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OBJECTIVEdTo test the hypothesis that hepatic steatosis is associated with risk factors for
type 2 diabetes in overweight and obese youth, mediated by cardiorespiratory fitness.

RESEARCH DESIGN AND METHODSdThis was a cross-sectional study comparing
insulin sensitivity between 30 overweight and obese adolescents with hepatic steatosis, 68 over-
weight and obese adolescents without hepatic steatosis, and 11 healthy weight adolescents
without hepatic steatosis. Cardiorespiratory fitness was determined by a gradedmaximal exercise
test on a cycle ergometer. Secondary outcomes included presence of metabolic syndrome and
glucose response to a 75-g oral glucose challenge.

RESULTSdThe presence of hepatic steatosis was associated with 55% lower insulin sensitivity
(P = 0.02) and a twofold greater prevalence of metabolic syndrome (P = 0.001). Differences in
insulin sensitivity (3.5 vs. 4.5 mU z kg21 z min21, P = 0.03), prevalence of metabolic syndrome
(48 vs. 20%, P = 0.03), and glucose area under the curve (816 vs. 710, P = 0.04) remained
between groups after matching for age, sex, and visceral fat. The association between hepatic
steatosis and insulin sensitivity (b = 20.24, t = 22.29, P , 0.025), metabolic syndrome (b =
20.54, t =25.8, P, 0.001), and glucose area under the curve (b = 0.33, t = 3.3, P, 0.001) was
independent of visceral and whole-body adiposity. Cardiorespiratory fitness was not associated
with hepatic steatosis, insulin sensitivity, or presence of metabolic syndrome.

CONCLUSIONSdHepatic steatosis is associated with type 2 diabetes risk factors indepen-
dent of cardiorespiratory fitness, whole-body adiposity, and visceral fat mass.
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Type 2 diabetes is one of the fastest
growing chronic diseases in child-
hood (1–3). Despite increasing

awareness of pediatric type 2 diabetes, lit-
tle data exist delineating the pathophysi-
ological factors associated with the loss of
glucose tolerance. Two particular bio-
markers implicated in the development
of glucose intolerance include excessive
intra-abdominal fat (1,2) and, more re-
cent, excessive hepatic triglyceride inde-
pendent of visceral adipose mass (3–5).

Delineating the value of these biomark-
ers for type 2 diabetes risk in overweight
youth remains challenging because of their

significant collinearity (6). Recent studies
have used reciprocal matching strategies
to dissect the independent role of each
biomarker as a predictor of insulin resis-
tance and type 2 diabetes risk in obese
adults (7,8). In these studies, cardiorespi-
ratory fitness and hepatic steatosis emerged
as important predictors of insulin sensitiv-
ity. Similar matching strategies have not
been performed in studies of overweight
adolescents. The independent roles of
hepatic triglyceride, visceral fat, and car-
diorespiratory fitness as predictors of met-
abolic risk among overweight youth
remain undetermined.

The primary aim of this study was to
determine the independent associations
of visceral fat mass and hepatic steatosis
on type 2 diabetes risk factors in a cohort
of overweight and obese adolescents. A
secondary aim was to assess whether
cardiorespiratory fitness levels mediated
these associations.We designed two com-
plementary cross-sectional studies to test
the hypothesis that hepatic steatosis is
associated with cardiometabolic and type
2 diabetes risk, independent of visceral fat
among overweight and obese adolescents.

RESEARCH DESIGN AND
METHODS

Study design and study population
This cross-sectional study compared risk
factors associated with type 2 diabetes
between overweight and obese adolescents
stratified by the presence or absence of
hepatic steatosis and healthy weight ado-
lescents without hepatic steatosis. Through
local advertising, we recruited 108 ado-
lescents between age 13 and 18 years
considered overweight or obese according
to age- and sex-specific BMI cut points
established by the International Obesity
Task Force (9). We also recruited 11
healthy weight normoglycemic adoles-
cents to provide an estimate of expected
values for insulin sensitivity and hepatic
triglyceride in the absence of obesity. Ex-
clusion criteria included diagnosis of type
2 diabetes or impaired glucose tolerance
(IGT), treatment with antipsychotics or
corticosteroids, orthopedic injury or ill-
ness preventing participation in the exer-
cise test, and enrolment in a weight loss
program in the previous 6months. A stan-
dard 2-h 75-g oral glucose tolerance test
was used to screen for type 2 diabetes.
Youth with type 2 diabetes or IGT (10)
were excluded (n = 8). Youth unable to
complete the magnetic resonance imaging
(MRI) as a result of size restriction were
subsequently excluded from the study
(n = 2). Because type 2 diabetes is more
prevalent in the First Nations population
inour region (11), ethnicitywas self-reported
for inclusion as a confounding variable. All
participants and parents provided written
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informed consent and assent. The study
was approved by the University of Mani-
toba Biomedical Research Ethics Board
and performed according to the Declara-
tion of Helsinki.

Primary outcome measuredinsulin
sensitivity
Whole-body insulin sensitivity was deter-
mined from a modified frequently sam-
pled intravenous glucose tolerance test
(12). Fasting blood samples were col-
lected prior to an intravenous bolus of a
25% glucose solution (0.3 g/kg bodywt to
a maximum dose of 34 g glucose) at time
0, followed by an intravenous bolus of
regular human insulin (0.03 units/kg
body wt) at 20 min. Serum glucose and
insulin were collected at 1, 2, 3, 4, 5, 6, 8,
10, 14, 19, 22, 25, 30, 40, 50, 70, 100, 140,
and 180 min. Glucose and insulin kinetics
were modeled using the Bergman Minimal
Model provided in customized software
(MINMOD) to estimate whole-body insu-
lin sensitivity (13). The acute insulin re-
sponse and disposition index were also
determined from this method as measures
of glucose-stimulated insulin secretion.

Secondary outcome
measuresdmetabolic syndrome and
serum glucose levels in response to
an oral glucose challenge
Metabolic syndrome was treated as a bi-
nary outcome using cut points for systolic
blood pressure, serum triglycerides, waist
circumference, fasting glucose, and HDL
cholesterol (HDL-C) that were statisti-
cally derived to reflect cut points in adults
(14). Adolescents were classified as hav-
ing metabolic syndrome if they had three
or more of five comorbidities (14). Auto-
mated blood pressure (Dynamap) was
measured in triplicate on the left arm
with participants seated.Waist circumfer-
ence was measured at the level of the iliac
crest in duplicate with a flexible tape mea-
sure. Waist circumference was expressed
as z scores according to Canadian reference
data for between-group comparisons (15).
Glucose area under the curve (AUC) was
determined by summing the area under se-
rum glucose measures between each 15- or
30-min segment after a 75-g oral glucose
challenge using the trapezium rule (16).

Biochemical measurements
Plasma glucose was measured on a Roche
Modular P analyzer with an ultraviolet test
principle (hexokinase method). Insulin
was measured on an Immulite solid-phase,
two-site chemiluminescent immunometric

assay. Serum lipoproteins, triglycerides,
alanine aminotransferase (ALT), and as-
partate aminotransferase (AST) were mea-
sured on a RocheModular P analyzer. LDL
cholesterol (LDL-C) was calculated using
the Friedewald equation (LDL-C = total
cholesterol 2 [HDL-C 2 (triglyceride/
2.2)]).

Primary exposure variablesdhepatic
triglyceride content and visceral
fat mass
MRI and spectroscopy were performed
using a 1.5 T whole-body magnet (GE
Medical Systems, Milwaukee, WI) as pre-
viously described (17,18). High-resolution
images of the liver were obtained in three
planes using standard clinical techniques,
and a voxel was placed in an area devoid of
subcutaneous or visceral fat for the acqui-
sition of proton spectra. A total of 64 spec-
tra were averaged for the determination of
intracellular water and lipid content.
LCModel software (19) was used to isolate
and quantify lipid and water peaks. He-
patic steatosis was defined as hepatic tri-
glyceride content of .5.5% fat/water.
Previous population-based studies show
that 5.5% fat/water approximates the
95th percentile for healthy normoglycemic
adults and is equivalent to biopsy-derived
lipid concentration of 5.5 mg/g (20). Vis-
ceral fat mass was quantified from high-
resolution magnetic resonance images
at a level between the third and fifth lum-
bar vertebrae as previously described
(17,21) using Slicer3 software (version
3.21; Boston, MA).

Confounding/exploratory
variablesdcardiorespiratory
fitness, physical activity, adiposity,
and adipocyte lipolysis
Cardiorespiratory fitness was determined
using indirect calorimetry with a graded
maximal exercise test to exhaustion on a
cycle ergometer (22). Physical activity
was measured as the average of step
counts during 7 consecutive days using
hip pedometers. Dual-energy X-ray ab-
sorptiometry (Hologic, Bedford, MA)
was used to quantify fat mass (kilograms),
fat-free mass (kilograms), and percent
body fat. Nonesterified fatty acids (NEFAs)
were measured at 30-min intervals dur-
ing the oral glucose challenge to deter-
mine insulin-mediated suppression of
lipolysis.

Statistical analyses
All data are presented as means (95% CIs)
unless otherwise stated. Data were tested

for normal distributionby theKolmogorov-
Smirnov test. Adolescents were stratified
into one of three categories according to
weight status and hepatic triglyceride con-
tent: 1) healthyweight normoglycemic ado-
lescents without hepatic steatosis (n = 11),
2) overweight adolescents without hepatic
steatosis (triglyceride,5.5% fat/water, n =
68), and 3) overweight adolescents with
hepatic steatosis (triglyceride $5.5% fat/
water, n = 30). We controlled for potential
confounding effects of age, sex, and vis-
ceral adiposity (within 20%) by pair
matching overweight youth with hepatic
steatosis to overweight youth without he-
patic steatosis. To validate the associations
between hepatic steatosis and type 2 dia-
betes risk factors, we conducted a recipro-
cal matching study with a separate cohort
of overweight youth discrepant for vis-
ceral fat mass (,70.0 vs. .80.0 cm2)
but matched for age, sex, and hepatic tri-
glyceride content. For nonnormally dis-
tributed variables, Mann-Whitney U tests
were used to examine differences between
groups of pair-matched subjects. Compar-
isons of normally distributed variables be-
tween subjects within each pair-matched
grouping were performed using Student
t test. Levene test was used to assess the
equality of group variances on the depen-
dant variables. Correlations were assessed
by Spearman rank correlation. Multiple
stepwise linear regression analysis was
used to determine if hepatic triglyceride
was associated with various metabolic risk
factors independent of age, ethnicity, sex,
BMI z score, cardiorespiratory fitness, and
visceral obesity. All analyses were perfor-
medwith SPSS version 16.0 (SAS, Chicago,
IL). P , 0.05 was considered statistically
significant.

RESULTS

Participant characteristics
Hepatic steatosis was evident in 31% (n =
30) of overweight and obese adolescents
and none of the healthy weight adoles-
cents. Overweight and obese adolescents
with or without hepatic steatosis dis-
played lower insulin sensitivity, higher
rates of metabolic syndrome, and higher
serum glucose after the oral glucose chal-
lenge compared with healthy weight ado-
lescents (Table 1). BMI z score (2.1 vs.
1.8, P , 0.001) and waist circumference
z score (6.09 vs. 4.62, P = 0.004) were
higher among overweight and obese ado-
lescents with hepatic steatosis compared
with those without, despite similar visceral
fat mass and percent body fat (Table 1).
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The proportion of male participants was
higher in the cohort of youth with hepatic
steatosis relative to overweight and obese
youth without (43 vs. 25%, P = 0.04)
(Table 1). A greater proportion of First
Nations youth composed the overweight
and obese groups, compared with the
healthy weight group (24 vs. 9%, P ,
0.01). A higher proportion of youth with
hepatic steatosis met the criteria for obe-
sity compared with youth without hepatic
steatosis (90 vs. 65%, P, 0.05). Physical
activity levels (steps per day) were not sig-
nificantly different between groups of
youth.

Metabolic characteristics of
overweight adolescents with
hepatic steatosis
Insulin sensitivity was ;55% lower, the
presence of metabolic syndrome was ap-
proximately twofold higher (50 vs. 25%,
P = 0.001), and serum glucose during the
oral glucose challenge was ;10% higher
among youth with hepatic steatosis com-
pared with healthy weight, overweight, and
obese youth without hepatic steatosis.
None of the adolescents had clinically rel-
evant elevations (greater than two times
upper reference range) in liver amino-
transferases (AST or ALT). Cardiorespiratory

fitness was not different between adoles-
cents with and without hepatic steatosis.
The NEFA AUC after a 75-g oral glucose
challenge was not different between youth
with hepatic steatosis compared with
overweight and obese youth without he-
patic steatosis (Table 1).

Matched comparisons
As hepatic triglyceride content and vis-
ceral fat mass are strongly associated, we
used a reciprocal matching strategy similar
to that used by Fabbrini et al. (7) to dissect
the individual contribution of each mea-
sure of adiposity. This complementary re-
search design permits the isolation of each
aspect of adiposity on metabolic risk con-
trolling for the collinearity in the exposure
variables. After matching for age, sex, and
visceral fat mass, we found that insulin
sensitivity remained ;25% lower (3.5 vs.
4.5 mU z kg–1 z min–1, P = 0.03), the pres-
ence of metabolic syndrome remained
greater than twofold higher (48 vs. 20%,
P = 0.03), and the glucose AUC was
;20% higher in overweight and obese
adolescents with hepatic steatosis com-
pared with overweight and obese adoles-
cents without hepatic steatosis (Table 2).
In the reciprocal comparison, when youth
were matched for hepatic triglyceride

content, no differences in metabolic
syndrome or glucose AUC were ob-
served, despite significant differences
in visceral fat mass (63.7 vs. 102.1
cm2) (Table 2). Insulin sensitivity re-
mained significantly different between
groups (3.2 vs. 5.5 mU z kg–1 z min–1,
P = 0.02). No differences in physical ac-
tivity or cardiorespiratory fitness were
seen in either comparison.
Associations. Hepatic triglyceride con-
tent was positively associated with glu-
cose AUC (r = 0.44, P , 0.001), BMI z
score (r = 0.47, P, 0.001), waist circum-
ference z score (r = 0.34, P , 0.001),
systolic blood pressure (r = 0.16, P =
0.005), serum triglycerides (r = 0.43,
P , 0.001), and ALT (r = 0.36, P ,
0.001) and negatively associated with in-
sulin sensitivity (r = 20.40, P , 0.001)
and HDL-C (r =20.31, P, 0.001). Car-
diorespiratory fitness was not associated
with insulin sensitivity or hepatic triglyc-
eride content. Multiple regression analysis
revealed that hepatic triglyceride content
was associated with the presence of met-
abolic syndrome (r = 0.57, P , 0.001),
insulin sensitivity (r = 0.36, P = 0.04),
and glucose AUC (r = 0.24, P = 0.02)
after adjusting for age, sex, BMI z score,
waist circumference z score, visceral fat,

Table 1dCharacteristics of study participants

Variable Healthy weight
Overweight/obese hepatic
triglyceride ,5.5% F/W

Overweight/obese hepatic
triglyceride $5.5% F/W

n 11 68 30
Age (years) 16 (13–17) 15 (13–18) 15 (13–17)
Sex (male/female) (n) 5/6 14/54† 16/14
Ethnicity (CS/FN/O) (n) 9/1/1 42/17/9* 20/7/3*
BMI z score 0.2 (20.2 to 0.6) 1.8 (1.7–1.9)*† 2.1 (1.9–2.3)*
Waist circumference z score 0.69 (20.16 to 1.54) 4.62 (4.16–5.08)*† 6.09 (5.18–6.99)*
Systolic blood pressure (mmHg) 110 (100–120) 113 (109–116) 116 (111–120)
Visceral fat (cm2) 64.3 (54.1–74.5) 83.2 (71.6–94.9) 99.9 (81.6–118.3)*
% Body fat 23.4 (19.4–27.3) 37.1 (35.7–38.6)* 38.7 (36.6–40.8)*
Insulin sensitivity (mU z kg–1 z min–1) 9.08 (5.78–12.38) 4.77 (3.81–5.74)*† 2.60 (1.77–3.43)*
Metabolic syndrome present, n (%) 0 of 11 (0) 17 of 68 (25)† 13 of 30 (43)*
Glucose AUC (mmol z L21 z min21) 598 (516–681) 734 (689–780)† 827 (760–894)*
Average step count (per day) 7,895 (5,353–10,437) 6,838 (6,146–7,530) 7,746 (6,299–9,193)
VO2peak (mL z kg21 z min21) 36.1 (31.7–40.4) 27.2 (25.6–28.7)* 26.0 (24.3–27.6)*
Disposition index 1,986 (1,031–2,942) 2,648 (2,128–3,168)† 1,982 (1,379–2,585)
AST (mmol/L) 21.0 (19.5–22.5) 22.3 (20.5–24.2) 27.4 (21.6–33.3)
ALT (mmol/L) 15.1 (12.3–17.9) 20.1 (16.7–23.5)† 32.4 (23.3–41.6)*
LDL (mmol/L) 2.33 (1.89–2.77) 2.36 (2.20–2.53) 2.41 (2.15–2.68)
HDL (mmol/L) 1.45 (1.25–1.64) 1.22 (1.14–1.29)* 1.12 (1.02–1.21)*
Triglycerides (mmol/L) 0.92 (0.48–1.35) 1.06 (0.95–1.16)† 1.63 (1.35–1.90)*
NEFA AUC ND 134.5 (119.6–149.5) 156.6 (130.4–182.8)
Data are means (95% CIs) unless otherwise noted. Metabolic syndrome present: number of participants with$3 criteria according to National Cholesterol Education
Program (14). F/W, fat/water; CS, Caucasian; FN, First Nations; O, Other; ND, not determined. *P, 0.05 vs. healthy weight. †P, 0.05 vs. overweight with hepatic
steatosis.
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whole-body fat mass, fitness level, and
NEFA AUC.

CONCLUSIONSdThis study reveals
a novel combination of findings with clin-
ical implications for predicting type 2 dia-
betes risk in youth. First, hepatic steatosis is
associated with 1) increased prevalence of
metabolic syndrome, 2) elevated serum
glucose in response to an oral glucose
challenge, and 3) dyslipidemia, indepen-
dent of visceral fat mass and cardiorespi-
ratory fitness. Second, several metabolic
characteristics associated with visceral ad-
iposity in adolescents, includingmetabolic
syndrome and preclinical dysglycemia, can
be attributed to the presence of elevated
hepatic triglyceride levels. Finally, cardio-
respiratory fitness was not associated with
hepatic triglyceride content, nor did it medi-
ate the association between hepatic steatosis
and type 2 diabetes risk factors.

Our data support the concept that
hepatic steatosis is an early precursor to
glucose intolerance and cardiometabolic
risk independent of fitness in overweight
and obese youth. Previous cross-sectional
studies show that both visceral fat mass
and hepatic triglyceride content are asso-
ciated with metabolic abnormalities in
overweight adolescents (23,24). Recent
studies showing hepatic steatosis as a de-
terminant of insulin resistance in over-
weight youth failed to include a cohort

matched for hepatic triglyceride content
with disparate visceral fat mass as a posi-
tive control (4,7). By effectively isolating
hepatic steatosis from visceral obesity, we
demonstrated that hepatic steatosis is the
dominant predictor of metabolic syn-
drome among overweight or obese ado-
lescents.

Several case control studies show that
metabolic risk factor clustering is associ-
ated with the presence of hepatic steatosis
(4,5). Using biopsy-proven or MRI-
derived measures of hepatic triglyceride,
previous reports show that;50% of ado-
lescents with hepatic steatosis meet diag-
nostic criteria for metabolic syndrome, a
rate approximately two- to threefold
higher than in adolescents without he-
patic steatosis (5,25). Conventional wis-
dom suggests that the association between
hepatic steatosis and metabolic risk factor
clustering is mediated by whole-body in-
sulin resistance (4,26). In contrast, we
found no differences in the prevalence of
metabolic syndrome in youthwith discrep-
ant visceral fat mass, matched for hepatic
triglyceride content, despite significant
differences in insulin sensitivity. Thus, in-
sulin resistance may not be the sole factor
linking hepatic steatosis to metabolic risk
in overweight youth. These data imply
that hepatic steatosis is a sensitive bio-
marker and potential mediating factor
for metabolic risk factor clustering and

glucose intolerance in overweight and
obese adolescents independent of insulin
resistance.

Prior evidence suggests hepatic steatosis
contributes to the loss of glucose tolerance
among overweight and obese adoles-
cents. First, hepatic steatosis is a com-
mon feature of IGT and type 2 diabetes
(24). Second, hepatic steatosis is asso-
ciated with a loss of insulin-induced
suppression of hepatic glucose output
among overweight and obese individu-
als (7). Finally, glucose-stimulated insu-
lin secretion is impaired among obese
adolescents with hepatic steatosis (4,26).
Our study extends these findings by
showing that glucose excursion after an
oral glucose challenge is higher among
overweight and obese adolescents with
hepatic steatosis. In contrast to others (4),
we did not observe a difference in the acute
insulin response to glucose expressed in
absolute terms or relative to insulin sen-
sitivity between adolescents with and
without hepatic steatosis. However, con-
sidering that differences in serum glucose
occurred later during the 2-h challenge,
the earliest defects in b-cell function
may occur in the second phase of insulin
secretion.

Defects in mitochondrial oxidative ca-
pacity are purported to render individuals
susceptible to ectopic lipid accumulation.
Previous cross-sectional studies of hepatic

Table 2dCharacteristics of pair-matched overweight and obese youth for age, sex, and visceral fat or hepatic triglyceride content

Variable

Cohort 1: Matched on visceral fat Cohort 2: Matched on hepatic triglyceride

Hepatic triglyceride
,5.5% F/W

Hepatic triglyceride
$5.5% F/W Visceral fat ,70 cm2 Visceral fat .80 cm2

n 25 25 25 25
Hepatic triglyceride (% F/W) 2.6 (2.1–3.0)* 13.6 (8.1–19.0) 6.0 (2.7–9.3) 6.1 (2.6–9.6)
Visceral fat (cm2) 82.8 (68.0–97.6) 83.6 (68.5–98.8) 63.7 (60.3–67.1)† 102.1 (94.1–110.1)
Insulin sensitivity (mU z kg–1 z min–1) 4.5 (3.2–5.6)* 3.5 (2.1–5.0) 5.5 (3.9–7.1)† 3.2 (2.3–4.0)
Metabolic syndrome present, n (%) 3 of 22 (14)* 11 of 22 (50) 4 of 14 (29) 3 of 14 (21)
Glucose AUC (mmol z L21 z min21) 710 (620–800)* 816 (738–895) 682 (569–792) 695 (616–774)
Disposition index 2,460 (1,960–2,960) 2,110 (1,444–2,776) 3,054 (2,156–3,954)† 1,911 (1,410–2,412)
BMI z score 1.8 (1.6–2.0) 2.0 (1.8–2.3) 1.8 (1.6–2.0) 2.0 (1.9–2.2)
% Body fat 35.7 (32.6–38.7) 38.9 (36.3–41.4) 36.8 (34.6–39.1) 37.1 (34.1–40.0)
Waist circumference z score 4.27 (3.56–4.97)* 6.19 (5.12–7.26) 4.47 (3.51–5.43) 5.24 (4.35–6.12)
AST (mmol/L) 21.3 (18.1–24.6) 24.7 (21.0–28.4) 23.7 (18.4–29.0) 23.1 (18.8–27.5)
ALT (mmol/L) 20.3 (13.2–27.5)* 28.5 (19.8–37.2) 18.0 (13.2–22.8) 22.3 (16.6–28.0)
LDL (mmol/L) 2.4 (2.1–2.7) 2.4 (2.2–2.7) 2.2 (2.0–2.4) 2.5 (2.2–2.9)
HDL (mmol/L) 1.2 (1.1–1.3) 1.2 (1.1–1.3) 1.2 (1.1–1.4) 1.2 (1.1–1.3)
Serum triglycerides (mmol/L) 1.0 (0.9–1.2)* 1.5 (1.2–1.8) 1.0 (0.8–1.3) 1.2 (1.1–1.4)
VO2peak (mL z kg21 z min21) 26.8 (24.2–29.5) 27.2 (24.6–29.7) 28.8 (26.4–31.2) 26.5 (23.8–29.3)
NEFA AUC 134.7 (112.4–156.9) 145.7 (116.1–175.4) 155.2 (118.1–192.0) 145.9 (123.6–168.0)
Data are means (95% CIs) unless otherwise noted. NEFA AUC during a 2-h 75-g OGTT; AUC calculated using trapezoid rule as previously described. *P, 0.05 vs.
overweight with hepatic triglyceride content ($5.5%F/W [fat/water]) matched for visceral fat. †P, 0.05 vs. overweight with.80 cm2 visceral fat matched for hepatic
triglyceride content.
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steatosis in adolescents have failed to
provide a measure of mitochondrial func-
tion or fitness levels. Because recent studies
show that the association between cardio-
respiratory fitness and insulin resistance
appears to be mediated in part by hepatic
triglyceride content, we felt it was impor-
tant to assess fitness in this cohort (8).
Furthermore, recent intervention studies
in adults (27) suggest that increased phys-
ical activity or elevated cardiorespiratory
fitness may attenuate triglyceride accumu-
lation in the liver. In contrast to these stud-
ies, our data do not support a role for
cardiorespiratory fitness in the clustering
of cardiometabolic disease risk among
overweight or obese adolescents. Specifi-
cally, cardiorespiratory fitness was not as-
sociated with any of the risk factors for
type 2 diabetes, nor was it different be-
tween overweight and obese youth with
andwithout hepatic steatosis. It is possible
that hepatic steatosis in youth is predom-
inantly a function of diet and/or factors
related to fatty acid uptake and synthesis.
Alternatively, fitness levels achieved in the
convenience sample of youth studied here
may have been too low to detect associa-
tions with cardiometabolic risk. Prospec-
tive intervention studies are needed to
determine if increasing cardiorespiratory
fitness can reduce hepatic triglyceride
content in adolescents.

The cross-sectional design precludes
determination of a causal nature for the
associations described. However, the
strategy of reciprocal matching permitted
the dissection of the independent roles of
hepatic steatosis and visceral adiposity in
metabolic risk factor clustering in over-
weight and obese adolescents. Differences
in sex and ethnicity existed between groups;
however, after matching for sex and in-
cluding ethnicity as a covariate in multiple
linear regression models, group-wise dif-
ferences in insulin sensitivity, presence of
metabolic syndrome, or glucose AUC were
unchanged. Finally, in the absence of data
on dietary intake, we were unable to study
this covariate.

Hepatic steatosis is a prevalent co-
morbidity in overweight and obese adoles-
cents that exists prior to clinically elevated
serum aminotransferases. The presence of
hepatic steatosis is accompanied by a clus-
tering of factors associated with type 2
diabetes and cardiovascular disease, inde-
pendent of visceral fat mass, whole-body
adiposity, and cardiorespiratory fitness.
These results support the growing body of
evidence that hepatic steatosis is a poten-
tially modifiable biomarker of risk for type

2 diabetes and metabolic syndrome in
overweight and obese adolescents.
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