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Introduction
The pubertal transition has been identified as a time of risk 
for development of type 2 diabetes, particularly among vul-
nerable groups, such as African Americans (AAs) who have 
been disproportionately burdened relative to European 
Americans (EAs) (1). The disparities may be related to racial/
ethnic differences in the insulin secretory profile. It is well 
documented that healthy AA children and adults have higher 
postchallenge insulin concentration, relative to EA (2–4) and 
the greater insulin response among AA is apparent even after 
adjusting for insulin sensitivity (which is lower in AA) (3). 
The physiologic relevance and clinical implications of the 
difference are not known. An understanding of underlying 
mechanisms associated with insulin dynamics in healthy AA 
and EA adolescents, particularly during the pubertal tran-
sition, a critical period in growth and development, could 
serve as a potential avenue to understand the cause of ethnic 
disparities in disease prevalence.

Puberty is associated with a period of transient insulin 
resistance. We have shown that during the pubertal transition, 
changes in the acute insulin response to glucose (AIRg) do not 
fully compensate for the transient decrease in insulin sensitivity 
(5). However, this earlier study assessed only peripheral insu-
lin concentrations during the first 10 min following glucose 
administration (AIRg). Because AIRg captures both secretion 
and clearance, and because compensatory events may occur 
after the acute response period, examination of β cell func-
tion throughout the test using C-peptide analysis is needed 
to accurately characterize the influence of ethnicity on insulin 
secretory dynamics during the pubertal transition.

Obesity is associated with lower insulin sensitivity, lower 
insulin clearance and altered insulin secretory dynamics 
(6–10) and may confound assessment of ethnic influences on 
these measures. Ethnic differences in insulin sensitivity and 
secretion that have been documented in nonobese popula-
tions have not consistently been observed when the subject 
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population consisted of obese individuals (6,7,9,11). In analy-
ses of early pubertal children, we have shown that both obesity 
and ethnicity are uniquely associated with insulin sensitivity 
index (SI) and AIRg (12). Furthermore, adolescence is a time 
during which children are at risk for gaining body fat. We have 
shown that AA girls, relative to EA girls, gain a greater amount 
of body fat following menarche (13). Thus, studies designed 
to examine ethnic influences on insulin secretion and action 
should take into account to potential confounding influence 
of adiposity.

Previous studies in children examining insulin secretion 
and clearance among ethnic groups have typically relied on 
cross-sectional analysis and used surrogate indices of insu-
lin secretion (14,15) or insulin clearance (3,15). Longitudinal 
assessment quantifying insulin secretion and clearance in an 
adolescent population is very limited but may be especially 
useful in the identification of contributors to disparities in 
obesity and insulin dynamics.

The objectives of this longitudinal analysis were (i) to quan-
tify insulin secretion and clearance in a cohort of AA and EA 
children and adolescents during the pubertal transition using 
mathematical modeling, and (ii) to examine potential inde-
pendent associations of genetic admixture and body fat with 
insulin secretion and clearance. We tested the specific hypoth-
eses that insulin secretion would be higher, and insulin clear-
ance lower, among peripubertal children with greater African 
admixture, and that adiposity would override this association. 
This study extends existing knowledge on ethnic differences 
in insulin secretion and clearance in AA and EA children by 
providing a longitudinal perspective over the pubertal transi-
tion, identifying the contribution of obesity to changes in the 
insulin secretory profile, and through using robust measures of 
insulin dynamics and genetic admixture.

Methods and Procedures
Subjects
Data were derived from a longitudinal observational study explor-
ing the contribution of body fat distribution to disease risk in 
children. Data were collected for these analyses between 1999 and 
2003. Recruitment approach and criteria have been detailed else-
where (7). Data from 90 children and adolescents aged 8–16 years 
were available for present analyses; 44 subjects self-identified as 
EA, and 46 as AA. Not all subjects joined the study in the same 
year, and not all subjects completed all possible visits (239 tests with 
each subject having 1–4 tests). The study protocol was approved by 
the Institutional Review Board for Human Use at the University of 
Alabama at Birmingham.

Protocol
Annually (at approximately the same time each year), subjects were 
admitted into the General Clinical Research Center at the University 
of Alabama at Birmingham for an overnight stay. Anthropometric 
measurements were assessed by a registered dietitian, and sexual 
maturation was assessed by a pediatrician according to the criteria 
of Marshall and Tanner (16). Children were served a standard din-
ner meal and evening snack, with all food consumed before 2000 
hours. After the overnight fast, a tolbutamide-modified IVGTT was 
performed. Body composition was determined by dual-energy X-ray 
absorptiometry. Female subjects who had started menstruating were 
tested in the follicular phase of their menstrual cycle.

Total and percent body fat
Body composition was determined by dual-energy X-ray absorptiom-
etry (Lunar DPX-L, software version 1.5e; Lunar radiation, Madison, 
WI), as described previously (17).

Glucose, insulin, and C-peptide
Glucose was measured in 10-µl sera using an Ektachem DT II System 
(Johnson and Johnson, Rochester, NY). In our laboratory this analy-
sis has a mean intra-assay coefficient of variation (CV) of 0.61% and a 
mean interassay CV of 1.45%. Insulin was assayed in duplicate 200-µl 
aliquots with a solid-phase radioimmunoassay (Diagnostic Products, 
Los Angeles, CA). In our laboratory this assay has a sensitivity of 1.9 
µIU/ml, a mean intra-assay CV of 5%, and a mean interassay CV of 
6%. C-peptide was measured in duplicate 25-µl aliquots with a double-
antibody radioimmunoassay (Diagnostic Products). In our laboratory 
this assay has a sensitivity of 0.318 ng/ml, a mean intra-assay CV of 
3.57%, and a mean interassay CV of 5.59%.

Reproductive hormones
Sera were analyzed for estradiol using a double-antibody radioim-
munoassay (Diagnostic Products), and for total testosterone using 
a solid-phase immunoassay (Coat-A-Count Total Testosterone; 
Diagnostic Products). In our laboratory, assay sensitivity for estradiol is 
15.42 pmol/l, mean intra-assay CV is 4.69%, and interassay CV is 6.0%. 
For testosterone, the sensitivity is 11.8 ng/dl and the intra- and inte-
rassay CV are 2.7% and 11.4%, respectively. Samples that had undetect-
able concentrations of hormone were assigned the minimum detectable 
value for that hormone.

IVGTT
On the morning after the overnight fast, a topical anesthetic was 
applied to the antecubital space of both arms, and flexible intra-
venous catheters were placed in both arms. Baseline samples were 
collected for hormone analysis. At time zero, glucose (25% dextrose; 
11.4 g/m2) was administered intravenously. Blood samples (2 ml) 
were collected at the following times relative to glucose administra-
tion at 0 min: −15, −5, −1, 2, 3, 4, 5, 6, 8, 10, 14, 19, 22, 25, 30, 40, 50, 
70, 100, 140, and 180 min. Tolbutamide (125 mg/m2) was injected 
intravenously at 20 min. Values for fasting insulin were obtained 
from the average of the baseline values. Glucose and insulin val-
ues were entered into the MINMOD computer program (Millenium 
2003 version 5.16, Los Angeles, CA, copyright Richard N. Bergman) 
for derivation of the SI as described elsewhere (18).

Parameters of insulin secretion and clearance
Prehepatic insulin secretion rates and percent insulin extracted 
by  the liver were calculated based on the Extended Combined 
model  (19). This computer-based technique uses the insulin and 
C-peptide measures obtained at each time point during the IVGTT 
to generate estimates of prehepatic insulin secretion rate and per-
cent hepatic extraction. First-phase insulin secretion was calculated 
as the area under the curve for insulin secretion rate for the first 
10 min of the test; second-phase was calculated similarly from the 
remainder of the test; and total insulin secretion was the sum of 
the two phases of insulin secretion. Incremental first- and second-
phase insulin secretion and incremental total insulin secretion were 
similarly calculated after subtraction of basal insulin secretion. 
The insulin secretion rates predicted by the model were corrected 
to mass per unit time by correcting for the C-peptide distribution 
space, assumed to be 6.02% body weight (20,21). All analyses were 
done using the MLAB software (Civilized Software, Bethesda, MD) 
with the weighted nonlinear least square approach, as published 
(20). Hepatic insulin clearance was expressed as the percent of 
total insulin secreted over the 180-min IVGTT. Absolute amount 
of hormone cleared over the 180-min IVGTT was calculated as the 
product of percent extraction and total insulin secretion.



obesity� 3

articles
Integrative Physiology

Table 1 D escriptive statistics and outcome measures by ethnicity and pubertal stage (mean ± s.d.)

Pubertal stage

1 2 3 4 5

European American

  n (observations)/(subjects) 18/9 18/12 31/22 32/21 13/9

  Male subjects (n/%) 5/56 5/42 4/18 6/29 5/56

  Lean subjects (n/%) 6/67 8/75 16/73 10/48 4/44

  Age (years) 11 ± 1 12 ± 1 14 ± 1** 14 ± 1** 15 ± 2

  Weight (kg) 39 ± 13 45 ± 12 54 ± 12 66 ± 15 71 ± 11

  Total fat mass (kg) 12 ± 8 16 ± 15 16 ± 10 23 ± 12 20 ± 13

  Percent fat (%) 26 ± 12 27 ± 12 27 ± 10 33 ± 11 27 ± 14

  Estradiol (pg/ml)

    Males 4 ± 2 4 ± 2 4 ± 2 5 ± 1 8 ± 7

    Females 4 ± 0 4 ± 2 19 ± 27 33 ± 35 22 ± 12**

  Testosterone (pg/ml)

    Males 12 ± 0 13 ± 4 88 ± 131 230 ± 266 297 ± 204

    Females 10 ± 0 12 ± 1 14 ± 4 24 ± 13 22 ± 12

  SI (×10−4/min/(uIU/ml)) 9 ± 5* 7 ± 4** 6 ± 3** 5 ± 3 6 ± 4*

  Φ1 (nmol/min) 10 ± 8 19 ± 21* 14 ± 6** 22 ± 17* 16 ± 9***

  Φ2 (nmol/min) 45 ± 68 80 ± 100 62 ± 33 104 ± 85 84 ± 79

  Total insulin secretion (nmol/min) 55 ± 75 93 ± 107 75 ± 38* 126 ± 100 100 ± 87*

  Insulin extraction (%) 49 ± 7 50 ± 7 50 ± 11 53 ± 7 54 ± 7

  Absolute insulin clearance (nmol/min) 28 ± 43 47 ± 59 38 ± 23 67 ± 56 53 ± 40*

African American

  n (observations)/(subjects) 14/9 20/17 24/19 33/26 35/16

  Male subjects (n/%) 5/56 9/53 10/53 10/38 4/25

  Lean subjects (n/%) 7/78 7/41 10/53 13/50 5/31

  Age (years) 11 ± 1 11 ± 1 12 ± 1 13 ± 1 15 ± 1

  Weight (kg) 38 ± 16 55 ± 19 63 ± 17 67 ± 16 72 ± 17

  Total fat mass (kg) 10 ± 12 19 ± 14 20 ± 11 20 ± 12 24 ± 14

  Percent fat (%) 21 ± 12 32 ± 12 30 ± 10 28 ± 11 32 ± 13

  Estradiol (pg/ml)

    Males 4 ± 0 4 ± 0 4 ± 0 5 ± 2 7 ± 4

    Females 4 ± 0 4 ± 1 17 ± 23 24 ± 31 42 ± 41

  Testosterone (pg/ml)

    Males 12 ± 0 15 ± 3 93 ± 164 178 ± 217 280 ± 234

    Females 12 ± 1 12 ± 0 17 ± 23 26 ± 18 31 ± 16

  SI (×10−4/min/(uIU/ml)) 6 ± 2 3 ± 1 3 ± 2 3 ± 2 3 ± 2

  Φ1  (nmol/min) 10 ± 8 40 ± 39 37 ± 31 46 ± 51 46 ± 29

  Φ2  (nmol/min) 28 ± 25 120 ± 202 92 ± 103 122 ± 113 126 ± 81

  Total insulin secretion (nmol/min) 38 ± 32 160 ± 238 129 ± 133 168 ± 157 173 ± 106

  Insulin extraction (%) 44 ± 8 46 ± 10 46 ± 11 50 ± 10 51 ± 11

  Absolute insulin clearance (nmol/min) 16 ± 13 78 ± 126 61 ± 60 84 ± 74 91 ± 62

EA vs. AA *P < 0.05, **P < 0.01, ***P < 0.001.
Φ1, first-phase insulin secretion; Φ2, second-phase insulin secretion; SI, derived insulin sensitivity index.
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Genetic admixture
Genetic material for all subjects was obtained. Individual estimates of 
genetic admixture were obtained by genotyping 22 ancestry informa-
tive markers, previously identified for parental European and African 
populations. Markers used for this study, their chromosomal and cen-
timorgan location, and their allelic difference between European and 
African parental populations, have been published (22). Markers and 
techniques used for the identification of the ancestry informative mark-
ers have previously been described by Parra et al. (23) and are available 
through dbSNP (http://www.ncbi.nlm.nih.gov/SNP/) using the han-
dle PSA-ANTH. Genotyping was performed at the Pennsylvania State 
University. Genotyping was done using molecular techniques such as the 
melting curve analysis of single-nucleotide polymorphisms (Mc-SNP) 
method described by Akey et al. (24) and agarose gel electrophoresis. All 
genotype information was translated into an individual value for genetic 
admixture using a maximum likelihood method, as described (22,25).

Socioeconomic status (SES)
Differences in health status, based on SES are well documented (26–28). 
SES was measured with the Hollingshead 4-factor index of social class 
(29), which combines the educational attainment and occupational 
prestige for the number of working parents in the child’s family. Scores 
range from 8 to 66, with a higher score indicating higher theoretical 
social status.

Statistical analyses
As the study design included multiple (1–4) observations per sub-
ject, analyses were performed using a mixed linear model (PROC 
MIXED) to determine the relationship of the dependent variables 
with African genetic admixture (AfADM) and total body fat. Pubertal 
stage was modeled as a categorical variable, with stage 5 as the refer-
ence value. PROC MIXED was selected for analyses because of its 
ability to utilize multiple observations on one individual, account for 
missing data, and incorporate covariates. Statistical models incor-
porated age and pubertal stage as covariates, to adjust for changes 
in derived variables with age and maturation. Dependent variables 
were basal insulin secretion; incremental first-phase, second-phase, 
and total insulin secretion; percent insulin extraction; and absolute 
insulin cleared by the liver. Because some children remained at a 
given pubertal stage throughout several consecutive years of testing, 
an “age-nested-in-pubertal stage” component was included in the 
models. Although there was high colinearity between pubertal stage 
and age, use of the nested term was necessary to account for changes 
in the dependent variables that occurred with age, within a given 
pubertal stage (30). SES serves as a proxy for socioenvironmental 
contributions to differences in health status. Previous studies have 
documented that SES is related to differences in insulin dynamics 
(26–28). To account for the socioenvironmental contribution, SES 
was adjusted for in all models.

Exploratory analyses, including evaluation of the fit of the model by 
regression analyses, and testing normality of residuals, were used to iden-
tify the best-fit model for dependent variables. Variables that were not 
normally distributed were log transformed before analyses. This trans-
formation yielded a normal distribution, and these transformed variables 
were used in all subsequent analyses. All statistical models were con-
structed to identify potential independent associations with AfADM and 
total body fat. All statistical models were adjusted by age, SES, pubertal 
stage, and age-nested-in-pubertal stage. The contribution of sex was little 
or none and therefore sex was not included in the final models. The final 
models for basal insulin secretion, incremental first- and second-phase 
insulin secretion, and incremental total insulin secretion included SI, and 
that for percent insulin extraction, included total insulin secretion. The 
inclusion of SI as a covariate eliminated potential confounding due to 
sex- (31), obesity-, or ethnicity-mediated effects on insulin sensitivity. 
To further explore trends over the pubertal transition, models were also 
analyzed according to pubertal stage.

Because body fat was independently related to several dependent 
variables, “obese” (n = 106 observations) and “lean” (n = 133 observa-
tions) subject subgroups were created by classifying each subject at 
each visit as either overweight/obese or lean according to their percent 
body fat. We used the cut-points of 30% fat in girls and 25% fat in boys 
for defining obesity in children established by Williams et al. (32) and 
recommended by others (33–35). In the mixed-model analysis every 
subject at each time point is classified according to lean or obese in 
the model and adjusted by pubertal stage. By doing so, this accounts 
for dynamic changes in body composition that may have occurred 
throughout the study. All statistical analyses were performed using 
SAS version 8.0 (SAS Institute, Cary, NC).

Results
The descriptive characteristics and major outcome variables 
of the subjects are provided in Table 1; means are given by 
ethnicity and pubertal stage. AA matured at a faster rate, had 
lower SI, and higher AIRg.

Among children who reported their ethnicity as EA, AfADM 
ranged from 0 to 21%; among those who reported their 
ethnicity as AA, AfADM ranged from 57 to 100%. SES ranged 
from 14 to 66. On average, SES was higher among EA (51.88 ± 
8.87, mean ± s.d.) relative to AA (32.13 ± 13.09; P < 0.001).

Results of mixed-model analyses for insulin secretion out-
comes are shown in Table 2. In all insulin secretion models, 
SI was significantly and inversely related to insulin secretion. 

Table 2  Mixed linear models for dependant variables 
reflecting insulin secretion

Estimate s.e. P

Basal insulin secretion

  Intercept −3.7638 1.0443 <0.001

  SI −0.2880 0.0731 <0.001

  Total fat 0.5751 0.0762 <0.001

  AfADM −0.0004 0.0015 0.806

First-phase insulin secretion

  Intercept −0.3910 1.0118 0.700

  SI −0.1800 0.0764 0.020

  Total fat 0.5114 0.0855 <0.001

  AfADM 0.0064 0.0018 <0.001

Second-phase insulin secretion

  Intercept 0.6783 1.1909 0.570

  SI −0.6696 0.0815 <0.001

  Total fat 0.4584 0.0835 <0.001

  AfADM −0.0024 0.0017 0.159

Total insulin secretion

  Intercept 1.2628 1.0700 0.241

  SI −0.5088 0.0729 <0.001

  Total fat 0.4676 0.0753 <0.001

  AfADM −0.0002 0.0015 0.878

All models were adjusted for age, pubertal stage, age-nested-in-pubertal stage, 
and SES.
AfADM, African genetic admixture; SES, socioeconomic status; SI, Insulin 
sensitivity index.
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AfADM was positively related to first-phase insulin secre-
tion (P < 0.001), but was not related to second-phase, total or 
basal insulin secretion. Total body fat was positively related to 
all measures of insulin secretion (P < 0.001) (Figure 1). When 
models were analyzed by Tanner stage, AfADM was a significant 
contributor to first-phase insulin secretion beginning at Tanner 
stage 3 (Table 3). When second-phase insulin secretion, basal 
insulin secretion, and total insulin secretion were analyzed by 
Tanner stage, AfADM was not significant (Table 3).

Results for mixed-model analyses for percent insulin extrac-
tion and absolute quantity of insulin cleared by the liver are 

shown in Table 4. Total insulin secretion was positively related 
to percent insulin extraction (P < 0.05). AfADM tended to be 
negatively related to percent insulin extraction (P = 0.055), but 
was not related to absolute insulin clearance. Total body fat was 
positively related to absolute insulin clearance (P < 0.001).

In “obese” children, SI (P = 0.01) and total fat (P < 0.001) 
were significant in the model for first-phase insulin secretion 

Table 3  P values from mixed linear models reflecting the 
contribution of AfADM to insulin secretory profile by pubertal 
stage 

Pubertal stage Φ1 Φ2 Basal Total

I 0.220 0.581 0.809 0.534

II 0.797 0.084 0.575 0.174

III 0.005 0.982 0.808 0.274

IV 0.018 0.502 0.169 0.142

V 0.031 0.732 0.443 0.424

Significant P values in boldface.
All models were adjusted for age, age-nested-in-pubertal stage, and SES.
AfADM, African genetic admixture; Φ1, first-phase insulin secretion; Φ2, 
second-phase insulin secretion; SES, socioeconomic status.
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Figure 1  Relationship (bivariate correlations) between (a–c) insulin secretion and total fat mass and (d–f) insulin secretion and African genetic 
admixture in the entire study population.

Table 4  Mixed linear models for dependant variables 
reflecting insulin clearance

Estimate s.e. P

Percent insulin extraction

  Intercept 0.3465 0.1579 0.030

  Total insulin secretion 0.0001 0.0000 0.018

  Total fat −0.0009 0.0006 0.151

  AfADM −0.0004 0.0002 0.055

Absolute insulin clearance

  Intercept −0.0894 1.2095 0.941

  Total fat 0.7125 0.0773 <0.001

  AfADM 0.0013 0.0017 0.413

All models were adjusted for age, pubertal stage, age-nested-in-pubertal stage, 
and SES.
AfADM, African genetic admixture; SES, socioeconomic status.
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(Table 5). In the “lean” children, AfADM (P < 0.05) was the 
only significant variable in the model for first-phase insulin 
secretion (Table 5). Similarly, SI and total body fat were sig-
nificant in the “obese” group in the models for other phases of 
secretion (data not shown). Total body fat remained a signifi-
cant contributor to absolute insulin clearance in both “obese” 
and “lean” groups; AfADM was significantly and positively 
associated with absolute insulin clearance in the “lean” group 
(P < 0.01; data not shown). Otherwise, separate analyses of 
the models for second-phase, total, and basal insulin secre-
tion, and for absolute insulin clearance in the “obese” and the 
“lean” subgroups, revealed no meaningful differences from 
the analogous models conducted in the entire cohort.

Discussion
Results of this study expand our previous research on ethnic 
differences in insulin dynamics. Using mixed-model analysis, 
we were able to identify trends across puberty in the insulin 
secretory profile. We identified an association between first-
phase insulin secretion and AfADM that began at Tanner 
stage 3, suggesting that the contribution of genetic make-up to 
β-cell function begins at reproductive maturity. Further, among 
peripubertal children, the relationship between AfADM and 
first-phase insulin secretion differed with adiposity. Among 
obese subjects, total body fat but not AfADM was a determinant 
of first-phase insulin secretion, whereas among lean subjects, 
AfADM was significant. AfADM tended to be associated with 
a lower percent, but not total, hepatic insulin clearance in the 
entire cohort. As such, genetic factors (ancestral genetic back-
ground) may play a role in determining postchallenge insulin 
responses in lean individuals, whereas the potential genetic 
effect influencing insulin dynamics is attenuated by a physi-
ologic component among obese individuals. This is an impor-
tant consideration to be taken into account in studies probing 
racial/ethnic and genetic contribution to diabetes risks.

The first phase of insulin secretion is essential for maintaining 
normoglycemia and achieving effective glucose homeostasis 
(36). There are few studies and to our knowledge no longitu-
dinal studies in children that evaluate the ethnic differences 
in insulin secretory profile among obese and lean children 
over the pubertal transition. The physiological relevance of a 
greater first-phase insulin response in AA is not known, but 
alterations in insulin secretory dynamics may be an early event 
in the etiology of impaired glucose tolerance or “prediabetes” 
(36,37). It is possible that greater first-phase insulin secretion 
in response to a glucose challenge may lead to exhaustion of 
the pancreatic β-cells at a faster rate, and even to a loss of β-cell 
mass through increased susceptibility to apoptosis (38,39). 
Such stress on the pancreas may be particularly detrimental 
during puberty, when there is a transient decline in insulin 
sensitivity and an associated increase in β-cell demand. We 
have previously demonstrated in this population that hyper-
insulinemia during the pubertal transition may lead to greater 
fat mass deposition in AA relative to EA (13). Whether the 
metabolic perturbations associated with puberty (i.e., insulin 
resistance, hyperinsulinemia) are more apparent among AA, 
and are related to increased disease risk in adulthood is not 
clear. Longitudinal data are needed to better understand the 
roles of insulin resistance and secretion in the development of 
chronic metabolic disease.

The determinants of greater first-phase insulin secretion 
among AA relative to EA have been unclear. Previous studies 
conducted by our group have suggested that AA children main-
tain a larger readily releasable pool of insulin in the pancreas, 
which could lead to increased first-phase β-cell sensitivity to 
glucose (3). We have previously demonstrated greater first-
phase insulin secretion among AA is independent of lower SI 
among AA compared to EA (3). Further, in this study, inclusion 
of SI in all models controlled for any potential confounding due 
to differences in insulin sensitivity. Present data suggested that 
genetic factors may exert independent effects on insulin secre-
tion during first-phase insulin secretion. Ethnic differences 
in factors regulating insulin secretion have been reported 
(40,41). Higher glucagon-like peptide-1 concentrations have 
been documented in obese AA adults, when compared to 
obese EA adults, both in the fasting state and during an oral 
glucose tolerance test (41). Glucagon-like peptide-1 is thought 
to increase β-cell proliferation (41,42) and may account for the 
increased β-cell responsiveness among AA.

In accordance with the findings of Weiss et al. (11) using 
an oral glucose tolerance test, our results indicated that total 
body fat had an independent effect on insulin secretion, such 
that greater total body fat was associated with greater insu-
lin secretion. However, our study is unique in demonstrat-
ing that the effects of adiposity masked ethnic differences in 
insulin secretion. The mechanism through which adiposity 
affects insulin secretion is not known. Adipose tissue secretes 
free fatty acids and leptin, which have postulated effects on 
insulin secretion. Free fatty acids are believed to have an acute 
stimulatory effect on insulin secretion, but chronic exposure 
to elevated free fatty acids has been postulated to result in 

Table 5  Mixed linear models for the dependant variable first-
phase insulin secretion

Estimate s.e. P

First-phase insulin secretion (obese subjects only)

  Intercept −0.990 1.486 0.508

  SI −0.281 0.105 0.010

  Total fat 0.935 0.208 <0.001

  AfADM 0.005 0.002 0.062

First-phase insulin secretion (lean subjects only)

  Intercept −1.378 1.624 0.419

  SI 0.032 0.119 0.782

  Total fat 0.344 0.141 0.145

  AfADM 0.006 0.002 0.014

Models were conducted separately within the obese and lean subgroups. All 
models were adjusted for age, pubertal stage, age-nested-in-pubertal stage, 
and SES.
AfADM, African genetic admixture; SES, socioeconomic status; SI, insulin 
sensitivity index.
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β-cell lipotoxicity, causing a decrease in insulin secretion (8). 
Leptin has been shown to upregulate glucagon-like peptide-1 
secretion in some studies (43); glucagon-like peptide-1 in turn 
could stimulate insulin secretion. Leptin is also believed to 
directly affect pancreatic synthesis of insulin (44).

In this study, the independent association of AfADM with 
first-phase insulin secretion was not observed when the analy-
ses were conducted in a subgroup of obese subjects. Similarly, 
no ethnic difference in first-phase insulin secretion, assessed 
with the clamp technique, was observed in a study involving 
obese AA and EA children (6). Furthermore, in this study, 
among obese but not lean children, total body fat was signifi-
cantly and independently related to all phases of insulin secre-
tion. These results suggested that adiposity may override the 
relative contributions of genetic factors in determining insulin 
secretion.

Higher AIRg previously documented among AA relative to 
EA also could be the result decreased hepatic insulin clear-
ance. Lower percent hepatic insulin clearance, as determined 
by either the C-peptide to insulin molar ratio or mathematical 
modeling has been noted in both AA adults (15) and children 
(3,20), compared to EA. In addition, lower absolute insu-
lin clearance, as assessed with the clamp technique, has been 
documented among AA relative to EA children (14). In this 
study, the inverse association between AfADM and percent 
insulin extraction over the 180-min test period approached 
significance (P = 0.055). Because the percent of insulin cleared 
by the liver is affected by the total amount of insulin secreted, 
we also calculated the absolute amount of insulin cleared by 
the liver. We postulated that AfADM would be associated with 
higher absolute insulin clearance, due to greater first-phase 
secretion observed among AA compared to EA. Although 
mean values for absolute insulin clearance were higher among 
AA than EA (Table 1), AfADM was not a significant deter-
minant of absolute insulin clearance in the entire cohort. It 
is likely that the similar amount of insulin secreted over the 
180-min test period between AA and EA resulted in a similar 
amount of absolute hormone cleared over this time.

Our results also indicated that total body fat was positively 
related to absolute insulin clearance. Previous studies suggested 
that obesity is associated with lower insulin extraction, as esti-
mated by the C-peptide to insulin molar ratio (9,10). This 
discrepancy is likely explained by the strong positive associa-
tion between obesity and insulin secretion, as was observed 
in this study. Higher insulin secretion by individuals in the 
obese group was likely attributable to greater absolute insulin 
clearance. However, it also is possible that the molar ratio, 
which involves only basal, fasting concentrations of C-peptide 
and insulin, does not accurately reflect insulin clearance under 
dynamic conditions.

Because this study was conducted in a healthy population of 
children, it avoided the potential confounding effects (beyond 
those that exist during reproductive maturation) of factors that 
may affect insulin secretion and action in adults, such as smoking, 
alcohol intake, and chronic obesity. Such research using healthy 
children is useful for detecting potential inherent physiological 

factors contributing to ethnic differences in insulin secretion and 
action. This study used refined measures of both insulin secre-
tion and clearance to avoid the pitfalls associated with surrogate 
estimates (45,46). A limitation of our study was the absence of 
measures of physical activity and diet, which might have been be 
useful for identifying additional socioenvironmental contribu-
tors to the variance in insulin secretion.

In conclusion, greater AfADM was associated with greater 
first-phase insulin secretion among lean peripubertal children. 
This relationship became significant at pubertal stage 3, suggest-
ing that the pubertal process affects the development of the β-cell 
response to glucose in a manner that differs with ethnic/genetic 
background. Among obese peripubertal children, adiposity 
appeared to mask the relation between genetic admixture and 
insulin secretion. Greater AfADM tended to be associated with 
lower percent, but not absolute, insulin clearance. An under-
standing of the differences in insulin dynamics based on body 
habitus and how these factors may differentially impact insulin 
dynamics are of particular significance to studies which probe 
a genetic contribution to diabetes risk. Longitudinal research is 
needed to determine the physiological ramifications, and poten-
tial association with disease risk, of relatively high first-phase 
insulin secretion among African Americans.
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