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Abstract
African Americans (AAs) tend to have lower total adiponectin levels compared to European
Americans (EA); however, it is not known whether race affects adiponectin multimer distribution
and their relationships to metabolic traits. We measured total adiponectin, high molecular weight
(HMW), low molecular weight (LMW) (i.e., hexamer), and trimer adiponectin in 132 normoglycemic
premenopausal women (75 AAs, 57 EAs), together with measures of total and abdominal fat, plasma
lipids, insulin sensitivity (Si), and genetic admixture estimates. We found that lower total adiponectin
in AAs was explained by reduced LMW, and trimer forms because levels of HMW did not differ
between races. In EAs, HMW was highly correlated with multiple metabolic syndrome traits. In
contrast, the LMW and trimer forms were most highly correlated with metabolic traits in AAs,
including abdominal adiposity, lipids, and Si. At similar levels of visceral adiposity, AAs exhibited
significantly lower LMW adiponectin than EAs. Similarly, at comparable levels of HMW and LMW
adiponectin, AAs were more insulin resistant than their EA counterparts. In conclusion, (i) serum
adiponectin is lower in AAs predominantly as a result of reduced concentrations of LMW and trimers
multimeric forms; (ii) LMW and trimer, not HMW, are most broadly correlated with metabolic traits
in AAs. Thus, HMW adiponectin may exert less bioactivity in explaining the metabolic syndrome
trait cluster in populations of predominant African genetic background.

INTRODUCTION
Adiponectin (Ad) is an abundant circulating adipokine that exerts beneficial metabolic, anti-
inflammatory, and antiatherogenic effects (1). Low serum Ad concentrations are associated
with multiple phenotypic traits that comprise the metabolic syndrome, including increased
abdominal fat distribution, decreased insulin sensitivity (Si), and reduced high-density
lipoprotein (HDL) cholesterol levels. As a consequence, low circulating Ad has been proposed
as a marker for the metabolic syndrome (1,2). Furthermore, reduced Ad levels have been
reported in African-American (AA) children compared to their European-American (EA)
counterparts, and has been implicated in the lower Si observed in AA children (3).

Recent attention has been given to the fact that Ad circulates as multimers of various molecular
weights with the predominant forms in humans being a high molecular weight (HMW) Ad
species consistent with a duodecamer of ~360 kDa, and low molecular weight (LMW) Ad
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hexamers of ~180 kDa. Different methodologies have been used to measure adiponectin
multimers. Several studies have combined size fractionation and immunoblotting (4–11),
which are relatively laborious but reliable methods for all multimers, and enzyme-linked
immuno-sorbent assay techniques have been more recently developed that are less able to
quantify LMW and trimeric forms (12). Evidence from several in vitro studies supports a more
robust biological role of HMW compared to smaller molecular weight forms (8,13–15). We
have found that the HMW species is most strongly correlated with Si, abdominal adiposity,
HDL cholesterol, serum triglycerides, and basal lipid oxidation rates (6). In addition to HMW,
although in a lesser extent, LMW forms (i.e., hexamers) have also been associated with
favorable metabolic parameters such as Si and very low-density lipoprotein cholesterol (6) and
to increase in response to moderate weight reduction (9); whereas trimer Ad has been correlated
with waist circumference and monocytic interleukin-6 secretion (16). Thus, in addition to total
Ad, the distribution of Ad multimers can independently explain variability in metabolic traits
among individuals and populations.

Whether the distribution of Ad multimers varies as a function of race, and affects the
relationship with Si and other metabolic traits in AAs, is not known. There is some evidence
that race can affect the “phenotype” of the metabolic syndrome by influencing the degree to
which the various component traits cluster as a function of the syndrome complex. For example,
in AAs, abdominal adiposity and glucose intolerance are associated with insulin resistance,
whereas blood pressure and dyslipidemia exist relatively independent of insulin resistance
when compared to EAs (17,18). This raises the question as to whether racial differences in Ad
multimers could explain differences in associations between metabolic traits and insulin
resistance in the context of the metabolic syndrome. Another consideration in addressing this
question is the degree to which self-identified race reflects ancestral genetic admixture. This
could be important if racial differences in the metabolic syndrome and Ad biology are
genetically determined. Studies that categorize subgroups based on self-identified race may
not have a direct relationship with ancestral genetics because genetic admixture is extremely
variable in self-identified AAs and EAs. Genetic admixture measurements can determine the
relative contribution of a parental population (e.g., African) to an individual’s genome using
specific ancestry informative DNA markers that differ in frequency among the respective
parental populations (19). Thus, ancestral genetic admixture becomes a continuous variable
that can be used to differentiate between genetic and environmental components of a
phenotype, in a more precise manner that categorical subgroupings based on self-identified
race where differences in ancestral admixture are unknown. This technique has been used
previously to explore physiological and metabolic population differences (19,20).

The aims of this study were to determine: (i) whether Ad and the distribution of Ad multimers
varies as a function of self-identified race in EAs and AAs; (ii) whether Ad and the HMW
multimer is similarly related to components of the metabolic syndrome, including insulin
resistance and visceral adipose tissue (VAT), in these two racial groups. We hypothesized that
AAs, in addition to lower total Ad levels, have distinct distribution of Ad multimers when
compared with EAs, and that the relationships between Ad multimers and metabolic traits differ
as a function of race.

METHODS AND PROCEDURES
Subject description

Subjects were recruited from studies investigating metabolism and body composition in a
biracial group of premenopausal women conducted at the University of Alabama at
Birmingham. In these studies, unrelated, premenopausal, self-identified AA and EA women
were recruited by newspaper advertisements, radio announcements, and word-of-mouth. The
volunteers were not taking any medication known to alter body composition or metabolism
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(including hormones), were sedentary (defined as exercising less than once per week for the
past year), were nonsmokers, were of overall good health, and had regular menstrual cycles.
All subjects meeting inclusion criteria were sequentially enrolled and studied. All subjects from
the total participant pool were included for analyses (n = 132, 75 AAs, 57 EAs); however, not
all metabolic and body composition measures were available on all subjects (Table 1). The
study was approved by the University of Alabama at Birmingham Institutional Review Board.
All volunteers were screened and briefed about the experimental protocol, and informed
consent was obtained before testing. Subjects were admitted to the General Clinic Research
Center for 4 days and underwent metabolic and body composition assessment as described
below. All testing was performed in the follicular phase of the menstrual cycle (within 10 days
of the start of menses).

Body composition and metabolic variables
Total lean and fat masses were determined using dual-energy X-ray absorptiometry (DPX-L;
Lunar Radiation, Madison, WI). VAT and subcutaneous abdominal adipose tissue (SCAT)
were determined by a single slice measurement (at the level of the umbilicus) using computed
tomography. Glucose, insulin, and plasma lipids were measured using commercially available
kits as previously reported (3).

Frequently sampled, intravenous glucose tolerance test
At approximately 7:00 AM, after a 12-h fast, flexible intravenous catheters were placed in the
antecubital spaces of both arms. Three blood samples were drawn over a 40-min period, and
sera subsequently separated and pooled for analysis of lipids. Three additional blood samples
were taken over a 20-min period for determination of basal glucose and insulin (the average
of the values was used for basal “fasting” concentrations). At time “0,” glucose (50% dextrose;
11.4 g/m2) was administered intravenously. At minute 20 after glucose administration, subjects
received either an intravenous bolus of insulin (0.02 U/kg) or 5-min infusion of insulin (0.02
U/kg). Blood samples were collected at designated intervals over the test period. For the
insulin-modified (bolus injection) tests, samples were collected at the following times (min)
relative to glucose administration at 0 min: 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 19, 22, 23, 24, 25,
27, 30, 35, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180. For the insulin-infusion-modified
test, samples were collected at 2, 3, 4, 5, 6, 8, 10, 12, 15, 19, 20, 21, 22, 24, 26, 28, 30, 35, 40,
45, 50, 55, 60, 70, 80, 100, 120, 140, 180, 210, and 240 min. Sera were analyzed for glucose
and insulin (frequently sampled, intravenous glucose tolerance test), and values were entered
into the MINMOD computer program (version 3.0, Richard N. Bergman) for determination of
Si. Si results from insulin-modified frequently sampled, intravenous glucose tolerance tests do
not differ with mode of insulin administration (bolus vs. infusion) (21). From the total
participant pool (n = 132), 21 AA and 6 EA subjects underwent a tolbutamide-modified
frequently sampled, intravenous glucose tolerance test. Because Si results from tolbutamide-
modified tests are ~16% higher than those from insulin-modified tests, these data were
excluded from the analysis (22).

Ad and multimers determination
Separation of serum Ad isoforms was performed using nondenaturing gel electrophoresis and
western blotting as previously described (6); samples were randomly analyzed and after
adjusting for background activity, density of specific adiponectin oligomers bands were
measured. In a given patient all the bands present were measured. Relative distribution of
adiponectin oligomers were calculated by dividing band density through total density.
Percentage of adiponectin oligomers were multiplied with total adiponectin levels to calculate
absolute oligomer values as previously described (6).

Lara-Castro et al. Page 3

Obesity (Silver Spring). Author manuscript; available in PMC 2009 August 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Determination of genetic admixture
To decompose the biological and nonbiological aspects of race, we used admixture instead of
racial classification as a covariate in statistical models. To quantify African and European
ancestral genetic admixture, ancestry informative markers were assessed at Pennsylvania State
University by Dr Shriver and colleagues. Ancestry informative markers are single-nucleotide
polymorphisms that were genotyped using agarose gel electrophoresis and melting curve
analysis as described in detail by Akey et al. (23). The ancestry informative markers used, their
chromosomal and centimorgan location, and their ability to discriminate among parental
populations (based on the allelic differences between European and African parental
populations) have been described elsewhere (24). Further information about these markers is
available through dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP/) using handle PSA-
ANTH. All genetic data were transformed into a single estimate of genetic admixture using
the maximum likelihood approach (25) such that the likelihood that a particular multilocus
genotype is from each of 100 different combinations of the two parental populations is
calculated as the probability of the genotype given the allele frequencies in each parental
population. The parental population combination where the specific multilocus genotype for
an individual has the highest probability is thus the most likely and represents the admixture
estimate for that individual.

Statistical methods
All data are given as means ± s.d. unless otherwise indicated. Differences in outcomes of
interest between racial groups were compared using Student’s t-test. Total Ad, HMW, LMW,
trimer, and Si were log10 transformed so that each of these variables followed an approximate
normal distribution. The correlations between total Ad, HMW, LMW, trimers, vs. body
composition variables, Si, and lipid measurements (as continuous variables) were examined
using Spearman’s correlation coefficients. In every instance separate analyses by race were
conducted. Multiple regression analysis was conducted for dependent variable Si. The
independent variables used in these models were race or admixture, total fat mass, fasting
insulin, age, VAT and SCAT, total Ad, total and relative amounts of HMW, LMW, trimer, and
an Ad form vs. race interaction terms. All statistical tests used a significance level of 5% and
were two-tailed. The SAS program version 9.1 (SAS Institute, Cary, NC) was used for analyses.

RESULTS
Body composition and metabolic characteristics

General characteristics of the study subjects are outlined in Table 1. Visceral fat was
significantly lower in AAs compared to EAs. AAs had higher HDL cholesterol and lower
triglyceride levels and exhibited more insulin resistance (i.e., lower Si values) compared to
EAs.

Serum Ad multimers
Figure 1 is a representative immunoblot from five different patients that illustrates circulating
Ad multimeric forms. Two predominant well defined bands were detected, the first with an
apparent molecular weight of >360 kDa and designated HMW, and a second band that migrated
at a lower molecular weight of ~180 kDa corresponding to the Ad hexamer and designated
LMW. We also detected two less well-defined Ad bands with apparent molecular weights of
~140 kDa and 90 kDa, which correspond to Ad trimer, bound and not bound to serum albumin,
respectively, as demonstrated by Hada et al. in human plasma using affinity columns and gel
filtration (26). The 90 kDa band was not observed in all patients and only 10 out of 57 EAs
and 12 out of 75 AAs had a quantifiable band running at this molecular weight. Conversely,
the 140 kDa band was observed in almost all patients, 57 EAs and 71 out of 75 AAs. These
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two bands were collectively quantified as Ad trimer, and as a result the majority of subjects
had a quantifiable trimer band. Reference to trimer Ad throughout the article reflects this
approach. For those patients with no quantifiable band a value of zero was assigned.

We then analyzed racial differences in total Ad and Ad multimers (Figure 2). Compared to
EAs, AAs had lower total Ad (9.4 ± 3.2 μg/ml vs. 8.2 ± 3.4 μg/ml, P < 0.05). The reduced
concentration of total Ad could not be explained by any difference in HMW (4.3 ± 1.8 μg/ml
vs. 4.0 ± 1.9 μg/ml, P = ns). In contrast, both the LMW (3.3 ± 1.3 μg/ml vs. 2.6 ± 1.5 μg/ml,
P < 0.01) and the trimer (1.9 ± 0.9 μg/ml vs. 1.5 ± 0.9 μg/ml, P < 0.01) were reduced in AAs
compared with EAs. Lower total Ad levels in AAs due to the reduction in LMW and trimer
led in turn to a higher relative proportion of the HMW form as reflected by a higher ratio of
HMW to total Ad (0.50 ± 0.13 vs. 0.45 ± 0.07, AAs vs. EAs, respectively, P < 0.01).

Association of Ad and multimers with body composition, lipid, and metabolic profiles
We evaluated the relationships between total Ad, HMW, LMW, and trimer with several
components of the metabolic syndrome in both racial groups as shown in Table 2. HMW was
widely associated with metabolic traits only in EAs. In this group, HMW was highly correlated
with BMI, waist circumference, VAT, as well as with HDL cholesterol, fasting insulin, Si, and
fat mass (all P ≤ 0.05). Unexpectedly, in AAs, it was the LMW that was more broadly correlated
with metabolic syndrome traits including central adiposity, HDL, low-density lipoprotein,
fasting insulin, and Si as shown in Table 2. HMW in AAs was correlated with HDL cholesterol,
fasting insulin, and Si but not related to BMI, fat mass, waist circumference, VAT, SCAT, or
low-density lipoprotein cholesterol. The ratio of HMW to total Ad was not a better correlate
of metabolic syndrome traits; in EAs, the ratio was correlated with BMI (r = −0.36, P < 0.01),
fat mass, and waist circumference (both r = −0.32, P < 0.05), but not with lipids or Si, whereas
in AAs, the ratio was correlated with waist circumference (r = 0.26, P < 0.05), low-density
lipoprotein cholesterol (r = 0.29, P < 0.05), and fasting insulin (r= 0.24, P < 0.05).

Effects of race on interrelationships among VAT, Ad levels, and insulin resistance
Previous studies (27,28) and the current data (Table 1) indicate that visceral fat mass is
markedly reduced at any given level of general adiposity in AAs. Because visceral fat
contributes to the production of Ad and is pathophysiologically linked with insulin resistance,
it remained possible that lower total Ad, LMW, and trimer in AAs was simply a function of
reduced visceral fat and that relative insulin resistance in the AAs could be explained by the
reduction in Ad. In this way, race could be altering the interrelationships among visceral fat,
Ad, and Si. To examine this issue, it was necessary to examine the relationships between Ad
and visceral adiposity, and Ad and Si, over the continuum of values in these two races. As is
demonstrated in Figure 3a, at any given level of visceral adiposity, AAs exhibited lower total
Ad levels than EAs. This same observation was applicable to LMW in Figure 3b, but not with
HMW because this form was not correlated with VAT in AAs (Figure 3c). Similarly, VAT
was correlated with trimer in AAs (r = −0.25, P < 0.05) but not in EAs (r = −0.05, P = ns).
These data are consistent with the possibility that AAs produce less total Ad and LMW at any
given amount of visceral fat. We next assessed the continuous relationship between Si, total
Ad, and multimers. The continuous relationship between Si, total Ad, and multimers is shown
in Figure 4. As shown in Figure 4a, the rise in Si as a function of total Ad was sharp in EAs
whereas in AAs the slope was reduced, and there was a trend toward a significant difference
between these two slopes (total Ad vs. race interaction, P = 0.06). Although the slopes of the
regression lines for Si and total, HMW, and LMW Ad were similar in both races, AAs exhibited
significantly lower Si at similar levels of total, HMW, and LMW Ad as shown in Figure 4b,c.
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Racial genetic admixture, Si, and Ad multimers
Using African admixture estimates rather than categorical self-identified race, we investigated
the determinants of Si in the study group as a whole. In simple regression analysis, percent-
age of African admixture was negatively related to Si and predicted 11% of the variance in
Si (P < 0.001). Furthermore, VAT (P < 0.001), SCAT (P < 0.001), waist circumference (P <
0.001), fat mass (P < 0.01), and fasting insulin (P < 0.001) were negative predictors of Si; and
LMW, HMW, and trimer were positive predictors of Si explaining 14, 12, and 11% of the
variance in Si, respectively (all P < 0.01). The ability of these variables in predicting Si was
further quantified using multiple linear regression analyses. In the final model, African
admixture, HMW, and fasting insulin, collectively were independent determinants of Si, and
explained 52% of the variance in Si (P < 0.001). On the contrary, LMW, trimer, fat mass, and
VAT, were not independent predictors of Si as shown in Table 3.

DISCUSSION
AA adults and children have previously been reported to have lower circulating levels of total
immunoreactive Ad compared to EAs (3,29,30). We now report that there are also racial
differences in the distribution of Ad multimers, as well as in the relationship between Ad
multimers and metabolic traits. We have extensively characterized a biracial sample of
premenopausal, nondiabetic women by measuring serum levels of total Ad, HMW, LMW, and
trimer, Si using the frequently sampled, intravenous glucose tolerance test, total body fat and
abdominal fat distribution using dual-energy X-ray absorptiometry and abdominal computed
tomography scanning, and conventional lipid panels. In addition, we have quantified African
and European ancestral genetic admixture as a covariate to assess whether genetics contribute
to differences in Ad and its role in metabolism. We found that there exist racial differences in
the distribution of Ad multimers with AAs having lower levels of total immunoreactive Ad,
and reduced levels of the LMW and trimer compared with EAs, whereas HMW complexes
were similar in the two racial subgroups. The plasma concentrations of the different Ad
oligomers are within the range obtained in previous studies (9,12,26,31), and the bands
separated by immunoblotting in our study are consistent with those reported previously by
using antiadiponectin affinity chromatography (26). Moreover, there are distinct racial
differences in the relationships between Ad and its multimeric forms with multiple
anthropomorphic and metabolic traits. In EAs, HMW was consistently and strongly correlated
with multiple traits relevant to the metabolic syndrome including BMI, fat mass, waist
circumference, VAT, HDL, and Si. In contrast, in AAs, we observed correlations between
HMW with HDL and fasting insulin, whereas the HMW multimer was not related to measures
of general or regional adiposity. Rather, both LMW and trimers were more broadly associated
with metabolic and body composition traits in AAs, including significant correlations with
waist circumference, VAT, HDL, fasting insulin, and Si.

We extend previous reports on lower levels of total Ad in AAs. In our study, lower Ad levels
in AAs were explained by predominantly lower Ad forms, LMW and trimers. The reasons for
the differences in the distribution of circulating multimeric forms are not completely
understood. Once the main Ad isoforms appear in circulation they do not interconvert with
each other. Therefore, the production and secretion of Ad isoforms from adipocytes has a main
influence on the circulating levels of each complex (32,33). Because our study included only
overweight or obese, otherwise healthy premenopausal women, our findings cannot be
generalized to men, postmenopausal or lean women and thus further studies are necessary to
confirm these differences.

Despite having much higher prevalence rates of type 2 diabetes, it is a conundrum that fewer
AA men than EA men satisfy the criteria for metabolic syndrome, a major risk factor for type
2 diabetes, and that AA and EA women are equally likely to have the metabolic syndrome
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(34). Because Ad has been proposed as a key marker of the metabolic syndrome (1,2,35), we
analyzed the relationships between Ad multimeric forms and the various constituent
components of the syndrome. We found that total Ad was correlated with abdominal adiposity,
HDL, and Si in both AAs and EAs. However, racial differences were noted in these
relationships when we examined Ad multimers. In EAs, HMW was widely correlated with
components of the syndrome including measures of generalized and abdominal adiposity,
HDL, and Si, whereas in AAs, LMW rather than HMW Ad was the best correlate of metabolic
and body composition traits. The findings in EAs are in agreement with previous studies
showing a strong correlation of HMW with metabolic traits in different populations of
predominant European or Asian origin (4–7,12,36–38), as well as extends previous
observations of ethnic variation in adiponectin isoform distribution (39). Despite the fact that
the strength of the associations between total and HMW Ad, and metabolic traits were higher
in EAs compared to AAs, these differences did not achieve statistical significance. The current
study is the first to demonstrate that AAs are unique in that HMW is not superior in predicting
metabolic variables. Although lower molecular weight Ad forms have been shown to correlate
with different metabolic parameters (6,9,16), albeit to a lesser degree than HMW, it was the
LMW multimer that was most broadly correlated with multiple metabolic traits in AAs.
Overall, these findings are in agreement with functional studies indicating that full length Ad
and the different forms including HMW, LMW, and trimers exert receptor activation of
metabolic pathways, however, evidence has indicated that it is the HMW multimer that exerts
more potent biological effects in vitro (26,40). It is remarkable that our data indicate that, in
the context of the metabolic syndrome, HMW might not be of predominant relevance in AAs.

Because increased abdominal fat accumulation is one of the key pathophysiological features
of the metabolic syndrome, we analyzed the relationships between different abdominal fat
compartments and Ad multimers. VAT but not SCAT was correlated with Ad multimers in
both races, supporting previous studies that indicated a strong relationship between Ad and
VAT in nondiabetic women (41). Because VAT mass was most closely related to LMW in
AAs, it was possible that the lower levels of VAT in AAs could explain reduced circulating
concentrations of LMW. However, at every level of visceral fat, AAs reveal significantly lower
total Ad, and LMW than EAs (Figure 3). Similarly, when the relationship between Ad
multimers and Si was analyzed, the correlation coefficients between Si and either total Ad or
HMW, although not significantly different, tend to be lower in AAs. In addition, at every level
of total, HMW and LMW Ad, AAs exhibited lower Si compared to EAs, suggesting that AAs
may require higher Ad levels, particularly the more bioactive forms HMW and LMW, to attain
similar degrees of Si compared to EAs, as shown in Figure 4a–c. Taken together these findings
lead us to speculate that potential intrinsic biological differences in Ad regulation, set point or
Ad resistance operates in AAs. AAs were observed to have reduced LMW, trimer, and total
Ad concentrations for any given level of BMI or VAT mass, which would compound Ad
resistance with lower Ad concentrations resulting in reduced Ad biological effect. However,
because of the cross-sectional nature of this study, no evidence of causality can be inferred
regarding Ad and any component of the metabolic syndrome.

Results from this study confirm previous findings that total Ad is an independent determinant
of Si (i.e., Si) in children, adolescents, and adults (3,42). In our sample of biracial
premenopausal women ~50% of the variance in Si is explained collectively and independently
by a model including genetic admixture, HMW, and fasting insulin. Measures of African
admixture yield some insight into the influence of genetic vs. environmental factors on ethnic
differences in physiologic outcomes. In this study, African admixture independently predicted
Si, similar to previous reports on youth (20), supporting the role of genetic factors in explaining
relative insulin resistance in individuals of predominant African descent. Moreover, regression
modeling showed that HMW is a strong and independent predictor of Si, on the contrary LMW
and trimer Ad were no longer significant after adjusting for African admixture. This
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observation is consistent with the idea that genetic factors influence the distribution of Ad
multimers and the relationship between Ad multimers and metabolic traits. However, all
previous genetic studies of Ad in AAs have focused on total Ad rather than on the relative
distribution of adiponectin multimers, and thus further research is necessary to address this
issue.

In conclusion, our study provides evidence for differences in Ad multimer distribution in AAs
and EAs. In both races, serum Ad is associated with increased Si, reduced abdominal fat, and
a more cardioprotective lipid profile. These relationships are primarily driven by HMW
quantity in EAs but not AAs in whom the lower molecular weight forms, particularly LMW,
correlate more extensively with metabolic traits. HMW might be a less relevant factor in
explaining the metabolic syndrome trait cluster in populations of predominant African
background, and the data are indicative of relative Ad resistance in AAs.
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Figure 1.
Representative immunoblot illustrating the main adiponectin complexes high molecular weight
(HMW), low molecular weight (LMW) (hexamer), and trimer bands, identified from human
serum in five different patients.
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Figure 2.
Serum concentrations of total adiponectin, high molecular weight (HMW), low molecular
weight (LMW) (hexamer), and trimer (trimer plus trimer bound to albumin) as identified by
nondenaturing electrophoresis and immunobloting in European-American (EA) and African-
American (AA) women. N = 57 EA and 75 AA. *P < 0.05.

Lara-Castro et al. Page 12

Obesity (Silver Spring). Author manuscript; available in PMC 2009 August 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Relationship between visceral adipose tissue (VAT) and (a) total adiponectin, (b) LMW, and
(c) HMW in AA (filled circles), and EA (empty circles). The regression line is depicted
continuous in AA, and discontinuous in EA. AA, African American; CL, 95% confidence
limits; EA, European American; HMW, high molecular weight; LMW, low molecular weight;
ns, nonsignificant.
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Figure 4.
Relationship between insulin sensitivity (Si) and (a) total adiponectin, (b) LMW, and (c) HMW
in AA (filled circles), and EA (empty circles). The regression line is depicted continuous in
AA, and discontinuous in EA. AA, African American; CL, 95% confidence limits; EA,
European American; HMW, high molecular weight; LMW, low molecular weight.
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Table 1
Body composition and metabolic characteristics of study subjects by race

Variable European American African American

Age (years) 35 ± 6 (22–48) 33 ± 6 (22–44)*

BMI (kg/m2) 27 ± 2 (22–31) 27 ± 2 (19–31)

Fat mass (kg) 39 ± 9 (19–46) 37 ± 10 (13–53)

Waist (cm) 86 ± 6 (70–102) 84 ± 7 (68–97)

Total abdominal fat (cm2)a 412 ± 110 (188–641) 391 ± 100 (102–534)

Subcutaneous abdominal fat (cm2)a 317 ± 102 (132–553) 329 ± 91 (69–474)

Visceral abdominal fat (cm2)a 95 ± 29 (25–168) 62 ± 25 (23–154)**

Total cholesterol (mg/dl) 162 ± 26 (104–212) 151 ± 35 (78–232)

HDL (mg/dl) 34 ± 8 (13–54) 40 ± 9 (20–64)**

LDL (mg/dl) 104 ± 24 (52–152) 98 ± 33 (39–177)

Triglycerides (mg/dl) 121 ± 53 (29–295) 69 ± 27 (32–144)**

Fasting glucose (mg/dl) 89 ± 5 (75–102) 88 ± 7 (65–105)

Fasting insulin (μIU/ml) 11 ± 3 (2–20) 11 ± 4 (3–29)

Si (×10−4/min−1/μIU/ml)b 3.90 ± 2.3 (0.96–13.6) 2.67 ± 1.7 (0.54–11.9)**

Results are mean ± s.d. N = 57 EA and 75 AA, unless specified otherwise.

Lipid values (total cholesterol, HDL, LDL, and triglycerides) reflect fasting measurements.

AA, African American; EA, European American; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

a
N = 51 EA and 69 AA;

b
N = 51 EA and 54 AA. Race was self-identified. Significantly different from European Americans,

*
P < 0.05;

**
P < 0.01.
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Table 3
Multiple linear regression model for the dependent variable log Si (R2 for the model = 0.52)

Variable Parameter estimate ± SEE P

Intercept 1.20 ± 0.33 <0.0001

African admixture (%) −0.40 ± 0.13 0.003

LMWa −0.07 ± 0.10 0.45

Trimera 0.15 ± 0.09 0.12

HMWa 0.29 ± 0.09 0.003

Fasting insulin (μIU/ml) −0.03 ± 0.00 <0.001

VAT (cm2) 0.003 ± 0.00 0.85

Fat mass (kg) 0.00 ± 0.003 0.78

Age (years) 0.00 ± 0.006 0.56

Significant values in boldface.

VAT, visceral adipose tissue.

a
Si, insulin sensitivity index; SEE, s.e. of estimate; LMW, low molecular weight adiponectin form (hexamer); HMW, high molecular weight adiponectin.

Obesity (Silver Spring). Author manuscript; available in PMC 2009 August 5.


