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Abstract

Adiponectin has demonstrated insulin-sensitizing, antiatherogenic, and anti-inflammatory properties, and may be an important risk factor
for coronary heart disease and diabetes. Relatively few previous studies of plasma adiponectin have included sizable numbers of African
Americans. The objective of the study was to investigate plasma concentrations of adiponectin and correlates of these concentrations in
African Americans. This was a cross-sectional analysis that took place within the Hypertension Genetic Epidemiology Network. This study
included 211 normotensive offspring (aged 22-37 years) of hypertensive siblings recruited by the Hypertension Genetic Epidemiology
Network Birmingham, AL, field center. In addition to measuring plasma adiponectin, demographic and lifestyle data were collected, and
anthropometric, clinical, and laboratory measurements were obtained. Mean plasma adiponectin concentration was 5.5 ± 3.8 μg/mL.
Adiponectin was 55% higher in women than in men: 6.5 ± 4.4 vs 4.2 ± 2.5 μg/mL, respectively (P b .0001). In a multivariable analysis, high-
density lipoprotein cholesterol concentration was positively associated and male sex and insulin concentration were negatively associated
with plasma adiponectin concentration. Plasma adiponectin concentrations in these African Americans were lower than those reported in
other racial/ethnic groups, including Japanese, whites, and Pima Indians. The directions of the associations of plasma adiponectin with other
factors were in agreement with results in other racial/ethnic groups.
© 2007 Elsevier Inc. All rights reserved.
1. Introduction

Adiponectin is an adipocyte-derived peptide that exhibits
insulin-sensitizing, antiatherogenic, and anti-inflammatory
properties [1-3]. Adiponectin is present in relatively high
concentrations in human plasma, accounting for approxi-
mately 0.01% of total plasma protein [4]. Plasma concentra-
tions of adiponectin have been positively associated with age
and have generally been shown to be higher in women
compared to men [5]. It has been hypothesized that
adiponectin may be the link between markers of inflamma-
tion, endothelial dysfunction, and obesity and risk of type 2
diabetes mellitus [6].
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Plasma adiponectin has been inversely correlated with
body mass index (BMI) and visceral adiposity [5] and is
increased by weight loss [7,8]. Adiponectin has been
negatively associated with insulin concentration in previous
studies [7,9]. This inverse association may be mediated by
adiponectin's insulin-sensitizing effects in tissues involved
in glucose and lipid metabolism [10,11]. Hypoadiponecti-
nemia may result in insulin resistance, increasing the risk of
type 2 diabetes mellitus [12].

Hypoadiponectinemia may be a novel and important risk
factor for coronary heart disease (CHD) [13]. Lower
adiponectin concentrations have been associated with
hypertension [14]. Adiponectin concentrations have shown
inverse associations with plasma triglycerides [5,7,15] and
positive associations with high-density lipoprotein (HDL)
cholesterol [5,15]. Adiponectin has also shown inverse
relationships with plasma C-reactive protein and other
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markers of inflammation [6,16,17]. Because of the docu-
mented associations between adiponectin and multiple
components of the metabolic syndrome, it has been
speculated that adiponectin may play a key role in the
development and prevention of this syndrome [10]. High
plasma adiponectin concentrations are also associated with
lower risk of myocardial infarction in men, independent of
traditional risk factors [18].

Comparative studies of plasma adiponectin concentrations
in populations with different propensity for obesity, insulin
resistance, type 2 diabetes mellitus, and CHD are warranted
[4]. Previous studies of concentrations and correlates of
plasma adiponectin have been conducted primarily in
Japanese [7,15-17,19,20], Pima Indians [4,6,11], whites
[4,21], or in individuals of unreported race/ethnicity
[5,14,22]. Less is known about plasma concentrations and
correlates in African Americans, a population at particular
risk of obesity, hypertension, and diabetes, although 3 cohort
studies have reported adiponectin concentrations in African
American adults [23-25]. The pool of subjects in the
Hypertension Genetic Epidemiology Network (HyperGEN)
Birmingham, AL, field center consists almost exclusively of
African Americans. Unlike previous studies, this highly
characterized population provided us with an opportunity to
report on plasma concentrations of adiponectin and correlates
of these concentrations in African Americans predisposed
to hypertension.
2. Methods

2.1. The HyperGEN study

The Hypertension Genetic Epidemiology Network has as
its core objective to detect and characterize genes promoting
hypertension in humans. Details on methodology and
recruitment in HyperGEN have been published elsewhere
[26]. Briefly, this collaborative network is composed of the
National Heart, Lung, and Blood Institute (NHLBI) and 4
field centers from the population-based NHLBI Family Heart
Study—Framingham, Minneapolis, Salt Lake City, and
Forsyth County, NC—and a fifth field center in Birmingham,
AL, to ensure that African Americans represented more than
one half of the sample size. Three categories of subjects were
recruited during phase I of HyperGEN between 1996 and
1999: a sample of severe and mild hypertensive sibships (n =
2407); a random sample of age-matched persons from the
same base populations, from which normotensive controls
could be drawn (n = 918); and unmedicated, normotensive
adult offspring of one of the hypertensive siblings (n = 515).

2.2. Subjects

Of the 515 normotensive offspring enrolled in the study,
257 were African American. This included 211 African
American subjects enrolled at the Birmingham field center,
which was the subsample included in this analysis. In
addition to the routine measurements performed in all
HyperGEN subjects, plasma adiponectin concentration was
measured in subjects in this subsample. The study was
conducted in accordance with the guidelines in the Declara-
tion of Helsinki. The study was approved by the Institutional
Review Board for Human Use at the University of Alabama
at Birmingham, and all subjects gave informed consent.

2.3. Clinical examination

Subjects attended a clinical examination at the field
center for questionnaire administration, clinical measure-
ments, and collection of blood and urine samples for
laboratory measurements.

2.4. Personal history

Personal history data, including basic demographic
information (eg, sex, age, race), smoking history, and
alcohol use, were collected through an interviewer-adminis-
tered questionnaire. Current smoking and alcohol use were
0/1 (no/yes) variables that recorded whether a subject
currently smoked cigarettes or drank alcohol.

2.5. Clinical measurements

Height was measured on a wall-mounted stadiometer, and
weight was measured on a balance-beam scale. Waist
circumference was measured with a constant-tension tape
measure at the level of the umbilicus. Blood pressure was
measured using an automated device (Dinamap model 1846
SX/P; Critikon, Tampa, FL). All measurements were
performed by trained and certified personnel according to
written protocols.

2.6. Laboratory assays

A 12-hour fasting blood sample and 12-hour overnight
timed urine sample were collected from all subjects. Total
adiponectin concentration in EDTA plasma was measured
with a solid-phase ELISA method (Human Adiponectin/
Acrp30 Quantikine ELISA kit, no. DRP300; R&D Systems,
Minneapolis, MN). The reliability coefficient for adiponectin
measurements based on blind duplicate samples was 0.87.
Serum glucose was measured by a thin-film adaptation of a
glucose oxidase enzymatic, spectrophotometric procedure
using the Vitros 700 Chemistry Analyzer (Johnson &
Johnson Clinical Diagnostics, Rochester, NY). Serum insulin
was measured using a chemiluminescent, immunoenzymatic
method on an Access analyzer (Beckman Coulter, Brea, CA).
Insulin resistance (IR) was estimated with homeostasis model
assessment (HOMA) as [fasting serum glucose (mmol/L) ×
fasting serum insulin (μU/mL)]/22.5 [27]. Creatinine in
serum and urine was measured by a thin-film adaptation of
the amidohydrolase enzymatic, spectrophotometric method
using the Vitros analyzer. Albumin in urine was measured by
a thin-film adaptation of a bromcresol green colorimetric
procedure using the Vitros analyzer. Serum uric acid was
measured by a thin-film adaptation of a uricase enzymatic,
spectrophotometric method using the Vitros analyzer. Plasma
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total cholesterol was measured using a commercial choles-
terol oxidase method on a Roche COBAS FARA centrifugal
analyzer (Boehringer Mannheim Diagnostics, Indianapolis,
IN). Plasma HDL cholesterol was measured after precipita-
tion of non–HDL cholesterol with magnesium/dextran [28].
Plasma triglycerides were measured using Triglyceride GB
reagent on the Roche COBAS FARA centrifugal analyzer.
For samples with triglyceride concentrations of less than 400
mg/dL, plasma low-density lipoprotein (LDL) cholesterol
was calculated using the Friedewald equation [29]. For
samples with triglyceride concentrations of 400 mg/dL or
higher, LDL cholesterol quantitation was performed by
ultracentrifugation [30] using a Beckman TLA 100 table-top
ultracentrifuge with a Beckman TLA 100.3 fixed-angle
rotor (Beckman).

2.7. Statistical analysis

Statistical analyses included calculation of descriptive
statistics (mean, SD, median, and interquartile range).
Preliminary analyses indicated that the residuals of the
response variable adiponectin were nonnormally distributed.
To address this issue, adiponectin was transformed to a
logarithmic scale. Subjects were excluded from the analysis if
they were taking antidiabetic medication, on insulin treat-
ment, or had not fasted for at least 10 hours before the blood
draw. This resulted in 10 subjects being excluded, resulting in
a final sample size of 201. One female subject was missing
data on systolic blood pressure and 2 male subjects were
missing data on urine albumin-creatinine ratio. The sample
included offspring from 98 families (1-11 offspring each).

Because of the sibling recruitment in the HyperGEN
study, we constructed mixed linear models in Proc Mixed to
account for the nonindependence of the observations. First,
mixed linear univariate models were constructed regressing
log base 10 adiponectin upon potential covariates while
accounting for the familial correlation, where family was
Table 1
Clinical and biological characteristics of subjects

Men (n = 87)

Age (y) 32.1 ± 8.0 31
BMI (kg/m2) 28.9 ± 6.5 27
Waist circumference (cm) 95 ± 18 9
Systolic blood pressure (mm Hg) 120 ± 12 12
Diastolic blood pressure (mm Hg) 72 ± 10 7
Adiponectin (μg/mL) 4.2 ± 2.5 3
Total cholesterol (mg/dL) 181.9 ± 39.8 182
LDL cholesterol (mg/dL) 112.0 ± 39.0 112
HDL cholesterol (mg/dL) 52.9 ± 15.1 47
Triglycerides (mg/dL) 87.6 ± 45.1 79
Glucose (mg/dL) 91.0 ± 9.0 91
Insulin (μU/mL) 8.4 ± 6.4 6
HOMA-IR 1.9 ± 1.5 1
Uric acid (mg/dL) 6.3 ± 1.3 6
Serum creatinine (mg/dL) 1.1 ± 0.2 1
Urine albumin-creatinine ratio (μg/mg) 7.2 ± 15.2 2

Values are expressed as mean ± SD and median (interquartile range).
modeled as a random effect. Because no measures of
correlation have been developed for mixed linear models,
measures of strength of the univariate associations were not
possible to report. However, based on the parameter
estimates, the direction and significance of the associations
could be stated. Mixed linear models with multiple
covariates were then constructed, initially including all
predictors achieving a significance level of .15 or less in the
univariate analyses. A threshold of 0.15 was chosen to limit
the predictors to be examined to a reasonable number, while
allowing the examination of the interdependence of pre-
dictors. The parsimonious mixed linear model constructed
was isolated using backward elimination selection metho-
dology, iteratively removing all nonsignificant terms (P N
.05) until all remaining terms were significant in the presence
of each other. All analyses were performed using SAS
statistical software, version 9.0 (SAS Institute, Cary, NC).

3. Results

3.1. Clinical and biological characteristics

On average, women were younger and had higher BMIs
than men (Table 1). Women also had lower blood pressure
and slightly better lipid profiles than men. Women had
higher insulin concentrations and HOMA-IR, and slightly
lower glucose concentrations, than their male counterparts.
Women had lower concentrations of uric acid and serum
creatinine than men, and higher urine albumin-creatinine
ratio. Whereas more than a third of men smoked cigarettes
(35.6%) and more than half drank alcohol (54.0%), few
women either smoked (9.7%) or drank alcohol (14.0%) (data
not shown).

Mean (±SD) plasma adiponectin concentration was 5.5 ±
3.8 μg/mL, and the median (interquartile range) concentra-
tion was 4.5 (3.0-6.8) μg/mL. Mean adiponectin concentra-
tion was 55% higher in women than in men: 6.5 ± 4.4 vs
Women (n = 114)

.5 (26-37) 29.1 ± 8.0 28.0 (22-34)

.5 (25.1-33.4) 30.5 ± 7.9 29.3 (24.6-35.1)
2 (83-104) 93 ± 16 93 (81-102)
0 (112-129) 111 ± 13 110 (102-117)
1 (65-77) 67 ± 10 65 (60-72)
.7 (2.3-5.7) 6.5 ± 4.4 5.3 (3.6-7.5)
.6 (158.7-204.6) 171.8 ± 34.0 171.8 (148.6-193.8)
.7 (83.0-136.7) 103.9 ± 30.9 101.9 (80.7-124.7)
.9 (42.1-59.1) 54.8 ± 12.0 53.3 (45.9-61.0)
.6 (59.3-107.1) 70.8 ± 31.9 66.4 (49.6-84.1)
.0 (85.0-96.9) 87.0 ± 7.9 85.9 (81.1-91.0)
.6 (4.1-10.5) 10.9 ± 7.2 9.4 (6.0-13.5)
.5 (0.9-2.5) 2.4 ± 1.8 2.1 (1.2-2.8)
.3 (5.4-6.9) 4.5 ± 1.1 4.4 (3.6-5.2)
.1 (1.0-1.2) 0.8 ± 0.1 0.8 (0.8-0.9)
.6 (2.0-4.7) 13.2 ± 30.0 4.0 (2.6-9.4)



Fig. 1. The frequency distribution of plasma adiponectin concentrations in
male subjects.

able 2
nivariate results frommixed linear models using log base 10 adiponectin as
e outcome

Parameter estimate SE P

ge (y) −0.0040 0.0025 .1137
MI (kg/m2) −0.0062 0.0026 .0190
urrently smoke (yes) −0.1014 0.0451 .0266
urrently drink alcohol (yes) −0.0296 0.0403 .4649
aist circumference (cm) −0.0049 0.0011 b.0001
ystolic blood pressure (mm Hg) −0.0032 0.0014 .0258
iastolic blood pressure (mm Hg) −0.0016 0.0019 .4139
otal cholesterol (mg/dL) 0.0001 0.0005 .8224
DL cholesterol (mg/dL) −0.0006 0.0006 .2685
DL cholesterol (mg/dL) 0.0085 0.0013 b.0001
riglycerides (mg/dL) −0.0021 0.0005 b.0001
lucose (mg/dL) −0.0099 0.0021 b.0001
sulin (μU/mL) −0.0121 0.0027 b.0001
OMA-IR −0.0509 0.0109 b.0001
ric acid (mg/dL) −0.0610 0.0121 b.0001
erum creatinine (mg/d/L) −0.4074 0.0983 b.0001
rine albumin-creatinine ratio (μg/mL) 0.0006 0.0008 .4366
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4.2 ± 2.5 μg/mL, respectively (P b .0001). Plasma adi-
ponectin concentrations were positively skewed, especially
in female participants (Figs. 1 and 2). Accordingly, the
median concentration was 5.3 (3.6-7.5) μg/mL in women
and 3.7 (2.3-5.7) μg/mL in men.

3.2. Univariate analysis

In univariate analyses (Table 2), adiponectin was
negatively and significantly associated with BMI, current
smoking, waist circumference, systolic blood pressure,
triglycerides, glucose, insulin, HOMA-IR, uric acid, and
serum creatinine. Adiponectin was positively and signifi-
cantly associated with serum HDL cholesterol concentration.
Adiponectin was not significantly associated with age,
current alcohol consumption, diastolic blood pressure, total
or LDL cholesterol, or urine albumin-creatinine ratio.

3.3. Multivariable analysis

In a multivariable analysis (Table 3), HDL cholesterol
concentration was positively associated with plasma adipo-
nectin concentration and statistically significant in the
presence of the other variables. Insulin concentration was
Fig. 2. The frequency distribution of plasma adiponectin concentrations in
female subjects.
T
U
th

A
B
C
C
W
S
D
T
L
H
T
G
In
H
U
S
U

negatively associated with plasma adiponectin concentration
and statistically significant in the presence of the other
variables. Males exhibited statistically significant lower
plasma adiponectin concentrations when compared to
females after adjusting for the effects of the other variables.
High-density lipoprotein cholesterol, insulin sensitivity, and
sex reduced the observed residual variance of log-
transformed adiponectin concentration by 31% while con-
trolling for family structure.
4. Discussion

In this study, we determined plasma concentrations of
adiponectin and the correlates of these concentrations
exclusively in African Americans, a group at high risk of
obesity, hypertension, and diabetes, which has been included
in relatively few previous studies of adiponectin. In
particular, this group of African Americans was at particular
risk of hypertension because of their relatedness to
HyperGEN participants with documented hypertension.
The present study revealed several important findings.
First, the median adiponectin concentrations for men and
women in this study (3.7 and 5.3 μg/mL, respectively;
4.5 μg/mL combined) were less than median concentrations
Table 3
Final mixed linear model of the relationship between adiponectin and other
variables after backward removal of nonsignificant variables

Parameter estimate SE P

Intercept 0.5207 0.0807 b.0001
Sex (male) −0.1898 0.0031 b.0001
HDL cholesterol (mg/dL) 0.0064 0.0012 b.0001
Insulin (μU/mL) −0.0119 0.0024 b.0001
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reported in African American men and women in the
Coronary Artery Risk Development in Young Adults study
(6.0 and 9.0 μg/mL, respectively) [24] and the Health,
Aging, and Body Composition study (8.0 μg/mL for men
and women combined) [25]. The overall mean concentration
of plasma adiponectin in this study (5.5 μg/mL) was less
than the adjusted mean adiponectin concentration in African
Americans of 7.95 μg/mL reported in the Atherosclerosis
Risk in Communities study [23]. The mean concentrations of
plasma adiponectin in men and women in this study (4.2 and
6.5 μg/mL, respectively) were somewhat lower than mean
concentrations in Japanese individuals in previous studies,
which ranged from 7.4 to 7.9 μg/mL and from 9.3 to
11.7 μg/mL in men and women, respectively [7,31]. Mean
adiponectin concentrations in these African American
individuals were also lower than those reported in previous
studies of whites, which ranged from 6.9 to 10.2 μg/mL in
men and women combined [4,12], 8.7 to 17.9 μg/mL in men
[18,32], and 11.2 μg/mL in women [32]. The median
adiponectin concentration for all subjects in this study
(4.5 μg/mL) was slightly lower than median adiponectin
concentrations in 2 previous studies of Pima Indians (5.3 μg/
mL) [6,9]. It should be noted that the lower adiponectin
concentrations seen in the present study compared to others
could be due to the lower mean BMIs seen in many of the
studies compared to ours [7,12,18,23]. However, 2 of these
studies had mean BMIs similar to those in the present study
[4,32], and 2 others had substantially higher mean BMIs
[6,9]. It is also possible that racial/ethnic differences in body
fat distribution could partially explain differences in
adiponectin levels. Motoshima and colleagues [33] have
previously reported that the secretion of adiponectin from
visceral fat, but not subcutaneous fat, was negatively
correlated with the BMI of the subjects. Finally, it is also
possible that differences in analytical methods could account
for some of the differences in adiponectin concentrations
noted among studies.

Second, the study extended previous findings in other
racial/ethnic groups to African Americans, demonstrating
higher adiponectin concentrations in women compared to
men. This finding has been previously demonstrated in
Japanese subjects [7,20], whites [21,32], and in those of
unknown race/ethnicity [5,12], although there was no
difference in adiponectin concentration in male and female
Pima Indians in one study [4].

Third, this study confirmed in African Americans the
association between plasma adiponectin and many of the
various physical and metabolic parameters that were
previously shown in other racial/ethnic groups. Specifically,
the positive association between adiponectin and HDL
cholesterol seen in African Americans in this study has
been widely observed in Japanese subjects [7,15], whites
[18,21], and in subjects of unknown race/ethnicity [5,14,34].
The mechanism underlying the close association between
plasma adiponectin and HDL cholesterol is presently
unknown but may be mediated through adiponectin's effects
on insulin sensitivity and resulting insulin concentration [4].
In fact, we demonstrated an independent inverse association
between adiponectin and serum insulin concentration in
these African American subjects, an association also
reported in Japanese subjects [7,17], whites [21], Pima
Indians [4,6,9], and in subjects of unknown race/ethnicity
[14]. Consistent with our results, plasma adiponectin was
inversely correlated with BMI in a multitude of studies in all
of the racial/ethnic groups discussed previously
[4-9,17,18,22,34]. Finally, the inverse association between
adiponectin and waist circumference in this study was also in
agreement with previous studies in other racial/ethnic
groups, including Pima Indians [4,6] and in subjects of
unknown race/ethnicity [5,34].

Strengths of this study were the focus on an understudied
racial/ethnic group (African Americans), rigorous data
collection protocols of the parent study (HyperGEN), and
the statistical methods used in adjusting for the familial
correlation. Limitations included the cross-sectional nature
of the study, the relatively young and healthy sample
population, and the lack of sophisticated measures of insulin
sensitivity. We also did not have measures of adiponectin
multimers, which may have more clinical relevance than
total adiponectin concentrations alone [35]. It also may not
be possible to generalize the results of this study (conducted
in normotensive offspring of African American participants
in the HyperGEN study in the Birmingham, AL, metropo-
litan area) to other African American populations.

In conclusion, we found that plasma concentrations of
adiponectin in these African American participants in the
HyperGEN study were somewhat lower than those reported
in previous studies of African Americans, as well as in other
racial/ethnic groups, including Japanese, whites, and Pima
Indians. In agreement with studies in other racial/ethnic
groups, plasma adiponectin was higher in women than in
men, positively associated with HDL cholesterol, and
negatively associated with serum insulin.
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