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OBJECTIVE

To determine whether modestly severe obesity modifies glucose homeostasis,
levels of cardiometabolic markers, and HDL function in African Americans (AAs)
and white Americans (WAs) with prediabetes.

RESEARCH DESIGN AND METHODS

We studied 145 subjects with prediabetes (N = 61 WAs, N = 84 AAs, mean age
46.5 6 11.2 years, mean BMI 37.8 6 6.3 kg/m2). We measured fasting levels of
lipids, lipoproteins, and an inflammatory marker (C-reactive protein [CRP]); HDL
functionality (i.e., levels of paraoxonase 1 [PON1]); and levels of oxidized LDL,
adiponectin, and interleukin-6 (IL-6). We measured serum levels of glucose, in-
sulin, and C-peptide during an oral glucose tolerance test. Values for insulin sen-
sitivity index (Si), glucose effectiveness index (Sg), glucose effectiveness at zero
insulin (GEZI), and acute insulin response to glucose (AIRg) were derived using a
frequently sampled intravenous glucose tolerance test (usingMINMOD software).

RESULTS

Mean levels of fasting and incremental serum glucose, insulin, and C-peptide
tended to be higher in WAs versus AAs. The mean Si was not different in WAs
versus AAs (2.66 2.3 vs. 2.96 3.03 10243min21 [mU/mL]21). Mean values for
AIRg and disposition index aswell as Sg andGEZI were lower inWAs than AAs.WAs
had higher serum triglyceride levels than AAs (116.16 55.5 vs. 82.76 44.2mg/dL,
P = 0.0002). Mean levels of apolipoprotein (apo) A1, HDL cholesterol, PON1,
oxidized LDL, CRP, adiponectin, and IL-6 were not significantly different in obese
AAs versus WAs with prediabetes.

CONCLUSIONS

Modestly severe obesity attenuated the ethnic differences in Si, but not in Sg
and triglyceride levels in WAs and AAs with prediabetes. Despite the lower Si
and PON1 values, AAs preserved paradoxical relationships between the Si and
HDL/apoA1/triglyceride ratios. We conclude that modestly severe obesity has dif-
ferential effects on the pathogenic mechanisms underlying glucose homeostasis and
atherogenesis in obese AAs and WAs with prediabetes.
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Type 2 diabetes, prediabetes, and obe-
sity are associated with several meta-
bolic derangements, including insulin
resistance (IR) and b-cell dysfunction
(1–4). Previous studies (5–11) have
demonstrated ethnic/racial differences
in b-cell and insulin sensitivity in African
Americans and white Americans and in
other populations. Consequently, Afri-
can Americans are 1.6 times more likely
to have diabetes and impaired glucose
tolerance than white Americans. These
abnormalities include altered hepatic glu-
cose production and insulin-mediated
and non–insulin-mediated glucose dis-
posal (5,7,9–11). The proposed causes
for the ethnic disparities include genetic
and environmental factors (e.g., obesity
and lack of physical activity).
Previous studies (1,10) have shown that

IR is associatedwith low levels of HDL cho-
lesterol (HDL-C), high levels of triglycerides
(TGs), and increased levels of oxidized LDL
in nonblack populations. The lower levels
of HDL-C and LDL oxidation have been im-
plicated in coronary artery diseases (CADs)
(12–15). The CAD-associated outcomes
are more common in African Americans
than in white Americans (16,17). Although
AfricanAmericans aremore obese (18–21)
and manifest more IR than white Ameri-
cans, African Americans have paradoxi-
cally higher HDL-C and apolipoprotein
(apo) A1 levels and lower TG levels
when compared with age-, weight-, and
sex-matched white Americans (22–27).
Despite the favorable lipid profile (higher
HDL levels/lower TG levels, more buoyant
LDL particle size), African Americans are
two to four times more likely to experi-
ence cardiovascular disease (CVD) and its
associated morbidity and mortality
(16,17). The reasons for these metabolic
and CVD differences in African Americans
and white Americans are unknown.
It is generally well established that

HDL-C is antiatherogenic and cardiopro-
tective, but the mechanisms remain
debatable (12–15). In this regard, previ-
ous studies (12–15) have attributed
the antiatherogenic properties of HDL-C
predominantly to reversed cholesterol
transport. However, several recent
studies (20–22) have suggested that
LDL oxidation plays a major role in the
pathogenesis of atherosclerosis and
that HDL protects LDL from oxidation.
In this context, paraoxonase 1 (PON1),
which cosegregates in HDL particles in
the circulation, is reported (20–22) to

be partly responsible for the qualitative
functions of HDL, such as its antioxidant
and anti-inflammatory properties. We
have postulated that the higher CVD
mortality and morbidity in African Amer-
icans can be partly due to defective HDL-
associated PON1. In this regard, we have
demonstrated (22) that the level of
PON1 is 50% lower while levels of
oxidized-LDL and C-reactive protein
(CRP) were higher in healthy, nondia-
betic postmenopausal African American
women when compared with healthy
white American counterparts. These
studies suggested that HDL-C may be
dysfunctional in African Americans and
perhaps less cardioprotective. But the
effects of severe obesity on HDL func-
tionality (PON1) and cardiometabolic
markers were not examined in these
studies. Given the epidemic of obesity
and overweight in African Americans, in
our current study we sought to investi-
gate the effects of modestly severe obe-
sity on 1) glucose homeostasis (insulin
and C-peptide dynamics), insulin sensi-
tivity (insulin sensitivity index [Si]), and
non–insulin-mediated glucose disposal
(glucose effectiveness index [Sg] and glu-
cose effectiveness at zero insulin [GEZI]);
2) lipids and lipoproteins; 3) HDL func-
tionality (PON1); and 4) nontraditional
cardiometabolic biomarkers in white
Americans and African Americans with
prediabetes.

RESEARCH DESIGN AND METHODS

The study comprised 145 modestly se-
verely obese (BMI.30 kg/m2) subjects,
61 white Americans (50 females, 11
males), and 84 African Americans (78
females, 6 males, mean age 46.5 6 11.2
years, age range 25–70 years) with pre-
diabetes, as defined by the American
Diabetes Association (28). Prediabetic
patients were defined as individuals
with impaired fasting glucose levels
(100–125 mg/dL), and impaired glucose
tolerance (2-h glucose level 140–199
mg/dL), and A1C level of 5.7–6.4%
(38.8–46.6 mmol/mol). We excluded
patients with type 2 diabetes and a
BMI ,30 kg/m2, uncontrolled hyper-
tension (blood pressure [BP] $140/90
mmHg), and hyperlipidemia (total cho-
lesterol.200 mg/dL, LDL.130 mg/dL,
TGs $200 mg/dL). Patients with severe
renal, liver, and thyroid dysfunction
were also excluded. Patients receiving
treatment with antilipid medications

(e.g., statins, fibric acid) or estrogen,
current smokers, patients who had ex-
perienced recent weight loss within the
past 6 months, and patients requiring
the use of exogenous antioxidant vitamin
supplementation were also excluded. Pa-
tients signed a written informed consent,
which was approved by The Ohio State
University Biomedical Research Commit-
tee Institutional Review Board.

General Studies
The subjects reported to the Clinical Re-
search Center (CRC)/Center for Clinical
and Translational Science after an over-
night fast of 10–12 h duration. Height,
weight, waist circumference, hip circum-
ference, and waist-to-hip ratio were
measured. BP measurements were ob-
tained at 10 min intervals three times
in a sitting position. Fasting blood was
obtained for measurement of serum
insulin, C-peptide, glucose, total choles-
terol, TGs, HDL-C, LDL cholesterol (LDL-C),
apoA1, apoB100, interleukin-6 (IL-6),
CRP, PON1, and oxidized LDL and adipo-
nectin. Body composition parameters
were measured using bioelectrical im-
pedance analysis (RJL Systems) and
DEXA (Lunar; GE Healthcare).

Metabolic Studies
Patients underwent an oral glucose tol-
erance test (OGTT) and a frequently sam-
pled intravenous glucose tolerance test
(FSIVGTT) on 2 separate days at the CRC.

OGTT

Each subject was instructed to ingest at
least 250 g of carbohydrate in their reg-
ular meals for at least 3 days before the
test. With the subject in the supine posi-
tion, an intravenous needle was inserted
after a 10- to 12-h overnight fast into the
forearm vein and kept patent with 0.9%
normal saline infusion. Blood samples
were drawn for the measurement of se-
rum glucose, insulin, and C-peptide levels.
The subjects then ingested 75 g of oral
glucose load (Fisherbrand UN-DEX; Fisher
Diagnostics,Middletown, VA) over a 2-min
period. Blood sampleswere drawn at t = 0,
30, 60, 90, and 120 min for measurement
of serum glucose, insulin, and C-peptide
levels.

FSIVGTT

With the subject in the supine position,
two intravenous needles were inserted
into the forearm veins and kept patent
with a 0.9% normal saline infusion. One
intravenous line was used to draw blood
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samples, and the other was used to ad-
minister the intravenous glucose and
exogenous insulin, as previously de-
scribed (2–4). Four blood samples were
obtained at t =220,210,25, and 0min
for measurement of basal serum glu-
cose, C-peptide, and insulin concentra-
tions. The average of the four samples
was considered the basal level. Thereaf-
ter, 0.3 g/kg glucose (50 mL of 50% dex-
trose water) was infused over a 1-min
period. At t = 19min, intravenous insulin
(0.05 units/kg; Humulin; Eli Lilly, India-
napolis, IN) dissolved in 30 mL of 0.9%
normal saline solution was infused over
60 s. Blood samples were obtained at
frequent intervals (t = 2, 3, 4, 5, 6, 8, 10,
12, 16, 19, 22, 24, 25, 27, 30, 40, 60, 70,
90, 120, 140, 150, 160, and 180 min)
for measurement of serum glucose,
C-peptide, and insulin levels (3,5,6).

Analytical Methods
All the blood samples were centrifuged at
248C, and the supernatant was collected
and stored at 2208C and 2808C. All the
metabolic assays of each subject were run
in a single batch to minimize interassay
variability. The serum glucose levels were
measured by the glucose oxidase method
(model 2300; YSI Life Sciences, Yellow
Springs, OH). Serum insulin and C-peptide
levels were measured by standard radio-
immunoassay techniques. The coefficients
of variation were 6% and 10%, respec-
tively. The lower limit of the C-peptide
assay was 0.1 ng/mL, and the intra-assay
and interassay coefficients of variation
were 7% and 13%, respectively. The
A1C level was measured by the cationic,
microcolumnchromatographic technique
(Bayer, Inc.). The normal reference range
was 4.0–5.6% (20.2–37.7mmol/mol). The
serum levels of cholesterol, HDL-C, and
TGs were measured using enzymatic
methods. LDL-C was calculated using the
Friedwald equation, as follows: LDL-C =
total cholesterol 2 HDL-C 2 TGs/5 for
serum TGs ,400 mg/dL. apoAl and
apoBl00 levels weremeasured using nu-
clear magnetic resonance (LipoScience,
Raleigh, NC). Adiponectin (Quantikine;
R&D Systems, Minneapolis, MN) and
oxidized LDL (Mercodia, Uppsala, Sweden)
were measured using ELISA. CRP was
measured using nephelometry (Synchron
LX Systems).

Measurement of PON Enzyme Activity
PON1 was measured as previously de-
scribed in our laboratory (22).

Procedure
In this assay, arylesterase/PON catalyzes
the cleavage of phenyl acetate, resulting
in phenol formation. The rate of forma-
tion of phenol is measured by monitor-
ing the increase in absorbance at 410
nm at 258C. The working reagent con-
sists of 20 mmol/L Tris/HCl buffer, pH
8.0, containing 1 mmol/L CaCl2 and
4 mmol/L phenyl acetate as the sub-
strate. Samples diluted 1:50 in buffer
are added, and the change in absor-
bance is recorded after a 20-s lag time.
One unit of arylesterase activity is equal
to 1 mmol/L phenol formed per minute.
The activity is expressed in units per li-
ter, based on the extinction coefficient
of phenol of 1,310 M21 z cm21 at 410
nm, pH 8.0, and 258C.

Calculations
Results are expressed as mean 6 SD,
unless stated otherwise. BMI was calcu-
lated as weight (in kilograms) divided
by height (square meters). Si, Sg, acute
insulin response to glucose (AIRg), dis-
position index (DI), and GEZI were calcu-
lated using the Bergman MINMOD
Millennium version 6.1 software pro-
gram. The Sg was defined as the ability
of glucose tomediate its own disposal at
the basal insulin level. GEZI was defined
as glucose-mediated glucose disposal
at a theoretical zero insulin concentration
as follows: GEZI = Sg 2 BI, where BI is
basal insulin effect (3,5,6). AIRg was de-
fined as the incremental area under the
curve for glucose-mediated insulin re-
lease from t = 0–10 min during an
FSIVGTT. The DI was calculated as Si 3
AIRg. The DI reflects the ability of b-cell
secretion to compensate for the prevail-
ing peripheral IR. In addition, IR and
b-cell function were also calculated us-
ing HOMA (2,3,29). HOMA-derived IR
(HOMA-IR) index was calculated as fol-
lows: fasting insulin (mU/mL) 3 fasting
plasma glucose (mmol/mL)/22.5.
HOMA-derived b-cell function (HOMA-
B) was also calculated as follows: 20 3
fasting insulin (mU/mL)/fasting glucose
(mmol/mL) 2 3.5 (29).

Statistical Analyses
Statistical analyses were performed us-
ing SAS version 9.1. Results are ex-
pressed as the mean 6 SD, unless
otherwise stated. The nonparametric
data are analyzed using the x2 and
Mann-Whitney ranked tests. The Stu-
dent unpaired t test and multiple t tests

are used to analyze the data within and
between the groups. The Spearman uni-
variate linear regression was used to de-
termine the relationships among BMI
and Si; HOMA-IR and AIRg; and PON1,
oxidized LDL, and CRP. Multiple regres-
sion analyses were performed using lin-
ear square regression models to examine
the relationships among BMI and Si and
cardiometabolic markers after adjusting
for fasting glucose level, insulin level,
age, sex, and ethnicity. P , 0.05 is con-
sidered statistically significant.

RESULTS

Clinical and biochemical parameters are
shown in Table 1. The mean age of the
group was 46.56 11.2 years. Mean ages
in white Americans versus African Amer-
icans were not different. Themean body
weight was not significantly different in
white Americans and African Americans
(102.1 6 21.1 vs. 107.2 6 20.1 kg, re-
spectively; P = NS). However, white
Americans had significantly lower
mean BMIs than African Americans
(35.0 6 8.8 vs. 38.0 6 7.9 kg/m2, P =
0.04). White Americans had higher
waist-to-hip ratio (0.93 6 0.1 vs.
0.90 6 0.1, P = 0.03), a higher percent
lean body mass (55.76 5.9% vs. 53.56
4.7%, P = 0.02), and a lower percent
body fat (43.9 6 5.2% vs. 46.6 6 4.6%,
P = 0.002). The mean A1C level was
lower in white Americans versus African
Americans (5.5 6 0.5% vs. 5.9 6 0.4%
[36.6 6 3.7 vs. 41.0 6 2.0 mmol/mol],
P , 0.0001). White Americans had
higher HOMA-IR (4.36 2.8 vs. 3.26 1.9,
P = 0.02) andhigher HOMA-B (66.7653.5
vs. 45.3 6 26.6, P = 0.01) than African
Americans. Mean systolic BP (125.3 6
12.1 vs. 129.7 6 15.8 mmHg, P = 0.06)
and diastolic BP (77.4 6 8.3 vs. 80.6 6
10.3 mmHg, P = 0.04) were lower in white
Americans versus African Americans
with prediabetes.

Mean serum glucose, insulin, and C-
peptide profiles during an OGTT are
shown in Fig. 1. Mean fasting serum glu-
cose levels were not different in mod-
estly severely obese white Americans
and African Americans with prediabetes
(98.16 10.6 vs. 96.3 6 12.2 mg/dL, P =
NS). The mean serum glucose level was
significantly (P = 0.05–0.004) higher at
30 and 90 min, but not at 120 min, in
white Americans than in African Ameri-
cans (Fig. 1A). White Americans had sig-
nificantly higher fasting serum insulin
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levels (17.26 10.9 vs. 13.16 7.2mU/mL,
P = 0.03), but serum insulin levels were
nonsignificantly higher at 30, 60, and
120 min (Fig. 1B). However, white
Americans had significantly (P = 0.03–
0.001) higher corresponding fasting and
post–glucose challenge serum C-peptide
levels during the OGTT (Fig. 1C).
Parameters measured during the

FSIVGTT are shown in Table 2. During
the FSIVGTT, mean serum glucose, insu-
lin, and C-peptide responses were not
different. Mean Si was similar in white
Americans versus African Americans
(2.6 6 2.3 vs. 2.9 6 3.0 3 1024 3
min21 [mU/mL]21, P = NS). Although
the AIRg tended to be lower, the mean
DI was significantly lower in modestly
severely obese white Americans than
in modestly severely obese African
Americans. In addition, mean Sg and
GEZI values were significantly lower in
white Americans than African Ameri-
cans with prediabetes.
Serum lipid and lipoprotein levels are

shown in Table 3. Despite comparable Si
values, white Americans had signifi-
cantly higher fasting serum TG levels
(116.1 6 55.5 vs. 82.7 6 44.2 mg/dL,
P = 0.0002) and cholesterol/HDL ratio
(4.06 1.2 vs. 3.76 0.9, P = 0.11). Mod-
estly severely obese white Americans
had slightly lower HDL-C and apoA1 lev-
els than African Americans with predia-
betes. Furthermore, mean levels of

apoB100, total cholesterol, LDL-C, and
non–HDL-C were not different in mod-
estly severely obese white Americans
versus African Americans.

Table 3 shows nontraditional cardio-
metabolic parameters in modestly se-
verely obese white Americans and
African Americans with prediabetes.
Mean HDL functionality (as assessed by
PON1 measurement), oxidized LDL, as
well as IL-6 and adiponectin levels
were not significantly different in white
Americans and African Americans. Al-
though CRP levels tended to be 30%
lower in white Americans than in African
Americans (6.76 7.0 vs. 8.76 9.8 mg/dL,
respectively), themean differences were
not statistically significant.

Correlation Coefficients
We examined the relations among body
composition, cardiometabolic parame-
ters, and HDL functionality. The percent
lean bodymass and the percent fat mass
and BMI did not correlate with Si, Sg,
AIRg, DI, and levels of lipids, lipopro-
teins, and PON1 after adjusting for age,
sex, and fasting glucose and insulin lev-
els in any of our ethnic groups.

CONCLUSIONS

African Americans experience type 2 dia-
betes and the associated cardiovascular
morbidity andmortality disproportionately
more than white Americans (16,17).

However, the exact contributions of obe-
sity to type 2 diabetes and coronary
heart disease in African Americans re-
main debatable. Thus, whether severe
obesity differentially modifies the meta-
bolic mediators and precursors of predi-
abetes, type 2 diabetes, and CVD in
African Americans and white Americans
remains to be investigated. Given the
increasing epidemic of obesity and its
potential impact on glucose regulation,
prediabetes, and type 2 diabetes among
US ethnic and racial populations, we felt
it was imperative to perform a com-
prehensive assessment of clinical and
metabolic characteristics of modestly se-
verely obese African Americans and
white Americans with prediabetes.
Thus, in the current study, we recruited
individuals with a BMI .30 kg/m2 who
had prediabetes. These patients had
greater than class III obesity with a
mean BMI of .35 kg/m2 and lean body
fat.40% in both groups. We found that
BMI and the percent body fat were
greater in African Americans than in
white Americans with prediabetes.

Pathogenic mechanisms underlying
prediabetes, impaired glucose toler-
ance, and type 2 diabetes are character-
ized by abnormalities in b-cell secretion,
hepatic glucose production, and glucose
disposal (i.e., insulin-mediated [Si] and
non–insulin-mediated [Sg and GEZI]
glucose disposal) in patients with pre-
diabetes and type 2 diabetes. These
abnormalities are more prevalent in Af-
rican Americans than white Americans.
We (2,3,6,11) and others (4,9,10) have
previously shown greater IR (lower Si or
higher HOMA-IR) and hyperinsulinemia
as well as hepatic glucose overproduc-
tion or hepatic IR in healthy nonobese
and mildly obese African Americans
than white Americans (9). These abnor-
malities antedated the development of
prediabetes and type 2 diabetes in Afri-
can Americans by decades (2). In the
current study, we observed that mod-
estly severely obese African Americans
tended to have somewhat lower fasting
and post–glucose challenge serum glu-
cose levels when compared with white
Americans with prediabetes. However,
paradoxically, African Americans had
greater A1C levels than white Ameri-
cans. This finding is similar to those in
recent reports (30,31).

In the current study, we found that
the mean fasting and post–glucose

Table 1—Clinical and biochemical parameters of modestly severely obese white
Americans and African Americans with prediabetes

Parameters WAs AAs P value

Subjects (n)
Total 61 84
Male 11 6
Female 50 78

Age (years) 44.7 6 11.9 46.4 6 10.2 0.36

Weight (kg) 102.1 6 21.1 107.2 6 20.1 0.14

BMI (kg/m2) 35.0 6 8.8 38.0 6 7.9 0.04

Height (cm) 167.5 6 7.9 166.9 6 7.2 0.68

% Lean body mass (%) 55.7 6 5.9 53.5 6 4.7 0.02

WHR 0.93 6 0.1 0.90 6 0.1 0.03

% Body fat (%) 43.9 6 5.2 46.6 6 4.6 0.0022

Systolic BP (mmHg) 125.3 6 12.1 129.7 6 15.8 0.06

Diastolic BP (mmHg) 77.4 6 8.3 80.6 6 10.3 0.04

A1C
% 5.5 6 0.5 5.9 6 0.4 ,0.0001
mmol/mol 36.6 6 3.7 41.0 6 2.0 ,0.0001

HOMA-IR (%) 4.3 6 2.8 3.2 6 1.9 0.02

HOMA-B (%) 66.7 6 53.5 45.3 6 26.6 0.01

Values are mean6 SD, unless otherwise indicated. AA, African American; WA, white American;
WHR, waist-to-hip ratio.
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challenge levels, as well as the corre-
sponding serum insulin and C-peptide
levels, tended to be lower in modestly
severely obese African Americans than
white Americans with prediabetes. In
this context, in a previous study (2,3,5)
in mildly obese or overweight African
Americans, we demonstrated that pre-
diabetic subjects had antecedent poor
b-cell function (as assessed by serum in-
sulin and C-peptide levels). This was not
the case in the current study of mod-
estly severely obese African Americans.

In the current study, the serum insulin
and C-peptide response during the
OGTT, when corrected for prevailing
glucose (insulinogenic index, insulin/
glucose, or C-peptide/glucose ratios;
data not shown) levels were similar in
African Americans and white Americans
with prediabetes. To examine in detail
b-cell function and insulin sensitivity in
modestly severely obese African Ameri-
cans and white Americans with predia-
betes, we performed FSIVGTT in both
groups. We found that AIRg and DI

were higher in African Americans than
white Americans with prediabetes.
Thus, our modestly severely obese Afri-
can Americans with prediabetes had as-
tonishingly fairly well preserved b-cell
function and the ability to compensate
for the prevailing skeletal muscle IR
when compared with white American
counterparts.

Obesity is a major cause of IR in the
general population and patients with
type 2 diabetes (1–4). Unlike previous
reports, we found no significant differ-
ences in Si values in modestly severely
obese African Americans and white
Americans with prediabetes. It should be
noted that previous studies (2,3,5,6,11)
have shown that in vivo total body glu-
cose disposal consists of both insulin-
mediated (Si) and non–insulin-mediated
or glucose-mediated (Sg or GEZI) glucose
disposal. In this regard, we have previ-
ously demonstrated that, while Si is
lower, Sg is higher in healthy African
Americans with and without a family his-
tory of type 2 diabetes (11). Contrary to
the Si, we were therefore intrigued that
obese African Americans with prediabe-
tes had significantly higher Sg and GEZI
values when compared with white
American counterparts. Our data sug-
gest that the greater Sg and GEZI values
could serve as important compensatory
mechanisms to maintain normal or
nearly normal glucose tolerance in mod-
estly severely obese African Americans
with prediabetes. The mechanism of
the putative greater Sg and GEZI values,
however, remains to be elucidated in
obese and nonobese African Americans
with and without prediabetes.

The typical lipid and lipoprotein pro-
files associated with obesity, type 2 di-
abetes, IR, and metabolic syndrome are
characterized by higher serum TG and
lower HDL-C levels. However, we (27)
and others (1,23–26) have reported
that insulin-resistant African Americans
rather have normal or higher HDL-C and
apoA1 levels, and lower serum TG levels
than white American counterparts. In
the current study, ourmodestly severely
obese, insulin-resistant African Ameri-
cans with prediabetes had significantly
lower serum TG levels, a normal or
higher HDL-C level and HDL/TG ratio,
and apoA1 level when compared with
their white American counterparts
with similar IR (Si). Our findings suggest
that the favorable lipid and lipoprotein

Figure 1—Mean 6 SD serum glucose (A), insulin (B), and C-peptide (C) levels during OGTT in
modestly severely obese African Americans and white Americans with prediabetes. *P, 0.03–
0.04, **P , 0.01–0.001, ***P , 0.02–0.008, African Americans vs. white Americans with
prediabetes. AA, African American; WA, white American.
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profiles in the obese and nonobese
African Americans appear to be inde-
pendent of the degree of obesity
(22,23,27). We should note that the
lower serum TG levels and the normal
or higher HDL-C and apoA1 levels in Af-
rican Americans are also found in other
blacks of African ancestry residing in di-
verse geographic locations (5,8). The
reasons for the IR and lipid/lipoprotein
paradox in blacks are unknown. In this
regard, ethnic and genetic interactions
have been implicated in hepatic lipid
and lipoprotein synthesis and clearance
as possible mechanisms for the para-
doxical differences in lipids/lipoproteins
in obese and nonobese African Ameri-
cans and blacks residing in diverse
populations (23).
High-density lipoprotein has been

regarded as an important antiathero-
genic lipoprotein with several critical
roles in lipid transport and athero-
genesis (12–15). Recently, one of
the potential mechanisms for these
HDLsdantiatherogenic functionsdhas

been attributed to PON1 activity, which
is cosegregated with HDL in the circula-
tion (20,21). PON1 inhibits the oxidation
of LDL, suppresses inflammation, im-
proves endothelial function and injury
repair (antiapoptotic effect), andenhances
reverse cholesterol transport activity
(12–14,20,21). Thus, our recent findings
that PON1 activity is 50% lower in non-
diabetic, postmenopausal African Amer-
ican women than their white American
counterparts were unexpected. Our pre-
vious study (22) also showed that oxi-
dized LDL and CRP levels were higher in
nondiabetic, postmenopausal African
American women than in white Ameri-
cans. These observations suggested that
HDL was dysfunctional in African Ameri-
cans and could play a critical role in ath-
erogenesis in African Americans (22).
However, our study and those by other
investigators did not examine the poten-
tial effects of the severity of obesity on
these cardiometabolic markers in Afri-
can Americans and white Americans
with prediabetes. We found in our

present study of modestly severely
obese subjects with prediabetes that
PON1 and oxidized LDL levels were not
different in white Americans and African
Americans. This was surprising and un-
expected. Therefore, we examined some
of the additional qualitative functions of
HDL such as subclinical inflammation
(CRP) and adipocytokines (IL-6). In this
regard, previous studies (32–34) have
demonstrated higher serum CRP levels
in obese African Americans than white
Americans. We found in the current
study that CRP and IL-6 levels were not
statistically significant in modestly se-
verely obese African Americans with pre-
diabetes compared with their white
American counterparts. Finally, serum
adiponectin, a very potent adipose-
derived insulin sensitizer, is associated
with lower rates of type 2 diabetes,
metabolic syndrome, and CAD. Serum
adiponectin levels are lower in African
Americans and patients with obesity
and IR (35,36). In the current study,
adiponectin levels tended to be lower
but not significantly different in modestly
severely obese African Americans and
white Americans with prediabetes. Al-
though the mechanism is unknown, we
speculated that adaptive metabolic pro-
cesses associated with a severe degree of
obesity may be partly responsible.

Limitations of the Study
Although our study has several strengths,
we also acknowledge some limitations.
First, based on our previous studies,
we had expected greater IR (Si) and hy-
perinsulinemia in African Americans
with modestly severe obesity and predi-
abetes than their white American coun-
terparts, but this was not the case.
Second, our observation suggests a pos-
sible ethnic and racial threshold effect of
obesity (BMI) on glucose homeostasis,
insulin sensitivity, and lipid and lipo-
protein metabolism, as well as cardio-
metabolic parameters. This hypothesis
deserves further elucidation. Third, the
study was cross-sectional, and hence
cause-effect relations among the degree
of obesity and cardiometabolic parame-
ters could not be ascertained. Fourth,
the respective putative mechanisms of
the paradoxical relationships of IR versus
TGs and HDL-C and HDL-C/TG ratio in
obese African Americans could not be
ascertained in our study. Fifth, we did
not measure the visceral abdominal

Table 2—Metabolic parameters measured during FSIVGTT with MINMOD software
in modestly severely obese white Americans and African Americans with
prediabetes

Parameters WAs AAs P value

AIRg (3 min [mU/L]21) 531.0 6 581.6 666.5 6 516.4 0.26

DI 923.7 6 542.4 1,502.4 6 1,311.5 0.0034

Si (3 1024 3 min21 [mU/mL]21) 2.6 6 2.3 2.9 6 3.0 0.70

Sg (3 1022/min) 2.0 6 0.7 2.5 6 1.3 0.01

GEZI (3 1022/min) 1.7 6 0.7 2.2 6 1.3 0.03

Values are mean6 SD, unless otherwise indicated. AA, African American; WA, white American.

Table 3—Fasting serum levels of lipids and lipoproteins, HDL functionality (PON1),
inflammatory markers, and adipocytokines in modestly severely obese white
Americans and African Americans with prediabetes

WAs AAs P value

Cholesterol (mg/dL) 186.2 6 35.6 185.7 6 35.6 0.93

TGs (mg/dL) 116.1 6 55.5 82.7 6 44.2 0.0002

HDL (mg/dL) 51.2 6 15.2 52.7 6 13.0 0.55

LDL (mg/dL) 114.9 6 27.4 116.8 6 32.0 0.72

Cholesterol/HDL ratio 4.0 6 1.2 3.7 6 0.9 0.11

Non–HDL-C (mg/dL) 138.1 6 31.1 133.6 6 34.7 0.42

apoA1 (mg/dL) 146.5 6 30.4 153.0 6 26.0 0.19

apoB (mg/dL) 92.3 6 19.7 90.2 6 22.8 0.56

PON1 (ng/dL) 0.6 6 0.3 0.6 6 0.3 0.89

Oxidized LDL (units/L) 48.7 6 17.1 46.4 6 12.5 0.47

CRP (mg/dL) 6.7 6 7.0 8.7 6 9.8 0.15

Adiponectin (mg/mL) 7.4 6 3.7 6.5 6 3.5 0.21

IL-6 (pg/mL) 1.3 6 0.8 1.7 6 1.6 0.07

Values are mean6 SD, unless otherwise indicated. AA, African American; WA, white American.
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adiposity that is well established as an
important determinant of IR in white
Americans, but not in African Americans
and other black populations (32–34).
Sixth, there was a sex imbalance with
more females than males (8–10:1) in
both white Americans and African Amer-
icans. However, excluding males from
our analyses did not change the mean
values of the anthropometric and meta-
bolic parameters or the relationships of
BMI and the Si and cardiometabolic pa-
rameters in both ethnic groups. Finally,
the genetic markers for the paradoxical
relations of IR and CVD risks in African
Americans are not known. Thus, an under-
standing of the genomic and/or proteomic
basis of IR and glucose homeostasis, lipid
and lipoprotein synthesis, and catabolism
in modestly severely obese African Amer-
icans is warranted.
In summary, the current study dem-

onstrated several metabolic paradoxes
in modestly severely obese African
Americans with prediabetes when com-
pared with their white American coun-
terparts. We found that modestly
severely obese African Americans and
white Americans with prediabetes had
somewhat similar glucose responses
and Si values, but required diverse reg-
ulatory mechanisms. While white Amer-
icans with prediabetes maintained
glucose homeostasis via increased b-cell
secretion, their African American counter-
parts had higher non–insulin-mediated
glucose disposal. Second, modestly se-
verely obese African Americans with pre-
diabetes showed persistently lower Si and
PON1 values as well as paradoxical rela-
tionships between Si and HDL-C and TG
levels, and HDL-C/TG ratios. In contrast,
the insulin-resistant modestly severely
obese white Americans maintained the
well-established relations between Si and
HDL-C and TG levels, and HDL-C/TG ratios.

Conclusion
We conclude that the regulation of glu-
cose homeostasis and lipid/lipoprotein
metabolism appears to differ in mod-
estly severely obese African Americans
and white Americans with prediabetes.
Furthermore, in the current study mod-
estly severely obese African Americans
had attenuation in some of the cardio-
metabolic parameters when compared
with white Americans with prediabetes.
Nevertheless, the modestly severely
obese African Americans with prediabetes

retained the paradoxical relations of Si
and HDL-C/TG ratios. We speculate that
the pathogeneticmechanisms for glucose
intolerance and perhaps atherogenesis
appear to be different in modestly se-
verely obese African Americans and white
Americans with prediabetes. We suggest
that longitudinal studies of underlying
putative mechanisms and molecular
targets for glucose homeostasis, lipid/
lipoprotein metabolism, and HDL func-
tionality in a large sample of obese Afri-
can Americans and white Americans are
warranted.
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