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OBJECTIVE — Age at onset of type 2 diabetes has decreased during the past 20 years, especially
in black women. Studies of factors associated with insulin resistance and hyperglycemia in preado-
lescent and adolescent populations are essential to understanding diabetes development.

RESEARCH DESIGN AND METHODS — The National Heart, Lung, and Blood Insti-
tute (NHLBI) Growth and Health Study (NGHS) is a 10-year cohort study of the development of
obesity in black and white girls. Two NGHS centers examined the associations of obesity,
puberty, and race with fasting insulin, glucose, and homeostasis model assessment of insulin
resistance (HOMA-IR; a calculated index of insulin resistance) measures at 9–10 years of age
(baseline) and 10 years later.

RESULTS — Black girls had greater baseline and year-10 BMI than white girls, with a greater
10-year incidence of obesity. BMI-insulin correlations were positive in both black and white girls
at both visits, but insulin remained higher in black girls after controlling for BMI. In black girls,
insulin and HOMA-IR were higher in the prepubertal period (before the emergence of racial
differences in BMI), increased more during puberty, and decreased less with its completion.
Baseline BMI predicted year-10 glucose and the development of impaired fasting glucose (IFG)
in black girls. In white girls, the rate of BMI increase during follow-up predicted these outcomes.
The 10-year incidence of diabetes in black girls was 1.4%.

CONCLUSIONS — Black-white differences in insulin resistance are not just a consequence
of obesity, but precede the pubertal divergence in BMI. The development of IFG appears to be a
function of the rate of increase of BMI in white girls and early obesity in black girls.
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T he prevalence of obesity has in-
creased dramatically in children and
adults over the past 20 years, and

the age at onset of type 2 diabetes has

decreased (1,2). The earlier onset may re-
flect the longer duration of the obese, in-
sulin-resistant state by late adolescence
(3). Previous studies demonstrated racial

differences in insulin sensitivity in obese
preadolescents (4–8). These studies were
limited in their ability to explain the de-
velopment of impaired fasting glucose
(IFG) because of their cross-sectional de-
sign and small samples.

The National Heart, Lung, and Blood
Institute (NHLBI) Growth and Health
Study (NGHS) is a 10-year cohort study
of the development of obesity in black
and white girls (9). To explicate the rela-
tionships of obesity with insulin resis-
tance and increased glucose in adolescent
girls, the centers in Cincinnati, Ohio, and
Washington, D.C., measured fasting in-
sulin and glucose levels at baseline (ages 9
and 10 years) and 10 years later. We pos-
tulated that racial differences in insulin
sensitivity and persistent obesity contrib-
ute to the development of higher glucose
levels and diabetes in black females.

RESEARCH DESIGN AND
METHODS — The NGHS, conducted
under a contract with NHLBI to identify
factors associated with the development
of obesity in “black” girls, has been previ-
ously described (9). The clinical centers
enrolled 9- and 10-year-old black and
white girls. Race was self-declared as
“black” or “white,” and enrollment was
restricted to racially concordant house-
holds. Two clinical centers collected
blood for measurement of insulin and
glucose in years 1 and 10. The Cincinnati,
Ohio, clinic recruited girls from inner-
city, urban residential, and suburban
public and parochial schools; the Wash-
ington, D.C., clinic recruited girls from a
health maintenance organization (HMO).
Although white girls had higher average
socioeconomic status than black girls,
there was a wide representation of socio-
economic status in each racial group
based on parental education and house-
hold income. The institutional review
boards of the two centers approved the
study, and signed informed consent was
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obtained from the girls’ parents or guard-
ians.

Clinical measures
Obesity was assessed annually according
to a standard protocol (9), using the BMI
(kg/m2) as recommended by several ex-
pert panels (10–12). The age-sex specific
95th percentile values for BMI from the
2000 Centers for Disease Control and
Prevention (CDC) Growth Charts defined
obesity at baseline, and a BMI �30 kg/m2

was used at year 10. Trained staff scored
pubertal maturation at baseline following
modified Tanner standards. Stage 1 was
prepubertal. Stage 2 was pubertal (pres-
ence of pubic hair and/or areolar develop-
ment) but premenarchal. Stage 3 was
postmenarchal (13).

Insulin and glucose levels were mea-
sured after an overnight fast (�10 h) us-
ing the Michigan Diabetes Research and
Training Center (Ann Arbor) in year 1 and
the Endocrine Lab at the University of
Cincinnati/Children’s Medical Center in
year 10. Both insulin assays used a com-
petitive protein-binding radioimmunoas-
say. Glucose was measured at baseline
using a hexokinase reagent (Boehringer-
Mannheim) and at year 10 using the glu-
cose-oxidase method with the Hitachi
704 Chemistry Analyzer (Roche Diagnos-
tics, Indianapolis, IN). Coefficients of
variation ranged from 5 to11% for insulin
and 2 to7% for glucose in year 1 and were
9 and 4%, respectively, in year 10. Ho-
meostasis model assessment of insulin re-
sistance (HOMA-IR) measures, which
correlate with estimates of insulin resis-
tance measured by the euglycemic clamp
technique, were used as indexes of insulin
resistance (14). Following American Dia-
betes Association recommendations, a
fasting glucose �110 mg/dl defined IFG
and �126 mg/dl defined diabetes (15).

Statistical analyses
The associations of insulin with BMI and
puberty were examined in cross-sectional
analyses at baseline and year 10 and lon-
gitudinally in the cohort. Race-specific as-
sociations between BMI and insulin
concentrations were evaluated using
Pearson’s correlation coefficients. General
linear models were used to test racial dif-
ferences in insulin levels, adjusting for
BMI, age (as a linear term), and pubertal
status (at year 1 as a set of indicator vari-
ables). We examined differences in the
changes in the insulin-glucose relation-

ships from year 1 to 10 using general es-
timating equations. An intercept (baseline
BMI) and BMI slope across visits was cal-
culated for each participant. Logistic re-
gression was used to predict IFG status in
year 10 (yes vs. no) with individual base-
line BMI and BMI slope as explanatory
variables. Because the number of positive
cases was small, multiple linear regression
was used with the same independent vari-
ables to predict glucose levels at year 10.
All analyses were performed using SAS
version 9.0.

RESULTS — There were 1,491 girls in
the two participating NGHS centers at
baseline and 1,262 at year 10. There were
no significant racial differences in the re-
tention rate (overall 84.6%; 86.4% of
black girls and 82.9% of white girls), nor
was BMI associated with study dropout.
Because the primary focus of NGHS was
obesity development, girls could partici-
pate in NGHS and not have blood drawn.
The analysis cohort for this report in-
cluded 955 girls having BMI at both base-
line and year 10 and fasting glucose at
year 10. Differences in baseline BMI be-
tween girls included and not included in
these analyses were not significant. Differ-
ences in year-10 BMI were not significant
for black girls, but were for white girls
[24.5 (not included) vs. 23.5 kg/m2 (in-
cluded), P � 0.04]. At baseline, more
black girls (339 of 479, 70.8%) were in
pubertal stages 2 and 3 than white girls
(177 of 484, 36.6%), but few girls in ei-
ther group were in stage 3.

Black-white differences in obesity
and insulin sensitivity at baseline
and year 10
Black girls had greater BMI than white
girls at ages 9 and 10 years (Table 1). This
difference persisted after adjusting for age
and pubertal stage. BMI comparisons of
prepubertal black and white girls were
not significant (stage 1, Table 1). Black
girls had a greater prevalence of obesity at
baseline (17.6 vs 6.2%) and year 10 (28.8
vs. 11.2%) (both P � 0.0001). The 10-
year incidence of obesity was 2.5 times
greater in black than white girls (13.2 vs.
5.2%).

BMI was significantly and positively
correlated with insulin levels in both
black and white girls at baseline (r � 0.44
and 0.44, respectively, both P � 0.0001)
and year 10 (r � 0.48 and 0.55, respec-
tively, both P � 0.0001). Multivariate

analyses showed that BMI and race were
significant independent predictors of in-
sulin levels at both visits and that pubertal
stage was a significant predictor at base-
line. The incremental effects of BMI on
insulin levels were similar between the
races. BMI, race, and, at baseline, pubertal
stage explained 26% of the variance in
insulin at baseline and 29% at year 10
(both P � 0.0001). Race alone explained
7% of the variance at baseline and 5% at
year 10.

Black girls had higher mean fasting
insulin and HOMA-IR values than white
girls at both visits and higher glucose lev-
els at year 10 (Table 1). The baseline dif-
ferences persisted when analyses were
restricted to prepubertal girls, before the
divergence in BMI (insulin � 11.5 vs. 8.7,
P � 0.002; and HOMA-IR � 2.7 vs. 2.1,
P � 0.01; Table 1). Within ethnic groups,
HOMA-IR and fasting insulin values were
greater in pubertal than prepubertal girls.
The incremental effects of puberty on in-
sulin levels did not differ between races.

Black-white differences in the
relationship between fasting insulin
and glucose
Fasting insulin values were positively as-
sociated with fasting glucose in both ra-
cial groups at baseline and year 10 (Fig.
1). The steeper slopes in the regression
lines in black girls indicate that they were
more insulin resistant than white girls
(i.e., more insulin for any given glucose
level). The increase in insulin sensitivity
that is expected after completion of pu-
berty is reflected in the (lower) slopes
seen in year 10 compared with baseline.
The magnitude of the decrease was less in
black girls (0.60 to 0.50) than in white
girls (0.49 to 0.20) (P � 0.0001).

Ten-year changes in obesity status
and development of IFG
Obesity was more persistent in black than
white girls over the 10-year study period:
88.2% of black girls obese at baseline
were obese in year 10 compared with
61.2% of white girls. Mean BMI was
greater in the girls who were obese at both
visits (39.8 and 37.1 kg/m2 in black and
white girls, respectively) than in girls who
were obese at year 10, but not baseline
(34.6 and 33.5 kg/m2), making it difficult
to separate the effects of obesity duration
and magnitude in explaining changes in
insulin, HOMA-IR, and glucose levels.
Baseline values for these parameters were
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each significantly associated with values
at year 10. Across all participants, the 10-
year changes in BMI were positively cor-
related with changes in insulin (r � 0.26,
P � 0.0001), HOMA-IR (r � 0.24, P �
0.0001), and glucose (r � 0.16, P �
0.001).

There were 15 black and 6 white girls
with IFG at year 10. The impact of base-
line obesity and the 10-year change in
BMI on fasting glucose and the develop-
ment of IFG were studied using multiple
and logistic regression models, respec-
tively. These models gave similar results
within race, but identified different pre-
dictors in the two ethnic groups. In black
girls, baseline BMI, but not the slope of
the changes in BMI, predicted year-10
glucose (P � 0.005) and IFG status (P �
0.02). There was a 12% increase in risk of
IFG for every unit increase in baseline
BMI (odds ratio [OR] � 1.12, P � 0.02).
In white girls, it was the rate of BMI in-
crease, not baseline BMI, that predicted
year-10 glucose (P � 0.0001) and IFG
status (P � 0.002). In white girls, there
was a 7.6-fold increase in risk of IFG for
every unit increase per year in BMI (OR �
7.6, P � 0.002).

There were seven girls who had glu-
cose values consistent with the diagnosis

of diabetes in year 10. All of these girls
were black, so the 10-year incidence rate
for type 2 diabetes in black girls was
1.4%. Three of these girls were obese at
both visits; two of these girls were over-
weight at baseline and borderline obese
(29.7 kg/m2) or obese at year 10; one was
obese at baseline and overweight at year
10 (28.1 kg/m2); and one was never
obese.

CONCLUSIONS — Obes i t y and
other environmental and genetic factors
contribute to the evolution of type 2 dia-
betes through phases of insulin resistance
and �-cell failure (16). Particularly alarm-
ing are reports that show that the diagno-
sis of diabetes is occurring at younger
ages, especially in black youth (2). Con-
sistent with these findings, there ap-
peared to be seven incident cases of
diabetes in black adolescents but none in
white girls in this NGHS ancillary study
cohort. All but one of the cases were
obese, implicating insulin resistance in
the pathogenesis. Because obesity and
consequent insulin resistance have been
shown to have an accelerator effect on
progression of both type 1 and type 2 di-
abetes, and because these diagnoses occur
at overlapping ages, it is difficult to pre-

dict from our data which diagnosis is
most appropriate in the incident cases
(17).

The current study documents the
evolution of IFG and interrelationships
among race, obesity, pubertal develop-
ment, and insulin resistance. We corrob-
orate reports that show that the incidence
of obesity has increased faster in black
than in white girls (18) and add that obe-
sity is more likely to be persistent in black
girls. Cohort studies like the NGHS can
assess the relationships of predictor and
outcome variables more precisely than
cross-sectional studies because they pro-
vide more than one assessment in time,
thus controlling for interindividual varia-
tion. This is especially important when
the variables of interest, like insulin or
glucose, may be determined by factors
that are themselves changing at variable
rates in individuals. Thus, the finding that
BMI at ages 9 and 10 in blacks is an im-
portant determinant of fasting glucose
levels and the risk for IFG 10 years later is
especially important. This is in contrast to
white girls, in whom the rate of increase in
BMI during the 10-year period was more
important in predicting these outcomes.
These disparate relations between glucose
levels and IFG status in year 10 on the one

Table 1—Mean � SD of age, body composition measurements, fasting plasma insulin (�U/ml), glucose (mg/dl), and HOMA-IR for girls at
baseline and year 10, by race and maturation stage

Baseline Year 10

Black girls*
n � 500

White girls*
n � 455 P

Black girls
n � 500

White girls
n � 455 P

Age 10.1 � 0.5 10.0 � 0.6 �0.001 19.1 � 0.6 19.0 � 0.6 �0.001
BMI (overall)† 19.4 � 4.2 17.5 � 3.1 �0.001 27.4 � 7.6 23.5 � 5.2 �0.001

Stage 1 17.1 � 2.6 16.6 � 2.5
Stage 2 20.2 � 4.4 19.0 � 3.5
Stage 3 22.3‡ � 4.4 19.1‡ � 1.9

Insulin (overall)† 15.2 � 10.2 10.1 � 7.5 �0.001 13.1 � 10.3 8.8 � 6.9 �0.001
Stage 1 11.5 � 7.8 8.7 � 5.6
Stage 2 16.3 � 10.8 12.2 � 9.2
Stage 3 21.6‡ � 8.4 10.6‡ � 3.1

Glucose (overall) 93.7 � 7.3 93.1 � 6.3 0.24 90.1 � 24.2 86.3 � 7.8 0.001
Stage 1 91.4 � 7.5 92.9 � 6.4
Stage 2 94.6 � 7.0 93.4 � 6.2
Stage 3 95.3‡ � 6.7 91.5 � 7.8

HOMA-IR¶ (overall)† 3.6 � 2.6 2.4 � 1.9 �0.001 3.0 � 2.6 1.9 � 1.6 �0.001
Stage 1 2.7 � 2.0 2.1 � 1.4
Stage 2 3.9 � 2.7 3.0 � 2.3
Stage 3 5.2‡ � 2.1 2.5‡ � 0.9

*There were 138, 335, and 17 black girls and 279, 163, and 2 white girls in pubertal stages 1, 2, and 3, respectively. Statistics by stage do not include 10 black girls
and 11 white girls who are missing maturation stage data; †P � 0.001 comparison of means between ethnic groups controlling for stage; ‡P � 0.001 for comparison
of stage within ethnic group; ¶HOMA-IR � 0.056 � [glucose][insulin]/22.5.
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hand and early obesity and the slope of
BMI changes on the other are consistent
with the marked differences in the per-
centage of black and white girls who were
obese at both baseline and year 10. Previ-
ous studies reported increased insulin re-
sistance in prepubertal obese subjects (6–
8). The current report extends these
findings to indicate that early obesity in
black adolescent females is associated
with higher fasting blood glucose levels,
as well as with increased risk of develop-
ing IFG. However, the number of partic-
ipants who developed IFG was too small
to fully test the independent contribu-
tions of obesity duration and absolute
BMI in the same model.

In both black and white girls, there
was a stepped increase in HOMA-IR and
fasting insulin levels with pubertal matu-
ration. Increased insulin resistance dur-
ing puberty and in prepubertal black
children has been demonstrated using the
euglycemic clamp technique (4,6–8,19–
21). The current study, using two sepa-
rate analyses, confirms that ethnic
differences in insulin sensitivity are
present before the onset of puberty. First,
black-white differences in insulin levels
and insulin resistance (HOMA-IR) per-
sisted after controlling for BMI and puber-
tal stage in the entire cohort. Second,
these differences were seen when the
analysis was restricted to prepubertal
girls, before the emergence of significant
black-white differences in BMI. We con-
cur with other studies that show that
black girls are more advanced in pubertal
development (22) and that the impact of
pubertal development and obesity (BMI)
on insulin levels do not differ between
ethnic groups (8). Importantly, we add to
these findings by showing that the mag-
nitude of the postpubertal increase in in-
sulin sensitivity is less in black than white
girls.

At both baseline and year 10, fasting
insulin levels were positively and inde-
pendently correlated with fasting glucose
values. Racial differences in insulin sensi-
tivity can be inferred from the relation-
ship of fasting insulin to glucose levels
(23). That black girls were more insulin
resistant than white girls was evident
when measured using HOMA-IR as well
as when examining the slope of the rela-
tionship between insulin and glucose at
each visit. Because of the early age at
which ethnic differences in insulin sensi-
tivity appear, our findings strengthen the

possibility that there are underlying eth-
nic differences in gene polymorphisms
that influence insulin sensitivity or insu-
lin production or metabolism (24–26).
Ethnic differences in environmental fac-
tors or the interaction of environmental
circumstances and gene polymorphisms
may also contribute to a group’s capacity
for physiologic adaptation.

There are several limitations to the
current study. First, girls could partici-
pate in NGHS without having blood
drawn. BMI values were not significantly
different in girls who did and did not have
blood drawn at baseline or in black girls
in year 10, but were lower in white girls
who had blood drawn in year 10. Because
the associations of BMI with glucose and
insulin were positive across the entire co-
hort and the cohort was large, this differ-
ence should not affect analyses of
associations between obesity and insulin
or glucose, but could have affected the
capture of white girls with IFG or overt
diabetes. Another limitation to the study
is the lack of confirmatory tests in girls
having elevated glucose levels. A third
limitation is the use of separate labs for
insulin and glucose determination in
years 1 and 10. No samples were run by
both labs, but the labs used similar assays
and had good coefficients of variation.
The change in labs could have affected the
within-race comparisons of year 10 ver-
sus year 1, but would not have affected
the relative or between-race differences in
the changes in slopes. That is, if lab dif-
ferences explained slope changes, then
slope changes would be similar between
the races; yet, that is not the case and
therefore a race difference is shown.
Other major findings of the study—the
prepubertal differences in insulin sensi-
tivity and the differences in the roles of
baseline BMI and rate of increase in BMI
for explaining risk of year-10 IFG—do
not depend on direct comparison of base-
line and year-10 lab data.

In conclusion, we confirm the pres-
ence of intrinsic racial differences in insu-
lin sensitivity, which persist after
controlling for obesity (BMI) and pubertal
progression. These differences are present
before puberty and are magnified by pu-
berty. In addition, the expected increase
in insulin sensitivity that occurs with
completion of puberty is less in black than
white girls. Racial differences in insulin
sensitivity influence glucose values and
the development of glucose intolerance.

Further studies are needed to determine
the contributions of obesity duration and
magnitude to development of IFG and di-
abetes in black and white girls.
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