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Abstract. - OBJECTIVE: Some studies in the
literature indicate that ADIPOQ rs266729 poly-
morphism functionally regulates adiponectin
promoter activity and secondarily adiponectin
levels. The aim of the present investigation was
to describe the association of rs266729 with di-
abetes mellitus (DM2), components of Metabol-
ic syndrome (MS) and serum adiponectin levels.

PATIENTS AND METHODS: The study in-
volved a population of 1004 adult obese sub-
jects. Measurements of anthropometric param-
eters, blood pressure, fasting blood glucose,
C-reactive protein (CRP), insulin concentration,
insulin resistance (HOMA-IR), lipid profile, adi-
pokines levels and prevalence of MS and DM2
were recorded. The genotype of ADIPOQ gene
polymorphism (rs266729) was evaluated.

RESULTS: The distribution of the rs266729
polymorphism in this population was 56.7%
(n=569) (CC), 33.1% (n=332) (CG) and 10.2%
(n=103) (GG). Insulin and HOMA-IR levels were
higher in G allele carriers than non G allele car-
riers. Adiponectin levels were lower in G allele
carriers than non G allele carriers. In total group
carriers of G allele, logistic regression analy-
sis showed an increased risk of hyperglycaemia
(OR=1.70, 95% CI=1.19-2.76, p=0.03) and preva-
lence of diabetes mellitus type 2 (OR=1.81, 95%
Cl=1.13-5.14, p=0.04), after adjusting by body
mass index and age

CONCLUSIONS: G allele of SNP (rs266729) of
the ADIPOQ gene showed high values of insu-
lin and HOMA-IR, and low values of adiponectin
levels than non G allele carriers. G allele carri-
ers showed higher rate of diabetes mellitus and
hyperglycemia.
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Introduction

Metabolic syndrome (MS) is defined by the
clustering of several factors; abdominal obesi-

ty, glucose intolerance and/or insulin resistance,
dyslipemia and increased blood pressure'. In the
other hand, diabetes mellitus type 2 (DM2) is an
important health problem, ranging from predom-
inantly insulin resistance to predominantly an in-
sulin secretory defect with insulin resistance. Its
prevalence is increasing rapidly because of pop-
ulation and surge of obesity in many countries.
Some studies pointed out that the total prevalence
of DM2 was 13.8% in Spanish population?, so it is
important to investigate for the causes and risks
of DM2, one factor of these causes is genetic fac-
tors and advances have enable the identification
of a number of genes associated with DM2 risk.
One of these target genes is the adiponectin gene
and several studies investigated the SNPs of this
gene.

Adiponectin is the most quantitatively abun-
dant adipokine produced by adipocytes, which is
known to regulate insulin sensitivity* and concen-
trations of adiponectin are reduced in obese sub-
jects. Adiponectin is encoded by the adiponectin
C1Q and collagen domain containing (4DIPOQ)
gene, which located on chromosome 3q27. In hu-
mans, associations have been found between ma-
ny polymorphisms in ADIPOQ and adiponectin
levels, insulin resistance and obesity*. The most
common single nucleotide polymorphism (SNP)
of this gene is rs266729 (-11,377C>Q), it is located
in the proximal promoter region of the ADIPOQ
gene. Some scholars® in the literature indicate
that ADIPOQ 15266729 polymorphism function-
ally regulates adiponectin promoter activity and
secondarily adiponectin levels. This 4ADIPOQ
variant has been identified to be associated with
adiponectin levels, high body mass index, insulin
resistance and diabetic nephropathy®*®. This gene
variant 1s266729 has been reported to be associ-
ated with DM2%'° in some populations. Thus, this
present study is important because it is the first
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one that investigated the relationship of this SNP
with diabetes mellitus type 2 and metabolic syn-
drome in the same Caucasian population.

The aim of the present investigation was to de-
scribe the association of rs266729 with diabetes
mellitus type 2, components of MS and plasma
adiponectin levels.

Patients and Methods

Subjects and Clinical Investigation

The population studied was selected from
obese patients sent by the primary care phy-
sicians of our Health Area, obesity is defined
by a body mass index (BMI) >30 kg/m? One
thousand and four obese Caucasian subjects were
enrolled in a non-probabilistic consecutive meth-
od of sampling from 24 Primary Care Centers
of our Health Area. In the recruitment, we only
took into account the temporary order of referral
of patients from their primary care physician to
our Nutrition Unit, as long as they met the in-
clusion criteria. The recruited subjects fulfilled
the following inclusion criteria; body mass index
>30 kg/m?, had no a history of cardiovascular dis-
ease, thyroid disease, renal or hepatic disorders,
had no history of alcoholism, malignant tumor,
bariatric surgery, and within the 6 months before
the study were not receiving medications known
to influence lipid levels (statins, hormonal thera-
py, glucocorticoids and anti-inflammatory drugs).
The exclusion criteria were ages under 18 years
or older than 65 years, BMI over 45 kg/m? years
old, and a dietary treatment 6 months prior to the
current study.

The Ethics Committee (HCUVA Committee)
approved the study and was in accordance with
the guidelines laid down in the Declaration of
Helsinki. All participants provided written in-
formed consent. After signed consent was ob-
tained, all participants underwent a medical eval-
uation including physical examination and com-
plete medical history. Data on blood pressure,
anthropometric parameters [weight, height, body
mass index (BMI), fat mass by impedance and
waist circumference] have been collected. Venous
blood samples were collected in EDTA-treated
and plain tubes after a 10 hour overnight fasting
state for analysis of plasma C reactive protein
(CRP), adipokine levels (Ieptin, total adiponectin
and resistin), insulin, total cholesterol, LDL-cho-
lesterol, HDL-cholesterol and triglycerides. To
estimate the prevalence of diabetes mellitus type

2 was considered American Diabetes Association
criteria (elevated fasting glucose above 126 mg/
dl or HBAlc >6.5% or glucose oral overload
with a glucose levels at 120 minutes above 200
mg/dl)!! and the prevalence of Metabolic Syn-
drome (MS), the definitions of the ATPIII was
considered'. Subjects need to fulfill at least 3 of
the following 5 criteria in order to be diagnosed
of MS; hyperglycaemia elevated fasting glucose
or treatment for diabetes as hyperglycemia, ele-
vated triglycerides (>150 mg/dl) or treatment for
dyslipidemia, low HDL cholesterol < 40 mg/dl
(males) or <50 mg/dl (females), elevated systolic
or diastolic blood pressure (>130/85 mmHg or
antihypertensive treatment) and increased waist
circumference [>94 cm (males) or >80 cm (fe-
males)].

Anthropometric Parameters and
Blood Pressure

Body weight was measured in the morning
while the subjects were unclothed and not wear-
ing shoes. They were measured using scales
(Omrom, Los Angeles, CA, USA) and recorded to
the nearest 50 g. Height was measured with a tape
measure (Omrom, Los Angeles, CA, USA) while
patients were standing with shoulders in normal
alignment and no wearing shoes. Body mass in-
dex (BMI) was calculated as body weight (in kg)
divided by height (in m?). Waist circumferences
(WC) were measured at the umbilical level with
the use of an upstretched tape measure while
the subjects were standing after normal expira-
tion. Bio impedance was used to determine body
composition with an accuracy of 5 g"* (EFG, Ak-
ern, Pisa, IT). Mean systolic and diastolic blood
pressures were calculated by averaging three
measurements (Omrom, Los Angeles, CA, USA).

Biochemical Procedures

Total cholesterol and triglyceride levels were
determined by enzymatic colorimetric assay
(Technicon Instruments, Ltd., New York, NY,
USA), while HDL cholesterol was measured in
the supernatant after precipitation of other lipo-
proteins by enzymatic methods. LDL cholesterol
was calculated using Friedewald formula (LDL
cholesterol=total cholesterol-HDL cholesterol-tri-
glycerides/5)". Glucose levels were measured by
an automated glucose oxidase method (Glucose
analyser 2, Beckman Instruments, Fullerton, CA,
USA). Insulin was determined by radioimmuno-
assay (RIA) (RIA Diagnostic Corporation, Los
Angeles, CA, USA) with a sensitivity of 0.5
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mUI/L (normal range 0.5-30 mUI/L)"* and the
homeostasis model assessment for insulin resis-
tance (HOMA-IR) was calculated using these
value”. CRP was measured by immunoturbidi-
metry (Roche Diagnostics GmbH, Mannheim,
Baden-Wurtemberg, Germany), with a normal
range of (0-7 mg/dl) and analytical sensitivity
0.5 mg/dl. All adipokines were determined by
enzyme linked immunosorbent assay (ELISA);
resistin (Biovendor Laboratory, Inc., Brno, Mora-
via, Czech Republic) with a sensitivity of 0.2 ng/
ml and a normal range of 4-12 ng/ml', adiponec-
tin (R&D systems, Inc., Minneapolis, MN, USA)
with a sensitivity of 0.24 ng/ml and a normal
range of 8.63-21.42 ng/ml1'"” and leptin (Diagnostic
Systems Laboratories, Inc., Houston, TX, USA)
with a sensitivity of 0.05 ng/ml and a normal
range of 11-100 ng/ml'®.

Genotyping ADIPOQ Gene

Hardy Weinberg equilibrium was assessed
with a statistical test (Chi-square) to compare our
expected and observed counts. The variant was
in Hardy Weinberg equilibrium (p=0.31). DNA
was isolated from blood samples using QlAamp®
DNA blood kit following the manufacturer’s in-
structions. To extract DNA we use 200 uL of
blood. Oligonucleotide primers and probes were
designed with the Beacon Designer 5.0 (Pre-
mier Biosoft International®, Los Angeles, CA,
USA). The Polymerase Chain Reaction (PCR)
was carried out with 50 ng of genomic DNA,
0.5 uL of each oligonucleotide primer (primer
forward: 5’-ACGTTGGATGATGTGTGGCTTG-
CAAGAACC-3’ and reverse 5-ACGTTGGAT-
GCAACATTCAACACCTTGGAC-3’ in a 2 uL
final volume (Termociclador Life Tecnologies,
Los Angeles, CA, USA). DNA was denatured at
90°C for 2 min; this was followed by 50 cycles
of denaturation at 90°C for 20 s and annealing at
56.1°C for 50 s). The PCR were run in a 25 uL
final volume containing 10.5 uL of IQTM Su-
permix (Bio-Rad®, Hercules, CA, USA) with hot
start Taq DNA polymerase. We used as internal
standard for RT-PCR (GAPDH) with a forward
sequence: GTCTCCTCTGACTTCAA and re-
verse sequence: ACCACCCTGTTGCTGTA.

Statistical Analysis

All the data were analyzed using SPSS for
Windows, version 19.0 software package (SPSS
Inc. Chicago, IL, USA). Sample size was calcu-
lated to detect differences over 5 ng/dl of adi-
ponectin levels between genotype groups with

90% power and 5% significance. All analysis was
performed under a dominant genetic model with
rs266729 G- allele as the risk allele (GG+GC vs.
CC). The results were expressed as average =+
standard deviation. Variables were analyzed with
ANOVA test (for normally distributed variable) or
Kruskal-Wallis test (for non-normally-distributed
variable). Logistic regression analyses adjusted
by age, gender and BMI were used to calculated
odds ratio (OR) and 95% confidence interval (CI)
to estimate the association of the rs266729 SNP
with the risk of Metabolic syndrome, components
of MS and diabetes mellitus type 2. A p-value un-
der 0.05 was considered statistically significant.

Results

The sample comprised of 1004 Caucasian
obese subjects. The mean age was 45.9+6.1 years
(range: 26-64) and the mean body mass index
(BMI) 36.4+5.1 kg/m? (range: 31.4-41.1). Gender
distribution was 735 females (73.2%) and 269
males (26.8%). The distribution of the rs266729
polymorphism in this adult population was 56.7%
(n=569) (CC), 33.1% (n=332) (CG) and 10.2%
(n=103) (GG). The allele frequency was C (0.73)
and G (0.27). The subjects were grouped into
two genotype groups (CC vs. CG+GG). Age was
similar in both genotype groups (CC; 46.1£6.1
years vs. CG+GG; 45.6+7.2 years: ns). Gender
distribution was similar in both genotype groups
(CC 26.9% males vs. 73.1% females vs. CG+GG;
26.6% males vs. 73.4% females).

By applying a dominant genetic model, we
did not detect a significant association between
1s266729 G-allele and fat mass, weight, waist
circumference, blood pressure and BMI in the
total group. We did not find statistically signif-
icant differences between the genotypes in the
analysis carried out taking into account females
and males of isolated groups (Table I). Males had
higher weight, fat mass and waist circumference
than females in both genotype groups.

Biochemical characteristics according to geno-
type are shown in Table II. In males, insulin lev-
els (CC vs. CG+GG: delta: 2.7+1.2 UI/L; p=0.03)
and HOMA-IR (delta: 1.1+0.8 units; p=0.01) were
higher in G allele carriers than non G allele car-
riers. In females, insulin levels (CC vs CG+GG:
delta: 2.54¢1.0 UI/L; p=0.02) and HOMA-IR (del-
ta: 0.9£0.5 units; p=0.01) were higher in G allele
carriers than non G allele carriers (Table II). In
both genotypes, HOMA-IR and insulin levels
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Table I. Anthropometric variables and blood pressure.

Total group (n = 1004) Male (n = 269) Female (n = 735)

(de CG + GG (de CG + GG (de CG + GG

Parameters n =569 n =435 n =152 n=117 n =417 n =318
BMI 36.2+5.0 36.5+5.1 36.3+4.8 36.6+4.9 36.0+4.2 36.3+3.1
Weight (kg) 94.1 £11.0 95.0+9.7 106.3 £ 12.1* 107.8 £9.3* 89.6+9.2 90.1 £7.7
Fat mass (kg) 39.2+£5.1 39.6+4.0 34.0 £3.2* 33.8+3.0*% 409 +£4.0 41.0+6.3
WC (cm) 111.3 £8.0 111.9+7.0 118.1 £6.2 1379+ 5.1% | 108.0+4.1% 109.1 £6.3
SBP (mmHg) 127.1+£09.1 128.2+£8.0 129.2+6.8 130.3 £ 6.1 1269+ 6.8 127.1+5.1
DBP (mmHg) 82.0+5.1 82.1+39 82.4+52 82.3+4.3 81.3+5.1 82.0+4.0

BMI: body mass index DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference; *p<0.05, between

genders. NO statistical differences between genotype groups.

were higher in males than females. All previous
statistical analysis was realized after exclusion
of patients using lipid lowering drugs (n=36),
antidiabetic drugs (n=39) and antihypertensive
drugs (n=99).

Plasma adipokine levels and C reactive protein
are shown in Table III. In both genotypes, leptin
levels were higher in females than males. In
males, adiponectin levels (CC vs. CG+GG: del-
ta: 9.0£1.9 ng/ml; p=0.03) and in females (delta:
12.5+1.8 ng/ml; p=0.01) were lower in G allele
carriers than non G allele carriers.

The frequency of patients with metabolic
syndrome, different components of MS (cen-
tral obesity, hypertriglyceridemia, hypertension
or hyperglycemia) and diabetes mellitus type 2
have been reported in Table I'V. According to the
results of metabolic characteristics, the percent-
age of individuals who had metabolic syndrome
(MS) was 53.6% (n=540) and 46.4% patients
without MS (n=464). In both genotypes, metabol-
ic syndrome rate, percentage of central obesity,

Table IlI. Biochemical parameters (mean + SD).

percentage of hyperglycemia and diabetes melli-
tus type 2 prevalence were higher in males than
females. G allele carriers had a higher percentage
of hyperglycemia and diabetes mellitus type 2.
This statistical association of G allele with DM2
and rate of hyperglycemia was reported in both
gender groups (male and female) (Table V).

In total group carriers of G allele, logistic
regression analysis showed an increased risk
of hyperglycemia (OR=1.70, 95% CI=1.19-2.76,
p=0.03) and prevalence of diabetes mellitus
type 2 (OR=1.81, 95% CI=1.13-5.14, p=0.04), af-
ter adjusting by BMI and age. This associa-
tion remained in males; risk of hyperglycemia
(OR=1.94, 95% CI=1.13-3.21, p=0.03) and preva-
lence of diabetes mellitus type 2 (OR=2.03, 95%
CI=1.10-6.24, p=0.04). The analysis in female
group showed the same results; risk of hypergly-
cemia (OR=1.61, 95% CI=1.12-2.79, p=0.02) and
prevalence of diabetes mellitus type 2 (OR=1.70,
95% CI=1.07-6.02, p=0.03), after adjusting by
BMI and age, too.

Total group (n = 1004) Male (n = 269) Female (n = 735)

CcC CG + GG CcC CG + GG CcC CG + GG

Parameters n = 569 n =435 n =152 n=117 n = 417 n =318

Fasting glucose (mg/dl) 102.1 + 8.9 101.9+7.1 103.1 + 7.1 102.8 £ 6.1 100.1 8.1 99.9 +7.1
Total cholesterol (mg/dl) 205.3+21.8  204.6+18.7 | 202.5+£28.6 201.7+21.1 |[207.5+24.6 207.7+22.1
LDL-cholesterol (mg/dl) 128.0+10.9 126.6 +12.1 1272+ 123 1253+ 121 |1285+12.1 1283 =+16.1

HDL-cholesterol (mg/dl) 53.6+7.1 53.7+8.2 529+84 52.8+79 56.9+£8.0 553+7.1
Triglycerides (mg/dl) 126.7 £ 28.1 126.6 £29.7 140.1+36.9  1439+379 |1241+23.1 1239+171
Insulin (mUI/1) 13.0+5.0 15.8 +3.9*% 13.3 +4.0% 16.0 +4.2% | 12.3+4.1 14.8 + 5.2%
HOMA-IR 3.0+ 1.0 3.9+ 0-9* 4.0+ 1.1° S5.1+1.2% 29+ 1.1 3.8+ 1.0*

HOMA-IR (homeostasis model assessment of insulin resistance).; *p<0.05, in CC vs. CG+GG genotypes. $p<0.05, between

genders.
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Table Ill. Serum adipokine levels and C reactive protein (mean+SD).

Total group (n = 1004) Male (n = 269) Female (n = 735)
CcC CG + GG CcC CG + GG CcC CG + GG
Parameters n = 569 n =435 n =152 n=117 n =417 n = 318
Resistin (ng/dl) 51+1.3 52+1.2 53+1.2 55+1.5 50£1.2 51+13
Adiponectin (ng/dl) 217+8.0 10.9 + 5.3* 19.1+8.1 10.2 £ 5.1* 239+49 11.4 +£3.0*
Leptin (ng/dl) 66.1 +16.9 65.9+12.3 31.2+10.2 35.8+104 772+815  79.8+10.4°
CRP (ng/dl) 53+14 54+15 5.6+19 57+1.8 52+1.1 5.1+3

HOMA-IR (homeostasis model assessment of insulin resistance).; *p<0.05, in CC vs. CG+GG genotypes. *p<0.05, between

genders.

Discussion

The main finding of this cross-sectional study
was the fact that the G allele of SNP (rs266729) of
the ADIPOQ gene showed high values of insulin
and HOMA-IR, and low values of adiponectin
levels than non-G allele carriers. G allele carriers
showed higher rate of diabetes mellitus and hy-
perglycemia than non-G allele carriers, too.

According to literature, more than 600 SNPs
map within the adiponectin locus. One of these
common genetic variants is rs266729. The poten-
tial physiological mechanisms to explain the rela-
tionship of the insulin levels and HOMA-IR and
G-allele of this genetic variant remain unknown.
ADIPOQ encodes adiponectin expressed exclu-
sively in both brown and white adipose tissues'’.
Recent findings have indicated that G allele alters
the sequence for one transcriptional stimulatory
protein binding sites (Sp) and secondarily reduces
adiponectin promoter activity®. Spl is associated
with adiponectin promotor and Spl over-expres-
sion enhanced gene promotor activity. Perhaps a

molecular pathway relates this genetic variant of
the ADIPOQ gene with adiponectin secretion and
secondarily with insulin resistance and insulin
levels. In fact, one study demonstrated that the
minor allele G alter the DNA sequence of Spl
binding site of the transcriptional elements, result-
ing in a reduction inx the transcriptional activity
of adiponectin gene promoter?'. Thus, this negative
regulation leads to low plasma concentration of
adiponectin and so high susceptibility of diabetes
mellitus. In addition, some studies have demon-
strated that there was an association between ad-
iponectin and adipose tissue mass and suggested
that adiponectin secretion and circulating levels
were inversely proportional to body fat*>. Another
potential hypothesis to explain these associations
is a gene-nutrient interaction. Fergusson et al®
have demonstrate that G allele for this SNPs was
identified as having degrees of insulin resistance,
and was highly responsive to differences in plasma
saturated fatty acids. Unfortunately, in our work
we have not measured either the circulating levels
of fatty acids or the intake of fats.

Table IV. Metabolic syndrome, components of MetS and diabetes mellitus.

Total group (n = 1004) Male (n = 269) Female (n = 735)
CcC CG + GG CcC CG + GG CcC CG + GG
Parameters n = 569 n =435 n =152 n=117 n =417 n =318
Percentage of MetS 53.6% 53.9% 62.0% 55.5% 40.1%* 43.5%°
Percentage of central obesity 79.5% 82.6% 96.6% 95.6% 73.3%* 77.8%°
Percentage of Hypertriglyceridemia 11.0% 12.0% 14.2% 12.2% 9.8% 10.3%
Low HDL cholesterol 10.6% 12.1% 14.9% 15.3% 11.5% 11.8%
Percentage of Hypertension 43.3% 44.8% 53.8% 50.0% 39.7% 43.1%
Percentage of hyperglycemia 19.8% 30.1%* 23.6% 37.6% * 18.4%* 27.3%*S
Diabetes Mellitus 6.3% 10.3%* 7.2% 13.6%* 5.9%* 9.1%*%

The cut-off points for the criteria of; central obesity (waist circumference >88 cm in female and >102 in male), hypertension
(systolic BP>130 mmHg or diastolic BP>85 mmHg or specific treatment), hypertriglyceridemia (triglycerides >150 mg/dl or
specific treatment) or hyperglycemia (fasting plasma glucose >110 mg/dl or drug treatment for elevated blood glucose). Diabetes
mellitus by American Diabetes Association (ref 10). *p<0.05, in CC vs. CG+GG genotypes. $p<0.05 between genders.
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The results of our study demonstrated that
G allele carriers have increased risk of hyper-
glycemia and diabetes mellitus type 2, after
adjustment for sex, age and BMI. Such data
suggested a role of adiponectin gene polymor-
phism 15266729 in the pathogenesis of DM2 in
this Caucasian population. The current findings
are consistent with results in Asian Population®,
French Caucasians®, Swedish Caucasians®, and
Chinese Populations*’. However, studies in In-
dians?®, Hispanic and African-American® and
Chinese populations® failed to detect significant
relationship with this significant SNP. A possible
explanation for these contradictory results in the
literature is due to the influence of other genes,
which could be in linkage disequilibrium. Other
potential hypothesis to explain this fact may be
due to differences in study design, sample size,
genetic background, and level of BMI, gender or
dietary environment. Finally, diabetes mellitus
type 2 has a multifactorial polygenic origin, so
that an abnormality in the promotor region of
ADIPOQ such as rs266729 may act or interact
with other environmental or genetic factors and
induce to development diabetes

Limitations of our study are firstly that the
study has been realized in obese subjects, so the
data are not generalizable to the entire popula-
tion. The second, the design as a cross-sectional
design does not allow to extract causality. The
third, the lack of assessing the combined effect
of other genetic factors on insulin resistance. Fi-
nally, we have evaluated only Caucasian subjects,
ethnic differences in genetic background and the
environment they live in would play a crucial role
in genetic effects’.

Conclusions

The G allele of SNP (rs266729) of the ADIPOQ
gene showed high values of insulin and HO-
MA-IR, and low values of adiponectin levels than
non-G allele carriers. G allele carriers showed
higher rate of diabetes mellitus and hyperglyce-
mia. More studies are necessary to evaluate the
role of these associations with possible therapeu-
tic measures in obese patients at risk of diabetes
mellitus®>¥,
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