
Visceral Adipose Tissue and Markers of the
Insulin Resistance Syndrome in Obese Black
and White Teenagers
Scott Owens,* Bernard Gutin,* Paule Barbeau,* Mark Litaker,* Jerry Allison,† Matthew Humphries,*
Tomoki Okuyama,* and Ngoc-Anh Le‡

Abstract
OWENS, SCOTT, BERNARD GUTIN, PAULE
BARBEAU, MARK LITAKER, JERRY ALLISON,
MATTHEW HUMPHRIES, TOMOKI OKUYAMA, AND
NGOC-ANH LE. Visceral adipose tissue and markers of the
insulin resistance syndrome in obese black and white teen-
agers.Obes Res.2000;8:287–293.
Objective:To determine the relationships between visceral
and general adiposity, cardiovascular fitness, and markers
of the insulin resistance syndrome in obese black and white
teenagers.
Research Methods and Procedures:Cross-sectional survey
of 81 obese 13- to 16-year-old youths. Visceral adipose
tissue was measured with magnetic resonance imaging, and
percentage body fat was measured with dual-energy X-ray
absorptiometry. Cardiovascular fitness was assessed with a
submaximal treadmill test. Fasting blood samples were an-
alyzed for lipids/lipoproteins and insulin. Resting blood
pressure was obtained using an automated cuff.
Results:Visceral adipose tissue was significantly correlated
with unfavorable levels of: triacylglycerol (r 5 0.27, p ,
0.05), total cholesterol (r 5 0.27, p , 0.05), high-density
lipoprotein cholesterol (r 5 20.26,p , 0.05), the ratio of
total cholesterol/high-density lipoprotein cholesterol (r 5
0.42, p , 0.01), low-density lipoprotein cholesterol (r 5
0.27,p , 0.05), apolipoprotein B (r 5 0.38,p , 0.01), and
systolic blood pressure (r 5 0.30, p , 0.01). Multiple
regression analyses revealed that visceral adipose tissue was
more powerful than percentage body fat for explaining

variance in lipoproteins (e.g., for the ratio of total choles-
terol/high-density lipoprotein cholesterol,r2 5 0.13, p ,
0.01, and for systolic blood pressure,r2 5 0.07,p , 0.05).
Ethnicity was the most powerful of the demographic pre-
dictors for blood lipids (r2 5 0.15 for triacylglycerol with
lower levels in blacks;r2 5 0.10 for high-density lipopro-
tein cholesterol with higher levels in blacks;r2 5 0.06 for
the ratio of total cholesterol/high-density lipoprotein cho-
lesterol with lower levels in blacks). Cardiovascular fitness
was not retained as a significant predictor of markers of the
insulin resistance syndrome.
Discussion:Some of the deleterious relationships between
visceral adiposity and markers for the insulin resistance
syndrome seen in adults were already present in these obese
young people.
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Introduction
In adults, obesity is associated with an insulin-resistant

syndrome (IRS) that is characterized by hyperinsulin-
emia, dyslipidemia, hypertension, and an increased risk
for cardiovascular disease (1). Relations between body
fat and markers of the IRS vary with body fat distribution
(2,3). Central adiposity seems to be more deleterious than
peripheral fat (4,5). Within the central depot, visceral
adipose tissue (VAT) tends to be more highly correlated
with the IRS markers than is subcutaneous abdominal
adipose tissue (SAAT) (6 –9). Low levels of cardiovas-
cular fitness have also been associated with unfavorable
levels of IRS markers (10,11).

There are few studies examining VAT and markers of the
IRS in adolescents, and no data have been reported for
African American teenagers. In an Italian study of obese 10-
to 15-year-old boys and girls, significant correlations were
observed between VAT and triacylglycerol (r 5 0.46), total
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cholesterol (r 5 0.54), and low-density lipoprotein choles-
terol (r 5 0.60) (12). A study of obese and non-obese
adolescent girls found VAT to be significantly correlated
with triacylglycerol (r 5 0.53), high-density lipoprotein
cholesterol (r 5 20.54), and insulin (r 5 0.55) in the obese
girls only (13). Thus, some of the relationships between
VAT and markers of the IRS reported for adults have been
observed in obese youths.

Given that the prevalence of overweight among children
and adolescents in the United States is increasing (14) and
that overweight tends to track into adulthood (15,16) and
has adverse health effects (17,18), understanding the nature
of the relationships between the various components of
body composition and disease risk becomes increasingly
important. This study reports on the relationships between
measures of fatness, fitness, and a number markers of the
IRS in black and white obese teenagers.

Research Methods and Procedures
Subjects were 81 apparently healthy obese teenagers 13

to 16 years of age. Recruitment was accomplished with
promotional flyers distributed through selected public and
private schools in Augusta, GA. To be included in the study,
a child needed to have a triceps skinfold greater than the
85th percentile for gender, age, and ethnicity (19), not be
involved in any other weight control or exercise program,
and not be restricted as to physical activity. Ethnicity was by
self-designation of the parent. Interested parents and teen-
agers attended an orientation session and both gave in-
formed consent in accordance with procedures of our Hu-
man Assurance Committee.

Body Fatness
VAT was selected as the component of central adiposity and

was determined in the Department of Radiology at the Medical
College of Georgia utilizing a 1.5-tesla magnetic resonance
imaging (MRI) system (General Electric Medical Systems,
Milwaukee, WI). Spin-echo techniques were used to produce
T1-weighted images demonstrating good contrast between ad-
ipose and nonadipose tissues (20). Details of the MRI acqui-
sition were as follows: repetition time, 450 ms; echo time, 12
ms; field of view, 400–480 mm; matrix, 1923 256; number
of excitations, 1. Respiratory compensation was used to reduce
artifacts caused by respiratory motion. With subjects in the
supine position, a series of five, 1-cm thick, transverse images
was acquired beginning at the inferior border of the fifth
lumbar vertebra and proceeding toward the head. A 2-mm gap
between images was utilized to prevent cross-talk. Respiratory
compensation was used to reduce artifacts caused by respira-
tory motion. Tissues superior to and inferior to the five slices
were saturated to reduce artifacts from flow in the aorta or
inferior vena cava. VAT was segmented by thresholding and
quantified as adipose tissue within a region of interest bounded

by the internal-most aspect of the abdominal and oblique
muscle walls and the posterior aspect of the vertebral body.
Values for VAT from a single image were calculated in terms
of surface area (cm2). Volume of VAT (cm3) from this area of
the abdomen was estimated by multiplying the surface area for
the individual images by the image width (1 cm) and then
summing across the five images. To reduce interobserver vari-
ability, all images were analyzed by the same experienced
observer. We found that the intraclass correlation coefficients
for separate-day repeat analyses exceeded 0.99.

Total body percentage fat (%BF) was selected as the
measure of general adiposity and was derived from dual-
energy X-ray absorptiometry (DXA) (Hologic QDR-1000,
Waltham, MA). Svendsen et al (21) showed DXA values
agreed well with carcass analysis of pigs. We have found
DXA to be reliable in children (22).

Cardiovascular Fitness
Cardiovascular fitness was determined as the oxygen

consumption at a heart rate of 170 bpm (VO2–170) obtained
during an incremental treadmill test. The treadmill protocol
involved an initial 6-minute period of walking at 2 mph, 0%
grade that served as a warm-up and familiarization stage for
the subjects. Subsequent stages were 2 minutes in length
and involved 0.5 mph increases in treadmill speed (Stages 2
through 4) followed by 2% increases in treadmill grade
(Stage 5 through test conclusion). Subjects exercised until
volitional exhaustion was reached. Oxygen consumption
(VO2) was measured throughout with indirect calorimetry
using a FITCO (Farmingdale, NY) metabolic measurement
cart. Heart rate was obtained from a heart rate monitor
(Polar Vantage XL, Port Washington, NY). Although obese
children seem to be capable of maximal tests to the same
degree that non-obese children are (23), a significant pro-
portion of people fail to meet objective criteria for a true
maximal oxygen consumption (VO2 max). If VO2 maxis used
as the main index of cardiovascular fitness, those subjects
cannot be included in analyses that include cardiovascular
fitness, thereby reducing sample size. VO2–170 is easily
measured in people varying widely in fitness, and we found
it to be highly correlated with VO2 max (r 5 0.88) in 64
of the obese adolescents who did meet strict criteria for
VO2 max (oxygen plateau, 2 ml/kg/min increase in VO2,
a respiratory exchange ratio greater than 1.0, or a heart
rate. 200 bpm).

Blood Parameters
For blood sampling, subjects reported to the laboratory

between 8 and 9AM after a 12-hour fast. A 20-mL blood
sample was obtained from an antecubital vein and trans-
ferred into vacutainers containing EDTA. Tubes were in-
verted gently and stored in an ice bath until centrifugation.
Samples were separated by low speed centrifugation (6000g
for 10 minutes) with plasma placed in plastic vials and
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stored at270 °C until analysis. Samples were analyzed at
the Emory Lipid Research Laboratory, which is certified by
the College of American Pathologists and participates in the
National Heart, Lung, and Blood/Centers for Disease Con-
trol Lipid Standardization Program. High-density lipopro-
tein cholesterol (HDLC) and low-density lipoprotein cho-
lesterol (LDLC) were determined using the homogeneous
enzymatic methods (Equal Diagnostics, Exton, PA). Apoli-
poprotein (Apo)A-I and ApoB were measured by nephe-
lometry using immunoturbidimetric methods (SPQ Test
System; Incstar Corp., Stillwater, MN). Fasting insulin con-
centrations were determined using the IMx Insulin Assay
(Abbot Laboratories, Abbott Park, IL), and glucose values
were determined by enzymatic methods (Beckman Diag-
nostics, Fullerton, CA). LDL particle diameter was deter-
mined by nondenaturing polyacrylamide gradient gel elec-
trophoresis as previously described (24).

Blood Pressure
Resting systolic and diastolic blood pressure (BP) were

measured with an automated BP monitor (Dinamap; Cri-
tikon, Inc., Tampa, FL). Measurements were obtained after
10 minutes of rest in the supine position with an appro-
priately sized cuff placed on the left arm. Five readings
were taken at 1-minute intervals, and the last three were
averaged.

Data Analysis
Two-way analysis of variance was used to examine dif-

ferences in anthropometric variables as related to gender,
ethnicity, and their interaction. Pearson correlations were
used to determine univariate relationships between mea-
sures of fatness and fitness (VAT, %BF, VO2–170) and
markers of the IRS. The significance level was set atp ,
0.05. Hierarchical stepwise multiple linear regression tech-
niques were then used to evaluate the relative contributions
of the demographic (age, gender, ethnicity) and fatness/
fitness (VAT, %BF, VO2–170) measures to the variance in
markers of the IRS. In this procedure, variables are entered
in stepwise fashion within blocks (25). The procedure ob-
tains the best model within a block before variables in
subsequent blocks are considered for entry into the model.
Once the best model within a block is determined, the
variables selected remain in the model regardless of the
variables available for selection within subsequent blocks.
Thus, variables in later blocks are considered “adjusted” for
those variables previously selected for inclusion. The step-
wise technique circumvents the potential problem of mul-
ticollinearity, because a variable will not enter the model if
it is highly correlated with a variable already in the model.
For the present study, two blocks of variables were utilized.
Block 1 variables included the demographic measures (age,
gender, ethnicity). Block 2 included the fatness/fitness mea-
sures (VAT, %BF, VO2–170) that were significantly corre-

lated with the risk factor in question in the univariate
correlational analysis. Probabilities for variables to enter or
be removed during the stepwise procedure werep # 0.05
and p $ 0.10, respectively. All analyses were performed
using the SPSS/PC statistical program (version 8.0 for win-
dows; SPSS, Inc., Chicago, IL).

Results
A total of 81 obese teenagers participated in this study.

Table 1 displays descriptive statistics by gender and ethnic
subgroups along with the ANOVA results for the subgroup
comparisons (data from the lone Hispanic girl were omitted
in these comparisons). Significant gender differences were
observed for three of the variables with girls being older
(p 5 0.002), shorter (p 5 0.006), and having a lower
VO2–170 (i.e., less fit) (p , 0.001). Relative to ethnicity,
blacks had significantly less VAT than whites (p , 0.001).
This difference remained significant even after controlling
for total adiposity (p 5 0.001). Blacks were also signifi-
cantly less fit (p , 0.001).

Table 2 shows the simple correlations between the fat-
ness/fitness measures and markers of the IRS. VAT was the
only fatness measure significantly associated with any of
the lipid-lipoprotein variables; the strongest of these rela-
tionships being between VAT and total cholesterol/HDLC.
VAT was also significantly associated with systolic BP.
VO2–170was positively correlated with triacylglycerol. The
%BF was significantly correlated with insulin. For some
markers of the IRS, no significant associations with the
fatness/fitness measures were detected (LDL particle size,
ApoA-I, glucose, and diastolic BP).

Table 3 summarizes results of the hierarchical stepwise
multiple regression procedure in which the demographic
variables (age, gender, ethnicity) were entered in Block 1
and significant fatness/fitness measures from the univariate
correlational analysis were entered in Block 2. Relative to
the demographic variables, age was not retained as a sig-
nificant predictor for any of the eight variables shown in
Table 3. On the other hand, either gender or ethnicity was a
significant predictor for six of the eight IRS markers; that is,
being female was predictive of lower total cholesterol,
LDLC, and systolic BP. Being black was predictive of
lower triacylglycerol, lower total cholesterol/HDLC, and
higher HDLC. Regarding the fatness/fitness measures, VAT
was a significant predictor for six of the eight IRS markers.
In each case, greater VAT was predictive of a less favorable
level of the IRS marker. The %BF was retained as a sig-
nificant predictor only in the case of insulin, with greater
%BF associated with a higher insulin concentration. The
measure of fitness, VO2–170, did not emerge as an indepen-
dent predictor for any of the markers of the IRS.
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Discussion
This study examined relationships between two aspects

of adiposity, one measure of fitness, and several markers of
the IRS in obese teenaged boys and girls. It seems to be the
first report to include data on VAT and IRS markers in
African American teenagers. We found VAT to be signifi-
cantly lower in black than in white teenagers, even after
controlling for total fat mass. Less VAT in blacks compared
to whites has been reported in other age groups, including 4-
to 10-year-old boys and girls (26), 7- to 10-year-old girls
(27), obese women (28), and young adult men (29).

VAT was more frequently associated with markers of the
IRS than were %BF or VO2–170 and was more frequently
retained as a predictor variable in the multiple regression
analyses. We note in passing that MRI-derived SAAT was also
examined for its association with the IRS markers. As antici-
pated, based on results from our previous study with younger
subjects (30), SAAT was not as powerful a predictor for the
IRS markers as was VAT (data not shown). As for the demo-
graphic variables, gender and ethnicity were each retained as
significant predictors for three of the IRS markers. The reten-
tion of gender and ethnicity, as significant predictors for the
variations in some of the lipid/lipoproteins, differs from our
observations in 7- to 11-year-old black and white children (30)
in which VAT, but not ethnicity or gender, provided the
explanatory power. It may be that the relative predictive pow-
ers of gender, ethnicity, and VAT for these variables differs in
pre- vs. postpubertal subjects, although the relationships seem
to be complex. In 4- to 10-year-old black and white children,
Ku et al. (26) found that VAT, but not ethnicity, was a
significant predictor for triacylglycerol but not for HDLC. In
premenopausal women, Albu et al. (31) reported that the

regression equations predicting triacylglycerol and HDLC
from adiposity measures (VAT, SAAT, total body fat mass)
had slopes that were not significantly different for blacks and
whites. They also reported that LDLC was independently
related to VAT in black but not white women. In our teenagers
we found VAT and gender, but not ethnicity, to be significant
predictors of LDLC. In our study of 7 to 11 year olds, VAT
was a significant predictor of LDLC, but gender was not (30).
The finding for ApoB in the present study mirrored that of our
previous study with 7 to 11 year olds in that VAT was the only
significant predictor (30). Thus, these data suggest that, in
obese teenagers, VAT is the adiposity measure that carries the
most explanatory weight for the common lipid-lipoprotein risk
factors but that gender and ethnicity alsocontribute signifi-
cant information about some of these variables.

A somewhat different set of relationships emerged for the
nonlipid markers. For these variables, VAT was predictive
only for systolic BP. We saw a similar pattern in our study
of the 7 to 11 year olds, that is, VAT was the strongest
predictor of the blood lipids but was not predictive of the
nonlipid markers (30).

The %BF emerged as the best predictor of fasting insulin
in our group of teenagers, which contrasts somewhat with
the findings of Gower et al. (32) who reported that VAT,
total body fat mass, and ethnicity were significant predictors
for fasting insulin in normal-weight 5- to 10-year-old black
and white children. Differences in pubertal and obesity
status between the two studies may have contributed to the
divergent findings.

Both gender and VAT displayed significant predictive
power for systolic BP. Other studies of youth typically have
not found VAT and systolic BP to be highly correlated

Table 1. Descriptive statistics (mean6 SD)

Combined

White African American
Significant effects by
two-way ANOVA*Boys Girls Boys Girls

Age (years) 14.96 1.3 14.46 1.2 15.36 1.3 14.96 1.3 15.26 1.1 Gender
n 5 80 n 5 10 n 5 15 n 5 16 n 5 39

Height (cm) 1656 7 1686 9 1626 6 1696 7 1646 8 Gender
n 5 80 n 5 10 n 5 15 n 5 16 n 5 39

Weight (kg) 94.96 19.4 95.16 27.7 88.26 17.9 100.36 17.8 95.26 18.6 NS
n 5 80 n 5 10 n 5 15 n 5 16 n 5 39

VAT (cm3) 3066 130 4336 105 3556 151 2796 107 2636 109 Ethnicity
n 5 79 n 5 10 n 5 15 n 5 16 n 5 38

%BF 44.56 6.7 40.76 6.6 45.86 5.9 43.96 9.3 45.26 5.6 NS
n 5 78 n 5 9 n 5 15 n 5 16 n 5 38

VO2-170 (mL/kg/minute) 19.76 4.4 25.06 5.7 20.86 3.2 20.56 3.3 17.56 3.3 Gender, ethnicity
n 5 79 n 5 10 n 5 15 n 5 16 n 5 38

* p , 0.05.
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(12,13,27), although several adult studies have reported
significant VAT-systolic BP relationships (9,33,34).

Cardiovascular fitness (VO2–170) did not prove to be an
independent predictor of the IRS factors, and the only
significant relationship among the simple correlations was
the unexpected positive association between fitness and
triacylglycerol. Comparative data from similar subjects are
lacking (i.e., black and white obese adolescents). In our
study of obese 7- to 11-year-old black and white youths in
which we measured cardiovascular fitness during supine
cycling, we did not find fitness to be associated with IRS
risk (35). Some adult studies have reported a fitness-IRS
risk factor relationship (10,11). However, in obese men and
women, Goodpaster et al. (36) did not find fitness to be
related to insulin sensitivity, although insulin sensitivity
was associated with fatness measures such as VAT, total
body fat mass, and subcutaneous abdominal fat. One of our
previous studies used a wider distribution of adiposity, and
presumably fitness, to study relations of fatness and fitness

to IRS factors (37). In that study, both elevated %BF and
lower cardiovascular fitness were significantly associated
with unfavorable levels of lipids-lipoproteins and insulin;
for example, the correlation coefficients with insulin were
r 5 0.78 andr 5 0.72 for %BF and cardiovascular fitness,
respectively. Thus, it seems that, within the somewhat re-
stricted range of adiposity we had in the subjects of the
current study, %BF and cardiovascular fitness lose some of
their explanatory power, whereas VAT still is predictive of
unfavorable levels of several variables. Thus, these and
other studies of ours (35) support the notion that fatness
better predicts markers of the IRS than does fitness.

For several of the IRS markers we saw no significant
associations with the adiposity measures. We had antici-
pated a significant (inverse) correlation between VAT and
LDL particle size based on observations in a subsample of
41 subjects from our study of 7- to 11-year-old obese
children in whom these two variables were significantly
related (r 5 20.32,p , 0.05) (30). Likewise, a significant
VAT-LDL particle size relationship has been observed in
some adults (38,39). We pursued this matter further by
combining the data from our study of 7- to 11-year-old
obese children with the data of the obese adolescents in this
study, to increase the sample size and statistical power.
After controlling for age, we found that the correlation
between LDL size and VAT for the combined samples
resulted in a nonsignificant partialr of 20.08 (p 5 0.40).

Table 2. Pearson correlations among fatness and fit-
ness measures and markers of the IRS

Variable VAT %BF VO 2-170

Triacylglycerol 0.27* 20.14 0.26*
n 5 79 n 5 78 n 5 79

Total cholesterol 0.27* 0.04 20.09
n 5 79 n 5 78 n 5 79

HDLC 20.26* 0.05 20.12
n 5 79 n 5 78 n 5 79

TC/HDLC 0.42† 0.01 20.02
n 5 79 n 5 78 n 5 79

LDLC 0.27* 0.10 20.16
n 5 79 n 5 78 n 5 79

LDL size 20.16 0.06 20.10
n 5 79 n 5 78 n 5 79

ApoA-I 20.11 20.01 20.03
n 5 79 n 5 78 n 5 79

ApoB 0.38† 0.03 20.02
n 5 79 n 5 78 n 5 79

Insulin 0.16 0.24* 20.20
n 5 78 n 5 77 n 5 78

Glucose 0.23 0.14 0.05
n 5 70 n 5 70 n 5 70

Systolic BP 0.30† 20.04 20.05
n 5 80 n 5 79 n 5 80

Diastolic BP 0.10 20.01 20.20
n 5 80 n 5 79 n 5 80

* p , 0.05; †p , 0.01.

Table 3.Summary table for hierarchical stepwise mul-
tiple regression analyses for markers of the IRS

Dependent
variable

Predictor
variables
retained Block* R2

R2

increase

Triacylglycerol Ethnicity 1 0.15
Total cholesterol Gender 1 0.09

VAT 2 0.14 0.05
HDLC Ethnicity 1 0.10

VAT 2 0.12 0.02
TC/HDLC Ethnicity 1 0.06

VAT 2 0.19 0.13
LDLC Gender 1 0.05

VAT 2 0.11 0.06
ApoB VAT 2 0.15
Insulin %BF 2 0.06
Systolic BP Gender 1 0.10

VAT 2 0.17 0.07

* Block 1 variables5 demographics (age, gender, ethnicity). Po-
tential Block 2 variables5 fatness/fitness variables (VAT, %BF,
VO2-170).
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Further studies will be needed to clarify if LDL size is
significantly associated with adiposity in young people.

Clearly, some of the deleterious relationships between
VAT and markers of the IRS as seen in adults were already
present in this group of obese young people. Information
regarding interventions that target VAT in children and
adolescents are just beginning to emerge. In our recent study
of 7- to 11-year-old obese black and white children, we
found that children who engaged in 4 months of controlled
aerobic training accumulated significantly less VAT than
did the control group children who did not participate in the
training (40). We also found that levels of some IRS mark-
ers (e.g., triacylglycerol, insulin) declined more during pe-
riods of physical training than during periods of no physical
training (41). No evidence is available in obese teenagers
concerning the influence of exercise and/or dietary inter-
ventions on VAT.

In conclusion, in this sample of obese black and white
teenagers, we found VAT to be the most powerful of the
adiposity measures for explaining the variance in blood
lipid-lipoprotein levels; ethnicity was the most powerful of
the demographic predictors for these measures with whites
having less favorable levels of some of the risk factors.
VAT was less informative for explaining the variance
among the nonlipid IRS markers. Given the increased prev-
alence of obesity in this age group, the pursuit of effective
obesity treatment and prevention strategies should be given
a high public health priority.
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