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Serum Adiponectin Is Associated With High-Density Lipoprotein Cholesterol,
Triglycerides, and Low-Density Lipoprotein Particle Size

in Young Healthy Men

Tsutomu Kazumi, Akira Kawaguchi, Tsutomu Hirano, and Gen Yoshino

he chromosomal localization of adiponectin has been found to be mapped to human chromosome 1q21.4-1q23, a region that

as identified as a susceptibility locus for familial combined hyperlipidemia and polygenic type 2 diabetes. As these 2

isorders are associated with low high-density lipoprotein (HDL)-cholesterol, high triglycerides, and insulin resistance (IR), we

xamined the relation of serum adiponectin concentrations to serum lipid and lipoprotein profiles as well as IR in young

ealthy men. Serum adiponectin levels were positively associated with HDL-cholesterol, apolipoprotein (apo) A1, and

ow-density lipoprotein (LDL) particle size, and negatively associated with triglycerides and apo B. Negative associations were

lso found between adiponectin and body mass index (BMI), percent body fat, and IR,as determined by homeostasis model

ssessment (HOMA). However, after adjustment for BMI, no significant associations were found between adiponectin and

DL particle size and apo B. In a multiple regression analysis including all variables that showed significant univariate

ssociations with adiponectin, associations of adiponectin with HDL-cholesterol (� � 0.079, P � .0009), percent body fat (� �
0.165, P � .002), and serum leptin (� � �0.291, P � .01) were statistically significant. HDL-cholesterol (� � 0.077, P � .001),

ercent body fat (� � �0.078, P � .03), and LDL size (� � 0.092, P � .03) emerged as significant and independent determinants

f adiponectin after HOMA IR, fasting glucose, triglycerides, and systolic blood pressure (BP) were taken into account.

ogether, these variables explained 19% of adiponectin variability in the 2 models. HOMA IR did not emerge as a determinant

f adiponectin in both models. These findings suggest that in young healthy men hypoadiponectinemia is more closely

elated to adiposity and dyslipidemia than IR.
2004 Elsevier Inc. All rights reserved.

b
a
v
f
a
s
(
e

m
B
r
m
m

i
w
r

s
d

H
H
M
S
L

o
S
n

NSULIN RESISTANCE (IR) is one of the important risk
factors associated with atherosclerosis and diabetes. Recent

tudies have provided evidence that adipose tissue may play a
rucial role in the development of IR, type 2 diabetes, and their
omplications through the secretion of a variety of biologically
ctive molecules.1 Leptin is an adipose-specific hormone con-
ributing to the regulation of energy expenditure and food
ntake.2 Leptin also affects insulin sensitivity and may partic-
pate in the development of hypertension.3-7 Tumor necrosis
actor-� (TNF�) overproduced in adipose tissue in obesity has
een reported to contribute to the development of insulin re-
istance.8 Plasminogen activator inhibitor-1, which is increased
n obesity and diabetes, may also contribute to thrombosis and
he development of vascular disease.9,10

More recently, a novel adipose-specific protein, adiponectin,
as been discovered.11-14 Adiponectin, the gene product of the
dipose most abundant gene transcript-1 (apM1) gene, which is
xclusively and abundantly expressed in white adipose tissue,
s a 244–amino acid protein with high structural homology to
ollagens VIII and X, and to complement C1q 11-14 as well as
NF�.15 Although the physiological role of adiponectin is yet

o be fully determined, the chromosomal localization of adi-
onectin has been found to be mapped to human chromosome
q21.4-1q23, a region that was identified as a susceptibility
ocus for familial combined hyperlipidemia and polygenic
ype2 diabetes.16,17 As these 2 disorders are associated with low
igh-density lipoprotein (HDL)-cholesterol, high triglycerides,
nd IR, we examined the relation of serum adiponectin con-
entrations to serum lipid and lipoprotein profiles as well as IR
n young healthy men.

MATERIALS AND METHODS

One hundred ninety-eight men entered Kobe University of Mercan-
ile Marine, Kobe, Japan, in 1997.18,19 They all were Japanese and were
ged 18 to 22 years. Serum samples from 179 men were available for

diponectin measurements and there were no significant differences

etabolism, Vol 53, No 5 (May), 2004: pp 589-593
etween the 179 men and the remaining 11 men whose sera were not
vailable for adiponectin determinations in physical and biochemical
ariables described in Table 1 (data not shown). Students were asked to
ast overnight and to refrain smoking and alcohol overnight before
ttending the Center. Body weights and percent body fat were mea-
ured after they voided. This was done using an impedance fat meter
TBF-202, Tanita Corp, Tokyo, Japan), which employs 2-foot pad
lectrodes with a corresponding digital scale, as previously reported.20

Blood pressure (BP) was measured with a standard mercury sphyg-
omanometer after the students had rested at least 10 minutes. Systolic
P was recorded at the appearance of sounds and diastolic BP was

ecorded at the disappearance of sounds (V-phase Korotkov). The
easurements were repeated after 2 to 3 minutes and the average of the
easurements was used in analysis.
Alcohol consumption and smoking habits were determined by an

nterview at the time of each participant’s physical examination. Data
ith respect to diet and exercise were not available. No subjects

eceived any medications.
Twelve-lead electrocardiograms were recorded at a 25 mm/s paper

peed and at 10 mm/mV gain by means of an automated electrocar-
iogram (FCP-4266, Fukuda Denshi, Tokyo, Japan). Sinus rhythm was
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590 KAZUMI ET AL
resent in all participants and repolarization disturbances were not
etectable in any of the electrocardiograms.
Venous blood was sampled after an overnight fast and centrifuged at

,000 rpm for 30 minutes at 4°C. Plasma glucose was measured by the
lucose oxidase method. Insulin and leptin were assayed using com-
ercially available kits (Pharmacia, Tokyo, Japan and Linco Research,
t Charles, MO, respectively). Cholesterol, triglyceride, HDL-choles-

erol, and apolipoproteins were measured as previously reported.20

ow-density lipoprotein (LDL)-cholesterol was calculated using the
ormula of Friedwald et al.21 The diameter of the major LDL fraction
as determined by gradient gel electrophoresis on 2% to 16% poly-

crylamide gels (Biocraft, Tokyo, Japan) according to the method of
icols et al.22

IR and secretion (� cell) determined by homeostasis model assess-
ent (HOMA)23 were calculated using fasting plasma glucose and

nsulin levels in each participant. HOMA IR has been validated by
omparison with results of glucose clamp studies,23,24 intravenous
lucose tolerance tests,23,25 and continuous infusion of glucose with
inimal model assessment.25 The HOMA �-cell method has been

alidated by comparison with the intravenous glucose model assess-
ent.26 Application of HOMA has also been used in epidemiological

tudies.23,27,28

Serum levels of adiponectin and C-reactive protein (CRP) were
easured in sera stored at �70°C. Adiponectin was assayed by a

andwich enzyme-linked immunosorbent assay employing an adi-
onectin-specific antibody,29 with a range of 1.0 to 20.0 �g/mL. Intra-
ssay and interassay coefficients of variation were 3.3% and 7.5%,
espectively. CRP was measured using a highly sensitive immuno-
ephelometric assay,30 with a range of 0.02 to 10 �g/mL. Coefficients
f variation for repeated measurements of CRP were less than 5% over
ll ranges.

Statistical analysis was performed with the SAS statistical software
ystem (SAS Institute, Cary, NC). Significance of in mean values was
ssessed by 2-away analysis of variance (ANOVA) and then analysis of
ovariance (ANCOVA). Spearman’s correlation coefficients were cal-
ulated to determine the relationship between serum adiponectin con-
entrations and BP, and anthropometric and metabolic variables. Partial
pearman’s correlation coefficients adjusting for body mass index

Table 1. Descriptive Data of 179 Young Healthy Men, and S

Adiponectin and Ot

Mean SD

BMI (kg/m2) 21.8 3.7
Percent body fat (%) 18.6 6
Serum leptin (ng/mL) 2.3 2.9
Systolic BP (mm Hg) 121 13
Diastolic BP (mm Hg) 72 8
Total cholesterol (mg/dL) 177 29
LDL cholesterol (mg/dL) 107 27
HDL cholesterol (mg/dL) 57 10
Triglyceride (mg/dL) 63 33
apo A1 (mg/dL) 132 18
apo B (mg/dL) 73 20
LDL diameter (Å) 270 5
Fasting glucose (mg/dL) 89 7
Fasting insulin (�U/mL) 8.4 3.6
HOMA IR 1.87 0.8
HOMA � cell 6.66 3.0
CRP (�g/mL) 0.51 1.4
Adiponectin (�g/mL) 6.9 2.8

*P � .05; †P � .01, ‡P � .001 or less.
Abbreviation: NS, not significant.
BMI) were used to ascertain the direct relationship between serum A
diponectin and other variables. Finally, multiple regression analysis
ith backward elimination procedure was carried out to discriminate
ariables affecting adiponectin. Because the distribution became nor-
ally distributed after log transformation, logarithmically transformed

alues of CRP (log CRP) were used. P values less than .05 were
onsidered significant.

RESULTS

Characteristics of the young men are shown in Table 1. No
ndividual had abnormalities in electrocardiograms or fasting
lucose �7.0 mmol/L, and none received any medical treat-
ent. Only one student had hypertriglyceridemia (fasting tri-

lyceridemia �200 mg/dL) or low HDL-cholesterol (�35 mg/
L). In addition, they had a low prevalence of obesity (5%),
ypertension (5%), and high LDL-cholesterol (6%), as previ-
usly reported.7,20 Finally, the proportion of current smokers
as low (5%). As a consequence, the subjects had low circu-

ating CRP concentrations with a median value of 0.16 �g/mL,
hich is close to the median of 0.15 �g/mL in children aged 10

o 11 years.31 Adiponectin averaged 6.9 � 2.8 �g/mL with a
edian of 6.4 �g/mL.
Compared with young men in a high adiponectin tertile,

oung men in the low adiponectin tertile were characterized by
igher BMI, percentage body fat, and serum leptin, although
here was no difference in systolic and diastolic BP between the

groups (data not shown). In addition, young men in the low
diponectin tertile had higher triglycerides and apolipoprotein
apo) B concentrations, and reduced levels of HDL-cholesterol
nd apo A1, whereas there was no difference in total and
DL-cholesterol, or LDL size. Higher fasting insulin, compa-

able fasting glucose, and therefore, higher HOMA IR further
istinguished men in the low from the high adiponectin tertile.
esults from men in the median adiponectin tertile were inter-
ediate between the 2 groups. After adjustment for BMI using

and Partial Spearman’s Correlation Coefficients Between

ariables Measured

Median Simple r Partial r

21.1 �0.26‡ Adjusted
17.4 �0.32‡ 0.20*
1.4 �0.17* NS

122 �0.19* NS
71 �0.11 NS

170 �0.06 NS
102 �0.13 NS
56 0.34‡ 0.31‡
57 �0.26‡ �0.19*

131 0.23† 0.24†
69 �0.23† NS

269 0.16* NS
89 �0.14* NS
8 �0.30‡ �0.25†
1.75 �0.30‡ �0.25†
6.08 �0.13 NS
0.16 �0.07 NS
6.4
imple

her V

4
9
5

NCOVA, the difference was still significant in HDL-choles-
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591LOW HDL-CHOLESTEROL IN HYPOADIPONECTINEMIA
erol (P � .01). Least square means (�SE) of HDL-cholesterol
ere 55.3 � 1.7, 56.7 � 1.2, and 60.2 � 1.2 mg/dL in the low,
edian, and high adiponectin tertiles, respectively. Changes in

erum triglycerides and apo A1 did not reach statistical signif-
cance (P � .06 and P � .07, respectively).

In simple correlation analysis (Table 1), adiponectin was
ositively associated with HDL-cholesterol, apo A1, and LDL
article size (Fig 1). In contrast, adiponectin showed negative
ssociations with triglycerides and apo B, although there was
o association with total and LDL-cholesterol. Significant and
egative associations were found between adiponectin and
MI, percent body fat, fasting insulin, and HOMA IR (Fig 1).
here were also weak but significant associations with serum

eptin, systolic BP, and fasting plasma glucose, whereas no
elation was observed with HOMA � cell and CRP. After
djustment for BMI (Table 1), associations remained signifi-
ant between adiponectin and percent body fat, triglycerides,
DL-cholesterol, apo A1, fasting insulin, and HOMA IR.
owever, LDL particle size and apo B were not associated with

diponectin.
The association of adiponectin with HDL-cholesterol, per-

ent body fat, and serum leptin was statistically significant in a
ultiple regression analysis (Table 2, model A) that included

Fig 1. Relationship between serum lipoproteins and adiponectin

oncentrations in 179 young healthy male college students aged 18

o 20. Adiponectin is positively correlated with HDL-cholesterol and

po A1, and negatively correlated with triglyceride, apoB, HOMA IR,

nd percent body fat. After adjustment for BMI, no significant asso-

iation exists between adiponectin and LDL particle size and apo B.
ll variables that showed significant univariate associations e
ith adiponectin in Table 1. HDL-cholesterol, percent body fat,
nd LDL size emerged as significant and independent determi-
ants of adiponectin after HOMA IR, fasting glucose, triglyc-
rides, and systolic BP were taken into account in a stepwise
ultiple regression analysis (model B). Altogether these vari-

bles explained 19% of the adiponectin variability in the 2
odels. HOMA IR did not emerge as a determinant of adi-

onectin in either model.

DISCUSSION

The present study demonstrates that in healthy young men,
ower serum adiponectin concentrations are related to lower
DL-cholesterol, smaller LDL particle size, higher triglycer-

des, and higher serum leptin concentrations independently of
MI or percent body fat. HOMA IR, however, did not emerge
s a significant predictor of adiponectin in both models of
ultiple regression analysis. It is worthy noting that in the

resent study these observations were found in a homogeneous
ample of male college students: most of them were non-obese,
ormolipidemic, nondiabetic, and normotensive. In addition,
o subject had any abnormalities in electrocardiograms and
one was receiving any medications.
The adipocyte-specific adiponectin gene could be mapped to

uman chromosome 1q21.3-q23, a region to which familial
ombined hyperlipidemia (FCH) has been mapped.16,17 Indi-
iduals with FCH showed elevated serum concentrations of
ery-low-density lipoprotein and/or LDL. Common features of
CH also are reduced HDL concentrations, elevated apo B

evels, and an increase in small dense LDL particles. These
ipoprotein abnormalities may be compatible with the present
nding that lower adiponectin serum levels are independently
ssociated with higher triglycerides, lower HDL-cholesterol,
nd smaller LDL particle size in young healthy men. In this
ontext, the present findings may support the hypothesis that
CH is a genetic disorder of adipose tissue.32 Serum adiponec-

in concentrations have been reported to be associated posi-
ively with HDL-cholesterol and negatively with serum triglyc-
rides in type 2 diabetic patients23 and in women with
yslipidemia.33

Adiponectin concentrations have been shown to be related to
ntra-abdominal fat, sex, and age in middle-aged, apparently
ealthy men.34 In addition, insulin sensitivity was related to

Table 2. Stepwise Multiple Regression Analysis for Adiponectin

as the Dependent Variable

Independent Variable � SE (�) P Value r

Model A (r2 � 0.195)
HDL-cholesterol 0.079 0.023 .0009 0.350
Percent body fat �0.165 0.055 .0029 0.221
Serum leptin �0.291 0.122 .0183 0.153

Model B (r2 � 0.193)
HDL-cholesterol 0.077 0.023 .0011 0.350
Percent body fat �0.078 0.036 .0318 0.221
LDL size 0.092 0.043 .0328 0.143

NOTE. Model A includes all variables that showed a significant,
imple association with adiponectin in Table 1. Model B includes
ercent body fat, HOMA IR, fasting glucose, HDL-cholesterol, triglyc-

ride, LDL size, and systolic BP as independent variables.
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592 KAZUMI ET AL
ntra-abdominal fat and adiponectin. Further, both intra-abdom-
nal fat and adiponectin contributed independently to triglyc-
ride, HDL-cholesterol, and LDL particle size. The authors
ypothesized that adiponectin could link intra-abdominal fat
ith IR and an atherogenic lipoprotein profile.34 In contrast to
iddle-aged, healthy men, IR was not associated independently
ith adiponectin in young healthy men in the present study,

lthough Spearman’s association between the two was signif-
cant after adjustment for BMI. The most striking difference
etween the 2 studies is in BMI in addition to their age. BMI
veraged 27.0 and 21.8 kg/m2 in middle-aged and young
ealthy men, respectively. Circulating adiponectin concentra-
ions did not change following exercise training that did not
lter body mass,35 whereas weight loss increased adiponectin
evels,35,36 although both exercise training and weight loss
mproved insulin resistance. In addition, serum adiponectin
evels have been shown to decrease in parallel to weight gain,
s well as the progression of IR in rhesus monkeys.37 Further,
eroxisome proliferator-activated gamma agonists increased
irculating adiponectin levels in humans and rodents38 and
timulated adiponectin gene expression in adipose tissue in
odents while they suppressed gene expression of TNF-�,38

hich is released from adipocytes and is one of the candidate
olecules responsible for causing IR in obesity. These findings

uggest that adiponectin may contribute primarily to changes in
nsulin action associated with adiposity change. Therefore, we
elieve that the failure to demonstrate the independent relation-
hip between adiponectin and IR assessed by HOMA-IR in
oung healthy men suggests that adiponectin may be associated
rimarily with adiposity and atherogenic lipoprotein profile,
nd then modified by abdominal fat and IR, although the fact
hat the young healthy men had a narrow range of HOMA-IR
ight make it impossible to associate adiponectin with
OMA-IR in the present study. The lack of association be-

ween adiponectin and insulinemia has been reported in Pima
ndian children.39

The finding of an inverse relationship between percent body
at and adiponectin levels is in keeping with previous reports of
n inverse association between BMI and adiponectin concen-
rations in Japanese subjects,29 Pima Indians, and Caucasians.40

Adiponectin concentrations in young healthy men in the
resent study averaged 6.9 � 2.8 �g/mL, which is at the lower
nd of the normal range in the literature. This may be due in
art to a positive association between adiponectin and age34 or
t may reflect different assays used for determining adiponectin

oncentrations. o
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