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Adiponectin, a protein secreted by adipose tissue,
has anti-inflammatory, antithrombogenic, and
antidiabetogenic effects. Lower plasma
adiponectin levels are present in diabetes, obesity,
and the metabolic syndrome. Adiponectin levels
are higher in women compared with men. The
purpose of this study was to determine whether
there is a relationship between total adiponectin,
or the molecular weight fractions of adiponectin,
and testosterone levels in African American men
and premenopausal women. A sample (N=48) of
men and premenopausal women was selected
based on high and low serum-free testosterone
level. All patients had data on blood pressure,
metabolic risk factors, and sex hormone levels.
Stored plasma samples were assayed for total
adiponectin. Molecular weight fractions of
adiponectin were separated by gel electrophoresis
and quantified by Western blot. Data analysis
compared adiponectin (total and fractions) levels

with androgen status in both sexes. Among men
with high testosterone levels, all fractions of
adiponectin were significantly lower than those in
men with low testosterone (P<.05). In women
with high testosterone, total adiponectin (P=.02)
and all fractions of molecular weight adiponectin
(P<.05) were lower compared with those in
women with low testosterone. Plasma
adiponectin levels are lower in both men and
premenopausal women with relatively higher
testosterone levels. J Clin Hypertens (Greenwich).
2010;12:957–963. ª 2010 Wiley Periodicals, Inc.

Adipose tissue is known to secrete many active
hormones, including leptin, plasminogen acti-

vator inhibitor type 1, resistin, tumor necrosis
factor a, and interleukin 6, all of which are inflam-
matory cytokines. Adipocytes also secrete adipo-
nectin, which has anti-inflammatory effects.1–3

In humans, plasma adiponectin concentration neg-
atively correlates with body mass index (BMI) and
insulin resistance and is lower in patients with type
2 diabetes.4–7

Although adiponectin is secreted by fat cells, obese
patients have significantly lower levels of adiponectin
compared with nonobese individuals.8–10 It has also
been shown that women have higher plasma adipo-
nectin levels than men, despite having a relatively
greater percentage of body fat. Kern and colleagues11

reported that plasma adiponectin levels in women are
65% higher than in men, especially in relatively lean
individuals. Reports from other clinical studies
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describe similar results, with lower mean adiponectin
levels in men compared with women.9,12 Bottner and
colleagues13 examined adiponectin levels in children
and adolescents and reported that a decrease of
plasma adiponectin level occurs at puberty in boys,
and the decrease in adiponectin is related to an
increase in androgen levels. Therefore, androgens
appear to contribute to the sex differences in plasma
adiponectin concentration.

Adiponectin is composed of a collagen-like motif
at the N-terminus, a C1q-like globular domain at the
C-terminus, and a 20-residue signal sequence.14,15

The concentration of adiponectin in humans is
between 3 lg ⁄mL and 30 lg ⁄mL. Adiponectin
functions in forms of multimers in the body including
trimer (low molecular weight complexes [LMW]),
hexamers (medium molecular weight complexes
[MMW]), and multimers (high molecular weight
complexes [HMW]).16 A previous study reported
significantly higher total adiponectin and also higher
HMW adiponectin levels in women than in men.17

It has been suggested that the HMW fraction of
adiponectin is the biologic active form. Basu and
colleagues18 reported that the HMW adiponectin
level was lower in type 2 diabetic patients than in
nondiabetics and the HMW adiponectin level in
diabetic patients increased following a hypocaloric
diet. Among obese Japanese adolescents, HMW
adiponectin had a stronger negative correlation with
obesity than total adiponectin.19

These reports suggest that plasma total adipo-
nectin levels and molecular weight fractions of
adiponectin may be modified in men by testoster-
one level. The purpose of this study was to deter-
mine whether there is an inverse relationship of
plasma total adiponectin concentration or specific
molecular weight components of adiponectin with
androgen status, based on free testosterone level,
among both women and men in a sample of young
adult African Americans.

PATIENTS AND METHODS
Participants for this study were selected from a pre-
vious large clinical investigation designed to exam-
ine relationships of androgen status and metabolic
risk factors, including prediabetes, dyslipidemia,
and the metabolic syndrome in young adult African
Americans.20,21 This project was approved by the
institutional review board of Thomas Jefferson Uni-
versity, and written informed consent was obtained
for each participant enrolled in the project. Young
adult African Americans aged 28 to 33 years were
initially examined between 1994 and 1999. Exclu-
sion criteria at the time of initial enrollment

included known type 1 and 2 diabetes, polycystic
ovarian syndrome, and chronic kidney disease. The
study was conducted to investigate blood pressure
(BP) and cardiovascular risk factors and included
measures of metabolic risk factors, including insulin
resistance. Androgen status was ascertained by
plasma levels of sex hormone–binding globulin, free
testosterone, and estradiol. Participants were re-
enrolled between August 2001 and July 2007 for a
study to investigate longitudinal change in risk fac-
tor status. Individuals who developed type 2 diabe-
tes subsequent to the initial enrollment were not
excluded from re-enrollment. The initial and repeat
clinical reassessment included anthropometric data,
BP, lipid levels, oral glucose tolerance test, and
insulin sensitivity measured by an insulin clamp.
Plasma, free testosterone, and plasma estradiol were
measured again in the second study.

To create a sample of high androgen and low
androgen cases, the free testosterone levels, mea-
sured at the second study between 2001 to 2007,
for all 300 patients in the entire cohort were rank-
ordered from highest to lowest in men separately
and in women separately. For men and women sep-
arately, the cases were stratified by tertiles. We then
used available residual plasma samples (stored at
)80�C) on patients in the upper and lower tertiles
of the testosterone ranking for assay of total adipo-
nectin and adiponectin isoforms. The stored plasma
samples that were used to assay adiponectin and
adiponectin isoforms were the same plasma samples
in which free testosterone had been assayed. Sam-
ples from patients in the middle tertile were not
used. The cutoff for high testosterone in men was
�10 pg ⁄mL and in women was �1 pg ⁄mL.

Measurement of Serum Adiponectin and Sex
Hormones
Adiponectin was measured by a quantitative sand-
wich enzyme immunoassay using a commercially
available kit. The minimum detectable concentration
of adiponectin was 0.246 ng ⁄mL. Free testosterone
and estradiol were measured by radioimmunoassay
using commercial kits.

Measurement of Molecular Weight Fractions
of Adiponectin
To quantify different molecular weight fractions of
adiponectin, sodium dodecyl sulfate (SDS) polyacryl-
amide gel electrophoresis was performed according to
standard Laemmli method. Sample buffer for non-
reducing condition contained 3% SDS, 50 mmol ⁄L
Tris-HCl pH6.8, and 10% glycerol, but without
2-mercaptoethanol. Aliquot of 0.7 lL human serum
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was diluted in 9.6 lL H2O, mixed with 10 lL of 2�
sample buffer, was subjected to 3% to 8% Tris
Acetate gradient gel under nonreducing and nonheat-
ing denaturing conditions. Proteins were transferred
to nitrocellulose membranes. The membranes were
incubated in 1� blocking buffer containing 5% non-
fat milk, 10 mmol ⁄L Tris, 100 mmol ⁄L NaCl, and
0.1% polysorbate 20, then incubated with 1:1000
diluted mouse monoclonal adiponectin antibody in
blocking buffer at 4�C overnight. Visualization of
bound antibodies was performed by incubation
with horseradish peroxidase–conjugated secondary
antibodies and then enhanced chemiluminescence,
exposure to x-ray film, and quantification using the
Image Station 440CF (Kodak, Rochester, NY)
(Figure). Internal standards were applied on all gels.
For quantification, the gel result was scanned into the
Image Station 440CF. The light intensity of each band

was measured. Mean intensity was recorded and used
for all calculations. Based on the intensity of the band,
the proportions (%) of HMW, MMW, and LMW
adiponectin were calculated for each patient. Using
the serum adiponectin value for each patient, values
(in lg ⁄mL) for each of the 3 molecular weights of
adiponectin were inferred.

Statistical Analysis
Summary statistics were calculated for patient char-
acteristics by sex. Men and women were stratified
into high and low androgen groups based on their
free testosterone levels. Due to the selection of
cases, continuous variables had largely skewed dis-
tributions. Therefore, baseline characteristics of the
patients are reported as mean and standard devia-
tion, but the Wilcoxon test was used for signifi-
cance testing. The variables of free testosterone,
total adiponectin, and molecular weight subfrac-
tions of adiponectin were analyzed and recorded as
geometric means and 95% confidence intervals.
Differences in total adiponectin and differences
between the different molecular weight fractions of
adiponectin in each sex and testosterone group
were also compared by Wilcoxon test. A P value
�.05 was considered significant. All analyses were
performed using SAS version 9.2 (SAS Institute,
INC, Cary, NC).

RESULTS
The characteristics of the 4 study samples are
provided in Table I. Among men, available plasma
samples included 6 cases with low testosterone and
15 with high testosterone. Among women, available
samples included 18 cases with low testosterone and
9 with high testosterone. Mean age (40 years) was
similar in men with both high and low testosterone
and women with high and low testosterone. In men,
there were no significant differences between the
high and low testosterone groups in BMI, weight,
BP, or plasma lipids. In the high testosterone group,
5 of 15 men were obese (BMI �30 kg ⁄m2) com-
pared with 2 of 6 men in the low testosterone group.
The mean fasting glucose and 2-hour glucose (after
75-g oral glucose tolerance test) values were higher
in the men with low testosterone compared with
those with high testosterone, revealing that 3 men in
the low testosterone group in whom diabetes was
detected compared with only 1 man who was found
to have diabetes in the high testosterone group. All
diabetic patients included in this study were newly
diagnosed and were not taking any medication or
other treatment. Compared with women in the low
testosterone group, women in the high testosterone

Figure. Median and interquartile range of different
molecular weight fractions of adiponectin are presented
for the low and high testosterone groups for each sex.
In men, the median values of total and different
molecular weight fractions of adiponectin in the low
testosterone group were significantly higher than the
high testosterone group (P<.05). In women, the
median values of total and medium molecular
weight adiponectin were significantly higher in the
low testosterone group (P<.05). Mol Wt indicates
molecular weight.
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group had significantly higher BMI (P=.001), weight
(P=.001), and triglyceride level (P=.031). In the high
testosterone group, 8 of 9 women were obese com-
pared with 4 of 18 women in the low testosterone
group. There were no differences in BP, total
cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, fasting glucose,
or 2-hour glucose between women with low and
high testosterone levels. Two women in each testos-
terone group met criteria for diabetes.

The values for the total adiponectin and molecu-
lar weight fractions of adiponectin in each testoster-
one group are provided in Table II and the Figure.
There was no overlap in geometric mean and 95%
confidence intervals in free testosterone levels
between high testosterone and low testosterone
groups in both the men and women. In men, total
adiponectin was lower in the high testosterone
group compared with the low testosterone group,
although the difference did not reach statistical sig-
nificance in the limited sample size. The absolute
concentration of each molecular weight fraction of
adiponectin was significantly lower in high testos-
terone men compared with low testosterone men
(all P<.05). However, when the data were analyzed
as the percent of total adiponectin, the relative con-
tribution of each molecular weight fraction to total
adiponectin were similar in the high and low testos-
terone men.

Among women, total adiponectin was signi-
ficantly lower in the high testosterone group

compared with the low testosterone group (P<.02).
The geometric mean values for each of the molecu-
lar weight fractions of adiponectin were lower in
women with high testosterone compared with those
with low testosterone. The difference was statisti-
cally significant for the HMW fraction (P<.05)
and the MMW fraction of adiponectin (P<.05).
When the data were compared as a percentage of
each molecular weight fraction, women with high
testosterone had a higher percentage of LMW
adiponectin and lower percentage of MMW adipo-
nectin compared with women with low testoster-
one (P<.001), and no difference in percentage of
HMW adiponectin. Although the levels of free
testosterone were markedly lower in women than
in men, the data demonstrate a similar relationship
between testosterone and adiponectin in men and
women.

DISCUSSION
Data from this study detected an inverse relation-
ship between androgen status, determined by free
testosterone level, and plasma total adiponectin
concentration in African American women with a
similar trend in men. This relationship is present
despite marked differences in the range of testoster-
one levels between men and women. When the
molecular weight fractions of adiponectin were
examined, the absolute level of HMW, MMW, and
LMW were all significantly lower in men with
high testosterone levels. Among women, the HMW

Table I. Baseline Characteristics

Variable

Men Women

Low

Testosterone

(n=6)

High

Testosterone

(n=15) P Value

Low

Testosterone

(n=18)

High

Testosterone

(n=9) P Value

Age, y 42.7�2.9 40.7�2.7 .169 41.1�3.2 39.8�2.9 .394

BMI, kg ⁄ m2 28.5�5.3 27.5�4.6 .755 26.6�5.2 35.5�3.9 .001
Weight, kg 91.9�17.3 87.5�14.9 .533 70.8�15.6 98.2�12.6 .001
Systolic BP, mm Hg 126.0�7.5 124.0�19.8 .938 122.8�17.5 128.2�13.2 .256

Diastolic BP, mm Hg 75.7�8.0 75.9�16.0 .845 72.3�15.1 75.7�8.6 .141
HTN, % (No.) 16.7 (1) 13.3 (2) 1.000 16.7 (3) 44.4 (4) .175
HDL, pg ⁄ mL 42.2�10.9 46.5�13.6 .413 54.6�15.6 48.3�8.8 .471
LDL, pg ⁄ mL 105.3�30.4 117.3�29.2 .640 102.2�38.4 125.3�32.7 .111

Triglycerides, pg ⁄ mL 95.5�77.6 85.9�39.7 .640 70.6�48.2 96.6�40.3 .031
Total cholesterol, pg ⁄ mL 166.7�29.1 181.1�30.4 .243 176.4�36.9 192.8�35.7 .181
Fasting glucose, mg ⁄ dL 171.0�125.0 104.4�8.6 .086 114.4�82.7 105.4�13.0 .116

2-H glucose, mg ⁄ dLa 175.2�86.3 113.9�42.5 .127 120.2�34.4 144.0�38.7 .284
Diabetes, % (No.) 50 (3) 6.67 (1) .053 11.11 (2) 22.2 (2) .58

Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; HTN, hypertension;

LDL, low-density lipoprotein. Values are expressed as mean � standard deviation unless otherwise indicated. aOnly 24 women
and 19 men had 2-hour glucose values available.
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fraction and MMW fraction of adiponectin was
significantly lower in the women with high testos-
terone levels. While we did not identify a consistent
relationship of different molecular weight adiponec-
tin fractions with androgenicity, our results show a
consistent inverse relationship of total adiponectin
level and testosterone status in women. Although
the geometric mean for total adiponectin was lower
in the men with high testosterone, the difference
did not reach statistical significance in this small
sample of cases.

Our results are consistent with previous clinical
reports in men. In healthy boys, total adiponectin
levels decline with progression into puberty, in paral-
lel with increasing endogenous androgen produc-
tion.13 Compared with healthy men, plasma total
adiponectin concentration is higher in hypogonadal
men and decreases following testosterone administra-
tion.22,23 Total adiponectin levels decrease following
testosterone administration in female-to-male
transsexual patients.24 Experimentally, testosterone
treatment reduces plasma adiponectin concentration
in mice.25

There are limited reports on the relationships
between adiponectin and androgen levels in women.
Among women with polycystic ovarian syndrome,
no significant negative association of plasma adipo-
nectin level with total testosterone was detected.26

Yasui and colleagues27 described a significant
negative relationship between plasma adiponectin
concentration and testosterone in men, but found no
significant relationships in postmenopausal women.
Women included in our study were different from
women in Yasui’s study. The average age of women
in Yasui’s study was 67 years; however, women

included in our study were premenopausal, with an
average age of 40 years. The estrogen and testoster-
one levels may be significantly different between
these two groups. Also, in our study, the androgen
status was measured by free testosterone level, which
is the active form of testosterone, compared with
total testosterone in Yasui’s study.

Even less has been published on adiponectin and
androgen status in African Americans. Based on data
from studies in our laboratory, we previously
reported that among African American women,
hyperinsulinemia cosegregates with higher levels of
free testosterone,28 and premenopausal African
American women with relative androgen excess have
greater insulin resistance.29 Among African American
men, Haren and colleagues30 reported that the levels
of dehydroepiandrosterone, a testosterone precursor,
were inversely associated with adiponectin levels.
There is some evidence that total adiponectin levels
are lower in African Americans compared with Euro-
pean Americans.31,32 Lara-Castro and colleagues33

examined molecular weight fractions of adiponectin
in African American and European premenopausal
women. These investigators reported that the
lower serum adiponectin levels in African American
women were predominantly due to lower concentra-
tions of LMW adiponectin and that LMW, but not
HMW, adiponectin correlated with metabolic risk
factors.

Adiponectin circulates in the body in 3 isoforms:
LMW, MMW, and HMW adiponectin. The mech-
anism of conversion and regulation of different
fractions of adiponectin is unclear. An in vitro
study showed that testosterone selectively inhibited
the secretion of HMW adiponectin from adipose

Table II. Molecular Weight of Adiponectin by Testosterone Level in Men and Women

Variable

Men Women

Low

Testosterone

(n=6)

High

Testosterone

(n=15)

P Value

Low

Testosterone

(n=18)

High

Testosterone

(n=9)

P ValueGM 95% CI GM 95% CI GM 95% CI GM 95% CI

Free testosterone, pg ⁄ mL 5.0 (3.7–6.7) 16.5 (13.6–19.9) <.001 0.4 (0.4–0.5) 1.6 (1.2–2.1) <.001
Total adiponectin, lg ⁄ mL 9.0 (2.5–32.6) 4.4 (3.2–6.0) .220 11.0 (7.3–16.5) 4.8 (2.8–8.3) .015
LMW adiponectin, lg ⁄ mL 3.5 (2.0–6.0) 1.1 (0.8–1.5) .001 2.1 (1.4–3.2) 1.2 (0.7–2.1) .088

MMW adiponectin, lg ⁄ mL 4.5 (2.5–8.3) 1.4 (1.1–2.0) .003 3.2 (2.1–4.9) 1.4 (0.8–2.5) .047
HMW adiponectin, lg ⁄ mL 4.0 (2.1–7.6) 1.2 (0.8–1.6) .002 2.4 (1.5–3.8) 1.2 (0.7–2.1) .045
LMW adiponectin, % 29.0 (26.2–32.1) 30.4 (29.3–31.5) .326 27.4 (26.0–28.8) 32.2 (31.2–33.3) <.001
MMW adiponectin, % 37.7 (36.1–39.4) 38.5 (37.6–39.5) .309 41.6 (40.2–43.0) 37.1 (36.2–38.1) <.001

HMW adiponectin, % 33.1 (30.8–35.5) 30.9 (29.7–32.2) .075 30.6 (28.8–32.4) 30.6 (29.6–31.5) .970

Abbreviations: HMW, high molecular weight; LMW, low molecular weight; MMW, medium molecular weight. All values are
expressed as geometric means (GM) and 95% confidence intervals (CIs).

VOL. 12 NO. 12 DECEMBER 2010 THE JOURNAL OF CLINICAL HYPERTENSION 961



tissue.34 In patients with diabetes, thiazolidinedione
treatment can increase the HMW ⁄ (HMW+LMW)
ratio.35 Previous studies report that HMW adipo-
nectin may be the most biologic active form of
adiponectin. Some reports describe stronger associa-
tions of HWM adiponectin than total adiponectin
with insulin resistance, chronic inflammation, and
obesity.18,35–37 Data from our study identified a
higher level of HMW adiponectin in low testoster-
one men compared with high testosterone men.
However, among these men there were also parallel
differences in the MMW and LMW fractions of
adiponectin. Among low testosterone women, the
HMW and MMW adiponectin fraction were signif-
icantly higher compared with the high testosterone
women. While significant associations in absolute
concentrations of adiponectin molecular weight
fractions with testosterone status was detected in
this small sample, when the adiponectin fractions
were compared as percentage of total adiponectin,
differences were detected only in women.

LIMITATIONS
The present study has several limitations. First, a
major limitation is the very limited sample size.
The cases were selected on the basis of testosterone
level. Although testosterone and adiponectin were
assayed on the same plasma sample, the cases that
were included in this study were also limited by the
stored samples that were available for adiponectin
assay. Therefore, in addition to the small sample
size, there could be some selection or ascertainment
bias in the study groups. Second, an inverse rela-
tionship of adiponectin and BMI has been reported
in several studies.4,38,39 In our study, there was no
significant difference in BMI between men with
low and high testosterone levels. However, in
women, BMI was higher in the high testosterone
group compared with the low testosterone group.
Since BMI is inversely associated with adiponectin,
we cannot conclude that the differences in adipo-
nectin levels between high and low testosterone
women were due only to different testosterone lev-
els. Finally, the patients were all African Americans,
which limits generalizability. Therefore the results
should be considered with caution until replicated
in larger samples and in other ethnic groups.

CONCLUSIONS
Data from this study detected lower plasma adipo-
nectin levels among both men and women with
high free testosterone compared with those with
low testosterone. Parallel differences in all molecu-
lar weight fractions of adiponectin were identified

in men and for HMW and MMW fractions in
women.
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