that

diabetes-related poor health caused low SES,
rather than low SES caused diabetes.

SUDAAN statistical software (version
7.5.2; Research Triangle Institute, Research
Triangle Park, NC) was used to adjust for
clustering and sample weights.10 In models
using PIR, “no information” was included as
a separate category but is not included in the
tables.

Several sensitivity analyses were con-
ducted—that is, excluding proxy reports, non-
standard afternoon or evening OGTT, or im-
puted values for BMI, and including suspected
type 1 diabetic individuals in the type 2 dia-
betic group.

Results

The distribution of key variables among
the subjects in each of the 4 strata is shown in
Table 1. As anticipated, each stratum is dif-
ferent. Some variables (including SES vari-
ables) varied substantially with race/ethnicity,

while body size and behavioral variables dif-
fered by sex.

African American Women

In models adjusted for age and
examination-related confounders, PIR was
strongly associated with diabetes prevalence
among African American women (Table 2).
African American women whose family in-
come was at least twice the poverty level had
an odds ratio of 0.42 (95% confidence interval
[CI]=0.25, 0.70) relative to women with fam-
ily incomes below the poverty line. Those in
the intermediate PIR category (PIR=1–1.999)
had a marginally significant odds ratio of 0.62
(95% CI=0.36, 1.06). Addition of mediating
variables increased the odds ratio for the higher
income group from 0.42 to 0.53 (95% CI=
0.29, 0.96) and for the near-poor group from
0.62 to 0.81 (95% CI=0.45, 1.47). The most
important mediator was body size. Neither ed-
ucation nor Duncan socioeconomic index score
was a significant predictor of diabetes preva-
lence among African American women.
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TABLE 3—Odds Ratios (95% Confidence Intervals) for Type 2 Diabetes Prevalence Among Non-Hispanic White Women, by
Socioeconomic Status (SES):Third National Health and Nutrition Examination Survey, 1988–1994

SES Variables

Poverty Income Ratio
Control Variable

<1a 1–1.999 2–2.999 3–4.999 ≥5
Age and confoundersb 1.00 0.76 (0.42, 1.38) 0.61 (0.35, 1.05) 0.35 (0.19, 0.65) 0.25 (0.13, 0.48)***
Body size 1.00 0.93 (0.44, 1.93) 0.77 (0.39, 1.50) 0.45 (0.21, 0.95) 0.36 (0.17, 0.77)*
Physical activity 1.00 0.83 (0.46, 1.51) 0.69 (0.40, 1.20) 0.42 (0.22, 0.79) 0.33 (0.16, 0.65)*
Diet 1.00 0.74 (0.40, 1.36) 0.63 (0.36, 1.13) 0.37 (0.20, 0.68) 0.27 (0.13, 0.53)**
Cigarette smoking 1.00 0.80 (0.44, 1.46) 0.64 (0.36, 1.15) 0.36 (0.19, 0.70) 0.26 (0.13, 0.52)**
Alcohol use 1.00 0.81 (0.45, 1.47) 0.68 (0.38, 1.21) 0.41 (0.21, 0.78) 0.31 (0.15, 0.64)*
All mediators 1.00 0.97 (0.44, 2.15) 0.91 (0.45, 1.84) 0.54 (0.23, 1.26) 0.50 (0.22, 1.14)

Years of Education

0–8a 9–11 12 ≥13
Age and confoundersb 1.00 1.23 (0.70, 2.16) 0.88 (0.50, 1.53) 0.38 (0.21, 0.71)***
Body size 1.00 1.54 (0.64, 3.69) 1.23 (0.56, 2.73) 0.70 (0.32, 1.53)
Physical activity 1.00 1.28 (0.71, 2.33) 0.98 (0.53, 1.80) 0.50 (0.25, 1.00)*
Diet 1.00 1.21 (0.69, 2.12) 0.93 (0.54, 1.62) 0.42 (0.22, 0.79)**
Cigarette smoking 1.00 1.24 (0.71, 2.18) 0.89 (0.51, 1.54) 0.39 (0.21, 0.72)***
Alcohol use 1.00 1.18 (0.66, 2.10) 0.93 (0.53, 1.64) 0.48 (0.26, 0.87)**
All mediators 1.00 1.60 (0.62, 4.12) 1.50 (0.63, 3.53) 1.06 (0.41, 2.70)

Duncan Socioeconomic Index Score

<21a 21–32 >32
Age and confoundersb 1.00 0.70 (0.51, 0.97) 0.48 (0.29, 0.80)**
Body size 1.00 0.81 (0.53, 1.25) 0.66 (0.40, 1.11)
Physical activity 1.00 0.79 (0.54, 1.14) 0.56 (0.33, 0.95)
Diet 1.00 0.69 (0.50, 0.95) 0.49 (0.29, 0.82)**
Cigarette smoking 1.00 0.71 (0.50, 1.00) 0.48 (0.29, 0.81)**
Alcohol use 1.00 0.76 (0.54, 1.08) 0.54 (0.33, 0.90)*
All mediators 1.00 0.95 (0.61, 1.49) 0.77 (0.43, 1.38)

aReference category.
bAll models are adjusted for age and the following confounders: time of day (morning, afternoon, or evening); day of the week (weekday or

weekend); season of the year (June–August, December–March, or other); number of minutes between the time glucose was administered
and the “2-hour” venipuncture (categorized as high or low when it deviated from 120 minutes by more than 1 standard deviation [6.575
minutes]); and reported length of fast before the oral glucose tolerance test (categorized as high [>13 hours], medium, or low [<6 hours for
morning examinees or <4.5 hours for afternoon or evening examinees]).

*.01<P<.05: **.001<P<.01; ***P<.001.

White Women

PIR was also the SES variable most
strongly associated with diabetes among White
women (Table 3). The relationship between
PIR and diabetes was inverse and graded, with
age-adjusted odds ratios decreasing as PIR in-
creased, relative to women below the poverty
line. Education was also inversely associated
with diabetes prevalence among White women,
in particular for the group with more than 12
years of education (age-adjusted odds ratio
[OR] =0.38; 95% CI=0.21, 0.71). Duncan so-
cioeconomic index score was also associated
with diabetes prevalence.

PIR effects were attenuated but still sub-
stantial after potential mediators were adjusted
for. When body size variables were added to
the age-adjusted model for White women, the
odds ratio for a PIR of 5 or higher increased
from 0.25 to 0.36 (95% CI=0.17, 0.77). None
of the other potential mediators had a sub-
stantial impact on the association between PIR
and diabetes, but when all of them were con-
trolled for, the association between PIR and

diabetes prevalence was no longer statistically
significant. The fully adjusted odds ratio for
the highest income group was 0.50 (95%
CI=0.22, 1.14).

African American Men

None of the SES variables were strongly
associated with diabetes prevalence among Af-
rican American men (Table 4). The higher in-
come (PIR=≥2) group had an odds ratio of
0.77 (95% CI=0.44, 1.34) relative to those
with incomes below the poverty line, and the
intermediate (near-poor) income group had the
lowest odds ratio for diabetes prevalence
(OR=0.61; 95% CI=0.36, 1.04). Additional
analyses were conducted to determine whether
these nonlinear effects were sensitive to the
categories and cutpoints chosen. When PIR
was modeled in stratum-specific quintiles (data
not shown), the results were similar. Education
also did not yield significant associations with
diabetes in African American men. Contrary
to expectations, the association between occu-
pational status and diabetes prevalence was

positive, although it did not reach statistical
significance. The addition of other covariables
to the models did not substantially alter any of
these associations.

White Men

TheonlySESvariablethatwassignificantly
associated with diabetes prevalence among
White men was PIR (Table 5).This association
was not linear, although the highest prevalence
was found in the lowest income group.As with
theresults forAfricanAmericanmen,useofPIR
modeled instratum-specificquintilesproduced
verysimilar results (datanot shown). Inage-ad-
justedmodels,educationhadaweakinversegra-
dientwithdiabetesprevalence,withanoddsratio
for those with more than 12 years of education
of 0.60 (95% CI=0.32, 1.13) relative to those
with less than 9 years of education.As withAf-
rican American men, the (nonsignificant) di-
rection of the association between occupational
status and diabetes prevalence was positive.

Most of the potentially mediating vari-
ables examined, and all of them together, ac-
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TABLE 4—Odds Ratios (95% Confidence Intervals) for Type 2 Diabetes Prevalence Among African American Men, by
Socioeconomic Status (SES):Third National Health and Examination Survey, 1988–1994

SES Variables

Poverty Income Ratio
Control Variable

<1a 1–1.999 ≥2
Age and confoundersb 1.00 0.61 (0.36, 1.04) 0.77 (0.44, 1.34)
Body size 1.00 0.69 (0.44, 1.08) 0.85 (0.49, 1.46)
Physical activity 1.00 0.62 (0.36, 1.06) 0.76 (0.44, 1.32)
Diet 1.00 0.63 (0.36, 1.08) 0.83 (0.49, 1.43)
Cigarette smoking 1.00 0.62 (0.36, 1.06) 0.68 (0.37, 1.25)
Alcohol use 1.00 0.55 (0.33, 0.93) 0.64 (0.37, 1.12)
All mediators 1.00 0.62 (0.39, 0.99) 0.75 (0.44, 1.27)

Years of Education

0–8a 9–11 12 ≥13
Age and confoundersb 1.00 1.02 (0.46, 2.27) 0.68 (0.35, 1.30) 0.82 (0.42, 1.59)
Body size 1.00 1.11 (0.46, 2.68) 0.77 (0.41, 1.44) 0.82 (0.41, 1.65)
Physical activity 1.00 1.01 (0.45, 2.26) 0.68 (0.34, 1.33) 0.82 (0.43, 1.57)
Diet 1.00 0.95 (0.41, 2.17) 0.72 (0.36, 1.42) 0.89 (0.44, 1.82)
Cigarette smoking 1.00 1.00 (0.46, 2.18) 0.61 (0.32, 1.18) 0.67 (0.36, 1.25)
Alcohol use 1.00 0.96 (0.42, 2.22) 0.59 (0.30, 1.15) 0.78 (0.40, 1.55)
All mediators 1.00 0.98 (0.35, 2.70) 0.68 (0.32, 1.43) 0.78 (0.37, 1.64)

Duncan Socioeconomic Index Score

<21a 21–32 >32
Age and confoundersb 1.00 1.02 (0.62, 1.68) 1.94 (0.80, 4.69)
Body size 1.00 0.96 (0.57, 1.60) 2.14 (0.81, 5.62)
Physical activity 1.00 1.01 (0.62, 1.65) 2.04 (0.88, 4.70)
Diet 1.00 1.13 (0.67, 1.90) 2.01 (0.80, 5.06)
Cigarette smoking 1.00 1.02 (0.62, 1.67) 1.76 (0.71, 4.41)
Alcohol use 1.00 1.07 (0.62, 1.86) 1.98 (0.78, 5.01)
All mediators 1.00 1.06 (0.57, 1.96) 2.08 (0.77, 5.64)

aReference category.
bAll models are adjusted for age and the following confounders: time of day (morning, afternoon, or evening); day of the week (weekday or

weekend); season of the year (June–August, December–March, or other); number of minutes between the time glucose was administered
and the “2-hour” venipuncture (categorized as high or low when it deviated from 120 minutes by more than 1 standard deviation [6.575
minutes]); and reported length of fast before the oral glucose tolerance test (categorized as high [>13 hours], medium, or low [<6 hours for
morning examinees or <4.5 hours for afternoon or evening examinees]).

tually strengthened the association between
PIR and diabetes among White men. The slight
inverse gradient between diabetes prevalence
and education, on the other hand, was elimi-
nated after all the potential mediators were ad-
justed for, although no one variable had a par-
ticularly strong impact. The unexpected direct
(but nonsignificant) association between oc-
cupational status and diabetes prevalence was
not diminished by the addition of covariables.

Self-Assessed Health

When the analyses were repeated with a
variableforself-assessedhealth, tocontrol for the
possibility that poor health had led to low SES,
the resultswereessentiallyunchanged (datanot
shown). PIR was still more strongly and con-
sistently associated with diabetes prevalence
than either education or occupational status.

Sensitivity Analyses

There were no meaningful differences in
the results when data provided by proxies, sub-

jects who received nonstandard OGTTs, or im-
puted body size variables were removed from
the data set, or when subjects with suspected
type 1diabeteswereincludedwithtype 2diabetic
subjects.

Discussion

These analyses provide strong, consistent
evidence that SES is inversely associated with
type 2 diabetes in both African American and
White women. They do not provide such evi-
dence for African American or White men. In-
come as a percentage of the poverty line was
the SES variable most consistently associated
with diabetes prevalence. It was strongly and
negatively associated with diabetes prevalence
in both African American and White women in
NHANES III. This association was only par-
tially mediated by variables usually regarded
as modifiable personal health behaviors or
characteristics. There was also a trend toward
a negative association between PIR and dia-
betes prevalence among both African Ameri-

can and White men, although for African
American men this did not attain statistical sig-
nificance. The relationships of diabetes preva-
lence with education and occupation were
much less consistent.

The finding of socioeconomic inequali-
ties in diabetes prevalence by many researchers
in different populations11–15 suggests that this
phenomenon is unlikely to be a chance finding
or theresultofconfoundingbysomevariableco-
incidentally associated with SES in a specific
population. One possible explanation for this
association is thatpoorhealth results in lowSES,
rather than the reverse.While there is evidence
thathealthstatusaffects incomeandwealth,16 re-
search directed at this issue has indicated that
these “social selection” effects do not explain a
substantial part of the SES association with
health.17–19Whenwerepeatedouranalyses,con-
trolling for self-assessed health status, PIR con-
tinued to be more strongly associated with dia-
betes prevalence than other SES variables.

Income, particularly modeled as PIR, may
be a more sensitive indicator of current adult
SES than either education, which is usually
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TABLE 5—Odds Ratios (95% Confidence Intervals) for Type 2 Diabetes Prevalence Among Non-Hispanic White Men, by
Socioeconomic Status (SES):Third National Health and Examination Survey, 1988–1994

SES Variables

Poverty Income Ratio
Control Variable

<1a 1–1.999 2–2.999 3–4.999 ≥5
Age and confoundersb 1.00 0.44 (0.17, 1.11) 0.70 (0.30, 1.61) 0.39 (0.16, 0.92) 0.68 (0.26, 1.77)*
Body size 1.00 0.27 (0.11, 0.64) 0.50 (0.23, 1.10) 0.31 (0.15, 0.67) 0.61 (0.27, 1.38)***
Physical activity 1.00 0.48 (0.19, 1.20) 0.78 (0.34, 1.81) 0.47 (0.20, 1.12) 0.85 (0.33, 2.15)
Diet 1.00 0.41 (0.16, 1.03) 0.74 (0.33, 1.63) 0.40 (0.18, 0.92) 0.72 (0.29, 1.82)**
Cigarette smoking 1.00 0.39 (0.16, 0.98) 0.65 (0.29, 1.45) 0.34 (0.15, 0.76) 0.59 (0.24, 1.47)**
Alcohol use 1.00 0.37 (0.15, 0.90) 0.71 (0.31, 1.66) 0.40 (0.17, 0.96) 0.76 (0.25, 2.27)**
All mediators 1.00 0.24 (0.11, 0.55) 0.64 (0.32, 1.28) 0.38 (0.20, 0.75) 0.81 (0.34, 1.92)***

Years of Education

0–8a 9–11 12 ≥13
Age and confoundersb 1.00 0.93 (0.47, 1.85) 0.86 (0.50, 1.50) 0.60 (0.32, 1.13)
Body size 1.00 1.03 (0.51, 2.07) 0.86 (0.45, 1.65) 0.72 (0.38, 1.36)
Physical activity 1.00 0.98 (0.52, 1.87) 0.92 (0.55, 1.54) 0.71 (0.39, 1.27)
Diet 1.00 1.05 (0.51, 2.14) 0.96 (0.51, 1.82) 0.72 (0.35, 1.47)
Cigarette smoking 1.00 0.92 (0.47, 1.79) 0.83 (0.50, 1.39) 0.56 (0.30, 1.05)
Alcohol use 1.00 1.05 (0.51, 2.16) 0.99 (0.55, 1.80) 0.73 (0.36, 1.49)
All mediators 1.00 1.29 (0.61, 2.70) 1.11 (0.53, 2.36) 1.04 (0.48, 2.26)

Duncan Socioeconomic Index Score

<21a 21–32 >32
Age and confoundersb 1.00 1.14 (0.67, 1.95) 1.14 (0.63, 2.07)
Body size 1.00 1.06 (0.65, 1.74) 1.27 (0.72, 2.25)
Physical activity 1.00 1.12 (0.66, 1.89) 1.26 (0.72, 2.23)
Diet 1.00 1.09 (0.62, 1.94) 1.18 (0.62, 2.26)
Cigarette smoking 1.00 1.22 (0.72, 2.08) 1.18 (0.64, 2.17)
Alcohol use 1.00 1.19 (0.70, 2.02) 1.33 (0.70, 2.53)
All mediators 1.00 1.08 (0.62, 1.88) 1.64 (0.83, 3.23)

aReference category.
bAll models are adjusted for age and the following confounders: time of day (morning, afternoon, or evening); day of the week (weekday or

weekend); season of the year (June–August, December–March, or other); number of minutes between the time glucose was administered
and the “2-hour” venipuncture (categorized as high or low when it deviated from 120 minutes by more than 1 standard deviation [6.575
minutes]); and reported length of fast before the oral glucose tolerance test (categorized as high [>13 hours], medium, or low [<6 hours for
morning examinees or <4.5 hours for afternoon or evening examinees]).

*.01<P<.05: **.001<P<.01; ***P<.001.

completed by early adulthood, or usual occu-
pation, which may be misleading or uninfor-
mative, especially for women and retired peo-
ple. Income is not only a direct (albeit seriously
incomplete)20 measure of economic resources
but also a primary determinant of social pres-
tige in the United States.21 The fact that years
of education, while strongly associated with
diabetes prevalence among White women, was
not a significant predictor of diabetes preva-
lence among African American women may
reflect several factors.22 Systematic racial in-
equalities in education (the majority of Afri-
can Americans in this study resided in the South
and would have attended segregated schools
with greatly inferior resources) and in the eco-
nomic and occupational returns to education
could have limited the protective effect of ed-
ucation for African American women. The
study also had less statistical power to detect an
effect among African American women be-
cause of the smaller numbers with post–high
school education.

Socioeconomic inequalities in health have
been attributed to a number of different mech-

anisms, including unhealthy behaviors, inade-
quate access to health care, nutritional inade-
quacies and other inequalities in material cir-
cumstances, and psychologic stress.23,24 Most
of these mechanisms are at least plausible in-
termediate risk factors for type 2 diabetes.

The data available for this study permit-
ted direct examination of only a few of the pos-
sible mechanisms by which SES could affect
type 2 diabetes. Adult body size was examined
as a potential mediator, as were measures of
physical activity, dietary caloric and fat intakes,
and use of alcohol and tobacco. These vari-
ables, which are most often seen as the appro-
priate targets for health promotion efforts aimed
at individual risk behaviors, generally did not
explain the major portion of the effects asso-
ciated with SES. Body size variables were more
powerful mediators than any of the other vari-
ables examined. Difficulties in the measure-
ment of behavioral variables may explain why
these risk factors do not appear to explain so-
cioeconomic inequalities in diabetes preva-
lence, but it is likely that there are other, un-
measured mediating factors as well.

Unequal access to health care, although
clearly implicated in some health inequalities,
is not likely to be an important factor in the so-
cioeconomic inequalities in the prevalence (as
opposed to the course) of diabetes. Whereas
some studies have indicated the potential for
primary prevention of diabetes, there is little
evidence to date that medical care has been ef-
fective in preventing the onset of type 2 dia-
betes.25–27 Medical care does play an impor-
tant role in controlling diabetes and in the
complications, quality of life, and mortality as-
sociated with the disease.28

SES may affect diabetes by its influence
on prenatal and perinatal factors. A growing
body of work, especially that of Barker and
colleagues, has used both animal studies and
epidemiologic research to suggest that diabetes
is the result of developmental problems related
to maternal nutrition during (and perhaps be-
fore) pregnancy.29 This thesis, however, remains
controversial. Attempts by other investigators
to replicate these findings have had inconsis-
tent results, and some reviewers have raised
serious methodologic concerns.30
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It has been argued that the relationship
between SES and type 2 diabetes is mediated
by the physiologic response to chronic psy-
chologic stress, although epidemiologic evi-
dence that directly links stress with diabetes
prevalence has not yet been produced. Labo-
ratory studies have shown that hyperglycemic
conditions similar to type 2 diabetes can be in-
duced by stress in normoglycemic animals31

and that stress can impair glucose tolerance in
normoglycemic humans.32 There is evidence
from human studies that stress can have a neg-
ative impact on glycemic control in established
diabetes.33–36

Another possible link between low SES
and type 2 diabetes is depression, which is as-
sociated with both.37–40 Depression is also much
more prevalent among women than men,41

which could explain the finding that SES is
strongly associated with type 2 diabetes among
women but not men.

There are a number of limitations of this
study that should be noted. Some important
elements of SES were not examined. Child-
hood SES, economic assets (including home
ownership), and neighborhood variables were
not examined.

Other methodologic problems exist. De-
spite extensive efforts to maximize response
rates to all elements of the surveys, substan-
tial nonresponse did occur; however, there is
no evidence that nonresponse induced bias in
our data.

Recent studies suggest that, among Afri-
can Americans, type 2 diabetes may not be un-
common among those whose diabetes was di-
agnosed in young adulthood.42 By excluding
cases with onset before 40 years of age and
with insulin use within 1 year of diagnosis, this
study may have excluded some type 2 cases.
However, the small number of such cases did
not have any important effect on the results.

Despite the abundant evidence for socio-
economic inequalities in many health outcomes,
efforts to identify specific pathways have, as in
this study, rarely succeeded in explaining most
of these effects. It is possible that the pathways
by which SES affects the development of dia-
betes are so complex and redundant that efforts
to identify a single or primary mechanism are
not likely either to succeed or to offer effective
strategies to control the increasing prevalence
of diabetes.43 If so, efforts to reduce socioeco-
nomic inequalities in diabetes must address the
“upstream” social, political, and economic poli-
cies that produce and structure those inequali-
ties and not only the “downstream” individual
behaviors that result from them.44
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