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Abstract
Objective—To determine whether African-American adolescents have endothelial dysfunction
compared to Caucasians and whether differences are due to differences in insulin sensitivity (SI) or
secretion.

Study design—Thirty-three Caucasian (age, 13.6±2.6 yr; BMI 21.6±4.4 kg/m2 mean ±SD) and
25 African-American (13.3±2.9 yr; 24.0±4.4 kg/m2) adolescents were studied. Forearm blood flow
(FBF, plethysmography) was measured before and after 5 min of arterial occlusion. SI and acute
insulin response to glucose (AIRG) were measured using intravenous glucose tolerance tests and
minimal modeling.

Results—Baseline FBF did not differ between races. Post-occlusion FBF was lower in African-
Americans (17.2±1.2 versus 22.6±1.2 ml/dl/min, p=0.006). AIRG was higher in African-Americans
(6050±940 versus 2410±30 μU min/ml, p=0.001). Pubertal stage had no effect. SI did not differ by
race or pubertal stage. In African-Americans, percent fall in forearm vascular resistance following
arterial occlusion correlated (r=0.67 p=0.001) with logAIRG. No relationships were found between
percent fall in FVR and SI in either race.

Conclusion—African-American adolescents have decreased endothelial function. This may be due
to increased insulin secretion. Endothelial dysfunction in African-American adolescents may
predispose to cardiovascular and type 2 diabetes.
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African-American adults have increased morbidity and mortality from most of the diseases
associated with the metabolic syndrome, including myocardial infarction at younger ages (1–
4), stroke (5,6), hypertension (3), and type 2 diabetes in both adults and adolescents (3,7,8).
Multiple differences have been demonstrated between African Americans and Caucasians in
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the underlying pathophysiologic features of the metabolic syndrome. African-American adults
have impaired endothelial function compared to Caucasian adults, specifically, endothelin 1,
a potent vasoconstrictor, is increased (9) and flow mediated brachial artery vasodilation (10)
is diminished. Hinderliter et al (11,12) found higher minimum FVR following vascular
occlusion in African American, young adults compared to similar aged. Caucasian subjects.
Endothelial dysfunction is an early predictor of each of both cardiovascular disease and type
2 diabetes (13). African-American adults have increased carotid artery intima-medial thickness
(14). Adolescent African Americans with a family history of essential hypertension have
increased basal and stress-stimulated endothelin 1 levels compared to similarly-selected,
Caucasian adolescents (15).

Mechanistically, there is a close link between endothelial function and insulin sensitivity in
both normotensive and hypertensive subjects (16,17). This is important because African
American adolescents are more frequently insulin resistant compared to Caucasians (18,19).
We therefore hypothesized that: 1) Since insulin sensitivity is decreased in African-American
adolescents endothelial function would also be lower in African-American adolescents; 2)
Since insulin sensitivity is lower in pubertal than in prepubertal and postpubertal subjects
(20), endothelial function would also be lower in pubertal subjects than in prepubertal or
postpubertal subjects, and 3) Endothelial function would be positively associated with muscle
insulin sensitivity.

Methods
Subjects

Healthy, adolescent volunteers between 8 and 18 years of age were recruited for participation.
They were taking no medications and were free from chronic and acute disease at the time of
study. Pregnancy tests were done on all females and all were negative. Subjects were recruited
into one of the following groups, prepubertal (Tanner stage 1 breast or genital development
depending on sex, AA n=3, C, n=11), pubertal (Tanner stage 2,3, or 4 breast or genital
development, AA, n=11, C, n=11) or postpubertal (Tanner stage 5 breast or genital
development, AA, n=11, C=11). Tanner staging was done by the principal investigator (RPH),
an experienced pediatric endocrinologist. The study was approved by the Ohio State University
Office of Responsible Research. Informed consent was obtained from a parent or legal guardian
and assent from each subject.

Protocol
Subjects were admitted to the Clinical Research Center of the Ohio State University at 8AM.
They were instructed not to eat or drink anything except water after 10PM the evening before.
Height and weight were measured and endothelial function was tested, as described below.
Endothelial function of the resistance vessels was assessed by measuring forearm blood flow
(FBF) before and after upper arm arterial occlusion (21–24). The stable isotope labeled
frequently-sampled intravenous glucose tolerance test and minimal modeling were used to
assess insulin secretion and secretion (25).

Endothelial Function—FBF was measured in the dominant arm using venous-occlusion
plethysmography with indium-in-silastic strain gauge and a Hokanson EC6 plethysmograph
(DE Hokanson Inc, Bellevue WA). Sphygomanometric cuffs were placed on the arm at the
wrist and on the upper arm. During measurement the wrist cuff was inflated to 200 mmHg to
occlude flow to the hand which is primarily skin blood flow and the upper arm cuff was inflated
to 40 mmHG for 10 out of every 15 second to occlude venous return. Data were recorded using
PowerLab and Chart 4.0 (AD Instruments, Grand Junction, CO) on a Power Mac G4 (Apple,
Cupertino, CA). FBF is expressed as ml blood per dl arm tissue per min. Arterial blood pressure
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was continuously monitored by arterial tonometry in the nondominant arm. (Model 7000, Colin
Medical Instruments, San Antonio TX). Forearm vascular resistance (FVR) was calculated by
dividing mean arterial pressure by FBF. For each subject two minutes of FBF were recorded
and then the upper arm cuff was inflated to 200 mmHg pressure for five minutes to occlude
flow to the arm. It was then released and FBF was again measured over the next minute. All
studies were scored twice by a single observer (RPH) on separate occasions and the mean value
was used for analysis. Mean intra-observer coefficient of variation for FBF before upper arm
occlusion was 5.1% and was 7.4% after upper arm occlusion. To confirm differences found
between races in FBF post vascular occlusion, we also assessed the percent change in forearm
vascular resistance following upper occlusion

Intravenous glucose tolerance test—After completion of the test of endothelial function,
intravenous catheters were placed in each arm for the frequently- sampled intravenous glucose
tolerance test and to obtain the fasting blood sample for measurement of the fasting lipid profile.
A bolus of 25% dextrose in water with approximately 13% [6–6]D2 glucose was given. The
total glucose dose was 250 mg/kg. Three milliliter blood samples were taken at -10, 0, 2, 4, 6,
8, 12, 14, 16, 19, 22, 27, 32, 42, 52, 62, 72, 82, 92, 102, 122, 142, 162, and 182 minutes relative
to a glucose bolus for measurement of plasma glucose, insulin, and [6,6]D2 glucose
concentrations.

Total body (SI) and peripheral insulin sensitivity (SI*) were calculated using the one
compartment minimal model for total and labeled glucose concentrations, respectively, using
the program Minmod (Minmod, Inc, Los Angeles, CA) (25,26). The program was also used
to calculate the acute insulin response to glucose (AIRG) over the first 19 minutes of the test.
Hepatic glucose production was calculated through the use of Steele’s equations (27) over the
last hour of the study when the system had returned to a quasi steady state. To adjust for
differing insulin levels between subjects during the time period when hepatic glucose
production was determined, hepatic insulin resistance (HIR) was calculated by multiplying
hepatic glucose production by the mean insulin level over the same hour, since higher insulin
levels should suppress hepatic glucose production (25,26).

Assays—Plasma glucose and insulin concentrations were measured in the CORE lab of the
Clinical Research Center of the Ohio State University and mole percent excess of [6,6] D2
glucose was measured by Metabolic Solutions (Cambridge MA). Plasma lipids were measured
in the Clinical Laboratory of the Ohio State University Hospital.

Statistical Analysis—Analysis of variance and analysis of variance of repeated measures
were used to determine differences in FBF and FVR responses to across-race and pubertal
status. Two-tailed, planned contrasts were used for individual group comparisons. Pearson
correlation coefficients and multiple linear regression were used to assess the relationships
between reactive hyperemia and insulin sensitivity, secretion, BMI and lipids. Systat 10 (Systat
Software Inc, Point Richmond, CA) was be used to perform all statistical analysis. Data are
expressed as mean±SE. Differences were considered significant at p<0.05 and tendencies are
mentioned as p<0.1.

Results
Subject characteristics

BMI significantly differed by pubertal group (Table I, p<0.001) but did not differ between the
races. Systolic blood pressure tended to be higher in African-American than Caucasian subjects
(p=0.056) although no differences were seen for diastolic pressure. Neither systolic nor
diastolic pressure varied by pubertal group. For plasma lipid levels no differences were seen
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between races or pubertal groups except for a trend toward higher LDL levels in African
Americans (p=0.071). The race by group interaction approached significance (p=0.064)
indicating the effect of pubertal stage on LDL cholesterol may vary between the races.
Specifically, LDL cholesterol was increased in prepubertal African American subjects. Fasting
glucose and insulin levels did not differ between races or pubertal stages.

Endothelial function and insulin sensitivity differences
Baseline FBF was not different between the races. However, post-occlusion FBF was
significantly lower in African-Americans (Figure 1, p=0.006). The FBF increase following
upper arm occlusion in Caucasian adolescents was greater than in African-American
adolescents (time x race interaction, p=0.004). The time by pubertal stage effect (p=0.10) and
time by pubertal stage by race effects (p=0.28) were not significant indicating that pubertal
stage did not alter post-occlusive FBF or the effect of race.

The greater post-occlusion vasodilation in Caucasian adolescents was confirmed by the
significant differences in percent change in FVR between the races (Table II, p=0.018). The
pubertal stage effect and race by pubertal stage interaction were not significant. When the
subjects were analyzed by pubertal stage, there was a trend toward significant racial difference
in the postpubertal subjects (p=0.057).

AIRG was significantly greater (p=0.001) and SI* was significantly lower (p=0.023) in
African-Americans than in Caucasians. There were no differences in SI or HIR between the
races. When the subjects were compared within each pubertal stage group, the difference in
AIRG was significant only in the postpubertal subjects (p=0.001), although the differences in
the prepubertal (p=0.064) and pubertal (p=0.051) groups approached significance. For SI*, the
difference between African-Americans and Caucasians was significant only in the prepubertal
group (p=0.004). No pubertal stage effects were seen.

Because of the small number of African-American prepubertal subjects and because these
subjects had an increased BMI, separate analysis was done on just the pubertal and postpubertal
subjects. Baseline FBF did not differ by race pubertal stage. Post-occlusion FBF was lower in
African-Americans (p=0.033) and the time by race interaction for FBF was again significant
(p=0.014) indicating the increase in FBF was lower in African-Americans. This was confirmed
by assessing the post-occlusion percent fall in FVR (p=0.041). Interestingly, with prepubertal
subjects excluded, the post-occlusion FBF was significantly lower in postpubertal than pubertal
subjects (p=0.009) and the time by puberty interaction was also significant (p=0.023). The
pubertal differences in percent fall FVR did not quite reach statistical significance (p=0.084).
Results from the intravenous glucose tolerance tests again revealed only a significant racial
difference in AIRG.

Relationship of endothelial function to insulin secretion, sensitivity, and lipids
In the group as a whole no correlations were present between percent change in FVR and any
of the plasma lipid measurement, SI, SI*, or HIR. There was a correlation between percent
change in FVR and log AIRG (r=0.41, p=0.004). The percent change in FVR also correlated
with BMI (r=0.31, p=0.017). Only the effect of logAIRG was significant (p=0.042) when all
three were included in the regression equation.

Inclusion of log AIRG in the equation with race eliminated the racial effects and the effect of
log AIRG tended to remain significant (Table III). The racial effect was nearly significant when
BMI was included in the equation and remained significant when log triglycerides were
included.

Duck and Hoffman Page 4

J Pediatr. Author manuscript; available in PMC 2008 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



When the races were analyzed individually, significant relationships were found in African-
Americans only. Specifically, percent change in FVR (Figure 2) correlated with BMI (r=0.52,
p=0.008), log plasma triglyceride levels (r=0.49, p=0.016), and log AIRG (r=0.67, p=0.001).
No relationships were found between RH and fasting glucose, fasting insulin, SI, SI*, or HIR
in either race.

Multiple linear regression with percent change in FVR as the dependent variable and BMI, log
plasma triglycerides and log AIRG as independent variables was also performed in each race
separately. In African-Americans the relationships of percent change in FVR to BMI and
triglycerides were no longer significant. The relationship to AIRG remained significant
(p=0.012). This relationship retained significance if BMI or triglycerides were included,
independently. No relationships were found in Caucasians.

Discussion
These results demonstrate that impaired endothelial function is present in African-American
adolescents. Specifically, we found diminished maximal post-occlusion FBF compared to
pubertal stage-matched Caucasian subjects which was confirmed by the greater fall in FVR in
Caucasians. The percent change in FVR in the Caucasian adolescents in our study was nearly
identical to that in non-diabetic adolescents found by Newkumett et al (28). We believe that
this impairment in endothelial function may predispose African-American adolescents to
future cardiovascular complications of the metabolic syndrome as adults.

In adults, there is an interrelationship between endothelial function and insulin sensitivity
(16,17). Insulin-induced vasodilation (29–31) is mediated by endothelial nitric oxide release
(32). Diminished endothelial function, thus, decreases insulin-induced vasodilation and
glucose delivery to and usage by muscle tissue. We, however, did not find the hypothesized
relationship between percent change in FVR and insulin sensitivity. These results confirm the
findings of Singhal et al (23) using more rigorous measures of insulin sensitivity than that
derived from fasting glucose and insulin levels using the homeostatic method in their study.

We did find a significant relationship between percent change in FVR and AIRG in the all
subjects and in the African-Americans alone. The positive correlations indicate increased
insulin secretion is associated with decreased endothelial function since percent change in FVR
is negative. In the group as whole the racial difference in percent change in FVR was eliminated
by controlling for increased insulin secretion. Interestingly, however this effect was primarily
present only in the African-Americans indicating hyperinsulinism may have differing effects
in the two races or there may be a threshold effect with manifestation in the African-American
adolescents alone due to their higher insulin secretion. Since insulin, itself, causes endothelial-
induced vasodilation (32), persistent exposure to higher insulin levels may exhaust nitric oxide
availability. On the other hand, it is also possible that the reverse is true and that endothelial
dysfunction is the cause of the increased insulin secretion in African-American adolescents.
Diminished insulin-induced endothelial vasodilation could lead to decreased glucose delivery
and insulin resistance with compensatory increases in insulin secretion, as described above.
This is less likely since insulin sensitivity did not differ between the races in this study.

We, also, found positive relationships between percent change in FVR and BMI and
triglyceride levels in African-American, but not Caucasian, adolescents. Multiple linear
regression revealed that only the relationship to AIRG remained relevant. Thus, the relationship
between percent change in FVR and AIRG does not appear to be due to increased body size
or triglyceride levels

Evidence of insulin resistance in African-American adolescents includes higher insulin to
glucose ratios following oral glucose in (33) compared to Caucasians in all Tanner stages and
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in both sexes have increased and higher glucose requirementr during insulin clamp in African-
American pubertal (11) and prepubertal children (12). The differences are not explained by
differences in body composition, although obesity in African-American children worsens
insulin resistance more than in Caucasians (34). African-American children compensate for
the decreased insulin sensitivity by both increasing insulin secretion (35) and decreasing insulin
clearance (35,36).

In contrast to these studies which suggest that the increased insulin secretion in African-
American adolescents is due to insulin resistance, Preeyasombat et al (37) suggested that
increased insulin secretion may be the primary defect and insulin resistance secondary, at least
in obese, African-American adolescents compared to obese, Caucasian adolescents. This was
based on findings from oral glucose tolerance tests which demonstrated that insulin sensitivity
was not different between the two groups when corrected for insulin secretion, but the latter
was increased in African-Americans. Our findings support this hypothesis. We found markedly
increased AIRG in all pubertal stages but a decrease in SI* only in prepubertal African
American adolescents.

The study has two significant limitations. The first is the inclusion of subjects of all weights.
Because of this we cannot categorically say that our results would be present in just lean
adolescents. However, when BMI was included as a covariate, the race and pubertal stage
effects remained significant. Second, we did not study subjects by sex. Differences in
endothelial function and insulin sensitivity have been reported between males and females
(26,38,39). Each of our groups contained nearly equal numbers of boys and girls. Including
sex in the analysis of variance however did not eliminate the racial difference (data not shown).

Lastly, it would be useful to confirm our findings with other methods of measuring endothelial
function, specifically, flow-mediated vasodilation of the brachial artery as measured by
ultrasound. The two techniques measure endothelial function in different types of blood
vessels. The technique we used function examines resistance vessels (23), as opposed to a
conduit vessel. We believed this to be more clinically significant.

In conclusion, African-American adolescents have impaired endothelial function of the
resistance vessels. Additional study will be needed to determine whether this dysfunction
predisposes to future cardiovascular disease and type 2 diabetes in African-American adults.
The impairment may be due to increased insulin secretion.
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AIRG  

acute insulin response to glucose

FBF  
forearm Blood flow

FVR  
forearm vascular resistance

HIR  
hepatic insulin resistance

SI  
insulin sensitivity calculated from total glucose
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SI*  
insulin sensitivity calculated from labeled glucose

SG  
glucose effectiveness
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Figure 1.
Pre (hatched bars) and post upper arm occlusion FBF (solid bars) in African-American (AA)
and Caucasian (C) adolescents. FBF increased significantly more in Caucasians (time by race
interaction p=0.004). Error bars represent SE.

Duck and Hoffman Page 10

J Pediatr. Author manuscript; available in PMC 2008 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Relationship of percent fall in forearm vascular resistance following upper arm occlusion to
body mass index (BMI), triglycerides, and acute insulin response to glucose in African-
American (AA) and Caucasian (C) adolescents. For African-Americans: BMI r=0.52, p=0.008;
log plasma triglyceride levels r=0.49, p=0.016; log AIRG r=0.67, p=0.001.
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Table 2
Endothelial function and stable labeled frequently sampled intravenous glucose tolerance test results in African-
American and Caucasian adolescents.

ANOVA (p-values)
Prepubertal Pubertal Postpubertal Race effect Puberty Effect Interaction Effect

Change in FVR
(%)

African American −74.1
±3.1 (n=3)

−79.5
±1.9 (n=11)

−74.2
±2.3 (n=11)

0.018 0.17 0.76

Caucasian −80.2
±2.7 (n=11)

−82.4
±2.2 (n=11)

−80.0
±1.6 (n=11)

AIRG pmol min/
L)

African American 5880±610 4240±770 8350±1900* 0.001 0.36 0.60
Caucasian 2080±770 2472±550 2380±430

SI (l/pmol min) African American 0.608±0.213 1.49±0.85 0.902±0.258 0.32 0.60 0.28
Caucasian 3.60±1.00 1.91±0.98 1.22±0.38

SI
* (l/mU min) African American 0.330±0.37* 1.06±0.54 0847±0.192 0.023 0.19 0.027

Caucasian 1.57±0.60 1.01±0.24 0.903±0.25
HIR (mmol mol/
kg min L)

African American 0.637±0.19 0.282
±0.043

0.266±0.80 0.58 0.47 0.081

Caucasian 0.244±0124 0263
±0.047

0.583±280

Mean±SE

*
p<0.05 vs Caucasians in same pubertal group.
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Duck and Hoffman Page 14

Table 3
Effect of AIRG, BMI, triglycerides on racial difference in endothelial function as assessed by multiple linear
regression analysis.

Secondary effect
Dependent Variable Constant Racial effect

AA=1 C=2
Variable Coefficient R2 P

Fall in FVR(%) −87.8
p<0.001

−3.14
p=0.161

Log(AIRG) 2.26
p=0.068

0.20 0.006

−82.5
p<0.001

−3.67
p<0.059

BMI 0.41
p=0.041

0.155 0.010

−86.8
p<0.001

−4.67
p=0.019

Log(Triglycerides) 3.831
p=0.054

0.154 0.012

J Pediatr. Author manuscript; available in PMC 2008 April 1.


