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This study examined the association among serum adiponectin levels, a single nucleotide
polymorphism (SNP) of the adiponectin gene, and the size of serum high-density lipoprotein
(HDL) particles in a general population. A total of 275 subjects were examined as part of the
community-based Mima study. Serum adiponectin levels were measured with an enzyme-
linked immunosorbent assay. Serum small-sized HDL was measured with the
electrophoretic separation of lipoproteins using the Lipoprint system. Single nucleotide
polymorphism G276T (rs1501299, SNP276) of the adiponectin gene was determined with a
fluorescent allele-specific DNA primer assay system. Age- and sex-adjusted correlation test
revealed a significant inverse relationship between small-sized HDL and adiponectin levels
(r = −0.236, P < .001). More percentages of small-sized HDLwere observed in the subjects with
the SNP276 G/G andG/T genotypes than in thosewith the T/T genotype (5.5% ± 5.0% vs 3.0% ±
2.9%, P = .016). In a multiple regression analysis, small-sized HDL was significantly and
independently correlated with triglycerides levels (β = 0.133, P = .030), adiponectin levels
(β = −0.242, P < .001), and the SNP276 G allele (β = −0.142, P = .014). Our findings indicated that
adiponectin and SNP276 of the adiponectin gene may modify the size of HDL particles.

© 2012 Elsevier Inc. All rights reserved.
1. Introduction

Low levels of high-density lipoprotein cholesterol (HDL-C) in
the circulation increase the risk of coronary artery disease
(CAD) [1]. Japanese have higher levels of HDL-C than West-
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erners [2,3], and some studies on Japanese populations have
demonstrated an inverse relationship between HDL-C levels
and CAD risk [4,5]. However, not only the quantity but also the
quality of HDL is important in regard to atherogenesis. Small-
sized HDL has been shown to be a hallmark of the metabolic
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dyslipidemia observed among patients with intraabdominal
obesity [6]. Improvements in lifestyle, including alcohol intake,
smoking, and exercise habits, have been associated with not
only HDL-C levels but also HDL size [7]. Large-sized HDL has
been positively associated with adiponectin levels [8]. In the
field of epidemiology, it has been suggested that large-sized
HDL has potent antiatherogenic properties [9]. Therefore, HDL
particle size may be crucial as a quantitative marker [10].

Adiponectin plays an important role in various lifestyle-
related diseases, such as obesity, hypertension, type 2
diabetes mellitus, dyslipidemia, and metabolic syndrome,
leading to the development of CAD [11,12]. Adiponectin levels
are positively correlated with HDL-C levels [13]. Studies have
demonstrated that adiponectin accelerated reverse cholester-
ol transport by increasing the amount of HDL in the liver [14],
suggesting that adiponectin enhances the adenosine triphos-
phate–binding cassette transporter A1 (ABCA1) pathway and
apolipoprotein (apo) A-1 synthesis [14].

The adiponectin gene has several single nucleotide poly-
morphisms (SNPs) [15]. Subjects with the major G allele at
position 276 in the adiponectin gene (rs1501299) had an
approximately 2-fold risk for developing type 2 diabetes
mellitus compared with minor T allele carriers [16]. In some
studies on the SNP276 of the adiponectin gene, there were no
differences shown in the HDL-C levels between subjects with
the SNP276 G/G or G/T genotype and those with the T/T
genotype [17,18]. Moreover, no studies have been conducted
on the SNPs in the adiponectin gene and the quality of HDL. In
this study, we investigated the relationship between adipo-
nectin, the adiponectin gene SNP276, and HDL particle size.
2. Subjects and methods

2.1. Subjects

A total of 275 Japanese community-dwelling subjects in Mima
city, Tokushima prefecture (116 men, 159 women; aged 27-88
years) were enrolled in this study. We included subjects who
were apparently healthy without any known medical history
of chronic diseases. The study protocol was approved by the
Ethics Committee of theNationalHospital Organization, Kyoto
Medical Center. All of the subjects signed an informed consent
form after being fully informed about all aspects of the study
before they were enrolled in the study. After an overnight fast,
body weight and height were measured using a body fat
analyzer (OMRON, Osaka, Japan). Blood pressure was mea-
sured 3 times, at 10-minute intervals, using a mercury
sphygmomanometer by nurses or hygienists. Venous blood
samples were then drawn for blood tests. Blood glucose
concentrations were measured by the hexokinase method
(SHINO-TEST, Tokyo, Japan), and serum insulin concentra-
tions were assayed by chemiluminescent immunoassay
(Bayer Medical, Tokyo, Japan). Serum total cholesterol (TC)
(Wako Pure Chemical Industries, Tokyo, Japan), HDL-C, and
triglycerides (TG) (DAIICHI PURE CHEMICALS, Tokyo, Japan)
levels were determined by enzymatic methods. The medical
history and lifestyle items were confirmed by a public heath
questionnaire or interview.
2.2. Measurement of small-sized HDL

Serum small-sized HDL was detected in the HDL subfractions
using the Lipoprint system (Quantimetrix, Redondo Beach,
CA) [19]. All of the HDL subfractions were calculated based on
a flotation rate. Subfractions HDL-8, HDL-9, and HDL-10 were
defined as small-sized HDL.

2.3. Genetic analysis

The SNP276 of adiponectin was amplified using the polymer-
ase chain reactionwith allele-specific sense primers labeled at
the 5′ end with either fluorescein isothiocyanate (5′-TAG GCC
TTA GTT AAT AAT GAA TxC C-3′) or Texas red (5′-CTA GGC
CTT AGT TAA TAA TGA ATx AC-3′) and with an antisense
primer labeled at the 5′ end with biotin (5′-CAT CAC AGA CCT
CCTACACTGATA-3′) (Toyobo GeneAnalysis, Tsuruga, Japan).
The reaction profile was an initial denaturation at 95°C for 5
minutes; 35 cycles of denaturation at 95°C for 30 seconds,
annealing at 60°C for 30 seconds, and extension at 68°C for 30
seconds; and a final extension at 68°C for 2 minutes. The
amplified DNA was measured for fluorescence with a micro-
plate reader (Fluoroscan Ascent; Dainippon Pharmaceutical,
Osaka, Japan).We had all genotypes checked by 2 independent
investigators, and only those showing concordancewere used.

2.4. Statistical analysis

Data were expressed as means ± SD. The present study was
designed to detect a difference in means equivalent to 5% of
small-sized HDL with a standard deviation of 5%. Thus, the
sample size required was 198 with an error of 5%, with 80%
power (β = 20%) at the 2-tailed 5% significance level [20]. The χ2

test was performed to test for any deviation from the Hardy-
Weinberg equilibrium. The differences between each group
(G/G, G/T, and T/T) were estimated by the analysis of variance
and the χ2 test. The differences between the groups, the G/G +
G/T genotypes and the T/T genotype (dominant model) or the
G/G genotype and G/T + T/T genotypes (recessive model) in
SNP276 of the adiponectin gene, were estimated by using
Student unpaired t test, the Mann-Whitney U test, and the χ2

test. A correlation test adjusted for age and sex was used
between parameters. A multiple regression analysis controlled
for age, sex, bodymass index (BMI), TC, TG, homeostasismodel
assessment of insulin resistance (HOMA-IR), adiponectin,
smoking, alcohol intake, and theSNP276Gallelewasperformed
to explore the correlation with small-sized HDL. Insulin,
adiponectin, and TG levels were log-transformed. P < .05 was
accepted as statistically significant. Statistical analyses were
performed with the Statistical Package of Social Science (SPSS
for Windows, version 11.0; SPSS, Chicago, IL).

3. Results

The distribution of the G/G, G/T, and T/T genotypes was 135,
116, and 24, respectively. The frequency of the G allele was
0.702. This distribution was in accordance with the Hardy-
Weinberg equilibrium (P = .996).

The clinical and biochemical characteristics of all of the
subjects are listed in Table 1. There were no significant



Table 3 – A multiple regression analysis for small-sized
HDL

Table 1 – Clinical and biological characteristics of subjects according to SNP276 of the adiponectin gene

Parameters Genotype P valuea P valueb

Dominant model Recessive model

G/G G/T T/T G/G + G/T vs T/T G/G vs G/T + T/T

n 135 116 24
Age (y) 65 ± 15 67 ± 10 66 ± 11 .207 .905 .080
Sex (men/women) 62/73 47/69 8/16 .436 .393 .275
Alcohol intake (every day, %) 17.8 14.7 12.5 .690 .776 .325
Smoking (current, %) 25.2 22.4 12.5 .337 .308 .471
Exercise habit (<2×/wk, %) 74.1 73.3 69.6 .717 .625 .056
BMI (kg/m2) 24.0 ± 3.1 24.0 ± 3.0 24.6 ± 3.0 .663 .345 .844
Systolic blood pressure (mm Hg) 139 ± 20 139 ± 19 136 ± 23 .949 .524 .907
Diastolic blood pressure (mm Hg) 78 ± 11 76 ± 12 76 ± 13 .427 .360 .194
Fasting plasma glucose (mmol/L) 5.6 ± 1.8 5.6 ± 1.5 5.8 ± 2.2 .720 .827 .751
Fasting insulin (pmol/L) 43 ± 36 52 ± 64 42 ± 24 .452 .992 .338
HOMA-IR 1.9 ± 2.6 2.3 ± 3.7 1.8 ± 1.2 .623 .799 .480
TG (mmol/L) 1.15 ± 0.65 1.10 ± 0.52 1.14 ± 0.39 .660 .334 .389
TC (mmol/L) 4.84 ± 0.93 4.86 ± 0.93 4.63 ± 0.83 .626 .258 .908
HDL-C (mmol/L) 1.37 ± 0.34 1.45 ± 0.41 1.32 ± 0.36 .230 .276 .213
Small-sized HDL (%) 5.6 ± 4.7 5.5 ± 5.4 3.0 ± 2.9 .057 .013 .187
Adiponectin (μg/mL) 8.6 ± 6.1 8.5 ± 5.4 8.1 ± 6.1 .992 .611 .910

Data are means ± SD.
a P values were obtained using analysis of variance for continuous variables or using the χ2 test for categorical variables.
b P values were obtained using Student unpaired t test, Mann-Whitney U test, and χ2 test in 2models: the dominant model (G/G + G/T vs T/T) or
recessive model (G/G vs G/T + T/T).
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differences among the genotypes. Assuming an additive
genetic model, carriers of the minor T allele of SNP276 had
decreased, but not significantly, on themeasurement of small-
sized HDL (per allele effect [β] = −0.79% [−1.69%, +0.10%], P =
.083). In the dominant model (G/G + G/T vs T/T), there were no
differences in sex, age, alcohol intake, smoking, exercise
habits, BMI, systolic blood pressure, diastolic blood pressure,
fasting plasma glucose concentration, fasting insulin levels,
HOMA-IR, TC, TG, HDL-C, and adiponectin levels. More small-
sizedHDLwas observed in the subjectswith the SNP276 G/G or
G/T genotype than in those with the T/T genotype (5.5% ± 5.0%
vs 3.0% ± 2.9%, P = .013, Table 1), although there was no
difference in the adiponectin levels between the groups.

The sex- and age-adjusted correlation test revealed that
there was a significant positive correlation between small-
sized HDL and TC or (log-)TG (r = 0.195, P = .008; r = 0.161, P =
.001, respectively) (Table 2). There was also a significant
inverse correlation between small-sized HDL and fasting
Table 2 – Pearson correlation test between small-sized
HDL and other parameters

Parameter r P value

BMI 0.118 .053
Systolic blood pressure 0.019 .759
Diastolic blood pressure 0.074 .218
Fasting plasma glucose −0.146 .016
Fasting insulin −0.023 .711
HOMA-IR −0.048 .427
TG 0.161 .001
TC 0.195 .008
HDL-C −0.075 .219
Adiponectin −0.236 <.001
glucose or (log-)adiponectin levels (r = −0.146, P = .016; r =
−0.236, P < .001, respectively) (Table 2).

Moreover, a multiple regression analysis revealed that
small-sized HDL was significantly and independently corre-
lated with TG, adiponectin, and SNP276 G allele (Table 3).
4. Discussion

This study disclosed that small-sized HDL was significantly
and independently correlated with adiponectin levels and the
G allele of SNP276. This is the first indication that adiponectin
and one of its SNPs may be associated with HDL particle size.

Weiss et al [8] reported that large-sized HDL is positively
associated with adiponectin levels. The results of the present
Dependent
variable

Independent
variables

B SE 95% CI P
value

Small-sized HDL
Model 1 Adiponectin −0.24 0.050 −0.34 to −0.14 <.001
Model 2 Adiponectin −0.24 0.049 −0.34 to −0.14 <.001

Adiponectin
gene SNP276

−2.44 0.984 −4.38 to −0.50 .014

Model 3 Adiponectin −0.20 0.052 −0.30 to −0.10 <.001
Adiponectin
gene SNP276

−2.44 0.978 −4.37 to −0.52 .013

TG 0.01 0.006 0.00 to 0.02 .032

The following parameters were used: age, sex, BMI, TC, TG, HOMA-
IR, adiponectin, smoking, alcohol intake, and adiponectin gene
SNP276 (G/G and G/T = 0, T/T = 1). SE indicates standard error; CI,
confidence interval.
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study also showed a significant positive correlation between
adiponectin and HDL-C levels (r = 0.124, P = .041) and large-
sized HDL (r = 0.290, P < .001). Although the association of
adiponectin with HDL particles could not be explained, it
might be understood in regards to the role of HDL in removing
cholesterol from cells and transporting it to the liver.
Adiponectin increased both the messenger RNA and protein
levels of ABCA1 and enhanced themessenger RNA level of apo
A-1 in HepG2 cells [14]. In addition, ABCA1 expression in the
liver and apo A-1 expression in plasma and the liver were
reduced in adiponectin knockout mice [21]. Adiponectin may
thus alter the size of HDL particles through the ABCA1 or apo
A-1 pathway. Chan et al [22] reported that adiponectin may be
a key factor in very low-density lipoprotein (VLDL) metabo-
lism in nonobese men. Therefore, there is another reverse
pathway of transport involving the cholesteryl ester transfer
protein, where cholesterol esters are transferred from HDL
particles to TG-rich lipoproteins such as VLDL, and adiponec-
tin can increase lipoprotein lipase activity and decrease VLDL-
TG levels. Therefore, altered lipoprotein lipase activity due to a
change in adiponectin levels may also be relevant to the
metabolism of HDL particles.

SNP276 in the adiponectin gene has been frequently
described as associated with obesity and CADs. This SNP has
also been concomitantly associated with greater insulin
resistance. Serum adiponectin levels were significantly
lower in subjects with the G/G or G/T genotype than those
with the T/T genotype [23], but not all [17]. Chiodini et al [24]
reported that subjects with the SNP276 T/T genotype may be
protected from the risk of myocardial infarction in an Italian
population. In addition to HDL-C measurements, the HDL
particle size is superior to HDL-C in cardiovascular risk
assessment [10]. Moreover, based on our results, the associ-
ation of SNP276 with small-sized HDL may be explained by
linkage disequilibrium in a functional variant of the same or a
different gene. More studies are necessary to clarify whether
this SNP affects the size of HDL particles.

There were several limitations to our study. First, a cross-
sectional design has inherent problems in defining causality.
Second, with themeasurement system used, each subfraction
is defined by a percentage area only, although absolute values
are of interest. Third, we did not check the 45-276 haplotype.
Further research with comparisons to other methodologies to
assess the quality of HDL may strengthen our data.

In summary, we examined the relationships between
adiponectin, SNP276 of the adiponectin gene, and the HDL
particle size in a general population. Small-sized HDL was
found to be significantly and independently correlated with
adiponectin levels and the G allele of SNP276, suggesting
that both adiponectin and SNP276 may influence the size of
HDL particles. Understanding the mechanisms involved may
provide important information for both the prevention and
management of CAD.
Funding

This work was supported by a Grant-in-Aid from the Ministry
of Health, Welfare, and Labor of Japan and by the foundation
for Development of the Community in Japan.
Acknowledgment

We would like to express our thanks to Yuzuru Matsushita,
Tomohiro Ujikawa, and Kensuke Kojima for their technical
assistance.
Conflict of Interest

None to disclose.
R E F E R E N C E S

[1] Gordon DJ, Probstfield JL, Garrison RJ, et al. High-density
lipoprotein cholesterol and cardiovascular disease.
Four prospective American studies. Circulation 1989;79:
8-15.

[2] Sekikawa A, Ueshima H, Zaky WR, et al. Much lower
prevalence of coronary calcium detected by electron-beam
computed tomography among men aged 40-49 in Japan than
in the US, despite a less favorable profile of major risk factors.
Int J Epidemiol 2005;34:173-9.

[3] Okamura T, Kadowaki T, Hayakawa T, et al. What cause
of mortality can we predict by cholesterol screening in
the Japanese general population? J Intern Med 2003;253:
169-80.

[4] Kitamura A, Iso H, Naito Y, et al. High-density lipoprotein
cholesterol and premature coronary heart disease in urban
Japanese men. Circulation 1994;89:2533-9.

[5] Okamura T, Hayakawa T, Kadowaki T, et al. The inverse
relationship between serum high-density lipoprotein
cholesterol level and all-cause mortality in a 9.6-year
follow-up study in the Japanese general population.
Atherosclerosis 2006;184:143-50.

[6] Pascot A, Lemieux I, Prud'homme D, et al. Reduced HDL
particle size as an additional feature of the atherogenic
dyslipidemia of abdominal obesity. J lipid Res 2001;42:
2007-14.

[7] Singh IM, Shishehbor MH, Ansell BJ. High-density lipoprotein
as a therapeutic target: a systematic review. JAMA 2007;298:
786-98.

[8] Weiss R, Otvos JD, Flyvbjerg A, et al. Adiponectin and
lipoprotein particle size. Diabetes Care 2009;2:1317-9.

[9] Ballantyne FC, Clark RS, Simpson HS, et al. High density
and low density lipoprotein subfractions in survivors of
myocardial infarction and in control subjects. Metabolism
1982;31:433-7.

[10] Asztalos BF, Cupples LA, Demissie S, et al. High-density
lipoprotein subpopulation profile and coronary heart
disease prevalence in male participants of the Framingham
Offspring Study. Arterioscler Thromb Vasc Biol 2004;24:
2181-7.

[11] Giannessi D, Caselli C, Del Ry S, et al. Adiponectin is
associated with abnormal lipid profile and coronary
microvascular dysfunction in patients with dilated
cardiomyopathy without over heart failure. Metabolism
2011;60:227-33.

[12] Yatagai T, Nagasaka S, Taniguchi A, et al. Hypoadiponectinemia
is associated with visceral fat accumulation and insulin
resistance in Japanese men with type 2 diabetes mellitus.
Metabolism 2003;52:1274-8.

[13] Yamamoto Y, Hirose H, Saito I, et al. Correlation of the
adipocyte-derived protein adiponectin with insulin
resistance index and serum high-density



21M E T A B O L I S M C L I N I C A L A N D E X P E R I M E N T A L 6 1 ( 2 0 1 2 ) 1 7 – 2 1
lipoprotein-cholesterol, independent of body mass index,
in the Japanese population. Clin Sci 2002;103:137-42.

[14] Matsuura F, Oku H, Koseki M, et al. Adiponectin accelerates
reverse cholesterol transport by increasing high density
lipoprotein assembly in the liver. Biochem Biophys Res
Commun 2007;358:1091-5.

[15] Vasseur F, Leprêtre F, Lacquemant C, et al. The genetics of
adiponectin. Curr Diab Rep 2003;3:151-8.

[16] Hara K, Boutin P, Mori Y, et al. Genetic variation in the gene
encodingadiponectin is associatedwithan increased riskof type
2 diabetes in the Japanese population. Diabetes 2002;51:536-40.

[17] Melistas L, Mantzoros CS, Kontogianni M, et al. Association of
the +45T>G and +276G>T polymorphisms in the adiponectin
gene with insulin resistance in nondiabetic Greek women.
Eur J Endocrinol 2009;161:845-52.

[18] Jang Y, Lee JH, Chae JS, et al. Association of the 276G->T
polymorphism of the adiponectin gene with cardiovascular
disease risk factors in nondiabetic Koreans. Am J Clin Nutr
2005;82:760-7.

[19] Kalogirou M, Tsimihodimos V, Gazi I, et al. Effect of ezetimibe
monotherapy on the concentration of lipoprotein
subfractions in patients with primary dyslipidaemia. Curr
Med Res Opin 2007;23:1169-76.

[20] Fosgate GT. Practical sample size calculations for
surveillance and diagnostic investigations. J Vet Diagn
Invest 2009;21:3-14.

[21] Oku H, Matsuura F, Koseki M, et al. Adiponectin deficiency
suppresses ABCA1 expression and ApoA-I synthesis in the
liver. FEBS Lett 2007;581:5029-33.

[22] Chan DC, Watts GF, Ooi EM, et al. Apolipoprotein A-2 and
adiponectin as determinants of very low-density lipoprotein
apolipoprotein B-100 metabolism in nonobese men. Metab-
olism 2011, doi:10.1016/j.metabolism.2011.03.003.

[23] Jang Y, Chae JS, Koh SJ, et al. The influence of the adiponectin
gene on adiponectin concentrations and parameters of
metabolic syndrome in non-diabetic Korean women. Clin
Chim Acta 2008;391:85-90.

[24] Chiodini BD, Specchia C, Gori F, et al. Adiponectin gene
polymorphisms and their effect on the risk of
myocardial infarction and type 2 diabetes: an association
study in an Italian population. Ther Adv Cardiovasc Dis
2010;4:223-30.

http://dx.doi.org/10.1016/j.metabolism.2011.03.003

	The relationship between adiponectin, an adiponectin gene polymorphism, and high-density lipoprotein particle size: from th...
	1. Introduction
	2. Subjects and methods
	2.1. Subjects
	2.2. Measurement of small-sized HDL
	2.3. Genetic analysis
	2.4. Statistical analysis

	3. Results
	4. Discussion
	Funding
	Acknowledgment
	section11
	References


