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Context: Optimizing effective prevention and treatment of type 2 diabetes in youth is limited by
incomplete understanding of its pathophysiology and how this varies across ethnicities with high risk.

Objective: The aim of this study was to examine the contribution of visceral adipose tissue (VAT),
hepatic fat fraction (HFF), and pancreatic fat fraction (PFF) to prediabetes in overweight/obese
African American (AA) and Latino youth.

Design and Setting: We conducted a cross-sectional study in an academic pediatric care facility.

Subjects: A total of 148 healthy, overweight/obese adolescents (56 AA, 92 Latino; 72 males, 76
females; age, 15.5 � 1.2 y; BMI z-score, 2.1 � 0.5) participated in the study. They were normal
glucose tolerant (n � 106) and prediabetic (n � 42), based on fasting glucose of 100–125 mg/dL
and/or 2-hour glucose of 140–199 mg/dL, and/or hemoglobin A1C 6.0–6.4%.

Main Outcome Measures: We measured sc abdominal adipose tissue, VAT, HFF, and PFF by 3-Tesla
magnetic resonance imaging and measured total body fat by dual-energy x-ray absorptiometry.

Results: Adolescents with prediabetes had 30% higher HFF (P � .001) and 31% higher PFF (P � .042),
compared to those with normal glucose tolerance after controlling for age, sex, pubertal stage,
ethnicity, total percentage body fat, and VAT. Logistic regression showed that PFF predicted pre-
diabetes in AAs and HFF predicted prediabetes in Latinos, with the odds of having prediabetes
increased by 66% for every 1% increase in PFF in African Americans, and increased by 22% for every
1% increase in HFF in Latinos.

Conclusion: These data demonstrate that ectopic fat phenotypes associated with prediabetes are
established by adolescence. Ethnic differences in the deposition of ectopic fat in adolescents with
prediabetes may differ, with pancreatic fat in AAs, vs hepatic fat in Latino adolescents, being
associated with diabetes risk. (J Clin Endocrinol Metab 98: 0000–0000, 2013)

Pediatric obesity rates in the United States show a well-
defined disparity by race and ethnicity, whereby

41.2% of African American and 42.4% of Latino youth
12–19 years old are � the 85th percentile for body mass

index (BMI), compared to 30.0% in Caucasians (1). These
high obesity rates in minority youth are paralleled by
higher incidence and prevalence rates of type 2 diabetes
mellitus (T2DM) in African American and Latino popu-

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2013 by The Endocrine Society
doi: 10.1210/jc.2012-3806 Received November 4, 2012. Accepted December 13, 2012.

Abbreviations: AIRg, acute insulin response to glucose; BMI, body mass index; 3-D, 3-di-
mensional; DI, disposition index; FSIVGTT, frequently sampled iv glucose tolerance test;
HFF, hepatic fat fraction; HOMA-IR, homeostasis model of assessment–insulin resistance;
MRI, magnetic resonance imaging; NGT, normal glucose tolerance; OGTT, oral glucose
tolerance test; PFF, pancreatic fat fraction; SAT, sc adipose tissue; SI, insulin sensitivity;
T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

J Clin Endocrinol Metab, March 2013, 98(3):0000–0000 jcem.endojournals.org 1

 J Clin Endocrin Metab. First published ahead of print February 5, 2013 as doi:10.1210/jc.2012-3806

Copyright (C) 2013 by The Endocrine Society 



lations (2, 3). The role of ectopic fat accumulation (ie,
nonsubcutaneous adipose fat storage) in explaining the
increased diabetes risk has gained considerable attention,
due in part to the increasing prevalence of nonalcoholic
fatty liver disease in children (4). However, few studies
have assessed the relationship between high insulin resis-
tance, ectopic fat stores, and diabetes risk in minorities,
such as African American and Latino pediatric popula-
tions (5, 6). Latino children have a strong inverse rela-
tionship between visceral fat and insulin sensitivity, inde-
pendent of total body fat (7). Tracking these children
longitudinally showed that increasing visceral fat stores
were predictive of persistent prediabetes (8). In a separate
multiethnic cohort of obese children, it was shown that
increasedhepatic fatwasassociatedwith insulin resistance
and prediabetes (9), independent of visceral and intramyo-
cellular fat (10). These studies provide early insight into
the potential role of visceral and hepatic fat stores in
diabetes risk, but the pancreatic fat depot remains un-
derstudied. One recent study in children showed that pan-
creatic fat accumulation was associated with the meta-
bolic syndrome and impaired insulin response (11).
Further study is clearly needed to clarify the relationships
between ectopic fat depots and metabolic disease risk.

The few studies that have aimed at differentiating the
ectopic fat phenotypes that may contribute to risk of
T2DM in minority children and adolescents have focused
on visceral and hepatic fat, but none have addressed pan-
creatic fat deposition and its relationship to T2DM risk. In
order to address this question, this study was designed to
assess the relationship between ectopic fat depots and pre-
diabetes, using advanced 3-dimensional (3-D) magnetic
resonance imaging (MRI) methodology. Our objective
was to examine the differences in visceral, hepatic, and
pancreatic fat deposition in prediabetic vs normal glucose-
tolerant overweight African American and Latino adoles-
cents. The specific hypotheses were that: 1) hepatic and
pancreatic fat deposition, independent of visceral and gen-
eral adiposity, would be higher in those subjects with pre-
diabetes than those with normal glucose tolerance (NGT);
and 2) the patterns of visceral, hepatic, and pancreatic fat
deposition in youth with prediabetes vs those with NGT
would be different in African Americans compared to
Latinos.

Subjects and Methods

Participants
This report presents the main outcomes analysis for the Di-

abetes Risk due to Ectopic Adiposity in Minority Youth
(DREAM) study, a cross-sectional investigation into relation-
ships between ectopic fat distribution and T2DM risk in over-

weight minority adolescents. Overweight or obese, but other-
wise healthy African American and Latino-American adolescent
males and females (n � 148) were recruited from greater Los
Angeles County and met the following inclusion criteria: 1) ei-
ther African American (all four grandparents of Afro-American
descent) or Latino ethnicity (all four grandparents of Latin-
American descent); 2) age 14–17 years; and 3) age- and gender-
adjusted BMI � 85th percentile based on the standards of the
Centers for Disease Control and Prevention. Children were ex-
cluded if they had a previous major illness, including type 1 or 2
diabetes, took medications, or had a condition known to influ-
ence body composition, insulin action, or insulin secretion. Four
participants were diagnosed with T2DM during the screening
visit and were therefore excluded from the study. Participants
and their parents provided written informed consent. The study
was approved by the Institutional Review Board of the Univer-
sity of Southern California (USC), Health Sciences Campus, Los
Angeles.

Procedures
All participants attended 2 visits at the Clinical Trials Unit

(CTU) at the USC University Hospital. On the first visit, partic-
ipants received a comprehensive medical history and physical
examination by a licensed health care provider. Pubertal stage
was determined (by physical examination) as breast stage for
girls and pubic hair stage for boys (12). Clinical staff collected
blood pressure in a seated position in triplicate and performed a
2-hour oral glucose tolerance test (OGTT). Blood was drawn in
the fasting state and then at 30, 60, and 120 minutes after oral
glucose challenge (1.75 g oral glucose solution/kg body weight to
a maximum 75 g). Within approximately 2 months (median,
24 d) after the outpatient visit, participants were admitted in the
late afternoon for their second overnight inpatient visit at the
USC CTU. Participants were served dinner and a snack before 8
PM, after which only water was permitted overnight. At 6:30 AM

the following morning, a 13-sample insulin-modified frequently
sampled iv glucose tolerance test (FSIVGTT) was performed as
follows. Intravenous catheters were placed in the antecubital
fossae of both arms, one for infusions and one for sampling. After
2 fasting blood samples were taken at �15 and �5 minutes,
glucose (0.3 g/kg body weight) was administered at time 0 over
a 1-minute period. Subsequent blood samples were collected at
2, 4, 8, and 19 minutes. Insulin (0.02 U/kg body weight, Humulin
R; Eli Lilly, Indianapolis, Indiana) was administered iv at 20
minutes, followed by blood sample collection at 22, 30, 40, 50,
70, 100, and 180 minutes. Total body composition was deter-
mined at either visit, based on availability of the participant and
staff, by dual-energy x-ray absorptiometry using a Hologic QDR
4500 W (Hologic, Bedford, Massachusetts).

All subjects underwent MRI scanning on a commercial 3-Te-
sla MRI system (Excite HD; GE Healthcare, Waukesha, Wis-
consin) equipped with an 8-channel abdominal coil array. The
MRI pulse sequence consisted of a chemical-shift technique
known as IDEAL (GE Healthcare). This approach generated
separate water and fat datasets of the anatomy on a voxel-wise
basis. The multibreath-hold, 3-D whole-abdomen scan pro-
duced several quantitative endpoints including visceral and sc
adipose tissue (VAT and SAT; measured in liters) and hepatic and
pancreatic fat fractions (HFF and PFF; measured as the percent-
age of fat found within organ tissue). After MRI data acquisition,
the image postprocessing, tissue segmentation, and analysis were
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all performed off-line on a dedicated workstation by a single
analyst using a commercial semiautomated software tool (Sli-
ceOmatic; Tomovision, Inc., Montreal, Québec, Canada). This
approach has been described in detail in literature and has been
validated against other modalities (13–16).

Assays
Glucose was assayed using a Yellow Springs Instruments an-

alyzer (YSI Inc., Yellow Springs, Ohio) that uses a membrane-
bound glucose oxidase technique. Insulin was assayed using an
automated enzyme immunoassay (Tosoh AIA 600 II analyzer;
Tosoh Bioscience, Inc., South San Francisco, California; sensi-
tivity, 0.31 �U/mL; intraassay coefficient of variation, 2.9%;
interassay coefficient of variation, 5.8%). Hemoglobin A1C was
measured by HPLC (Tosoh 11c 2.2 HLC-723; Tosoh, Tokyo,
Japan), an assay approved by the International Federation of
Clinical Chemistry Working Group (IFCC-WG) on A1C stan-
dardization. The interassay coefficients of variation were 0.76
and 0.57% for A1C of 6.2 and 10.3%, respectively.

Calculation of insulin resistance and secretion
parameters

Glucose and insulin from the FSIVGTT were entered into
MINMOD software (version 6.02; RN Bergman, Los Angeles,
California) for calculation of whole-body insulin sensitivity (SI),
the acute insulin response to glucose (AIRg; the area under the
plasma insulin curve between 0 and 10 min, an early phase se-
cretion in response to iv glucose bolus), and the disposition index
(DI; the product of SI and AIRg, a measure of the ability of the
islet cells to secrete insulin normalized to the degree of insulin
resistance—ie, an assessment of �-cell function) (17). Homeo-
stasis model of assessment–insulin resistance (HOMA-IR) was
calculated as: [fasting glucoseOGTT (mg/dL) � fasting insuli-
nOGTT (�U/mL)]/405.

Categorization of participants into prediabetes
and NGT groups

The 148 subjects were divided for the primary analysis into 2
groups based on results from the OGTT visit: NGT (n � 106;
fasting glucose � 100 mg/dL, 2-h glucose � 140 mg/L, and
A1C � 6.0%) or prediabetic (n � 42; fasting glucose � 100
mg/dL, and/or 2-h glucose of 140–199 mg/dL, and/or A1C 6.0–
6.4%). The A1C criteria are based on the recommendations of
the International Expert Committee (18) and our prior work
demonstrating compromised �-cell function in overweight La-
tino teens with A1C between 6.0 and 6.4% (19).

Statistical analysis
Tests of normality (Q-Q plots, Shapiro-Wilkes test) were used

to assess the distribution of all continuous variables. Non-nor-
mal variables were transformed as follows: 1) log-transforma-
tion: HFF, PFF, SI, AIRg, DI, HOMA-IR, and fasting insulin; and
2) square-root transformation: VAT and SAT. Adjusted means
were back-transformed for figures. For descriptive purposes, a
one-way ANOVA was used to determine mean physical and
metabolic characteristics by prediabetes status. Unadjusted
means � SD were reported in Table 1. To test our first hypoth-
esis, a one-way analysis of covariance was used to test for dif-
ferences in ectopic fat deposition in those with and without pre-
diabetes while adjusting a priori covariates of age, pubertal stage,

sex, ethnicity, total percentage body fat and VAT, where appro-
priate. Adjusted means � SE are shown in Figure 1. To test for
ethnic differences in ectopic fat distribution by prediabetes sta-
tus, we first performed unadjusted 2-way ANOVA, followed
subsequently by 2-way ANCOVA, adjusting for a priori cova-
riates of age, pubertal stage, sex, and total percentage body fat.
Analyses that used HFF or PFF as the dependent variable also
included VAT as a covariate. If a P value for an interaction was
P � .10, the analyses were then further explored after stratifying
by African American or Latino ethnicity. To determine the pri-
mary fat depot predictors of prediabetes in each ethnicity, mul-
tiple logistic regression was employed using age, sex, total per-
centage fat, VAT, SAT, HFF, and PFF as predictors. In post hoc
analyses of the subset of adolescents with prediabetes, we ex-
amined the relationship between HFF and PFF with insulin se-
cretion (AIR). Data were analyzed using SPSS for Mac version
18.0 (IBM Inc, Chicago, Illinois), with an a priori significance
level of P � .05.

Results

Physical and metabolic characteristics in participants by
prediabetes status are shown in Table 1. There were no
significant differences between groups in age, gender, pu-
bertal stage, height, weight, total percentage fat, SAT, or
VAT. Participants with prediabetes had a higher BMI (P �

Table 1. Physical and Metabolic Characteristics by
Prediabetes Status

NGT Prediabetes
n 106 42
Age, y 16.0 � 1.2 16.1 � 1.1
Gender (male/female), n 51/55 21/21
Pubertal stage, n

1–3 2 3
4 18 10
5 86 29

Height, cm 166.7 � 9.5 165.8 � 8.8
Weight, kg 90.3 � 19.5 96.0 � 22.9
Adiposity measures

BMI, kg/m2 32.2 � 5.4 35.0 � 7.8a

BMI z-score 1.96 � 0.47 2.11 � 0.57a

Total % fat 36.5 � 8.1 37.1 � 7.4
Total fat mass, kg 31.6 � 9.7 34.8 � 12.9a

Total lean mass, kg 52.5 � 11.6 55.3 � 10.6
Ectopic fat depots

SAT, L 7.2 � 3.3 8.4 � 4.2
VAT, L 1.5 � 1.0 2.0 � 1.4
HFF, % 3.9 � 2.9 8.3 � 9.2c

PFF, % 3.3 � 2.0 4.5 � 3.0b

Metabolic parameters
Fasting glucose, mg/dL 84.7 � 5.9 89.7 � 7.7c

2-h glucose, mg/dL 110.9 � 17.3 133.4 � 26.1c

Hemoglobin A1C, % 5.5 � 0.3 5.9 � 0.3c

HOMA-IR 3.1 � 2.2 4.6 � 3.0b

SI, � 10�4 min�1/�U/mL 1.84 � 1.10 1.28 � 0.86c

AIRg, �U/mL � 10 min 1519 � 1002 1722 � 1484
DI 2210 � 1154 1641 � 989b

Data are expressed as unadjusted means � SD.
a P � .05; b P � .01; c P � .001.
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.03), BMI z-score (P � .04), total fat mass (P � .04), HFF
(P � .001), and PFF (P � .004) than participants with
NGT. Prediabetic adolescents also had higher fasting glu-
cose, 2-hour glucose, A1C, and HOMA-IR, whereas SI
and DI were lower compared to the NGT group (all
P values � .01).

The adjusted distributions of visceral and ectopic fat
stores by prediabetes status are illustrated in Figure 1,
A–C. Prediabetic adolescents had borderline higher VAT
when compared to those with NGT (P � .054; Figure 1A)
after controlling for a priori covariates of age, sex, puber-
tal stage, ethnicity, and total percentage fat. When com-
pared to adolescents with NGT, prediabetic adolescents

had 30% higher HFF (P � .001; Figure 1B) and 31%
higher PFF (P � .042; Figure 1C), after controlling for age,
sex, pubertal stage, ethnicity, total percentage body fat,
and VAT.

We next explored ethnic differences in ectopic fat
deposition related to prediabetes status. As shown in
previous literature, there were main effects of ethnicity on
ectopic fat depots, whereby Latinos had higher VAT
(mean � SE, 2.0 � 0.13 vs 1.1 � 0.6 L; P � .001) and HFF
(6.4 � 0.7 vs 3.2 � 0.3%; P � .001) than their African
American counterparts, whereas total percentage fat, total
fat mass, SAT, and PFF did not differ by ethnicity (all P �

.05, unadjusted analyses). Although Latino adolescents
had higher VAT when compared to African American ad-
olescents (P � .001), the magnitude of VAT deposition
between those with prediabetes and NGT did not differ by
ethnicity after controlling for covariates of age, sex, pu-
bertal stage, and total percentage body fat (adjusted,
pinteraction � 0.73). HFF was not related to ethnicity (ad-
justed, P � .12), and degree of HFF between those with
prediabetes and NGT also did not differ by ethnicity (ad-
justed, pinteraction � 0.25) after adjusting for age, sex, pu-
bertal stage, total percentage body fat, and VAT. Al-
though PFF was not related to ethnicity (adjusted, P �

.32), the relationship between PFF and prediabetes status
was different in African Americans compared to Latinos
(adjusted, pinteraction � 0.06). When stratified by ethnicity,
African Americans with prediabetes had a 63% higher
PFF than those with NGT (4.2 � 1.5 vs 2.6 � 0.6%; P �

.006), whereas there was no difference between prediabe-
tes and NGT in Latinos (3.2 � 1.5 vs 3.2 � 0.6%; P � .79)
after controlling for age, sex, pubertal stage, total percent-
age body fat, and VAT.

To gain further understanding of the predictors of pre-
diabetes, we employed multiple logistic regression using
predictors of age, sex, total percentage body fat, VAT,
SAT, HFF, and PFF in African Americans and Latinos
(Table 2). This analysis revealed that pancreatic fat inde-
pendently predicted prediabetes in African Americans,
whereas hepatic fat independently predicted prediabetes
in Latinos. Specifically, for every 1% increase in PFF, the
odds of having prediabetes increased by 66% in African
Americans (95% confidence interval [CI], 1.08–2.56; P �

.02); in Latinos, for every 1% increase in HFF, the odds of
having prediabetes increased by 22% (95% CI, 1.06–
1.41; P � .01; Table 2).

Discussion

In a group of overweight and obese African American and
Latino adolescents, our primary objective was to examine
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Figure 1. VAT volume (A) and HFF (B) and PFF (C) by NGT and
prediabetes groups. Data shown are adjusted means � SE.
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differences in ectopic fat distribution in prediabetes vs
NGT controls using advanced MRI techniques. We found
that ectopic fat in pancreatic and hepatic depots was
higher in minority adolescents with prediabetes when
compared to those without prediabetes, independent of
total body fat and visceral adiposity. Although this is not
the first paper to describe a relationship between hepatic
fat and prediabetes, this is the first study to report a rela-
tionship between pancreatic fat and prediabetes in any
adolescent population. We also found ethnic differences in
ectopic fat distribution as it relates to prediabetes status,
such that pancreatic fat independently predicted predia-
betes in African American adolescents, whereas in Latino
adolescents, hepatic fat was the sole predictor.

It is generally well accepted that insulin resistance and
progression to T2DM are strongly associated with obe-
sity. Among the competing theories that attempt to ex-
plain this relationship are the Randle/portal theory (20,
21) and the “ectopic fat storage syndrome” (4). The for-
mer theory postulates that excess free fatty acids released
from the highly insulin-resistant VAT spills into the liver
via the portal vein, leading to excess hepatic adiposity and
subsequently leading to increased insulin resistance. In
contrast, the ectopic fat storage syndrome emerged as a
new paradigm whereby Ravussin and Smith (4) proposed
that an increase in fat cell size may be due to the inability
of the adipose tissue mass to proliferate and differentiate,
leading to adipocyte hypertrophy. Therefore, these en-
larged adipocytes cannot accommodate increased energy
flux or dietary fat intake, which then leads to triglyceride
accumulation in the surrounding organs (ie, ectopic adi-
posity). In the current study, we observed higher pancre-

atic fat in African Americans and higher hepatic fat in
Latinos with prediabetes when compared to those without
prediabetes. Given that our findings were independent of
VAT, our results support the ectopic fat syndrome theory,
as opposed the Randle/portal theory, but it does not in-
dicate causality. However, others have shown that ectopic
adiposity could precede and cause insulin resistance. A
landmark article by Samuel Klein’s laboratory suggests
that ectopic fat accumulation may result in a redirecting of
free fatty acid uptake from the adipose tissue to surround-
ing organs, such as the liver and pancreas, and that ectopic
fat, not visceral fat, is the cause of metabolic complications
(22). Because our results do not dictate causality, longi-
tudinal studies with larger sample sizes would be necessary
to clarify the exact role of these specific ectopic fat depots
in the progression from NGT to T2DM in minority
adolescents.

The causal relationship between fatty liver and hyper-
glycemia has not been fully elucidated. However, given the
liver’s metabolic roles, many have suggested that fatty
liver and subsequent hepatic alterations precede metabolic
disorders. It is possible that hepatic triglyceride content
impairs hepatic insulin sensitivity, thereby decreasing the
ability of insulin to suppress endogenous glucose produc-
tion. This has been shown in studies with adults and dogs
(23, 24). In this study, we show that in both African Amer-
ican and Latino overweight adolescents, even a relatively
small amount of increased hepatic fat such as seen in the
African American group, was associated with prediabetes.
This suggests that fatty liver may precede T2DM. How-
ever, there is a new body of evidence that shows that ge-
netic hypobetalipoproteinemia is strongly related to in-
creased hepatic fat and that fatty liver does not necessarily
cause insulin resistance (25–27). Collectively, the litera-
ture shows that further research to clarify the causality of
these relationships is necessary.

In our study, we cannot say with certainty that the mea-
sured pancreatic fat is located in the islets. However, stud-
ies in obese Zucker rats have shown the fat content of the
whole pancreas paralleled the amount of fat found in the
islets, which may play a role in observed lipid-mediated
�-cell destruction (28, 29). Lipotoxicity leading to pan-
creatic �-cell apoptosis has been hypothesized as a plau-
sible mechanism whereby increased triglycerides and their
by-products, such as ceramide and other toxic metabo-
lites, lead to �-cell destruction (30). In animal models,
fatty acids have been hypothesized to promote �-cell hy-
perplasia and insulinhypersecretionduring timesof excess
caloric intake (31), but over time, the increase in pancre-
atic lipid accumulation can lead to islet dysfunction and
cell death (32, 33). Further evidence to support these find-
ings in animals has been observed in human adults, where

Table 2. Multiple Logistic Regression: Predictors of
Prediabetes by Ethnicity

Odds
Ratio 95% CI P Value

Model 1: African
Americans

Age 1.00 0.94–1.06 .92
Sex 0.39 0.05–2.85 .36
Total % fat 1.00 1.00–1.00 .86
VAT 1.28 0.77–2.1 .34
SAT 0.42 0.05–3.45 .42
HFF 1.19 0.83–1.71 .34
PFF 1.66 1.08–2.56 .02

Model 2: Latinos
Age 1.03 0.99–1.07 .19
Sex 0.95 0.31–2.94 .93
Total % fat 1.00 1.00–1.00 .62
VAT 0.93 0.72–1.21 .59
SAT 0.99 0.48–2.04 .98
HFF 1.22 1.06–1.41 .01
PFF 1.07 0.84–1.36 .57

Boldface type indicates significant P values.
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increased pancreatic triglyceride stores have been ob-
served in impaired fasting glucose or impaired glucose tol-
erance (34, 35). However, conflicting results have been
reported regarding the relationship between pancreatic fat
deposition and insulin secretion. Szczepaniak et al (36)
found a positive relationship between AIR and PFF,
whereas other laboratories have reported pancreatic trig-
lycerides to be directly related to obesity and inversely
related to insulin secretion (34, 35, 37). In one of these
studies, the inverse relationship between pancreatic fat
and insulin secretion was shown only among those with
impaired fasting glucose or impaired glucose tolerance
(37). Therefore, we ran a post hoc analysis in our cohort
of adolescents with prediabetes to assess whether this re-
lationship of pancreatic fat and insulin secretion also ex-
isted. We found that among the African Americans with
prediabetes, there was a trend toward an inverse relation-
ship with pancreatic fat and AIRg during the FSIVGTT
(r � �0.51; P � .09), but no similar relationship was
observed in the prediabetic Latinos. Thus, in prediabetic
African American adolescents, there is the suggestion that
pancreatic fat is inversely related to early phase insulin
secretion (AIRg). Hence, in African American youth, but
not Latino youth, small increases in pancreatic fat may be
a component to impaired insulin secretion when predia-
betes is present.

This report has potential implications to lifestyle
changes and interventions for minority populations. In-
tervention studies in obese/overweight children show that
combined nutrition and strength-training interventions
decrease liver fat (38–40), but they have not addressed
possible decreases in pancreatic fat as a result of these
interventions. Future studies should assess intervention
effects on pancreatic fat, and in turn, insulin secretion.

There are a number of strengths in our study that are
worth noting. To our knowledge, this is the first study to
include the use of recently recommended A1C cutoffs (19)
in the categorization of prediabetes groups to study dif-
ferences in ectopic fat deposition and T2DM risk. By using
the A1C criteria for T2DM risk, we were able to identify
more youth at risk and therefore better define the ectopic
fat phenotypes of adolescents with heightened diabetes
risk—ie, prediabetes. Secondly, this work benefits from
the use of state-of-the-art 3-D whole abdomen MRI tech-
niques to more accurately measure pancreatic fat content
in overweight adolescents, a metric that has been predom-
inantly assessed with single-voxel magnetic resonance
spectroscopy. Thirdly, using rigorous direct measures of
insulin action and secretion allowed us to better determine
relationships between ectopic fat stores and insulin sensi-
tivity/secretion dynamics than would have been possible
using coarser measures, such as fasting insulin or

HOMA-IR alone. Our study limitations include the rela-
tively small sample size in the African American predia-
betes group (n � 13), which may have limited the power
to detect ethnic differences in prediabetes vs NGT groups
and to clearly define relationships between pancreatic fat
and insulin secretion. Lastly, whereas the stringent ethnic
criterion is on the one hand another strength of the study,
it also prohibits generalization of our findings beyond the
African American and Latino adolescent populations
studied.

In conclusion, our study showed that without specific
regard to ethnicity, overweight/obese minority adoles-
cents with prediabetes had increased ectopic fat storage in
the liver and pancreas when compared to those without
prediabetes, independent of overall adiposity and visceral
adiposity. The ethnic differences in ectopic fat phenotypes
associated with prediabetes in minority youth suggest that
pancreatic fat in African Americans, vs hepatic fat in La-
tino adolescents, may be driving T2DM risk. Further
mechanistic studies will be needed to fully determine a
causative role for ectopic fat storage in the pathogenesis of
T2DM in minority overweight youth.
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