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OBJECTIVE — To determine whether the associations of BMI and fat distribution with dia-
betes risk are modified by race.

RESEARCH DESIGN AND METHODS — Data from the National Health and Nutri-
tion Examination Survey, Epidemiologic Follow-up Study (1971-1992), were used to investi-
gate potential interactions of BMI and fat distribution with race. Incident diabetes was defined
by self-report of physician-diagnosed diabetes, hospital and nursing home discharge records,
and death certificates.

RESULTS — Among the 1,531 black and 9,852 white subjects who were nondiabetic at base-
line, 1,139 (10.0%) developed diabetes during 20 years of follow-up. Although the cumulative
risk of diabetes increased with baseline BMI in all four race-sex groups, the sex-specific odds
ratios (ORs) for black:white subjects decreased with increasing BMI. In particular, for BMI of
22 kg/mz2, the OR of diabetes for black:white individuals was 1.87 and 1.76 (P < 0.01) for men
and women, respectively; for BMI of 32 kg/m2, the OR decreased to 0.99 and 1.20 (NS) for men
and women, respectively. Skinfold ratio was also associated with increased diabetes risk in all
race-sex groups, but did not modify the association between race and diabetes.

CONCLUSIONS — These findings suggest that the effect of BMI on diabetes risk is differ-
ent for black and white Americans, with a larger risk for blacks than whites at low BMI and an
equivalent risk for both groups at high BMI. A lower degree of visceral adiposity among blacks
at higher BMI or a greater impact of visceral adiposity among blacks at low BMI may help
explain the interaction of race and BMI on diabetes risk.
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incidence of type 2 diabetes in the

U.S. has consistently shown the fre-
quency of diabetes to be higher among
black than among white Americans and to
be higher among obese individuals and
those with centralized fat distribution (1-5).
Possible explanations for the observed dif-

P revious research on the prevalence and

ference in the risk of diabetes between
blacks and whites include differences in the
distribution, clustering, or impact of known
and potential diabetes risk factors such as
obesity, fat distribution, insulin resistance,
hypertension, level of physical activity; diet,
and perhaps a genetic susceptibility to obe-
sity and/or diabetes (6-13). Although the
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exact mechanisms by which obesity and
centralized fat distribution are associated
with increased diabetes risk are unclear
(14), recent findings have suggested that the
metabolic features associated with these fac-
tors may be different for blacks and whites
(15). This raises the possibility that these
factors modify the association between race
and diabetes risk.

Understanding the complex associa-
tions of race, obesity, and fat distribution
with the development of diabetes has been
the focus of considerable research. A study
by Lipton etal. (16) on incident diabetes in
a representative sample of U.S. adults ages
25-70 years revealed significant differences
in the distribution of diabetes risk factors
between black and white subjects, with
blacks having multiple risk factors for this
disease. In particular, the authors reported
higher BMI and subscapular-to-triceps
skinfold ratio (STR) among blacks and
showed that blacks were at a substantially
higher 16-year risk of developing diabetes
than whites. The present study built on
these findings using an additional 5 years of
follow-up data on the same cohort. We
hypothesized that a continued excess risk
of diabetes would be observed in black
subjects in the sample, and that the associ-
ation between race and diabetes risk would
be modified by BMI and fat distribution,
with lower levels of these factors being
more strongly associated with diabetes risk
among black subjects. The rationale for the
second hypothesis was based on clinical
findings suggesting a smaller correlation
between anthropometric measures of obe-
sity and centralized fat distribution and
metabolic risk factors among blacks than
among whites (15,17,18). Our study
extended these findings to investigate the
association of overall body mass and cen-
tralized fat distribution with diabetes risk in
black and white Americans.

RESEARCH DESIGN AND

METHODS — Baseline data are from
the First National Health and Nutrition
Examination Survey (NHANES I; 1971-
1975), and follow-up data are from the
National Health and Nutrition Examina-
tion Survey, Epidemiologic Follow-Up
Study (NHEFS). The NHEFS was designed
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to investigate associations among clinical,
nutritional, and behavioral factors assessed
in NHANES | and subsequent morbidity;
mortality, and hospital utilization. The
NHEFS cohort includes all subjects who
were ages 25-74 years during the
NHANES I and who completed the base-
line medical examination (n = 14,407).
The design and operation of NHANES |
and the NHEFS follow-up surveys have
been described previously (19-22). Briefly,
the baseline medical examination included
measurements of height (m), weight (kg),
subscapular and triceps skinfold thickness
(mm), and sitting blood pressure (mmHg).
BMI was calculated from measured height
and weight (kg/m?) and was used as an indi-
cator of relative weight. The STR was used as
an indicator of centralized fat distribution
(23,24). The baseline interview included
questions on exercise from recreational
physical activity (categorized as low, moder-
ate, or high), educational attainment, occu-
pation, and income. Data from three NHEFS
follow-up interviews—conducted in 1982—
1984, 1987, and 1992—were used. Dis-
charge diagnoses from overnight stays in
hospitals and nursing homes were collected,
and, for decedents, causes of death were
collected from death certificates and coded
according to the Intemational Classification of
Diseases, Ninth RevisiofICD-9) (25).

Definition of prevalent diabetes
To estimate the cumulative incidence of dia-
betes, prevalent cases were excluded from
the baseline sample. Two types of informa-
tion helped identify prevalent cases: self-
report and a urine glucose test. At baseline,
713 subjects (67.6% of all prevalent cases)
answered affirmatively to the question “Has
a doctor ever told you that you have dia-
betes?” An additional 123 subjects (11.6%)
were identified who reported no diabetes at
baseline, but did report diabetes at one of
the three follow-up exams and indicated a
diagnosis date before the baseline interview.
The discrepancy was identified using data
on reported year of diabetes diagnosis that
were available for those subjects who
reported diabetes during follow-up. The
choice to use all available data to identify
prevalent cases was the most conservative
approach to reduce misclassification. Of the
836 subjects who reported diabetes, 168
had a positive urine glucose test and 668
did not (Table 1).

A semiquantitative urine glucose test
was used at baseline with ordered results—
"negative,” “trace,” “light,” “medium,”

“dark,” and “very dark.” Subjects with an
indication of “trace” or more glucose in
their urine were classified as prevalent cases
and excluded from the analysis; 218 sub-
jects (20.7%) were excluded based on this
criterion alone (Table 1). Thus 1,054 sub-
jects (7.3% of the original cohort) were
considered to have had prevalent diabetes.
Prevalent cases were older and had higher
BMI, STR, and systolic blood pressure
(sBP) than nondiabetic subjects who were
included in the analysis (data not shown).

Sample selection

Of the 14,407 subjects in the NHEFS
cohort, 172 subjects (1.2%) were excluded
from the study because they self-reported
their race as being other than black or
white. After exclusion of the 1,054 preva-
lent cases of diabetes, 812 subjects (5.6%)
were excluded because they were missing
all follow-up data, and 871 (6.0%) were
excluded because their diabetes status
could not be classified by the end of the
study. Of the remaining 11,498 subjects, 86
women who were pregnant at baseline
were excluded because their BMI would be
misleading, and 29 subjects were excluded
because they were missing anthropometric
data. The sample for this analysis therefore
consisted of 11,383 subjects, representing
79% of the original NHEFS cohort.

To examine the effect that excluded
subjects may have had on diabetes risk
estimates, characteristics of subjects
included in the sample were compared
with those lost to follow-up (n=812) and
those whose diabetes status was not avail-
able (n = 871). Compared with subjects
who were included in the study, both
excluded groups were younger, were more
likely to be black, and had higher sBP and
lower BMI (data not shown). Although
these differences were statistically signifi-
cant because of the large number of sub-
jects, the absolute differences were small.
For example, subjects included in the sam-
ple had a mean BMI of 25.5 versus 25.1
kg/m2 for those lost to follow-up.

Ascertainment of incident cases

At each follow-up survey, information from
self-report, subjects’ health care facility
records, and death certificates was used to
identify incident diabetes (ICD-9 codes
250.0-250.9) and gestational diabetes (ICD-
9 code 648) (25). No cases of gestational
diabetes were found. A total of 1,139 new
cases of diabetes were identified. Table 1
shows the distribution and overlap of data

Resnick and Associates

Table 1—Prevalent and incident cases of
diabetes in the NHEFS, 1971-1992, by data
source

Prevalent cases

Self-report and 168 (15.9)
urine glucose
Self-report only 668 (63.4)
Urine glucose only 218 (20.7)
Total 1,054 (100.0)
Incident cases
One source
Self-report 420 (36.9)
Facility record 180 (15.8)
Death certificate 25(2.2)
Two sources 447 (39.2)
Three sources 67 (5.9)

Total
Data are n (%).

1,139 (100.0)

sources contributing to their ascertainment.
The majority of cases were identified from
self-report or a facility record, and 45.1% of
all cases were confirmed by an overlap of
two or three sources of information.

Analytic strategy

NHANES | oversampled certain groups,
such as older adults, low-income individu-
als, and women of childbearing age.
Although the sampling design can be
adjusted by using weights that allow calcu-
lation of national prevalence estimates based
on the NHEFS (26), there has been contro-
versy concerning use of these weights. Many
epidemiological studies using NHEFS data
have failed to mention them (27-30),
whereas others have done weighted and
unweighted analyses, presenting un-
weighted results only (31-33). In the latter
studies, unweighted results were generally
consistent with weighted ones. Because the
goal of this study was to examine the asso-
ciation between risk factors and diabetes
risk and not to provide national estimates,
unweighted results are presented.

BMI, STR, and sBP were examined
across race-sex strata, using generalized lin-
ear models to test for differences in age-
adjusted means between groups. The
distribution of categorical variables was
evaluated across race-sex strata using the x2
test of association. Educational attainment
(less than a high school education versus at
least a high school education) was used as a
proxy for socioeconomic status. Although
data on occupation and income were also
available, 3.6% of the data were missing for

DiaBETES CARE, VOLUME 21, NUMBER 11, NOVEMBER 1998

1829



Differential effects of BMI

Table 2—Baseline characteristics of hondiabetic subjects in the NHEFS € 11,383)

Black men White men P value Black women White women P value
n 591 4,059 940 5,793
Age (years)
25-34 88 (14.9) 773 (19.1) 0.001 226 (24.0) 1,506 (26.0) 0.001
35-44 72 (12.2) 667 (16.4) 265 (28.2) 1,360 (23.5)
45-54 117 (19.8) 757 (18.6) 116 (12.3) 898 (15.5)
55-64 76 (12.9) 633 (15.6) 94 (10.1) 676 (11.7)
65-74 238 (40.2) 1,229 (30.3) 239 (25.4) 1,353 (23.3)
BMI (kg/m2)* 255+49 25.6+£4.0 NS 27.7+6.8 249+5.1 <0.001
Median 24.9 255 26.9 23.8
90th percentile 31.9 30.5 35.9 31.9
STRt 1.6+£0.6 14+05 <0.001 1.0+£0.3 0.8+0.3 <0.001
Median 15 13 0.9 0.8
90th percentile 24 21 1.4 1.2
sBP (mmHg)* 145 £ 27 135+ 21 <0.001 140 £ 29 131+24 <0.001
Education (years)t 0.001 0.001
<12 4,036 (68.2) 1,724 (42.5) 560 (59.6) 2,063 (35.6)
12 110 (18.6) 1,169 (28.8) 256 (27.2) 2,322 (40.1)
>12 64 (10.8) 1,141 (28.1) 111 (11.8) 1,386 (23.9)
Activity levelt 0.001 0.001
Low 305 (51.6) 1,392 (34.3) 623 (66.3) 2,600 (44.9)
Moderate 184 (31.1) 1,653 (40.7) 226 (24.0) 2,308 (39.8)
High 102 (17.3) 1,010 (24.9) 89 (9.5) 882 (15.2)

Continuous variables (BMI, STR, sBP) are expressed as age-adjusted means + SD. Categorical variables (age, education, activity level) are n (%). For continuous
variables, P value is for the test of difference in sex-specific means of the variable of interest. For categorical variables, P value is for the x2 test of association within
sex. *Reported means are age-adjusted; tpercentages do not add to 100.0 because of missing data.

income and 44.3% were missing for occu-
pation. Moreover, unlike income and occu-
pation, baseline education is likely to
change the least over time among adults.
Physical activity was examined in descrip-
tive analyses, but was not used in multi-
variate models as most subjects were
sedentary at baseline, which limited the
variation in this measure. Using only age
and race as predictors of diabetes, we used
the logistic model to calculate age-adjusted
odds ratios (ORs) and 95% Cls for the asso-
ciation between race and diabetes risk in the
whole sample and separately by sex. Cumu-
lative incidence rates of diabetes were stan-
dardized within race-sex-BMI strata by the
direct method, using the age distribution of
the whole sample as the standard.

Model selection

Using the logistic model, we examined the
effects of BMI and STR on diabetes risk and
the possibility that race modifies the effects
of these variables. To further investigate
this interaction, we calculated the ORs of
diabetes associated with race (black:white)
at various levels of BMI. Multivariate mod-
els were selected by the likelihood ratio
test, and the Hosmer-Lemeshow test (34)
was used to evaluate the goodness-of-fit of

the final models. This method is based on
the x2 distribution and tests the null
hypothesis that the fit of a binary response
model is adequate. Therefore, a small x2
statistic and a large P value for this test indi-
cated good model fit. Regression diagnos-
tics were performed to identify outlying
observations and to determine if individual
observations influenced the regression
coefficients for race, BMI, or STR.

The initial models included BMI, STR,
race, race X BMI, race X STR, age, sBP, and
education. We also tested for quadratic
effects for continuous variables. Models were
run separately for men and women; age, sBP,
and education were considered potential
confounders. Variables from the initial
model were selected for inclusion in the
final model at the P < 0.05 level of signifi-
cance, except for age, which was forced into
the final model for both men and women.

RESULTS — Baseline characteristics of
the study sample are shown in Table 2.
Black men were represented more in the
oldest age group and were older than white
men overall (P =0.001). Black women had
greater BMI and higher STR than white
women. Among men, however, only STR
was significantly different. Black men and

women had higher age-adjusted sBP com-
pared with whites (both P < 0.001), with
black men having the highest sBP. Black
subjects reported significantly less school-
ing and physical activity than whites (P =
0.001). Thus at baseline there was a clus-
tering of diabetes risk factors among black
subjects.

During the first 10 years of follow-up,
~50% of all incident cases were identified;
during the each of the two subsequent 5-year
follow-up segments, ~25% of the remaining
cases were identified. The crude 20-year
cumulative incidence of diabetes in this
sample was 10.0%, but, as expected, race-
and sex-specific rates varied greatly. The age-
adjusted OR of diabetes for blacks:whites
was 2.1 (Cl 1.8-2.4). Black women had
more than twice the age-adjusted risk of
white women (OR = 2.5, ClI 2.1-3.0). Simi-
larly, black men were at greater risk than
white men (OR = 1.5, Cl 1.1-1.9).

A comparison of baseline characteristics
of subjects who did and did not develop dia-
betes revealed no age differences among
blacks who developed diabetes and those
who did not, whereas significant age differ-
ences were noted among whites (P < 0.001)
(Table 3). As expected, in each race-sex stra-
tum, subjects who developed diabetes had
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Table 3—Comparison of baseline characteristics of subjects who did and did not develop diabetes, NHEFS, 1971-19%21(1,383)

Black men White men Black women White women
Variable Diabetic Nondiabetic P Diabetic Nondiabetic P Diabetic Nondiabetic P Diabetic Nondiabetic P
n 80 511 377 3,682 180 760 502 5,291
Age (years) 54.9 53.4 NS 54.4 51.0 <0.001 47.6 47.7 NS 51.0 472  <0.001
BMI (kg/m2) 27.9 25.2 <0.001 28.5 25.4 <0.001 313 26.9 <0.001 30.2 24.5 <0.001
STR 1.69 161 NS 1.60 1.37 <0.001 1.12 0.97 <0.001 0.96 0.76 <0.001
sBP (mmHg) 142 146 NS 142 135 <0.001 146 139 0.003 143 130 <0.001
<12 years of 70 70 NS 53 42 0.001 67 59 0.036 53 34 0.001
education
Low physical 53 51 NS 41 34 0.001 72 65 NS 58 44 0.001
activity

Continuous variables (BMI, STR, sBP) are mean baseline values. Categorical variables (age, education, activity level) are %. P for continuous variables are for the
t test of difference in means between diabetic and nondiabetic subjects within race-sex strata. P for categorical variables are for the x2 test of association compar-
ing diabetic with nondiabetic subjects within race-sex strata.

higher baseline BMI than those who did not
(P < 0.001, all groups). Among women and
white men, there were also significant differ-
ences in STR, with subjects who developed
diabetes having a higher STR (P < 0.001).
Significant differences in sBP between dia-
betic and nondiabetic subjects were
observed among white men and women and
black women, but not among black men.
Subjects who developed diabetes had less
education and were less physically active at
baseline than those who did not.

Table 4 shows that the age-adjusted
cumulative incidence of diabetes was
greater with increasing BMI in all race-sex
groups. Blacks were at higher risk of dia-
betes at all levels of BMI compared with
whites. However, at lower BMI, the relative
risk (RR) of diabetes for black:white sub-
jects was much larger than at higher levels
of BMI. For example, at BMI <20 kg/mz,
the adjusted RR was 2.83 and 3.13 for men
and women, respectively, but at BMI =32
kg/m2, the magnitude of this association
decreased to 1.14 and 1.09, respectively. No
similar trend was observed for STR, indi-
cating that this variable did not modify the
association between race and diabetes risk.

Results of logistic regression analyses
relating the association of baseline charac-
teristics to diabetes incidence are presented
in Table 5. Our final models were complex
and included linear and quadratic terms
for BMI, a term for race, and an interaction
term for race*BMI. The OR for skinfold
ratio was expressed as a 0.2-unit increase,
since this was more easily interpreted than
a 1-unit increase in this measure. The inter-
action between race and BMI presented in
Table 5 was calculated for BMI = 25. For all
levels of BMI among men, low education,

older age at baseline, and higher STR were
predictive of diabetes risk. However, the
association between race and diabetes risk
was modified by BMI (P = 0.02). To quan-
tify the magnitude of the interaction, we
defined specific levels of BMI in our logistic
models and calculated the black:white OR
at these levels. Accordingly, at BMI = 22, the
OR of diabetes for black:white men was
1.87 (P < 0.01), but at BMI = 32, the asso-
ciation decreased to 0.99 (NS). The Hos-

Table 4—Age-adjusted, BMI-specific cumulative incidence, and relative risk of diabetes,

NHEFS, 1971-1992

mer-Lemeshow test (34) indicated that this
model fit the data well (P = 0.19). Although
some outlying observations were detected,
model diagnostics indicated that no indi-
vidual observations influenced the regres-
sion coefficients for race, BMI, or STR. The
association between race and diabetes risk
was not modified by STR among men.
Although there were some differences in
the structure of the final model for women,
the associations of BMI and STR with dia-

Black White
Cumulative Cumulative
Diabetic Nondiabetic incidence Diabetic Nondiabetic incidence  Relative
(n) (n (%) (n) (n (%) risk
BMI (kg/m?)
Men
<20 7 50 0.065 6 248 0.023 2.83
20 to <22 4 90 0.055 17 412 0.035 1.57
22 to <24 7 85 0.051 25 698 0.032 1.59
24 to <26 17 92 0.163 56 756 0.065 2.50
26 to <28 9 72 0.097 84 794 0.093 1.04
28 to <30 10 51 0.163 78 403 0.160 1.01
30to <32 9 29 0.239 46 202 0.182 1.31
=32 17 42 0.319 65 169 0.278 1.14
Women

<20 5 99 0.050 10 758 0.016 3.13
20 to <22 6 79 0.085 19 1,051 0.022 3.86
22 to <24 9 93 0.083 49 1,085 0.037 2.24
24 to <26 14 103 0.114 65 801 0.074 1.54
26 to <28 22 109 0.173 69 556 0.108 1.60
28 to <30 22 75 0.236 61 378 0.140 1.68
30to0 <32 30 66 0.292 59 267 0.183 1.59
=32 72 136 0.330 170 395 0.302 1.09

Age distribution of the study sample used as standard population. Relative risk is black:white ratio.
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Table 5—Logistic regression analysis of the effects of baseline characteristics on diabetes risk, levels of BMI may help explain the interac-

NHEFS, 1971-1992

Variable B coefficient P value OR (95% CI)
Men (n=4,611)
Race (black vs. white) 0.44 <0.01 1.55 (1.14-2.12)
Age (per 10 years) 0.01 <0.01 1.11 (1.03-1.20)
BMI (kg/m?) (per unit)
Black 0.20 <0.001 1.14 (1.08-1.20)
White 0.20 <0.001 1.22 (1.18-1.25)
STR (per unit) 0.38 <0.001 1.08 (1.04-1.12)
Education (=12 years vs. <12 years) 0.25 0.02 1.28 (1.03-1.61)
BMI X race —0.06 0.02
BMI2 —0.003 0.01
Women (n = 6,663)
Race (black vs. white) 0.45 <0.001 1.57 (1.20-2.06)
Age (per 10 years) —0.008 0.12 0.99 (0.89-1.13)
BMI (kg/m?) (per unit)
Black 0.18 <0.001 1.16 (1.11-1.19)
White 0.18 <0.001 1.20 (1.16-1.23)
STR (per unit) 1.22 <0.001 1.25(1.17-1.34)
SBP (per 5 mmHg) 0.006 <0.01 1.03 (1.01-1.05)
Education (=12 years vs. <12 years) 0.41 <0.001 1.51 (1.25-1.81)
Race X BMI —0.04 0.02
BMI2 —0.004 <0.001
STR2 —0.44 0.02

The coefficients and ORs for race, BMI, and the interaction between race and BMI are expressed at a BMI of 25.
For women, the coefficient for STR is expressed at a STR of 0.8. The final models for men and women excluded
30 and 70 subjects, respectively, because of missing data for education or blood pressure. The OR for BMI rep-
resents the effect of a 1.0 increase in BMI from 25 to 26 kg/m2. The OR for STR among men represents the effect
of any 0.2-U increase. For women, the OR for STR represents a 0.2-U increase from 0.8 to 1.0.

betes risk were similar to those observed for
men. BMI modified the association between
race and diabetes risk, with black women at
higher risk of diabetes relative to white
women at lower levels of BMI (P = 0.02). As
was observed for men, STR did not modify
the association between race and diabetes
risk. However, a significant quadratic rela-
tionship between STR and diabetes risk was
identified. By defining specific levels of BMI
in the model, it was observed that at BMI =
22, the OR for black:white women was 1.76
(P < 0.01), but the magnitude of this asso-
ciation decreased to 1.20 for BMI = 32, and
diabetes risk was not significantly different
between black and white women at this
level of BMI. No influential observations
were noted, and the Hosmer-Lemeshow test
indicated that the model provided a good fit
for the data (P = 0.69).

Using the methods described above,
the models were used to calculate the odds
of diabetes at varying levels of BMI, as well
as the OR of diabetes for blacks relative to
whites. Figure 1A shows that the odds of
diabetes increased with increasing BMI for
all race-sex groups, but were higher among

blacks at most levels of BMI. Figure 1B
demonstrates that the sex-specific OR for
diabetes among blacks relative to whites
decreased with increasing BMI. Thus the
modification by BMI of the association
between race and diabetes risk narrowed
the gap of diabetes risk between blacks
and whites as BMI increased.

CONCLUSIONS — Our data indi-
cated that the association between race and
diabetes risk was modified by BMI, with a
larger risk for blacks than whites at low
BMI and an equivalent risk at high BMI.
Although the interaction between race and
BMI implies a relative decrease in the risk of
diabetes associated with higher levels of
BMI in blacks, black subjects still experi-
enced a higher risk of diabetes at most lev-
els of BMI. This could be due to the effect
of BMI overwhelming the effect of race at
higher levels of BMI or to higher levels of
BMI having a greater relative impact on
diabetes risk among whites. Alternatively, a
lower degree of visceral adiposity among
blacks at higher BMI or a greater impact of
visceral adiposity among blacks at lower

tion of race and BMI on diabetes risk.
Unfortunately, differences in visceral adi-
posity cannot be detected by the anthropo-
metric measures available in this data set.

Because metabolic factors associated
with the deposition of intra-abdominal fat
are more likely to influence diabetes risk
than anthropometric features or BMI per se
(17,35), the question remains as to which
anthropometric measures best represent
the metabolic features that enhance the risk
of diabetes. This is an important issue in
large epidemiological studies such as
NHEFS because computed tomography
and magnetic resonance data are frequently
unavailable (36).

Mechanisms by which accumulation
of abdominal fat may cause abnormalities
of glucose and lipid metabolism have been
described (17). However, significant ethnic
differences in the deposition of abdominal
fat for similar waist-to-hip ratios (WHRs)
have been shown in black and white
women (37). Differences in circumference
measures have also been shown between
black and white women of similar BMI
(38). A possible link between these findings
and our observation that BMI modifies the
association between race and diabetes risk
is that the impact of abdominal fat on dia-
betes risk may differ in blacks and whites.

The hypothesis of a differential associ-
ation between measures of centralized fat
distribution and metabolic risk factors for
diabetes in blacks and whites is supported
by findings from other studies. In the
Insulin Resistance and Atherosclerosis
Study (17), waist circumference was posi-
tively related to fasting insulin in subjects
with normal and impaired glucose toler-
ance, but the association was significantly
weaker among blacks than among whites,
indicating ethnic variation in metabolic
characteristics associated with this anthro-
pometric measurement. This finding also
suggests that waist circumference may not
adequately represent abdominal fat in
blacks. Lovejoy et al. (18) showed that
black women had two seemingly incon-
gruous characteristics: less visceral fat and
lower insulin sensitivity, adjusted for BMI
and WHR. This finding suggests a greater
impact of visceral fat among black women.

Previous findings have seemed to indi-
cate that common anthropometric indexes
of body fat distribution are imperfect prox-
ies for the high-risk metabolic characteristics
associated with abdominal fat deposition
and may therefore inadequately represent
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new cases of diabetes. Second, a more con-
servative definition of baseline diabetes was
used to reduce misclassification of baseline
disease status. This resulted in exclusion of
more prevalent cases. Third, the interaction
of both BMI and fat distribution with race
was examined.

This study had several limitations, most
of which were related to the fact that the
NHEFS was not designed to examine dia-
betes incidence. Despite our efforts to iden-
tify all prevalent and incident cases of
diabetes, it is likely that these were still
underidentified in this data set (40-42),
since the sample was not screened for dia-
betes and no data on glucose homeostasis
were collected. To help address the issue of
undiagnosed diabetes at baseline, urine glu-
cose data were used to reduce misclassifica-
tion of prevalent cases, and data from health
care facilities and death certificates supple-
mented incident cases of diabetes that were
ascertained from self-report. Implicit in our
results was an underlying assumption about
the accuracy of self-reported diabetes among
the 36.9% of cases for whom only self-report
data were available. This assumption was
supported by a previous study that showed
exceptional agreement between self-report
of diabetes and medical records reflecting
diagnosis of the disease, suggesting that indi-
viduals who know that they have diabetes
report it accurately when asked (43).

To investigate the possibility that self-
reported cases of diabetes might be mis-
classified cases of type 1 diabetes, we
examined the characteristics of subjects
who were age 30 years or younger at base-
and who self-reported diabetes between
baseline and first follow-up (mean time, 10

tion to BMI (blacks relative to whites) by sex. Note the decline in relative diabetes risk in blackas(eleclears). There were 30 such subjects, only 4
ing OR) with increasing BMI. Solid line segments indicate levels of BMI at which the OR for radf iwhom reported insulin use at first follow-

significantly different from 1.0.

the underlying diabetes risk profile in differ-
ent ethnic groups. Although our data did not
include circumference measures, we did
have STR. Although skinfolds have been
shown to correlate well with circumference
measures and diabetes risk factors (38,39),
our results did not indicate modification by
STR of the association between race and
diabetes risk. However, our findings did
indicate that STR measures an important
aspect of regional fat distribution with
respect to diabetes occurrence, as it was
found to be a strong independent predictor
of disease risk over the 20 years of the study.
This was consistent with previous findings

that STR and WHR might reflect different
aspects of body fat distribution, each with its
own effect on metabolism (38). Thus,
although STR is useful to consider when
describing diabetes risk in general, it may
not be a sufficiently sensitive proxy for dif-
ferential metabolic consequences of central-
ized fat distribution between black and
white Americans.

This study differs in several important
ways from an earlier one that used the
same data source to study diabetes inci-
dence (16). First, an additional 5 years of
data were analyzed, making the follow-up
of this cohort 21 years and yielding 375

up. One subject was diagnosed at age 32
years, one at age 33, and two at age 36. The
mean BMI for this group was 32.1. From
these data, we concluded that these cases
were likely to be type 2 diabetes. In support
of this was a recent report showing a very
small prevalence of adult-onset IDDM in a
national sample (44). Thus, although we
use the term “diabetes” to describe incident
cases throughout this report, our data sug-
gest that this term is virtually equivalent to
the term “type 2 diabetes.”

Data collection for the NHEFS
(1971-1992) included the period during
which the National Diabetes Data Group
and the World Health Organization first
formalized criteria for the diagnosis and
classification of diabetes (45,46). This data
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set does not permit evaluation of a possible
cohort effect related to the change in diag-
nostic criteria for diabetes across different
segments of follow-up. However, because
most cases of diabetes are identified during
physician visits and without the oral glucose
tolerance test, there was consistency with
the interview question that asked specifi-
cally about physician-diagnosed diabetes. A
more difficult question is whether the estab-
lishment of formal diagnostic and classifi-
cation criteria led to changes in physician
practice patterns that influenced the num-
ber or characteristics of cases identified dur-
ing the study. Our findings must be further
evaluated against the most recent changes in
diagnostic criteria and screening recom-
mendations (47). Application of the new
criteria to this data set would likely have
increased the number of prevalent and inci-
dent cases, since the definition of disease is
set at lower fasting glucose levels and the
new recommendations call for routine
screening to begin at age 45 years, or at
younger ages for individuals in high-risk
groups.

Despite these limitations, our findings
regarding ethnic differences in the effects of
BMI over 20 years of follow-up were con-
sistent with previous findings. Moreover,
the longitudinal aspect of this study was
one of its most notable strengths. The fol-
low-up of this diverse cohort spanned 20
years and provided an excellent opportu-
nity to investigate evidence of ethnic differ-
ences in the effects of BMI and fat
distribution that has been gathered from
smaller studies.

Although the Cox proportional haz-
ards model is often used in cohort studies
such as the NHEFS, this model was not
selected for two reasons. First, 486 of the
incident cases (42.6%) were missing a year
of diagnosis. Second, the year of diagnosis
is not a meaningful clinical end point, since
the onset of diabetes may precede its clini-
cal diagnosis by many years (48). Further-
more, year of diabetes diagnosis is partly a
function of frequency of screening, which
may reflect access to adequate health care.
Given these methodological considerations,
use of the Cox model to determine risk of
diabetes using time-to-diagnosis would not
provide additional insight on race, BMI, or
fat distribution in relation to diabetes
occurrence. In contrast, the logistic model
allowed for use of all the data and did not
base inferences on time—to—end point.

In summary, this study showed that
over 20 years, approximately 10% of a large

American cohort developed diabetes, and
that the association between race and 20-
year diabetes risk was modified by BMI,
supporting the idea of ethnic differences in
the effects of BMI in black and white Amer-
icans. These data highlight a potential para-
dox of differential BMI-associated diabetes
risk in black and white Americans: com-
pared with whites, blacks tend to be at
higher risk of diabetes across most levels of
BMI, yet the magnitude of risk among
blacks relative to whites appears to be
greatest at lower levels of BMI. An
improved understanding of how these dif-
ferences may affect long-term diabetes risk
among nondiabetic individuals, especially
lean blacks, may prove helpful in designing
prevention programs that are tailored to
meet the needs of individual risk groups.

Acknowledgments— This research was sup-
ported by Multidisciplinary Training Grant in
Aging AG-00114 from the National Institute on
Aging, and by an American Association of
Retired Persons/Andrus Foundation Graduate
Fellowship.

We thank Drs. Patricia Peyser and MaryFran
Sowers for helpful comments on an earlier draft
of this manuscript. The data used in this study
were collected by the National Center for Health
Statistics, Hyattsville, Maryland.

References

1. Tull ES, Roseman JM: Diabetes in African
Americans. In Diabetes in America2nd ed.
Washington, DC, U.S. Gowt. Printing
Office, 1995, p. 613-629 (NIH publ. no.
95-1468)

2. Carter JS, Pugh JA, Monterrosa A: Non-
insulin-dependent diabetes mellitus in
minorities in the United States. Ann Intern
Med125:221-232, 1996

3. Cowie CC, Harris M, Silverman RE, John-
son EW, Rust KF: Effect of multiple risk fac-
tors on differences between blacks and
whites in the prevalence of non-insulin-
dependent diabetes mellitus in the United
States. Am J Epidemiol37:719-732, 1993

4. Gillum RF: The association of body fat dis-
tribution with hypertension, hypertensive
heart disease, coronary heart disease, dia-
betes and cardiovascular risk factors in men
and women aged 18-79. J Chronic Dis
40:421-428, 1987

5. Harris MI, Hadden WC, Knowler WC,
Bennett PH: Prevalence of diabetes and
impaired glucose tolerance and plasma glu-
cose levels in U.S. population aged 20-74
years. Diabetes36:523-534, 1987

6. Harris MI: Epidemiological correlates of
NIDDM in Hispanics, whites, and blacks in
the U.S. population. Diabetes Care 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

20.

(Suppl. 3):639-648, 1991

. Hodge AM, Zimmet PZ: The epidemiology

of obesity. Bailliees Clin Endocrinol Metab
8:577-599, 1994

. Lackland DT, Orchard TJ, Keil JE, Saunders

DE, Wheeler FC, Adams-Campbell LL,
McDonald RH, Knapp RG: Are race differ-
ences in the prevalence of hypertension
explained by body mass index and fat dis-
tribution? A survey in a biracial population.
IntJ EpidemioR1:236-245, 1992

. O'Brien TR, Flanders WD, Decoufle P,

Boyle CA, DeStefano F, Teutsch S: Are racial
differences in the prevalence of diabetes in
adults explained by differences in obesity?
JAMA262:1485-1488, 1989

Pi-Sunyer FX: Obesity and diabetes in
blacks. Diabetes Care13 (Suppl. 4):1144—
1149, 1990

Schmidt MI, Duncan BB, Watson RL, Shar-
rett AR, Brancati FL, Heiss G: A metabolic
syndrome in whites and African-Ameri-
cans: the Atherosclerosis Risk in Commu-
nities baseline study. Diabetes Care 19:
414-418, 1996

Stern MP, Haffner SM: Body fat distribution
and hyperinsulinemia as risk factors for
diabetes and cardiovascular disease. Arte -
riosclerosi§:123-130, 1986

Valsania P, Micossi P: Genetic epidemiology
of non-insulin-dependent diabetes. Dia -
betes Metab Rev10:385-405, 1994

Halter JB: Carbohydrate metabolism. In
Handbook of Physiology: Aginglasoro JE,
Ed. London, Oxford University Press, 1995
Dowling HJ, Pi-Sunyer X: Race-dependent
health risks of upper body obesity. Diabetes
42:537-543, 1993

Lipton RB, Liao Y, Cao G, Cooper RS,
McGee D: Determinants of incident non-
insulin dependent diabetes mellitus among
blacks and whites in a national sample. Am
J Epidemioll 38:826-839, 1993

Karter AJ, Mayer-Davis EJ, Selby JV,
D'Agostino RB, Haffner SM, Sholinsky P,
Bergman R, Saad MF, Hamman RF: Insulin
sensitivity and abdominal obesity in
African-American, Hispanic, and non-His-
panic white men and women: the Insulin
Resistance and Atherosclerosis Study. Dia -
betes45:1547-1555, 1996

Lovejoy JC, de la Bretonne JA, Klemperer
M, Tulley R: Abdominal fat distribution
and metabolic risk factors: effects of race.
Metabolism45:1119-1124, 1996

Miller HW: Plan and operation of the
Health and Nutrition Examination Survey,
United States, 1971-1973. Rockville, MD,
National Center for Health Statistics, 1973
(Vital and Health Statisticsser. 1, nos. 10a
and 10b; DHEW publ. no. [HSM] 73-1310)
Cohen BB, Barbaro HE, Cox CS, Feldman
J, Finucane FE Kleinman JC, Madans JH:
Plan and operation of the NHANES | Epi-
demiologic Follow-Up Study: 1982-84.
Hyattsville, MD, National Center for Health

1834

DiABETES CARE, VOLUME 21, NUMBER 11, NOVEMBER 1998



21.

22.

23.

24.

25.

26.

27.

28.

Statistics, 1987 (Vital and Health Statistics
ser. 1, no. 22) (DHHS publ. no. [PHS] 87-
1324)

Cox CS, Rothwell ST, Madans JH, Ginu-
cane FF, Fried VM, Kleinman JC, Barbaro
HE, Feldman JJ: Plan and operation of the
NHANES | Epidemiologic Follow-Up
Study, 1987. Hyattsville, MD, National
Center for Health Statistics, 1992. (Vital
and Health Statisticsser. 1, no. 27) (DHHS
publ. no. [PHS] 92-1303)

Madans JH, Kleinman JC, Cox CS, Bar-
bano HE, Feldman JJ, Cohen B, Finucane
FE Cornoni-Huntley J: 10 years after
NHANES I: report of initial follow-up. Pub -
lic Health Repl01:465-474, 1986

Haffner SM, Stern MP. Mitchell BD, Hazuda
HP, Patterson JK: Incidence of type Il dia-
betes in Mexican-Americans predicted by
fasting insulin and glucose levels, obesity,
and body-fat distribution. Diabetes39:283—
288, 1990

Freedman DS, Williamson DF Croft JB,
Ballew C, Byers T: Relation of body fat distri-
bution to ischemic heart disease: the National
Health and Nutrition Examination Survey |
(NHANES 1) Epidemiologic Follow-Up
Study. Am J Epidemiol42:53-63, 1995
Intemational Classification of Diseases, 9th
Revision, Clinical Modifation Vol. 1, 3rd ed.
Washington, DC, U.S. Department of
Health and Human Services, 1989

Ingram DD, Makuc DM: Statistical Issues in
Analyzing the NHANES | Epidemiologic
Follow-up Study. Hyattsville, MD, National
Center for Health Statistics, 1994 (Vital and
Health Statistics Ser. 2, no. 121) (DHHS
publ. no. [PHS] 94-1395)

Gillum RF, Sempos CT, Makuc DM, Looker
AC, Chien CY, Ingram DD: Serum transfer-
rin saturation, stroke incidence, and mor-
tality in women and men: the NHANES |
Epidemiologic Follow-Up Study. National
Health and Nutrition Examination Survey.
Am J Epidemiol44:59-68, 1996

Byrne C, Ursin G, Ziegler RG: A comparison
of food habit and food frequency data as

34

35

36

37

38

29.

30.

32.

33.

predictors of breast cancer in the NHANES
I/NHEFS cohort. J Nutr 126:2757-2764,
1996

Dwyer JH, Li L, Dwyer KM, Curtin LR,
Feinleib M: Dietary calcium, alcohol, and
incidence of treated hypertension in the
NHANES | Epidemiologic Follow-Up
Study. Am J Epidemiol 44:828-838, 1996
Freedman DS, Williamson DF Croft JB,
Ballew C, Byers T: Relation of bodly fat distri-
bution to ischemic heart disease: the National
Health and Nutrition Examination Survey |
(NHANES 1) Epidemiologic Follow-Up
Study. Am J Epidemiol 42:53-63, 1995

. Gillum RE Mussolino ME, Ingram DD:
Physical activity and stroke incidence in
women and men: the NHANES | Epidemi-
ologic Follow-Up Study. Am J Epidemiol
143:860-869, 1996

Gillum RF, Mussolino ME, Madans JH: The
relationship between fish consumption and
stroke incidence: the NHANES | Epidemi-
ologic Follow-Up Study (National Health
and Nutrition Examination Survey). Arch
Intem Med156:537-542, 1996

Gillum RE Mullokino ME, Makuc DM:
Erythrocyte sedimentation rate and coro-
nary heart disease: the NHANES | Epi-
demiologic Follow-Up Study. J Clin
Epidemio#i8:353-361, 1995

. Hosmer DW, Lemeshow S: Applied Logistic

RegressionNew York, Wiley, 1989

. Fujioka S, Matsuzawa Y, Tokunaga K, Tarui
S: Contribution of intra-abdominal fat
accumulation to the impairment of glucose
and lipid metabolism in human obesity.
Metabolisn86:54-59, 1987

. Haffner SM, Stern MP, Hazuda HP, Pugh J,
Patterson JK: Do upper-body and central-
ized adiposity measure different aspects of
regional body-fat distribution? Diabetes
36:43-51, 1987

. Conway JM, Yanovski SZ, Avila NA, Hub-
bard VS: Visceral adipose tissue differences
in black and white women. Am J Clin Nutr
61:765-771, 1995

. Stevens J, Plankey MW, Keil JE, Rust PF

39.

40.

41.

42.

43.

44.

46.

47.

48.

Resnick and Associates

Tyroler HA, Davis CE: Black women have
smaller abdominal girths than white
women of the same relative weight. J Clin
Epidemioli7:495-499, 1994

Mueller WH, Wear ML, Hanis CL, Emer-
son JB, Barton SA, Hewett-Emmett D,
Schull WJ: Which measure of body fat dis-
tribution is best for epidemiologic research?
Am J Epidemiol 33:858-869, 1991

Bild DE, Stevenson JM: Frequency of
recording of diabetes on U.S. death certifi-
cates: analysis of the 1986 National Mor-
tality Followback Survey. J Clin Epidemiol
45:275-281, 1992

Melton LJ, Ochi JW, Palumbo PJ, Chu CP:
Sources of disparity in the spectrum of dia-
betes mellitus at incidence and prevalence.
Diabetes Care6:427-431, 1983

Tokuhata GK, Miller W, Digon E, Hartman
T: Diabetes mellitus: an underestimated
public health problem. J Chronic Dis
28:23-35, 1975

Bush TL, Miller SR, Golden AL, Hale WE:
Self-report and medical record agreement
of selected medical conditions of the
elderly. Am J Public Healtt¥9:1554-1556,
1989

Harris MI, Robbins DC: Prevalence of adult
onset IDDM in the U.S. population. Dia -
betes Care17:1337-1340, 1994

. National Diabetes Data Group: Classifica-

tion and diagnosis of diabetes mellitus and

other categories of glucose intolerance. Dia -
betes28:1039-1057, 1979

World Health Organization: WHO Expert
Committee on Diabetes MellitusSecond
Repot. Geneva, World Health Org., 1980,

p. 1-80 (Tech. Rep. Ser., no. 646)

Expert Committee on the Diagnosis and

Classification of Diabetes Mellitus: Report

of the Expert Committee on the Diagnosis

and Classification of Diabetes Mellitus. Dia -
betes Care20:1183-1197, 1997

Harris MI, Klein R, Welborn TA, Knuiman

MW: Onset of NIDDM occurs at least 4—7

years before clinical diagnosis. Diabetes
Care 15:815-819, 1992

DiaBETES CARE, VOLUME 21, NUMBER 11, NOvEMBER 1998

1835



