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Abstract
Objective—Non diabetic African American (AA) youth have an up regulated insulin secretion
relative to insulin sensitivity compared with their American White (AW) peers. We investigated if
similar racial differences exist in youth with T2DM.

Research Design and Methods—14AA and 14AW T2DM adolescents underwent evaluation
of insulin sensitivity (IS) and clearance [hyperinsulinemic-euglycemic clamp], 1st and 2nd phase
insulin and C-peptide secretion [hyperglycemic clamp]; body composition (DEXA), and
abdominal adiposity (CT).

Results—AA and AW T2DM had similar HbA1c, diabetes duration, BMI and % body fat, with
lower visceral fat in AAs (p=0.013). While insulin-stimulated glucose disposal was similar in AA
and AW (7.5±1.0 vs. 7.3±0.9 mg/kgFFM/min), insulin sensitivity trended to be lower (2.5±0.4 vs.
3.8±0.6 mg/kgFFM/min per µu/ml, p=0.081). 1st (175.7±52.9 vs 66.6±10.8 µu/ml, p=0.01) and 2nd

phase insulin (236.2±40.7 vs 105.1±17.9µu/ml, p=0.008), and 1st (8.2±1.2 vs 5.0±0.3 ng/ml,
p=0.02) and 2nd phase C-peptide (10.8±0.9 vs 7.6±0.6 ng/ml, p=0.012) were higher in AA. β-cell
function relative to insulin sensitivity was higher in AA vs. AW (259.5±35.3 vs 168.8±25.1 mg/
kgFFM/min, p= 0.043).

Conclusions—Racial differences in insulin secretion can be demonstrated with the clamp
technique in obese adolescents with T2DM. Similar to non diabetic youth, AA adolescents with
T2DM compared with their AW counterparts have an upregulated β-cell function relative to
insulin sensitivity, the reasons for which remain to be investigated.
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INTRODUCTION
Type 2 diabetes and its complications are more prevalent in minority ethnic groups,
particularly AA compared with AW adults (1–3). Similar observations are made in
childhood T2DM (4, 5), with incidence rates reported to be four fold higher in AA compared
with AW youth (6). Moreover, there are racial disparities in glycemic control in adolescents
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with T2DM manifested in higher HBA1c levels and higher rates of hospitalization in black
youth (7). The mechanism(s) underlying this increased risk for T2DM and the higher
prevalence rates in AA children are not well understood.

We had reported that healthy AA youth have ~ 75% higher insulin secretion relative to
insulin sensitivity, which is above the compensatory β-cell response to insulin resistance (8).
Even when normal weight AA youths are matched for insulin sensitivity to their AW peers,
there is evidence of an upregulated β-cell function in AA adolescents (9). It remains
unanswered if these physiological differences between AA and AW youth exist under the
pathopysiological condition of T2DM, which is characterized by severe insulin resistance
combined with β-cell failure (10,11). Therefore, the aim of the present study was to
investigate if racial differences in insulin secretion relative to insulin sensitivity are present
in adolescents with T2DM.

RESEARCH DESIGN AND METHODS
Study Population

Twenty-eight obese adolescents, 14 African American (AA) and 14 American White (AW)
with T2DM were studied as part of our ongoing studies of youth T2DM. Racial group was
determined according to participants’ report of ethnicity in 3 generations. All subjects
reported in the present manuscript have been previously reported in the context of other
hypotheses (10, 11). The current analysis aimed to investigate the hypothesis that the up-
regulated β-cell function observed in non diabetic AA vs. AW adolescents persists in
T2DM, despite the pathophysiological impairment consequent to diabetes. The adolescents,
12.0 to less than 19.0 years old, were clinically diagnosed with T2DM (12) and were
negative for glutamic acid decarboxylase (GAD) and insulinoma associated protein-2
autoantibody (IA2 Ab) with the DK harmonization assay (13). They were on treatment with
lifestyle alone (n=5), metformin alone (n=10), metformin and insulin (n=12) or insulin alone
(n=1). The modality of treatment did not differ by ethnic group. Metformin and long acting
insulin were discontinued 48 hrs before the clamp studies as before (10). Prior to enrollment,
participants were required to have HbA1c ≤ 8.0% to avoid the potential confounding effect
of chronic hyperglycemia on insulin sensitivity and secretion. All studies were approved by
the Institutional Review Board of the University of Pittsburgh. Informed consent and assent
were obtained. Clinical characteristics of the study subjects are summarized in Table 1.

Clamp Studies
Participants were admitted twice within 4 weeks to the Pediatric Clinical and Translational
Research Center (PCTRC) the day before the clamp studies. In random order, subjects were
admitted once for a hyperinsulinemic-euglycemic clamp and the other time for a
hyperglycemic clamp. One subject underwent a hyperglycemic clamp only and was not
included in the comparison of insulin sensitivity. One female had very elevated insulin
levels related to non specific binding. Therefore, only her C-peptide secretion data were
included.

In-vivo insulin sensitivity—A fasting blood sample was obtained for determination of
lipid profile and HbA1c. Fasting endogenous glucose production was measured with a
primed constant-rate infusion of [6,6-2H2] glucose (0.306±0.009 µmol/kg/min) (Isotech,
Miamisburg, OH) (11). Blood was sampled at the start of the 2-hr stable isotope infusion
and every 10 min from −30 to 0 time (basal period) for determination of plasma glucose,
insulin, and isotopic enrichment of glucose. Fasting turnover calculations were made during
the last 30 min of the basal period. Insulin-stimulated glucose metabolism and insulin
sensitivity were evaluated during a 3-h hyperinsulinemic-euglycemic clamp (11).
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Intravenous crystalline regular insulin (Humulin; Lilly Indianapolis, IN) was infused at a
constant rate of 80 mu/m2/min as before (11). We have not conducted any clamps using
humalog or novolog. Plasma glucose was clamped at 100 mg/dl with a variable rate infusion
of 20% dextrose, based on arterialized plasma glucose determinations every 5 minutes.
Continuous indirect calorimetry by a ventilated hood (Deltatrac Metabolic Monitor,
Sensormedics, Anaheim, CA) was used to measure CO2 production, O2 consumption and
respiratory quotient (RQ). Measurements were made for 30 minutes at baseline and at the
end of the euglycemic clamp (11).

In-vivo insulin secretion—First and second phase insulin secretion and C-peptide were
evaluated during a 2-h hyperglycemic clamp (225 mg/dl) as before (10–11).

Body Composition
Body composition was determined by DEXA, and subcutaneous abdominal adipose tissue
(SAT) and visceral adipose tissue (VAT) by a single slice CT scan at L4–L5 (11,12). One
AA and 1 AW adolescents did not have VAT data (technical error in CT acquisition).

Biochemical Measurements
Plasma glucose was measured with a glucose analyzer (Yellow Springs Instrument Co.,
Yellow Springs, Ohio), insulin and C-peptide by radioimmunoassay (RIA) as before (11).
The insulin assay (Millipore Inc.) is 100% specific for Human Insulin with <0.2% cross
reactivity to human proinsulin. In our lab, the assay has an inter-assay CV of 7.4% and intra-
assay CV of 6.3%. The same kit from the same supplier was used over time. Samples are
run in duplicates with no differences in the distribution of samples from AA and AW
participants over time in between assays. HbA1c was measured by high performance liquid
chromatography (Tosoh Medics, Inc. 1998) and lipids using the standards of the Centers for
Disease Control and Prevention (11). Deuterium enrichment of glucose in the plasma was
determined on a Hewlett-Packard Co. 5973 mass spectrometer (Palo Alto, CA) coupled to a
6890 gas chromatograph (11). Pancreatic autoantibodies were determined using the NIDDK-
sponsored standardization assay in the Northwest Lipid Metabolism and Diabetes Research
Laboratories, University of Washington (Seattle, WA) as reported by us (13).

Calculations
Fasting hepatic glucose production (HGP) was calculated during the last 30 min of the 2-hr
isotope infusion according to steady-state tracer dilution equations (11,14). In the fasting
state, hepatic insulin sensitivity was calculated as 1000/HGP X fasting insulin levels (14).
Insulin stimulated glucose disposal rate (Rd) was calculated during the last 30 minutes of the
euglycemic clamp to be equal to the rate of exogenous glucose infusion. Peripheral insulin
sensitivity was calculated by dividing the Rd by the delta increase in insulin concentration
from baseline to steady-state over the last 30 min of the clamp, and expressed per fat free
mass (mg/kgFFM/min per µu/ml). Insulin-stimulated carbohydrate oxidation rates were
calculated according to the formulas of Frayn from the indirect calorimetry data (8). Non-
oxidative glucose disposal was estimated by subtracting the rate of glucose oxidation from
the total insulin-stimulated glucose disposal.

During the hyperglycemic clamp, the first and second phase insulin and C-peptide
concentrations were calculated as described previously (11, 14). Disposition index (DI) was
calculated as the product of IS × 1st phase insulin and expressed per Kg (mg/kg/min) and per
FFM (mg/kgFFM/min).

Bacha et al. Page 3

Pediatr Diabetes. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistics
Two group comparisons were performed using independent t-test in the case of normally
distributed continuous variables, or the Mann-Whitney test for non-normally distributed
continuous variables. Chi-square test was used for comparison of categorical variables.
Pearson’s correlation coefficient for normally distributed variables or Spearman’s rho test
for non normally distributed variables, were used to evaluate bivariate relationships,
respectively. Data are presented as mean±SEM. Two-tailed p ≤ 0.05 was considered
statistically significant.

RESULTS
Study subjects and fasting metabolic profile (Table 1)

The AW adolescents were slightly older than the AA T2DM; otherwise they didn’t differ in
Tanner stage, diabetes duration, therapeutic modality, metabolic control, gender distribution,
BMI, % body fat or subcutaneous abdominal fat. AA adolescents had lower VAT consistent
with our past observations of black/white differences in body composition and VAT (15).
The rate of [6,6-2H2] glucose infusion in blacks was 0.059 ± 0.01 mg/kg/min and 0.051 ±
0.02 mg/kg/min in whites, p=0.1. In the last 30 minutes of the 2 hours baseline isotope
infusion, the mean % isotopic enrichment was 2.3 ± 0.1 with a coefficient of variation (CV)
of 5.0% in AA and % isotopic enrichment was 2.2 ± 0.1 with CV 4.8 % in AW indicating
steady state. There were no differences in fasting insulin, C-peptide, endogenous glucose
production (HGP), and postabsorptive hepatic insulin sensitivity between AA and AW with
T2DM; however fasting glucose tended to be lower, and triglycerides and TG/HDL ratio
were lower in AA youth (Table 1).

Insulin stimulated glucose disposal, Insulin Sensitivity and Clearance (Figure 1)
Steady-state plasma glucose levels during the hyperinsulinemic-euglycemic clamp were not
different between AA and AW (101.1 ±0.7 and 101.4 ± 0.7 mg/dl), however steady-state
plasma insulin concentrations were higher in AAs (367.4±30.1 vs. 277.6±33.6 µu/ml,
p=0.005). The delta increase in insulin from baseline to clamp steady –state was higher in
AAs (313.7±26.5 vs. 222.1±25.9 µu/ml, p=0.02). Metabolic clearance rate of insulin was
lower in AA compared with AW youth (10.7±0.8 vs. 15.8±1.3 ml/KgFFM/min, p= 0.003).
Insulin stimulated glucose disposal, total (7.5±1.0 vs. 7.3±0.9 mg/kgFFM/min), oxidative
(3.8±0.4 vs. 4.0±0.4 mg/kgFFM/min) and non oxidative (3.8±0.8 vs. 3.1±0.9 mg/kgFFM/
min) were comparable between AA and AW respectively (Figure 1). Insulin sensitivity
trended to be lower in AA vs. AW youth using two tailed statistics (2.5±0.4 vs. 3.8±0.6 mg/
kgFFM/min per µu/ml, p=0.081), and p=0.04 with one tailed statistics applied based on
observations in non diabetic youth (8).

Insulin and C-peptide Secretion and Disposition Index (Figure 2)
First phase glucose (226.5±2.9 mg/dl in AA and 228.4±2.4 mg/dl in AW) and second phase
glucose (228.0±0.9 mg/dl in AA and 229.7±1.0 mg/dl in AW) levels were not different
between the 2 groups. Insulin and C-peptide concentrations during the hyperglycemic clamp
were significantly higher in AA vs. AW youth with T2DM (Figure 2 A & B). First phase
insulin concentration was 175.7± 52.9 µu/ml in AA and 66.6±10.8 µu/ml in AW, p=0.01;
and second phase insulin concentration was 236.2±40.7 µu/ml in AA and 105.1 ±17.9 µu/ml
in AW, p= 0.008. Similarly, first and second phase C-peptide concentrations were higher in
AA vs. AW (8.2±1.2 ng/ml in AA vs. 5.0±0.3 ng/ml in AW, p=0.02; and 10.8±1.0 vs.
7.6±0.6 ng/ml, p=0.012, respectively). The disposition index, i.e. insulin secretion relative to
insulin sensitivity was higher in AA vs AW adolescents with T2DM (Figures 2C and 2D).
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Determinants of HbA1c in AA and AW
HbA1C correlated with DI in the total group of patients with T2DM (r= −0.52, p=0.007)
(Figure 3). HbA1C did not correlate with insulin sensitivity in the total group (r=−0.1,
p=0.6) or in either group separately (data not shown), but it correlated with first phase C-
peptide (r= −0.4, p=0.04) and second phase C-peptide (r= −0.4, p=0.03). Duration of
diabetes did not correlate with HbA1c nor with insulin secretion or sensitivity.

DISCUSSION
The increased risk for T2DM in African Americans has been attributed to societal,
environmental (16) as well as genetic factors (17). Herein, we provide evidence of metabolic
differences between the 2 racial groups with T2DM, indicating a race differential in insulin
secretion between AA and AW youth with T2DM. Consistent with our previous
observations of higher insulin secretion in AA vs. AW non diabetic adolescents, with similar
insulin sensitivity (9), the present study in T2DM adolescents demonstrates similar findings.

In the current study, despite 30% lower visceral adipose tissue in AA adolescents with
T2DM, their insulin sensitivity is not better than their AW peers, rather it is ~ 35% lower.
This is in line with our prior findings in non diabetic obese AA vs. AW adolescents (18).
Similar findings of no racial differences in insulin sensitivity were reported in pubertal youth
evaluated using the frequently sampled intravenous glucose tolerance test (19) and in obese
youth with normal and impaired glucose tolerance using OGTT-derived estimates of insulin
sensitivity (20). This is in contrast to the lower insulin sensitivity reported in prepubertal
normal weight (8, 21) and overweight AA compared with AW children (21, 22). This may
be related to the effect of obesity-related insulin resistance which overshadows the race-
related differences in insulin sensitivity (23). On the other hand, many studies evaluating
insulin sensitivity in children do not take into consideration abdominal fat distribution
(19,20). The absence of a higher insulin sensitivity in AA vs. AW adolescents with T2DM
despite 30% lower VAT in AA could be interpreted as being reflective of an inherently
lower insulin sensitivity in blacks, since visceral adiposity is inversely related to insulin
sensitivity (24). This would be consistent with the findings in AA adults (25, 26) compared
with whites whereby lower insulin sensitivity in blacks persists after accounting for
differences in body composition (25, 26). This inherent insulin resistance in blacks can not
be explained by higher intramuscular (27) or intrahepatic (28) fat content as these ectopic fat
depots are not increased in blacks. Genetic admixture studies point towards a genetic cause
for the insulin resistance as well as the higher insulin secretion in AAs (23).

The hyperinsulinemia characteristic of normoglycemic normal weight (8, 29) and
overweight AA youth (20, 21) and adults (25,26) compared with AWs is also detectable in
the setting of T2DM. This appears to be related to both increased secretion, as evidenced by
higher C-peptide levels in AA in accordance with the findings in non diabetic children (8,9),
and ~30% decrease in the metabolic clearance rate of insulin in AA compared with AW
youth with T2DM. There is also the hypothetical possibility of less suppression of
endogenous insulin secretion during the euglycemic clamp in AA youth resulting in higher
steady-state insulin concentrations; however C-peptide was not measured during the
euglycemic clamp. The observed lower insulin clearance in AA youth with T2DM is
consistent with reports of decreased insulin clearance in non diabetic AA children (8, 21,
29–31) and adults (17) in comparison with AW individuals. Besides decreased insulin
clearance, the increased insulin levels are thought to be a β-cell compensatory response to
the lower insulin sensitivity in AAs (8, 30). However, the significantly higher disposition
index, which is a measure of β–cell function relative to insulin sensitivity, in AA youth
compared with their AW peers (8) would suggest that this hyperinsulinemia is not merely a
compensatory response (8,9), rather an added effect of an up regulated β-cell function in
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AAs, both in non diabetic (8–9) and diabetic youth. This hyperinsulinemia could be related
to greater β-cell sensitivity to glucose in AA compared with Caucasian children (29). This
ethnic difference in disposition index has been observed in obese AA youth with normal and
impaired glucose tolerance compared with their white peers utilizing OGTT-derived
measures (20). In that study, insulin clearance was lower, and early insulin secretion higher
in AA compared with AW for any given insulin sensitivity quartile (20). Our current
findings that these racial differences persist in the setting of type 2 diabetes, support the
notion that in AAs, the relationship between insulin sensitivity and secretion is shifted
upward. Hence, their β-cells appear to be under increased demand (related to relative insulin
resistance and possibly increased responsiveness to hyperglycemia) and fail at a higher set
point compared with whites. It remains unknown however if the higher insulin levels in
blacks are of lower bioactivity than in whites.

In conclusion, there appears to be a race differential in the pathophysiological mechanisms
responsible for youth T2DM, wherein a greater impairment in insulin sensitivity in blacks
and a greater impairment in insulin secretion in whites might be operative.

A possible drawback of this study is the relatively small sample size. Despite this however,
significant differences were detected in insulin secretion and disposition index between the 2
racial groups. Some of the T2DM youth were receiving metformin which was discontinued
48 hours before the clamp studies. However, there was no significant difference in the
treatment modality between the 2 groups and therefore the racial differences observed are
unlikely to be related to metformin use. Our study is limited by its cross-sectional nature,
and longitudinal studies are needed to assess the natural history of T2DM and the changes in
insulin sensitivity and secretion in AA vs. AW youth.

However, in the absence of any such data in youth with T2DM, our observations may
provide important insight into the need for potentially different approaches in the prevention
and treatment of youth T2DM in the different racial groups. Based on the higher insulin
secretion in AA T2DM youth, one might ponder if prevention strategies targeting insulin
sensitization may prove more fruitful, while in AW youth early interventions targeting beta
cell function may be more needed.
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Figure 1.
A) Insulin-stimulated total, oxidative and non oxidative glucose disposal in AA (dark bar)
vs. AW (white bar) youth with T2DM.
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Figure 2.
A) Insulin levels and B) C-peptide levels in AA (dark circles) and AW (empty circles) youth
with T2DM during the hyperglycemic clamp; C) Disposition index (DI) per Kg (mg/kg/min)
in AA (dark bar) vs. AW (white bar); D) Disposition index (DI) per FFM (mg/kgFFM/min)
in AA (dark bar) vs. AW (white bar).
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Figure 3.
Relationship between Disposition index and HbA1c in AA (dark circles) and AW (empty
circles) adolescents with T2DM.
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Table 1

Clinical, phenotypic and metabolic characteristics of AA and AW obese adolescents with T2DM.

AA
(n=14)

AW
(n=14)

t-test or MWU
p-value

Age (years) 14.3±0.5 15.8±0.4 0.03

Sex* (M/F) 5M / 9F 6M /8F ns

Tanner stage*
    II–III
    IV–V

1
13

1
13

ns

Duration of diabetes (months) 9.8±2.5 4.8±1.4 ns

Treatment Modality* n (%):
      Lifestyle
      Metformin
      Metformin+Insulin
      Insulin

3 (21%)
5 (36%)
5 (36%)
1 (7%)

2 (14%)
5 (36%)
7 (50%)
0 (0%)

ns

BMI (kg/m2) 35.4±1.3 36.3±1.3 ns

Waist circumference (cm) 104.8±3.6 108.6±2.9 ns

% Body Fat 41.2±1.3 43.0±1.9 ns

SAT (cm2) 509.3±36.4 557.7±39.9 ns

VAT (cm2) 67.3±3.9 94.1±8.9 0.013

HbA1c (%) 6.3±0.2 6.6±0.2 ns

Fasting glucose (mg/dl) 109.3±4.4 124.7±6.1 0.051

Fasting insulin (µu/ml) 50.0±7.1 48.8±8.6 ns

Fasting C-peptide (ng/ml) 4.4±0.5 3.9±0.3 ns

Cholesterol (mg/dl) 149.9±8.0 161.6± 8.0 ns

HDL (mg/dl) 36.6±1.5 38.4± 2.0 ns

LDL (mg/dl) 94.8±7.8 92.9±6.9 ns

Triglycerides (mg/dl) 95.7±9.1 152.1±20.7 0.02

TG/HDL ratio 2.7±0.3 4.0±0.5 0.04

Postabsorptive hepatic glucose production (mg/kg/min) 2.7±0.2 2.5±0.2 ns

Postabsorptive hepatic insulin sensitivity (mg/kg/min per µu/ml)−1 12.3±3.8 12.8±2.9 ns

*
The x2 analyses revealed no significant differences between the 2 groups with respect to sex distribution, Tanner stage or modality of treatment.

SAT: subcutaneous abdominal adipose tissue; VAT: visceral abdominal adipose tissue.
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