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Abstract:
Objective: While many studies have shown an association between the gene coding for
adiponectin (ADIPOQ) and adiponectin levels, much more controversy surrounds its association
with metabolic traits such as insulin resistance, obesity and type 2 diabetes. Furthermore, very
few studies have looked into the relations between ADIPOQ variants and risk of cardiovascular
disease. The present study assessed the influence of four common ADIPOQ Single Nucleotide
Polymorphisms (SNPs), rs17300539 (�11391G!A), rs266729 (�11377C!G), rs2241766
(+45T!G) and rs1501299 (+276G!T) on the risk of myocardial infarction and type 2 diabetes.
Methods and Results: A large genetic association case-control study was conducted in 2008
Italians, including patients with myocardial infarction, type 2 diabetes, or both, and a reference group
of healthy controls. Homozygotes TT for the rs1501299 (+276) had half the risk of either myocardial
infarction alone or in association with type 2 diabetes when compared to the carriers of the G allele
(OR¼ 0.58, p¼ 0.01, and OR¼ 0.55, p¼ 0.006 respectively). SNPs rs17300539 (�11391), rs266729
(�11377) and rs2241766 (+45) showed no significant association with any of the three case groups.
Conclusions: These results suggest that homozygotes TT for the adiponectin polymorphism
rs1501299 (+276) are protected from the risk of myocardial infarction.
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Introduction
Adiponectin is an adipokine, which is an adipo-

cyte-secreted protein. It has several functions: it

may act as an antidiabetic hormone, directly reg-

ulating energy homeostasis, glucose and lipid

metabolism, and insulin sensitivity in vitro and

in vivo. Through action on endothelial function,

inhibition of vascular smooth muscle cell prolif-

eration and the anti-inflammatory effects on the

cellular components of the vascular wall, it can

also have an anti-atherogenic effect [Arita et al.

2002]. Adiponectin could be a link between

obesity and related atherosclerosis. Low serum

adiponectin levels have been associated with a

higher body mass index (BMI), an increased

risk of insulin resistance, type 2 diabetes (T2D)

and cardiovascular disease [Chen et al. 2005;

Pischon et al. 2004]. Serum adiponectin seems

to be even lower in diabetic patients with coro-

nary artery disease (CAD) [Hotta et al. 2000].

The gene coding for adiponectin, ADIPOQ, is

located on chromosome 3q27. This region

has shown linkage to T2D [Mori et al. 2002;
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Vionnet et al. 2000; Hegele et al. 1999], meta-

bolic syndrome [Francke et al. 2001; Kissebah

et al. 2000], cholesterol concentration in low-

density lipoprotein (LDL) size fractions

[Rainwater et al. 1999], and CAD [Chiodini

and Lewis, 2003]. The ADIPOQ gene includes

three exons and in Europeans is organized in two

linkage dysequilibrium (LD) blocks (D0> 0.8 for

pairs of consecutive SNPs) with a boundary point

placed in the first intron [Heid et al. 2006].

Among several polymorphisms investigated,

four SNPs, rs17300539 (�11391), rs266729

(�11377), rs2241766 (+45) and rs1501299

(+276), have been tested in many studies for

their association with low adiponectin levels and

metabolic traits, in particular T2D. Referring to

the LD structure reported by Heid and col-

leagues, two of these SNPs, rs17300539

(�11391) and rs266729 (�11377), map in the

first LD block and the other two, rs2241766

(+45) and rs1501299 (+276), are in the

second, in exon 2 and intron 2, respectively.

Although results have not always been consis-

tent, many studies described an association

between one or more of these allelic variants

and adiponectin levels [Mackevics et al. 2006;

Mousavinasab et al. 2006; Schwarz et al. 2006;

Filippi et al. 2005; Jang et al. 2005; Lee et al.

2005; Pollin et al. 2005; Qi et al. 2005; Tanko

et al. 2005; Vasseur et al. 2005, 2002; Fumeron

et al. 2004; Menzaghi et al. 2004].

With regard to associations between the same

four polymorphisms and metabolic traits such

as BMI, insulin resistance (IR) and T2D, the

literature offers various contradictory studies

and different associations in different samples

[Gable et al. 2006]. In a meta-analysis

[Menzaghi et al. 2007] of the four genetic vari-

ants, the only evidence of a significant association

was observed between rs1501299 (+276) and IR,

and no significant association was found between

any of the SNPs and risk of T2D. The surrogate

index for insulin resistance HOMAIR (homeosta-

sis model assessment of insulin resistance) was

higher in rs1501299 (+276)-G allele carriers

than TT subjects, indicating higher insulin sen-

sitivity in carriers of allele T, which showed a

marginal association with higher adiponectin

levels.

The relations between the four adiponectin poly-

morphisms and cardiovascular outcomes have

not been studied as much as adiponectin levels

or metabolic traits, and have generally been weak

[Hegener et al. 2006; Jang et al. 2006, 2005;

Filippi et al. 2005]. A meta-analysis by Qi and

colleagues considered four studies of subjects

with T2D, and included a total of 827 diabetic

CAD-positive cases and 1887 diabetic CAD-

negative controls [Qi et al. 2006]. Evidence of

association was only found for polymorphism

rs1501299 (+276), where TT individuals had

about half the cardiovascular risk of allele G car-

riers: a finding consistent with the association

indicated by the meta-analysis by Menzaghi and

colleagues for the same SNP and IR and adipo-

nectin levels [Menzaghi et al. 2007]. A recent

prospective association study could also not con-

firm a common role of variations in the adipo-

nectin gene on the cardiovascular risk in a

population of Europeans [Gable et al. 2007].

The aim of this study was to investigate the effect

of the four genetic variants at the ADIPOQ gene,

rs17300539 (�11391), rs266729 (�11377),

rs2241766 (+45) and rs1501299 (+276), on the

cardiovascular risk in four large, independent

groups of patients with myocardial infarction

(MI), T2D, or both, and a reference group of

healthy controls.

Methods

Study population
We enrolled 503 patients with T2D among those

recruited in the IGLOO cohort study (Impaired

Glucose intolerance & Long-term Outcomes

Observational Study) [Franciosi et al. 2005].

The other case groups of 503 MI only and 499

both MI and T2D were selected at random from

the GISSI-Prevenzione study (GISSI-P) [GISSI-

Investigators, 1999]. Details on the study design,

eligibility criteria, and results of IGLOO and

GISSI-P are reported elsewhere [Franciosi et al.

2005; GISSI-Investigators, 1999]. The GISSI-P

and IGLOO studies were both approved by the

local ethics committees of the participating hos-

pitals. The control group comprised 503 nondia-

betic subjects, not affected by CAD, without

previous MI, dyslipidaemia or family history of

CAD, recruited among blood donors belonging

to the AVIS (Associazione Volontari Italiani

Sangue) association. Written informed consent

was obtained from each person.

Power calculation
The sample size was calculated on the basis of the

results of the recent meta-analysis by Menzaghi
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and colleagues, in which the homozygotes TT for

the SNP rs1501299 (+276) had a lower cardio-

vascular risk than the carriers of other genotypes,

with an odds ratio (OR) of 0.55 [Menzaghi et al.

2007]. Sample size calculations had shown that a

sample size of 500 individuals was required in

order to have 80% power for detecting a 50%

decrease in risk in terms of OR associated with

MI for homozygotes TT. This calculation

assumed an allele frequency of 30% for SNP

rs1501299 (+276)-T allele (Table 1) and a prev-

alence of MI in the Italian population of 1%. A

significance level of alpha¼ 0.05 with a two-sided

test was considered. The software QUANTO 1.2

was used (see http://hydra.usc.edu/gxe).

Genotyping
DNA was extracted from frozen EDTA-whole

blood using a salting-out procedure [Miller

et al. 1988]. All polymerase chain reactions

(PCRs) were done in a 5ml volume containing

TaqMan universal PCR Master Mix, specific

TaqMan� SNP Genotyping Assays, purchased

from Applied Biosystems (Foster City, CA,

USA), and 10 ng of genomic DNA. The 7900

Real-Time PCR System (ABI) was used for

SNP genotyping. To ensure the quality of auto-

matic allele calling, all samples were analysed

in two replicates and the concordance rate

was 100%.

Statistical analysis
Continuous variables were compared among

groups using analysis of variance (ANOVA),

and variable transformed as required.

Differences in percentages were assessed by chi-

squared test or Fisher’s exact test, as appropriate.

The pairwise LD among the four SNPs was

assessed by the correlation coefficient r2. For

each SNP, a chi-squared test was performed to

assess whether the observed genotype frequencies

were in Hardy�Weinberg equilibrium (HWE)

among controls. Frequency distributions by

genotype and by minor allele were compared

across groups. Genetic models were tested com-

paring a dominant, recessive or an additive model

in terms of logit, i.e. a model of allelic associa-

tion, with a model of genotype association by

likelihood ratio test.

In order to quantify the association between each

SNP genotypes and case groups, separate uncon-

ditional multiple logistic regression models were

fitted, including age and sex as covariates. To

avoid overadjustment, BMI, glucose, blood pres-

sure and lipids were not considered in the model.

We calculated 99% confidence intervals (CIs) to

measure the statistical precision of the ORs.

Homogeneity of risks among case groups was

assessed using a Wald test with one degree of

freedom [Hosmer and Lemeshow, 1989].

A p-value of p< 0.0125 was considered signifi-

cant to adjust for multiple testing across the

four SNPs.

Statistical analysis was performed using STATA

9.0 (see http://www.stata.com). HWE was tested

using the gtab STATA package.

Results
The study population consisted of 2008 unre-

lated Italians. Age, sex, glucose, lipids, systolic

and diastolic blood pressure (BP) and BMI are

described in Table 2, separately for the case

groups and the controls. The T2D population

was slightly older than the other three groups,

which were very homogeneous in terms of age.

There were more males in all groups except T2D

cases where the two sexes were more balanced.

As expected, the control group had the highest

high-density lipoprotein (HDL) cholesterol levels

and the lowest triglycerides, the subjects with MI

plus T2D having the lowest HDL and highest

triglycerides.

Table 1. The four single nucleotide polymorphisms in the study population.

ID number Position Chromosomal
position

HWE �2 test
p-valuea

Variant Minor
allele

Minor
allele
frequency

rs17300539 �11391 188,042,154 0.25 G!A A 0.09
rs266729 �11377 188,042,168 0.72 C!G G 0.22
rs2241766 +45 188,053,586 0.10 T!G G 0.16
rs1501299 +276 188,053,817 0.02 G!T T 0.30

aEvaluated in the control group. HWE, Hardy�Weinberg equilibrium.
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Genotyping was complete for all individuals. The

characteristics of the four studied SNPs are

reported in Table 1. Genotype frequencies of all

SNPs resulted in HWE in the control group after

correction for multiple testing. The indepen-

dence of the SNPs was confirmed, according to

the correlation coefficients r2< 0.1.

SNPs rs17300539 (�11391), rs266729 (�11377),

genotypes and allele distribution did not differ

significantly in the four groups (Table 3). Tests

of the genetic model showed that SNP rs2241766

(+45) was consistent with a genotype association

while there was evidence of a genetic recessive

model for SNP rs1501299 (+276) (p> 0.20).

Table 3. Genotype and allele frequency distribution in case groups and controls.

Rs17300539 (�11391) GG GA AA p-valuea Minor allele p-valuea

N N (%) N (%) N (%) %

MI 503 411 (81.7) 87 (17.3) 5 (1.0) 0.72 9.6 0.65
T2D 503 403 (80.1) 96 (19.1) 4 (0.8) 10.3
MI + T2D 499 416 (83.4) 78 (15.6) 5 (1.0) 8.8
Controls 503 414 (82.3) 87 (17.3) 2 (0.4) 9.0

rs266729 (�11377) CC CG GG p-valuea Minor allele p-valuea

N N (%) N (%) N (%) %

MI 503 295 (58.6) 177 (35.2) 31 (6.2) 0.15 23.8 0.02
T2D 503 322 (64.0) 159 (31.6) 22 (4.4) 20.2
MI + T2D 499 288 (57.7) 176 (35.3) 35 (7.0) 24.6
Controls 503 321 (63.8) 160 (31.8) 22 (4.4) 20.3

rs2241766 (+45) TT GT GG p-valuea Minor allele p-valuea

N N (%) N (%) N (%) %

MI 503 358 (71.2) 136 (27.0) 9 (1.8) 0.004 15.3 0.07
T2D 503 370 (73.5) 117 (23.3) 16 (3.2) 14.8
MI + T2D 499 321 (64.3) 168 (33.7) 10 (2.0) 18.8
Controls 503 359 (71.4) 126 (25.0) 18 (3.6) 16.1

rs1501299 (+276) GG GT TT p-valuea Minor allele p-valuea

N N (%) N (%) N (%) %

MI 503 259 (51.5) 203 (40.4) 41 (8.1) 0.05 28.3 0.01
T2D 503 245 (48.7) 206 (41.0) 52 (10.3) 30.8
MI + T2D 499 271 (54.3) 189 (37.9) 39 (7.8) 26.7
Controls 503 239 (47.5) 198 (39.4) 66 (13.1) 32.8

ap-value refers to comparison of frequency distribution by genotype and by minor allele across groups.
MI, myocardial infarction; T2D, type 2 diabetes.

Table 2. Main characteristics of the case groups and the controls.

MI T2D MI + T2D Controls p-valueb

N¼ 503 N¼ 503 N¼ 499 N¼ 503

Age (years)a 56.5 (4.5) 62.8 (7.0) 56.6 (6.4) 54.7 (5.2) <0.0001
Males (%)a 449 (89.3) 285 (56.7) 420 (84.2) 482 (95.8) <0.001
Cholesterol HDL (mg/dL)a 41.2 (11.5) 50.9 (14.2) 38.8 (9.8) 57.3 (13.3) <0.0001
Triglycerides (mg/dL)a 153.9 (66.5) 162.8 (100.4) 188.4 (100.8) 114.2 (66.7) <0.0001
Fasting blood glucose (mg/dL)a 93.5 (15.6) 146.1 (43.1) 150.4 (50.8) 92.3 (11.3) <0.0001
Systolic BP (mmHg)a 122.4 (15.3) 142.1 (15.4) 124.2 (14.6) 129.5 (10.9) <0.0001
Diastolic BP (mmHg)a 76.7 (9.1) 84.9 (8.1) 76.6 (8.4) 83.6 (6.2) <0.0001
BMI (kg/m2)a 26.4 (3.4) 29.5 (4.4) 27.5 (3.8) 26.4 (3.3) <0.0001

aMean (standard deviation).
bOverall p-value.
MI, myocardial infarction; T2D, type 2 diabetes; HDL, high-density lipoprotein; BP, blood pressure; BMI, body mass index.
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SNPs rs2241766 (+45) genotype distribution

(p¼ 0.004) and SNP rs1501299 (+276) T allele

distribution (p¼ 0.01) differed significantly dif-

ferent between the groups. The associations of

SNPs rs2241766 (+45) and rs1501299 (+276)

between each case group and controls were

tested by unconditional logistic regression,

adjusting for variables such as sex and age.

SNP rs2241766 (+45) genotype had no effect

on MI and T2D, separately or combined.

Evidence of association with MI was found for

polymorphism rs1501299 (+276), where the

homozygotes TT had about half the cardiovascu-

lar risk of allele G carriers (OR¼ 0.58, p¼ 0.01).

Homozygotes TT for SNPs rs1501299 (+276)

were similarly protected against MI and T2D

combined (OR¼ 0.55, p¼0.006). No significant

association was found with only T2D. However,

comparing the homogeneity of genetic risks in the

diagnostic groups, the OR of homozygotes TT

for rs1501299 (+276) in the T2D+MI group

was not significantly different from that in the

T2D only group (p¼0.38). Figure 1 reports

the adjusted OR and 99% CI.

Discussion
This large genetic association study included

three case and one control groups of Italians,

in order to investigate the relationship between

four common adiponectin SNPs, rs17300539

(�11391), rs266729 (�11377), rs2241766

(+45) and rs1501299 (+276), and risk of MI

alone or together with T2D. We also investigated

the effect of the same polymorphisms on the risk

of diabetes alone.

SNP rs1501299 (+276) was significantly associ-

ated with the risk of MI and the combination of

MI and T2D. In particular, homozygotes TT

appeared protected, having about half the risk

of either the cardiovascular disease alone or

with diabetes, compared with carriers of the G

allele. Homozygotes TT also appeared to enjoy

some protection from the risk of T2D, although

the reduction was not statistically significant.

The observed deviation from HWE for SNP

rs1501299 in the control group, although not sta-

tistically significant, should be taken into consid-

eration in the evaluation of the association

reported. We are confident to have no genotyping

errors as HWE was satisfied in the other groups

of cases, suggesting no systematic problem with

the SNPs detection.

SNPs rs17300539 (�11391), rs266729 (�11377),

rs2241766 (+45) had no effect on any of the

diseases.

Unfortunately this study was unable to evaluate

the relations between adiponectin SNPs and adi-

ponectin levels. The MI and MI plus T2D

groups included participants in the GISSI-

Prevenzione study, for which no accurate and

reliable data were available on adiponectin levels.

With regards to the relationship between the adi-

ponectin SNPs and risk of CAD, very few studies

have tried to answer this question. Some studies

have looked at the risk of CAD in carriers of dif-

ferent allelic variants not affected by metabolic

diseases, while others have only considered the

CAD risk in T2D patients. Among the first

group, an Italian investigation [Filippi et al.

2005] on 325 CAD-positive subjects and 270

controls found an association between the

rs1501299 (+276) and both adiponectin levels

and CAD, with carriers of the T allele at

increased risk. These results seem to go in the

opposite direction from a Korean study which

0.3 0.5 1 2 3

MI (n=503)

T2D (n=503)

MI+T2D (n=499)

Odds ratio

OR (99% CI)

0.58 (0.33−0.99)

0.65 (0.32−1.30)

0.55 (0.31−0.96)

Figure 1. Association with myocardial infarction (MI)
and type 2 diabetes (T2D) for single nucleotide poly-
morphism (SNP) rs1501299 (+276). Solid squares
centred on the odds ratio (OR) estimate and scaled
in proportion to sample size with 99% confidence
interval (CI; horizontal bar) for subgroups comparing
MI with or without a clinical history of diabetes, and
T2D only. The reference group is non-MI, nondia-
betics. The number of individuals in each subgroup
(n) is shown.
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reported a protective effect of rs1501299 (+276)

T allele with regard to several components of the

metabolic syndrome and cardiovascular disease

(e.g. IR, serum TG concentration and LDL par-

ticle size) [Jang et al. 2006, 2005]. In contradic-

tion with both studies are the findings of a

prospective, nested case�control investigation

on 600 White men who subsequently suffered

an atherothrombotic event, and 600 controls

from the Physicians Health Study [Hegener

et al. 2006], which showed an association

between SNP rs266729 (�11377) and decreased

risk of ischaemic stroke but no MI. A meta-ana-

lysis published in 2007 concerning SNPs in more

than 2000 individuals [Menzaghi et al. 2007]

found a significant association between SNPs

rs17300539 (�11391) and rs1501299 (+276)

and adiponectin levels and between SNP

rs1501299 (+276) and IR. No significant global

effects were observed between any of the SNPs

rs17300539 (�11391), rs266729 (�11377),

rs2241766 (+45) and rs1501299 (+276) and

risk of T2D or higher BMI. However, diabetic

individuals homozygous for allele T at SNP

rs1501299 (+276) had about half the cardiovas-

cular risk of allele G carriers. This very interest-

ing finding was the outcome of a meta-analysis

consisting of only four small studies, all including

diabetic patients. Our results not only agree with

the meta-analysis, but also show that individuals

homozygous for allele T at SNP rs1501299

(+276) benefit from the same protection against

the risk of MI regardless of whether they have

diabetes. This suggests that SNP rs1501299

(+276) has an effect more on the risk of MI

than T2D.

Although rs1501299 (+276) is located in an

intronic region with no apparent biological func-

tion, this SNP may affect the expression level of

the gene through some unknown mechanisms, or

it may be in LD with undiscovered SNPs in the

ADIPOQ gene or other genes with biological

effects on IR [Jang et al. 2006]. This might also

explain why the allele that raised the risk of CAD

appeared to be the T allele in some studies

[Filippi et al. 2005] and G allele in others [Jang

et al. 2005; Qi et al. 2005; Bacci et al. 2004], and

why the effects of SNP rs1501299 (+276) appear

to be independent of circulating adiponectin and

other markers related to lipids, inflammation and

endothelial function [Qi et al. 2005].

Sometimes studies are unexpectedly unable to

confirm previous findings, despite being well

conducted. The reasons for the partially discrep-

ant results are not known, and may reside in

substantial differences between study popula-

tions. In fact, population specificity may consist

of differences in LD block, haplotypes,

population-specific interactions between genes

and epigenetic modifications.

The present analysis has been performed on sub-

jects of Italian origin only recruited from the

GISSI-P study, which can be considered more

genetically homogenous than the more unspecific

ethnic group of Europeans. In this sense it is

likely that LD is substantially different from pre-

vious investigations. The lack of LD between the

four SNPs investigated in the present study is

nevertheless supported by the results of Heid

and colleagues that described that no notable

correlation exists between any SNP of block 1

with a SNP of block 2 and that the four SNPs

are not highly correlated each other as specified

in the online appendix [Heid et al. 2006].
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