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B Abstract

BACKGROUND: Alterations in adiponectin-mediated
pathways are known to be associated with glucose intoler-
ance, insulin resistance (IR), obesity, and type 2 diabetes
(T2D) mellitus. Genetic variations in adiponectin (ADI-
POQ) and adiponectin 1 and 2 receptor (ADIPOR7 and
ADIPOR?2) could have effects on IR-related phenotypes and
T2D. Here we examine whether the polymorphic markers
152241766 (ADIPOQ), 1522753738 (ADIPORT), rs11061971
and rs16928751 (both in ADIPOR?2) are implicated in sus-
ceptibility to T2D in a Russian population. METHODS:
The polymorphic markers were genotyped in 129 T2D pa-
tients, and 117 non-diabetic controls, by polymerase chain
reaction (PCR) restriction fragment length polymorphism
approach. In the subjects, biochemical characteristics includ-
ing serum insulin, plasma glucose and serum lip-
ids/lipoproteins were measuted and compared for cortela-

tion with the genetic variations studied. RESULTS: Allele T
of 1511061971 and allele A of 1516928751 showed associa-
tion with higher risk of diabetes providing odds ratios (OR)
of 2.05 (p = 0.0025) and 1.88 (p = 0.018), respectively. Hap-
lotype A-G consisting of allele A of rs11061971 and allele G
of 1516928751 was associated with reduced risk of T2D (OR
= 0.59, p. = 0.0224). Compared to other variants, diabetic
patients double homozygous for A/A of £s16928751 and
G/G of 1516928751 had decreased homeostasis model as-
sessment-insulin resistance (p. = 0.0375) and serum triglyc-
erides (pc = 0.0285). CONCLUSIONS: The variants of
ADIPOR2 confer susceptibility to T2D and are associated
with some IR-related phenotypes in the Russian study popu-
lation.

Keywords: type 2 diabetes - adiponectin - insulin resis-
tance * haplotype + ADIPOQ - ADIPOR1 - ADIPOR2

Introduction

\ o diponectin, a product of the ADIPOQ (APMT)
gene, is the most abundant human adipose-

& specific protein [1]. Decreased levels of plasma
adiponectin and adiponectin mRNA were observed in
both patients with T2D and ob/ob mice, an obese
diabetic murine model, suggesting downregulation of
the adiponectin expression in adipocytes in obesity and
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T2D [2-4]. Reduced adiponectin is associated with de-
creased lipid oxidation, increased triglyceride content
and suppression of insulin-dependent signaling in pe-
ripheral tissues such as liver and muscle. By this proc-
ess decreased adiponectin can contribute to insulin re-
sistance (IR) and obesity [5].

The ADIPOQ gene comprising 3 exons spans 16
kb on chromosome 3q27 [4]. Correlations of adi-
ponectin levels and phenotypes associated with the
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metabolic syndrome and T2D, such as insulin resis-
tance, glucose intolerance and high density lipopro-
tein/cholesterol ratio, have been reported for several
polymorphic markers including a thymine-to-guanine
substitution at position +45 (+45 T/G; £52241766) in
exon 2 of ADIPOQ [5]. Multiple associations of this
kind obsetved for the ADIPOQ +45 T/G vatiant sug-

T/G SNP (rs22753738) is situated in intron 1. In Fin-
nish glucose intolerant patients, this marker showed an
association with size characteristics (weight, waist cir-
cumference, saggital diameter) [13], i.e. the indicators
of central obesity (body size), which are frequently
linked to insulin resistance and metabolic syndrome
irrespective of height or BMI [14].

gest that in principle this sin-
gle nucleotide polymorphism
(SNP) represents a useful
marker to evaluate the rela-
tionship between the 4DI-
POQ gene, T2D and quantita-
tive characteristics of the
metabolic syndrome.

Two receptor forms, Adi-
poR1 and AdipoR2, mediate

biologic  effects of adi-
ponectin. In humans, Adi-
poR1 is ubiquitously ex-

pressed, with highest levels
being in the skeletal muscle.
AdipoR2 is predominantly ex-
pressed in skeletal muscle and
the liver [6]. Expression of
adiponectin receptors was also
found in pancreatic B-cells,
and fatty acids may regulate
their expression levels in (-
cells [7]. In mice, simultaneous
distuption of both AdipoR1
and R2 abolished adiponectin

Table 1. Clinical and metabolic characteristics of type 2 diabetes patients and control sub-

jects
Characteristic 2D Control p Pe
(n=129) (n=117)
Male/female (n) 54/75 60/57 ns ns
Age (y1) 619 = 7.1 61.3 * 10.1 ns ns
Diabetes duration (yr) 118 £ 75 -
BMI (kg/m?) 289 + 55 272 + 48 ns ns
SBP (mmHg) 183.9 £ 27.7 148.0 £ 15.6 0.0001  0.0008
DBP (mmHg) 110.9 £ 21.0 962 * 12.2 0.0007  0.01
HbAlc (%) 79 £ 13 52 £ 0.5 0.0024  0.038
FPG (mmol/1) 99 + 1.7 57 £ 0.5 0.0015 0.02
2h plasma glucose (mmol/I) 124 £ 12 6.8 £ 07 0.0009  0.01
Fasting serum insulin (mU/1) 148 £ 7.7 102 £ 6.2 0.0012  0.019
2h serum insulin (mU/I) 84.0 £ 321 482 £ 199 0.0001  0.001
HOMA-B 46.2 + 224 92.7 £ 46.3 0.0001  0.001
HOMA-IR 65 £ 16 26 £ 06 0.008 0.048
HDL cholesterol (mmol/1) 1.3 + 03 12 + 03 ns ns
LDL cholesterol (mmol/]) 33 £ 11 34 £ 09 ns ns
VLDL cholesterol (mmol/1) 04 £ 02 04 £ 02 ns ns
Total cholesterol (mmol/I) 50 £ 1.3 50 £ 1.1 ns ns
Triglycerides (mmol/1) 22+ 06 16 £ 05 0002 0.035

binding with consequential
actions resulting in greater tis-
sue triglyceride content, in-
flammation, and oxidative
stress, thereby leading to insu-
lin resistance and marked glu-
cose intolerance [8]. The ex-
pression of both receptors was shown to be substan-
tially reduced in the skeletal muscle of T2D patients
and insulin-resistant T2D obese db/db mice [9, 10].
Indeed, low levels of AdipoR in peripheral tissues in
obesity and T2D might reduce biological effects of
adiponectin and therefore further aggravate the nega-
tive metabolic effect of low levels of adiponectin
which characterizes both obese and diabetic states.
Since AdipoR1 and AdipoR2 mediate the ef-
fects of adiponectin on target tissues, they have been
considered to be strong candidates in the risk of type 2
diabetes [11]. The .ADIPORT gene located on chromo-
some 1p36.13-q41 contains 8 exons [12]. The (-100)

index.
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Legend: Data are mean * SD calculated by chi-squared test. T2D: type 2 diabetes. BMIL: body mass
SBP: systolic blood pressure. DBP: diastolic blood pressure. FPG: fasting plasma glucose.
HOMA-B: homeostasis model assessment of B-cells. HOMA-IR: homeostasis model assessment of
insulin resistance. HDL: high-density lipoprotein cholesterol. LDL: low-density lipoprotein cholesterol.
VLDL: very low-density lipoprotein cholesterol. ns: not significant.

Similarly to ADIPORT, ADIPORZ2, which resides
on chromosome 12p13.31, also contains 8 exons [12].
Some ADIPORZ variants showed association with in-
sulin resistance-related phenotypes such as decreased
fasting triglyceride levels [15] and higher respiratory
quotient, Le. lower rate of fat oxidation [16]. At pre-
sent, the reported results for association between
ADIPOR?2 and T2D for several Caucasian populations
show some inconsistency [11, 17-19]. Due to the con-
troversy in association between ADIPOR2 and T2D,
we intended to evaluate whether this gene is also asso-
ciated with T2D in a Russian population. For analysis,
we selected two common polymorphisms: 1511061971

Rev Diabet Stud (2008) 5:28-37
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(+219 A/T) and 516928751 (+795 G/A) located re-
spectively in intron 2 and exon 6 of ADIPORZ2. The
marker 1511061971 showed association with both glu-
cose intolerance (p = 0.021) and T2D (p = 0.001) in
Old Order Amish [17]. In the present study, we also

vious diagnosis of type 1 diabetes, or those receiving
treatment for hypercholesterolemia, hypertension or
T2D, were excluded from the study. The study proto-
col was approved by the Review Board of the Endo-
crinology Research Center in Moscow, Russia, and all

evaluated two more markers, 1s22753738 and
rs2241766 SNPs, located in ADIPORT and ADIPOQ
respectively, for association with T2D.

participants gave written informed consent.

Table 2. Detection of single nucleotide polymorphisms (SNPs) within the ADIPOQ, ADIPORT and ADIPOR2 genes

SNP dbSNPID  Gene Gene location! PCR primers Annealing  Restriction  Digestion Alleles*
523 temp.2 enzyme temp.
T/G 2241766 ADIPOQ  exon 2 (+45, F: AGACTCTGCTGG 60 (1.5) Smal 30 (4) allele G: 318+148
codon 15) ATGGACGGAGTCC allele T 466
R: CCCCAAATCACTT
CAGGTTGCTTATGG
A/G 2275738 _ADIPORT intron 1 (-106) F: TTTGTGGGAAGAC 56 (1.5) SmiM I 37 (3) allele A: 175+125
TCTGGCTGGT allele G: 300
R: TTAGTGAGGTTCTG
GGTAAAGGTTGACATT
A/T 11061971 ADIPOR?2 intron 2 (+219)  F: GCATCTGTTCTATC 52 (2.0) BstF51 65 (3) allele T: 80+37
TTCCCATCATAAA allele A: 117
R: GACCCCCACTTTT
TTTTCCCCATA
G/A 16928751 ADIPOR2 exon 6 (+795,  F: CTCTGGTATTGCTC 55 (1.5) Bsel I 65 (3) allele G: 169+132
codon 265) TTCTGATTATGGGAA allele A: 301
R: TTCTTCATCTTGGC
ATCACAAATACACAG

Legend: ! Position of the translation start (bp). 2 Temperature in °C, Mg?* in mM in parentheses. 3 Temperature in °C, duration of diagestion in h in parenthe-

ses. * Definition of alleles and length of digestion products in bp.

Subjects and Methods

Subyjects

A total of 129 Russian unrelated patients with T2D
and 117 Russian non-diabetic controls were studied.
The subjects were recruited in the Endocrinology Re-
search Center. The T2D patients were selected accord-
ing to the World Health Organization diagnostic crite-
ria as having either, a fasting plasma glucose concen-
tration > 7.8 mmol/l, or a plasma glucose concentra-
tion > 11.1 mmol/1 2 h after a 75-g oral glucose intake
[20]. All study participants resided in Moscow or the
Moscow region. The controls were normoglycemic; no
past history of glucose intolerance; an HbAlc level of
< 6.4%, or a normal oral glucose tolerance test
(OGTT); and no family history of diabetes. To avoid
interferences of biological variables, controls with pre-

Rev Diabet Stud (2008) 5:28-37

Biochemical measurements

Blood was drawn for fasting cholesterol, high-
density lipoprotein (HDL), cholesterol, triglycerides,
plasma glucose and insulin after 12-h overnight fast.
These parameters were measured by standard enzy-
matic assays. Low-density lipoprotein (LDL) choles-
terol was derived using the Friedewald equation [21]. A
standard 75-g OGTT was performed after a 12-h
overnight fast according to the WHO recommenda-
tions. HbAlc was measured using ion-exchange high
performance liquid chromatography (normal reference
range: 4.1-6.4%). Plasma insulin levels were deter-
mined by means of an enzymatic immunoassay. Ho-
meostasis model assessment of B-cell function
(HOMA-B) was calculated as 20 X fasting plasma insu-
lin (mU/]) divided by (fasting glucose (mmol/l) - 3.5).
Homeostasis model assessment-insulin  resistance

Copyright © by the SBDR
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(HOMA-IR) was computed as fasting plasma insulin
(mU/]) x fasting glucose (mmol/l)/ 22.5 [22]. Clinical
and metabolic characteristics of diabetic patients and
non-affected individuals are summatized in Table 1.

Table 3. Association of the ADIPOQ, ADIPORT and ADIPOR2 gene variants

are described in Table 2. Restriction enzymes used in
these assays were manufactured in Sybenzyme (No-
vosibirsk, Russia). PCR buffer consisted of 10 mmol/]
Tris-HCl, pH 8.8, 50 mmol/l KCl, 0.08% Nonidet
P40, 1.5 mmol/l MgCl2, 0.2 mmol/]
of each dNTPs, 100 ng of genomic
DNA, 1 U Taq polymerase and 10

with T2D pmoles of each primer. PCR cycling
Alleles and T2D Control OR (95% CI) p was performed in 2 DNA Engine
genotypes (=129 (@ =117) Dyad Peltier Thermal Cycler (Bio-Rad
ADIPOQ +45T/G (£s22417606) Laboratories, Hercules, CA, USA) as
T 244 (94.3) 224 (95.5) ns follows: initial denaturation step at
G 14 (5.7 10 (4.5) ns 96°C for 3 min, followed by 30 cycles
T/T 117 (90.7) 108 (92.3) ns of denaturatlon at 94°C fgr 30 s, in-
/G 0 @7 5 (6.9 s nealing for 30 s and extension at 72°C
G/G > (16 1 09) s fo.r 30 s, with a final extension of 7

min at 72°C. 5 pl of the PCR product
ADIPORT -106 G/A (rs2275738) was then cleaved with a corresponding
A 126 (48.8) 100 (42.7) ns restriction enzyme.
G 132 (51.2) 134 (57.3) ns Restriction products were analyzed
AJA 26 (202) 16 (137 s by electrophoresis either in 2% aga-
A/G 74 (57.3) 68 (55.1) s rose gel (for 1:52241766,‘1:520275738,
G/G 29 (225 33 (282) s and rsl§928751 SNPs) or in 8% poly-

acrylamide gel (for rs11061971). To
ADIPORZ +219 A/T (rs11061971) visualize the digestion fragments, an
A 143 (55.4) 168 (71.8) 0.49 (0.33- 0.71) 0.0002 agarose gel was then stained with
T 115 (44.6) 66 (28.2) 2.05 (1.41- 2.98) 0.0002 ethidium bromide and exposed under
A/A 39 (30.2) 57 (51.3) 046 (0.27- 0.77)  0.0045 UV, whereas a polyacrylamide gel was
AJT 65 (50.4) 54 (43.6) s stained with silver nitrate.
T/T 25 (19.4) 6 (5.1 445 (1.75-1128)  0.0015

Statistical analysis
ADIPOR2 +795 G/A (rs16928751) .
G 207 (80.2) 207 (88.7) 0.53 (032- 0.88)  0.018 SPSIgjt\;/inW;r:ogrzﬁiyzﬁjers;zﬁh 15%6
A 51 (19.8) 27 (11.5) 1.88 (1.14-3.13) 0018 SPSS Tnc., Chicago, 11, USA). Results
G/G 83 (643) 91 (77.7) 052 (0.29- 091) 0018 ate given as mean * SD or percent-
A/G 41 (31.8) 25 (214 ns ages. The clinical and laboratory chat-
A/A 5 39 1 09 ns acteristics of the T2D patients and

Legend: Frequencies are absolute numbers (percentages in parentheses). ns: not significant.

DNA analysis

Total DNA was isolated from whole-blood samples
pretreated with proteinase I, using a standard protocol
for extraction with phenol-chloroform (Fermentas,
Vilnius, Lithuania). For each gene studied, polymor-
phic regions were amplified by a polymerase chain re-
action (PCR) in a total volume of 25 ul, using PCR re-
agents and Taq polymerase from Fermentas followed
by digestion of a PCR product with a corresponding
restriction enzyme. PCR- restriction fragment length
polymorphism (RFLP) assays for detecting each SNP

www.The-RDS.org

controls were compared with the un-
paired Student’s #test or y2 test, as
appropriate. To compare quantitative
data in three groups, a one-way ANOVA test was
used. The degree of pairwise linkage disequilibrium
(LD) between markers was calculated using LDA
software [23]. The test for Hardy-Weinberg equilib-
rium and comparison of genotype and allele frequen-
cies in the T2D subjects and controls were performed
using the y? test. Odds ratios (OR) and their 95% con-
fidence intervals (CI) were calculated, using the Calcu-
lator for Confidence Intervals of Odds Ratio [24]. ORs
were computed when data were significantly different.
After correction for multiple comparisons, p-values
(pe) of less then 0.05 were considered significant.

Rev Diabet Stud (2008) 5:28-37
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Results

Compared to the controls, diabetic patients had
significantly elevated blood pressure, glycosylated he-
moglobin HbAlc, triglyceride and both (fasting and
2h) insulin and glucose levels in blood (Table 1). These
data could reflect presence of hypertension, hypergly-
cemia, hyperglyceridemia, altered insulin response and
glucose intolerance, ie. typical T2D-related pheno-
types in affected patients. In affected subjects,
HOMA-§ was significantly lower then in non-diabetic
individuals (46.2 + 22.4 vs. 92.7 £ 46.3, p. < 0.005),
indicating B-cell dysfunction in these patients. In con-
trast, HOMA-IR was significantly increased in T2D
patients (6.5 * 1.6 vs. 2.6 £ 0.6, p. < 0.05) pointing to
insulin resistance (Table 1).

Table 4. Association of ADIPORZ2 haplotypes with T2D

tween carriers of common ADIPORZ2 haplogenotypes
occurring at a frequency of more than 10%, to evaluate
whether ADIPORZ2 haplotypes that showed association
with T2D are also associated with IR-related pheno-
types. In the serum of T2D patients who were double
homozygous for +219 A/A and +795 G/G of ADI-
PORZ, concentrations of triglycerides were found to be
significantly reduced compared with other variants
(Table A5). In both diabetic and non-diabetic individu-
als double homozygotes for +219 A/A and +795
G/G of ADIPOR2, HOMA-IR values were also sig-
nificantly lower than those in carriers of other diplo-
types. These findings suggest a protective role for the
haplotype AG of ADIPORZ in the development of IR.

Discussion

In this study, we examined whether

sequence variations in the ADIPOQ

Haplorpe (nT:2?29> (I(f O:n;rf 71> ORO5%CH P and ADIPOR genes contributed to sus-

ceptibility to T2D and variations in
A-G 128 (504) 148 (63.2) 059 (041 - 0.85) 0.0056 T2D-related metabolic characteristics in
-G 79 (311 59 (252 ns a Russian population. Both markers of
A-A 15 (4.3) 20 (8.5 ns ADIPOR2, 1511061971 (+219 A/T)
T-A 36 (14.2) 731 535 (2.33-12.99) < 0.0001 and rs16928751 (+795 G/A), showed

Legend: Frequencies are absolute numbers (percentages in parentheses). ns: not significant.

All polymorphic markers studied followed the
Hardy-Weinberg equilibrium (data not shown). For the
ADIPOQ +45 T/G and ADIPORT -106 G/A variants,
there were no significant differences in allele frequen-
cies between diabetic and non-diabetic patients (Table
3). However, both markers within the ADIPOR2 gene
showed association with T2D. Allele +219T of
rs11061971 and allele +795A of rs16928751 were sig-
nificantly associated with higher risk of diabetes (OR
of 2.05 and 1.88, respectively). Both .ADIPOR2 mark-
ers are in strong LD (D” = 0.79, p < 0.05). The SNP
was found to share a common risk haplotype that con-
sisted of the +219T and +795A alleles (OR = 5.35, p
< 0.001; Table 4). In contrast, the haplotype of .4DI-
POR2 comprising the +219A and +795G alleles was
associated with lower T2D risk (OR = 0.59, p < 0.01).

The polymorphic markers showed no association
with metabolic characteristics except for the ADI-
POR2 +795 G/A variant, which was associated with
serum triglyceride levels (Tables A1-A4, see Appen-
dix). Diabetic patients homozygous for G/G had sig-
nificantly lower triglycerides compared to G/A+A/A
(1.8 mmol/1 vs. 2.7 mmol/l, p. < 0.05; Table A4, see
Appendix). We compared metabolic characteristics be-

Rev Diabet Stud (2008) 5:28-37

association with T2D (Table 3). Simi-
larly, Dumcott ef al. reported that the
allele T of rs11061971 was significantly
associated with higher risk of T2D (OR = 1.47 and
1.71 for T2D vs. normoglycemic patients and T2D +
glucose-intolerant vs. normoglycemic patients, respec-
tively) [25]. This SNP is in high LD with several dis-
ease-associated polymorphisms that reside in the entire
LD block spanning nearly 100 kb across a whole ADI-
PORZ2 gene from the promoter region until the begin-
ning of exon 8 [25, 20].

In the Russian population, the +219 A/T matker
was shown to be in strong LD with the +795 G/A
SNP of ADIPOR2. The alleles +219A and +795 G
forming the common haplotype AG were associated
with reduced risk of T2D. The protective role of this
haplotype in the development of T2D could be attrib-
uted to its association with a decreased HOMA-IR
value and therefore with reduced IR. In addition, the
haplotype AG showed an association with lower serum
concentrations of triglycerides. Other studies also
found the relationship between multiple ADIPOR2
variants and triglyceride levels [27, 28]. Tirosh ef 4.
suggested that increased serum triglycerides (>1.7
mmol/l) in combination with elevated fasting glucose
could substantially increase the risk for early develop-
ment of T2D [29].
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Compared to ADIPORT, an emerging role for
ADIPOR?2 in T2D, as observed in our study, could
arise from the unique function of this receptor in me-
diating effects of adiponectin in the liver. This organ
was suggested as the primary site of adiponectin bioac-
tivity [30]. Adiponectin influences fat metabolism in-
creasing fatty acid oxidation through activation of
AMP-activated protein kinase, which in turn phos-
phorylates acetyl CoA carboxylase [31]. Adiponectin
also decreases hepatic glucose output by reducing the
expression of enzymes involved in gluconeogenesis in
the liver [32]. Therefore, increased serum triglycerides
could reflect a low lipid oxidation rate in patients with
metabolic syndrome, leading to the accumulation of
toxic intracellular lipid metabolites in the liver and
other peripheral tissues, and hence inhibit insulin sig-
naling [33].

Recently, the development of AdjpoR2-/- mice was
reported [34]. Disruption of .AdjpoR2 abolished pan-
creatic B-cell replication and neogenesis specifically
stimulated by insulin resistance. As a consequence, at
high-fat feeding, AdipoR2-deficient mice developed
persistent hyperglycemia and overt diabetes [34]. Dis-
ruption of AdipoR2 in mice very closely mimics the de-
velopment of human T2D with two key pathophysi-
ological features: IR and inability of pancreatic 3-cells
to compensate. This evidence highlights a role of Adi-
poR2 in the pathogenesis of IR syndrome and T2D.
Genetic associations observed between certain variants
of ADIPOR2 and T2D in several studies, including
this one, suggest AdipoR2 as a promising target for the
treatment of T2D patients, particularly those who have
adiposity, insulin resistance and dyslipidemia.

B Appendix

Table Al. Association of the ADIPOQ +45 T/G gene vatiant with metabolic characteristics in T2D patients and non-diabetic controls

Characteristic

Type 2 diabetes (n = 129)

Control (n = 117)

T/T G/G+T/G p T/T G/G+T/G p
@=117) @=12) @=117) (=12
BMI (kg/m?) 286 * 56 295 * 55 ns 269 * 48 280 = 47 ns
Systolic BP (mmHg) 180.4 £ 275 1875 £ 28.8 ns 1443 *153 1522 *16.9 0.033
Diastolic BP (mmHg) 1103 £ 21.9 111.7 £ 219 ns 964 * 12,0 97.0 £ 127 ns
HbAlc (%) 77 £ 13 83 £ 14 ns 52 £ 05 53 £ 05 ns
Fasting plasma glucose (mmol/1) 95 £ 1.7 105 = 1.8 0.048 56 £ 05 61 £ 06 ns
2h plasma glucose (mmol/1) 120 £ 1.1 132 £ 15 0.027 64 * 08 79 £ 09 0.036
Fasting serum insulin (mU/1) 149 £ 76 141 £ 8.0 ns 103 * 6.5 102 = 6.0 ns
2h serum insulin (mU/1) 83.7 £ 325 849 * 309 ns 48.5 *202 475 £ 191 ns
HOMA-B 49.7 * 232 403 + 221 0.056 98.1 433 78.5 £ 47.6 0.015
HOMA-IR 63 £ 15 66 * 1.8 ns 26 * 06 28 £ 07 ns
HDL cholesterol (mmol/I) 13 £ 03 13 * 04 ns 12 £ 03 12 £ 03 ns
LDL cholesterol (mmol/1) 32 £ 11 35 £ 12 ns 33 £ 09 3.6 £ 1.0 ns
VLDL cholesterol (mmol/1) 04 £ 02 05 £ 02 ns 04 £ 02 04 £ 02 ns
Total cholesterol (mmol/I) 49 + 13 52 * 12 ns 49 * 1.1 52 £ 11 ns
Triglycetide (mmol/1) 22 £ 06 23 £ 06 ns 1.6 * 05 1.7 £ 05 ns

Legend: Data are mean = SD. BMI: body mass index. BP: blood pressure. HOMA-B: homeostasis model assessment of B-cells. HOMA-IR: homeostasis
model assessment of insulin resistance. HDL: high-density lipoprotein cholesterol. LDL: low-density lipoprotein cholesterol. VLDL: very low-density lipopro-

tein cholesterol. ns: not significant.
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Table A2. Association of the ADIPORT? -106 G/A gene variant with metabolic characteristics in T2D patients and non-diabetic controls

Characteristic Type 2 diabetes (n = 129) Control (n = 117)

A/A A/G G/G p A/A A/G G/G p

(n = 26) (n=174) (n =29 (n=16) (n = 68) (n = 33)

BMI (kg/m?) 290 57 285% 53 293 % 56 ns 267 49 274 = 47 271 £ 49 ns
SBP (mmHg) 182.2 £ 264 1845 £ 285 1833 £ 278 ns 1522 * 164 1463 * 151 1483 £ 157 ns
DBP (mmHg) 108.7 = 21.8 110.5 £ 20.7 111.9 = 209 ns 97.0 £ 128 955 £ 11.7  96.6 = 125 ns
HbAlc (%) 78+ 1.2 80 % 1.3 77 13 ns 54 % 0.6 51 £ 05 53 % 05 ns
FPG (mmol/1) 9.7 15 98 £ 1.7 102 % 19 ns 58t 04 56 £ 05 59 £ 04 ns
2h PG (mmol/l) 123 £ 13 121+ 11 127 % 13 ns 62 % 07 6.7 £ 07 7.8 £ 08 0.048
FSI (mU/1) 141+ 78 149 % 76 156 79  0.022 9.7 63 9.9 £ 6.1 105 = 6.2 ns
2h SI (mU/]) 80.9 £ 314 849 * 319 887 = 325  0.017 475 £ 200 477 £205 505 * 19.2 ns
HOMA-B 455 £ 228 473 £ 223 459 = 219 ns 843 £ 453 943 * 478 87.5 £ 44.6 ns
HOMA-IR 6.1%f 14 65 % 1.7 71 £ 15  0.019 25 % 07 25t 0.6 27 £ 07 ns
HDL (mmol/I) 1.1+ 02 14 £ 03 1.1+ 02 ns 1.3+ 04 1.2 £ 03 12+ 03 ns
LDL (mmol/l) 34+ 12 32+ 1.0 34 £ 11 ns 34 = 11 33 £ 09 35 09 ns
VLDL (mmol/1) 05% 02 04 £ 02 05 % 02 ns 05% 03 04 £ 02 04 = 03 ns
TC (mmol/1) 50 1.5 50 £ 11 50 % 14 ns 52 14 49 + 1.0 51 £ 12 ns
TG (mmol/) 20 % 05 23 & 06 25 07 0.054 14 £ 04 1.5 £ 05 1.8 £ 0.5 ns

Legend: Data are mean + SD. BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. FPG: fasting plasma glucose. FSI: fasting
serum insulin. HOMA-8: homeostasis model assessment of 8-cells. HOMA-IR: homeostasis model assessment of insulin resistance. HDL: high-density lipo-
protein cholesterol. LDL: low-density lipoprotein cholesterol. VLDL: very low-density lipoprotein cholesterol. T'C: total cholesterol. TG: triglyceride.

Table A3. Association of the +219 A/T polymorphism of ADIPORZ2 with metabolic characteristics in T2D patients and non-diabetic con-
trols

Characteristic Type 2 diabetes (n = 129) Control (n = 117)

A/A A/T T/T p A/A A/T T/T p

(n=39) (n =065) (n=25) (n=>57) (n=54) (n =0)

BMI (kg/m?) 284+ 57 287 % 54 295% 55 ns 274 46 270 £ 49 276 £ 51 ns
SBP (mmHg) 181.2 £ 26.7 1834 £ 279 1850 £ 27.6 ns 147.0 £ 155 149.2 £ 157 1488 £ 157 ns
DBP (mmHg) 110.9 * 21.2  110.3 £ 22.0 1122 £ 222 ns 957 + 125 96.6 £ 119  96.8 £ 121 ns
HbAlc (%) 7.7+ 1.4 81 % 1.2 7.8 £ 14 ns 51+ 05 53 = 05 52 05 ns
FPG (mmol/1) 10.1 £ 1.8 9.7 £ 1.7 102 £ 16 ns 54 0.5 6.1 £ 05 6.0 £ 0.7 ns
2h PG (mmol/l) 122+ 12 125% 12 128 % 14 ns 6.6 0.8 71 £ 06 70 £ 07 ns
FSI (mU/1) 136 £ 78 149 76 162 % 79  0.019 93+ 63 11.0 £ 6.0 114 £ 65 0.032
2h SI (mU/1) 81.5 £ 320 833 * 322 861 = 30.8 ns 471 £ 204 492 £ 195 498 * 199 ns
HOMA-B 412 £ 22,6 481 £ 221 484 * 225 ns 97.9 £ 450 84.6 * 475 91.2 = 474 ns
HOMA-IR 61 % 1.7 64 % 1.5 73 £ 14  0.014 22 % 06 30 £ 0.6 32 & 11 0.005
HDL (mmol/I) 1.4+ 03 13+ 03 1.1 £ 02 ns 1.3+ 03 12 £ 03 1.0 £ 0.2 ns
LDL (mmol/I) 30+ 13 34 £ 11 32+ 09 ns 34 09 34 £ 09 32 £ 11 ns
VLDL (mmol/I) 04 % 03 04+ 02 05 % 02 ns 04 = 02 04 £ 02 05 * 02 ns
TC (mmol/l) 51+ 15 51 £ 12 48 £ 11 ns 51 £ 1.1 50 £ 11 47 £ 12 ns
TG (mmol/]) 1.9 05 21 07 25+ 05 0033 1.3+ 05 1.8 £ 05 1.9 £ 0.6 0.021

Legend: Data are mean = SD. BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. FPG: fasting plasma glucose. FSI: fasting
serum insulin. HOMA-8: homeostasis model assessment of 3-cells. HOMA-IR: homeostasis model assessment of insulin resistance. HDL: high-density lipo-
protein cholesterol. LDL: low-density lipoprotein cholesterol. VLDL: very low-density lipoprotein cholesterol. TC: total cholesterol. TG: triglyceride.
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Table A4. Association of the +795 G/A polymorphism of ADIPOR2 with metabolic characteristics in T2D patients and non-diabetic con-
trols

Characteristic Type 2 diabetes (n = 129) Control (n = 117)
G/G G/A+A/A p G/G G/A+ A/A p

(n=83) (n = 46) (n=91) (n = 206)
BMI (kg/m?) 291 = 57 286 * 51 ns 270 * 49 275 £ 46 ns
Systolic BP (mmHg) 181.7 £ 27.3 186.4 £ 29.0 ns 146.7 £ 15.8 151.1 £ 149 0.033
Diastolic BP (mmHg) 1119 £ 217 108.3 £ 19.8 ns 96.4 £ 12.0 97.0 £ 12.7 ns
HbAlc (%) 80 £ 12 76 * 15 ns 53 * 05 50 £ 04 ns
Fasting plasma glucose (mmol/l) 9.6 £ 1.6 104 *= 19 ns 54 * 0.5 62 * 06 ns
2h plasma glucose (mmol/1) 122 * 1.0 127 = 14 ns 6.5 * 0.7 74 * 08 ns
Fasting serum insulin (mU/1) 133 £ 73 16,1 £ 83 0.013 94 * 65 11.1 = 6.0 0.036
2h serum insulin (mU/I) 79.7 £ 313 91.2 * 395 0.029 46.8 *19.7 50.9 £ 20.5 ns
HOMA-B 436 * 21.8 46.7 * 23.0 ns 98.9 £ 47.0 822 £ 448 0.035
HOMA-IR 57 £ 14 74 * 19 0.009 23 £ 05 3.0 £ 09 0.007
HDL cholesterol (mmol/1) 14 £ 03 1.1 £ 02 0.041 14 £ 03 1.2 £ 04 ns
LDL cholesterol (mmol/1) 33 £ 11 32 £ 1.0 ns 32 £ 1.0 35 £ 13 ns
VLDL cholesterol (mmol/1) 04 * 02 04 £ 02 ns 04 * 02 05 * 03 ns
Total cholesterol (mmol/1) 51 £ 13 47 £ 12 ns 50 £ 1.1 52 = 15 ns
Triglyceride (mmol/1) 18 £ 05 27 + 07 0003 14 * 05 20 * 05 0.02

Legend: Data are mean * SD. BMI: body mass index. BP: blood pressure. HOMA-f: homeostasis model assessment of 3-cells. HOMA-IR: homeostasis
model assessment of insulin resistance. HDL: high-density lipoprotein cholesterol. LDL: low-density lipoprotein cholesterol. VLLDL: very low-density lipo-
protein cholesterol.

Table A5. Association of ADIPOR2 haplotype combinations with metabolic characteristics in T2D patients and non-diabetic controls

Characteristic Type 2 diabetes (n = 129) Control (n = 117)

AG/AG AG/TG Others p AG/AG AG/TG Others p

(n=34 (n = 40) (n=49) (n=57) (n=54) (n=0)
BMI (kg/m?) 293+ 52 285+ 58 291 * 54 ns 27.0 £ 45 265 *f 47 273 % 45 ns
SBP (mmHg) 182.2 £ 26.1 180.4 £ 289 1843 = 280 ns 1492 £ 163 1465 * 152 147.7 £ 15.0 ns
DBP (mmHg) 112.6 £ 20.1 108.8 £ 232 109.3 = 20.8 ns 948 £ 113 957 £ 127  96.8 * 123 ns
HbAlc (%) 78 14 82+ 14 80 12 ns 48 £ 006 55 * 05 53 * 05 ns
FPG (mmol/l) 102 £ 1.9 95 % 1.6 9.7 £ 1.7 ns 54 % 05 58 £ 05 63 = 07 ns
2h PG (mmol/l) 127 £ 12 120 £ 1.1 124 = 14 ns 6.6 £ 0.7 65+ 07 74 £ 07 ns
FSI (mU/1) 128 £ 72 132 % 7.6 167 £ 85  0.003 95+% 59 104 £ 63 116 £ 67 0.037
2h ST (mU/1) 765+ 291 854 £333 925 % 326  0.011 459 £ 204 485 £ 197 488 * 193 ns
HOMA-8 382 £ 211 440 £232 538 £ 227 0.007 1000 £ 442 904 * 477 824 * 465 0.015
HOMA-IR 58 19 56+ 1.3 72+ 13 0.002 23+ 05 27 £ 06 32 = 0.6 0.002
HDL (mmol/1) 14 % 03 13+ 04 1.1+ 03 ns 12+ 03 1.1 £ 02 1.2 £ 03 ns
LDL (mmol/I) 31+ 1.0 35% 12 32+ 11 ns 36 0.8 35 % 1.0 32+ 12 ns
VLDL (mmol/I) 0.5+ 03 03 % 02 03+ 02 ns 04 % 03 04 £ 02 04 = 02 ns
TC (mmol/l) 49+ 11 48 £ 14 53+ 12 ns 52+ 1.1 51 £ 1.0 48 £ 11 ns
TG (mmol/1) 1.7+ 05 23 £ 0.6 28 £ 0.6  0.002 12+ 0.6 1.7 £ 05 1.8 £ 05 0.01

Legend: Data are mean * SD. BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. FPG: fasting plasma glucose. FSI: fasting
serum insulin. HOMA-B: homeostasis model assessment of 8-cells. HOMA-IR: homeostasis model assessment of insulin resistance. HDL: high-density lipopro-
tein cholesterol. LDL: low-density lipoprotein cholesterol. VLDL: very low-density lipoprotein cholesterol. TC: total cholesterol. TG: triglyceride.
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