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B Abstract

BACKGROUND: Adiponectin is a hormone secreted by
adipose tissue. It regulates glycolysis and lipolysis and is
involved in the pathophysiology of diabetes and related dis-
orders. Its activity is mainly mediated by the transmembrane
receptors AdipoR1 and AdipoR2, which are encoded by
ADIPOR1 (1932.1) and ADIPOR2 (12p13.33) genes, re-
spectively. In genetic association studies, single nucleotide
polymorphisms (SNPs) in or near these genes have been
associated with metabolic alterations. However, these rela-
tionships are still controversial. AIM: The aim of this work
was to analyze possible associations between ADIPOR1/2
and diabetes and other metabolic disorders. METHODS: A
genetic association study was carried out in an admixed
Latin American population. A sample of 200 adults was ana-
lyzed. Clinical and serum-biochemical characteristics were
measured to diagnose obesity, abdominal obesity, hyperten-
sion, hyperglycemia, hypertriglyceridemia, low HDLc, insu-
lin resistance (HOMA-IR), and diabetes. Three SNPs were

genotyped in ADIPOR1 (rs10494839, rs12733285, and
rs2275737) and ADIPOR2 (rs11061937, rs11612383, and
rs2286383). For the association analysis, an additive model
was assessed through logistic regression. An admixture ad-
justment was performed using a Monte-Carlo-Markov-Chain
method, assuming a three-hybrid substructure (k = 3). RE-
SULTS: Two SNPs in ADIPOR1 were associated with diabe-
tes: rs10494839 (OR = 3.88, adjusted p < 0.03) and
rs12733285 (OR = 4.72, adjusted p < 0.03). Additionally,
rs10494839 was associated with hypertriglyceridemia (OR =
2.16, adjusted p < 0.01). None of the SNPs in ADIPOR2 were
associated with metabolic disorders. CONCLUSIONS:
ADIPOR1 was consistently associated with diabetes and hy-
pertriglyceridemia. This association was maintained even
after adjusting for genetic stratification. There were no sig-
nificant associations involving ADIPOR2.

Keywords: diabetes mellitus - adiponectin - adiponectin
receptor - ADIPOR1 - ADIPOR2 - hypertriglyceridemia -
genetic association study

1. Introduction

- diponectin is a 30 kDa collagen-like protein
1W|th autocrine, paracrine, and endocrine ac-
.._' tivity, mainly secreted by adipocytes; it has
physmloglc effects on insulin sensitivity and ener-
getic homeostasis [1, 2]. Most systemic responses
to adiponectin are mediated by two specific trans-
membrane receptors known as AdipoR1 and Adi-
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poR2, which are members of the progesterone and
AdipoQ receptor (PAQR) family. They are abun-
dantly expressed in many cellular types, such as
hepatocytes, endothelial cells, myocytes, and neu-
rons, among others [3, 4].

Adiponectin receptors have a seven-trans-
membrane-domain architecture that confers their
ligand recognition function on the extracellular
surface; it also has a zinc-binding site and an in-

DOI 10.1900/RDS.2017.14.311



312 The Review of DIABETIC STUDIES

Mora-Garcia et al.

Vol. 14 [(No. 2-3 (2017

trinsic ceramidase activity oriented to the intracel-
lular space [3, 5]. The appropriate stimulus trig-
gers conformational changes in the receptor struc-
ture that increases the intrinsic enzymatic activ-
ity. In muscle cells, this activity enhances the
beta-oxidative pathway, glucose capture, and gly-
colysis, whereas in hepatocytes, these changes re-
duce gluconeogenesis [6-9]. Other responses have
linked AdipoR1/R2 to the satiety cycle in the hypo-
thalamus, NOS-induced vascular relaxation in en-
dothelial cells, and inflammatory cascades in
macrophages, among others [10-12].

It has been widely proposed that variations in
genes encoding these receptors may be associated
with alterations in some biological processes in
which the hormone is involved. It has been found
that several single nucleotide polymorphisms
(SNPs) in ADIPOR1 (1g32.1) and ADIPOR2
(12p13.33) are associated with plasma concentra-
tions of adiponectin, abdominal obesity, and re-
lated disorders (i.e., insulin resistance, hypergly-
cemia, and high serum triglycerides, among oth-
ers) [13-16]. According to these data, both genes
have been raised as promising targets of treatment
approaches to induce complex metabolic alteration.
However, some controversial issues remain based
on reports of contradictory evidence where no sig-
nificant associations were found [17, 18].

The Latin American population has recently
been exposed to increased racial admixture. Phe-
notypic expressions of metabolic traits are highly
diverse in this population, and the prevalence of
related disorders shows remarkable variation be-
tween countries [19, 20]. This diversity is an op-
portunity to uncover associated genetic factors
that might be helpful to solve current discrepan-
cies [21]. On this basis, we conducted a study aim-
ing to describe the relationship between common
variations in ADIPOR1/R2 with metabolic disor-
ders and syndromes in a Latin America popula-
tion.

2. Methods and materials

2.1 Subjects

A cross-sectional study was carried out in Cart-
agena de Indias, a city of nearly 1 million inhabi-
tants located at the Colombian Caribbean Coast
[22]. The genetic stratification of this population
has been described elsewhere; it is known to be a
three-hybrid admixed population including Euro-
pean (60%), African (30%), and Amerindian (10%)
ancestry [23, 24]. A sample of 200 adults was em-
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Abbreviations:

ADIPOR1 adiponectin receptor 1 (gene)

ADIPOR2 adiponectin receptor 2 (gene)

AdipoR1 adiponectin receptor 1

AdipoR2 adiponectin receptor 2

AIM ancestry informative marker

ANOVA analysis of variance

BMI body mass index

F. Wright's coefficient of inbreeding

GPAQ Global Physical Activity Questionnaire

HbAlc glycosylated hemoglobin Alc

HDLc high-density lipoprotein cholesterol

HOMA-IR homeostasis model assessment for insulin
resistance

IR interquartile range

JNC8 8th Joint National Committee

MAF minor allele frequency

NOS nitric oxide synthase

PAQR progestin and AdipoQ receptor

gqPCR quantitative polymerase chain reaction

r2 correlation coefficient

SNiPA single nucleotide polymorphism annotator
SNP single nucleotide polymorphism

T2DM type 2 diabetes mellitus

WHO World Health Organization

Y-STR Y chromosome short tandem repeats

ployed to achieve 80% power for discrimination of
a genetic association with a 2.5/3.5 (heterozy-
gotes/lhomozygotes) odds ratio, assuming an out-
come with 25% prevalence, 25% minor allele fre-
quency, complete linkage disequilibrium (D’ = 1),
and 5% alpha-coefficient (for type | error), accord-
ing to calculations described by other authors. We
used the browser program Genetic Power Calcula-
tor (http://zzz.bwh.harvard.edu/gpc/cc2.html) [25,
26].

Subjects were selected from the urban zone and
only no-sibling adults (18-80 years) were allowed
to participate. To identify possible cases of consan-
guinity, individuals with similar surnames were
contacted by telephone to discard family relations.
On this basis, first- and second-degree siblings
were excluded, retaining only one of the subjects
for further analysis. Individuals with a personal
history of primary endocrine disorders, genetic
disease, or surgical treatment for obesity were ex-
cluded. Also, pregnant or breast feeding women
were excluded. All subjects were asked to partici-
pate, and their written informed consent was ob-
tained, following the Universidad de Cartagena
ethics committee recommendations.

Selected subjects were enrolled by a trained
physician, and underwent a medical examination
focused on sociodemographic variables and clinical
history of metabolic disorders. Physical activity
and sedentary behavior were noted in the Global
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Physical Activity Questionnaire (GPAQ) developed
by the World Health Organization (WHO) for
physical activity surveillance [27].

2.2 Anthropometric data

Anthropometric parameters (height, weight,
and waist circumference,) were measured during
physical examination following the international
diabetes guidelines for the metabolic syndrome
and WHO recommendations [28-30]. Height was
measured to the nearest half centimeter using a
stadiometer with the participant barefoot, and reg-
istered in meters. Weight was measured to the
nearest 0.1 kilogram (kg) using a calibrated digital
scale, with the subjects wearing light clothes with-
out shoes. Body mass index (BMI) was calculated
as weight (kg) divided by the square of height (m?).
Using an inelastic tape measure, waist circumfer-
ence was measured at two centimeters below the
umbilicus with the subjects in a standing position,
their weight equally distributed on both feet, arms
at their sides, and head facing straight forward at
the end of a normal expiration, ensuring that the
tape did not compress the skin and was parallel to
the floor. Blood pressure was measured using a
sphygmomanometer after a resting period of at
least 5 min, using the auscultatory method accord-
ing to recommendations from the 8th Joint Na-
tional Committee (JNC8) [29].

2.3 Blood samples

A whole-blood sample was collected under 8-
hour fasting conditions to measure serum concen-
trations of glucose, triglycerides, HDL cholesterol
(HDLc), insulin, adiponectin, and the proportion of
glycosylated hemoglobin (HbAlc). An aliquot blood
was stored for further genetic analyses.

2.4 Definition of obesity, hypertension, and the
metabolic syndrome

Using the anthropometric parameters and bio-
chemical data, metabolic traits (BMI) were defined
following the criteria defined by the WHO:

Normal weight: BMI 18.51-24.99 kg/m®
Overweight: BMI 25-29.99 kg/m®
Obesity as BMI > 30 kg/m?

Body weight excess was determined by the ad-
dition of overweight and obesity categories [31].

Hypertension was defined according to the
JNCS8 [29]:
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- Younger than 60 years old: systolic >140
mmHg, diastolic 290 mmHg

- Adults 60 years old or more: systolic 2150
mmHg, diastolic 290 mmHg.

The metabolic syndrome and its related altera-
tions were defined according to Joint Interim
Statement criteria:

1. Abdominal obesity: waist circumference men
290 cm, women =80 cm.

2. Dyslipidemia: hypertrigliceridemia: TG =150
mg/dl (1.7 mmol/l) or drug treatment for
high serum triglycerides. Low HDLc: men,
HDLc <40 mg/dl (1.0 mmol/l); women, HDLc
<50 mg/dl (1.3 mmol/l)).

3. Hyperglycemia: glucose impaired fasting
>100 mg/dl or drug treatment for elevated
glucose [32].

2.5 Definition of insulin resistance

The definition of insulin resistance was based
on the homeostasis model assessment for insulin
resistance (HOMA-IR), as described by other au-
thors. Subjects in the last quintile were considered
to be insulin resistant [33]. The same procedure
was applied to determine high serum adiponectin
status in the sample population. Type 2 diabetes
mellitus (T2DM) was defined by HbAlc > 6.5%, as
proposed by the American Diabetes Association, or
by a history of the disease [34].

2.6 Genotyping

For genotyping assays prior to molecular proce-
dures, common variants in ADIPOR1 and ADI-
POR2 were identified using 1000 genome project
reports, with the bioinformatic resource SNiPA
[35, 36]. SNPs with a minor allele frequency
(MAF) >0.25 and correlation coefficient (r*) = 1.0
were selected using data from populations with
European ancestry (Tables Al and A2). Among
the tagged variants, a set of SNPs in both genes
was picked. For ADIPOR1, the included variants
were:

- rs10494839 (proxy for rs75114693,
rs10920533, rs10920534, rs10920537,
rs6666089, and rs2232853)

- rs12733285

- rs2275737 (proxy for rs2275736, rs2275738,
and rs7514221)

Rev Diabet Stud (2017) 14:311-328
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Table 1. Allelic frequencies and genotype distributions for ADI-

POR1 and ADIPOR2 genes

Gene n (%) F, p
ADIPOR1
rs10494839
C 87 (21.9) 0.023 0.56
T 311 (78.1)
ccC 10 (5.0)
CT 67 (33.7)
TT 122 (61.3)
rs12733285
C 309 (77.6) 0.026 0.56
T 89 (22.4)
ccC 121 (60.8)
CT 67 (33.7)
TT 11 (5.5)
rs12733285
A 159 (39.9) 0.112 0.25
C 239 (60.1)
AA 37 (18.6)
AC 85 (42.7)
CcC 77 (38.7)
ADIPOR2
rs12733285
A 159 (39.9) 0.112 0.25
C 239 (60.1)
AA 37 (18.6)
AC 85 (42.7)
CcC 77 (38.7)
rs12733285
A 159 (39.9) 0.112 0.25
C 239 (60.1)
AA 37 (18.6)
AC 85 (42.7)
cC 77 (38.7)
rs12733285
A 159 (39.9) 0.112 0.25
C 239 (60.1)
AA 37 (18.6)
AC 85 (42.7)
CcC 77 (38.7)

Similarly, for ADIPOR2 the variants were:

rs11061937 (proxy for
rs11061923, 10773986, 7975826)
rs11612383

rs2286383 (proxy for rs9805049, rs2286384)

rs11061919,

These SNPs are proxy markers for several vari-
ants identified through datasets from the 1000 ge-
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nome project; they include positive antecedents of
genetic association with metabolic traits and re-
lated diseases identified previously [37-41].

Selected SNPs were genotyped with quantita-
tive polymerase chain reaction (QPCR) using spe-
cific TagMan probes (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Allelic discrimination
was performed automatically with endpoint fluo-
rescent data, which were analyzed using StepOne
Real-Time PCR Software (Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA).

2.7 Statistics

For statistical procedures, sociodemographic
data, personal and family antecedents, as well as
anthropometric measures and serum concentra-
tions were described using main tendency and fre-
quency values. When appropriate, mean values
were compared using Student’s t-test, and fre-
quencies were compared with X* or Fisher's exact
tests.

Allelic and genotypic frequencies were deter-
mined by direct count, linkage disequilibrium was
estimated employing Arlequin 3.5 [42], and Hardy-
Weinberg Equilibrium was assessed through F_
values using Genetix 4.05 software. Given that
ADIPOR1 and ADIPOR2 represent distant loci,
genetic associations were analyzed separately. As-
sociations between continuous traits and genotype
distributions were analyzed using the Kruskal-
Wallis test and analysis of variance (ANOVA). Re-
lations between categorical outcomes (i.e., hyper-
tension or T2DM) and genotypes were determined
with X tests. In both cases, recessive and domi-
nant models were assessed using null hypothesis
tests [43]. Additive models for genotype-phenotype
associations were evaluated through logistic re-
gression, where risk alleles were equal to the unit
(risk allele = 1), and anthropometric alterations
and metabolic disorders were interpreted as cate-
gorical outcomes. Logistic regression was adjusted
by age, sex, and BMI, except for body weight ex-
cess (overweight and obesity) analysis, for which
only age and sex were used. These procedures
were performed with R version 3.2.1 and the pack-
age PredictABEL 1.2-2 [44, 45]. Based on Bon-
ferroni’s correction for multiple testing, p-values
<0.017 were considered as statistically significant.

Associations were adjusted by genetic stratifi-
cation assuming a three-hybrid substructure (k =
3) using a Bayesian approach (Markov Chain
Monte Carlo, or MCMC) with 100,000 replications
using the STRAT software version 1.1 for
DOS/Windows [46].

Copyright © by Lab & Life Press/SBDR



Variations in ADIPOR1 and Diabetes

The Review of DIABETIC STUDIES 315

Vol. 14 [(No. 2-3 (2017

Table 2. Genotype distributions for ADIPORL single nucleotide polymorphisms according to metabolic traits

Anthropo- rs10494839 rs12733285 rs2275737

metric and cc CT T p* 1T TC cc p* AA AC CC p*

biochemical TTvs. CCus. CCvs. TTs. CCvs. AAus.

parameters CT+ CT+ CT+ cC+ AC+ AC+
CC TT TT CT AA CC

BMI

Normal weight 1(10.0) 36(53.7) 66(54.1) 5(45.5) 38(56.7) 60(49.6) 19(51.4) 46(54.1)38(49.4)

Overweight  7(70.0) 23(34.3) 40(32.8) 3(27.3) 20(29.9) 47(38.8) 13(35.1) 28(32.9)29(37.7)

Obese 2(20.0) 8(11.9) 16(13.1) 0.105 0.655 0.022* 3(27.3)  9(13.4) 14(11.6) 0.459 0.369 0.350 5(13.5) 11(12.9)10(13.0) 0.978 0.834  0.995

wC

Abd. obesity  8(80.0) 41(61.2) 71(58.2) 8(72.7) 40(59.7) 72(59.5) 18(48.6) 52(61.2)50(64.9)

Notaltered  2(20.0) 26(38.8) 51(41.8) 0.392 0.538 0.329 3(27.3) 27(40.3) 49(40.5) 0.686 0.890 0.58219(51.4) 33(38.8)27(35.1) 0.244 0.361  0.155

BP

Hypertension  3(30.0) 14(20.9) 31(25.4) 4(36.4) 19(28.4) 25(20.7) 8(21.6) 16(18.8)24(31.2)

Notaltered  7(70.0) 53(79.1) 91(74.6) 0.711 0.715 0.946 7(63.6) 48(71.6) 96(79.3) 0.308 0.210 0.53929(78.4) 69(81.2)53(68.8) 0.172 0.093  0.856

Serum glucose

Hyperglycemia 1(10.0) 12(17.9) 22(18.0) 0(0.0)  14(20.9) 21(17.4) 4(10.8) 14(16.5)17(22.1)

Not altered 9(90.0) 55(82.1)100(82.0) 0.811 0.987 0.82511(100) 53(79.1)100(82.6) 0.239 0.99 0.24233(89.2) 71(83.5)60(77.9) 0.314 0.258  0.336

Serum TG

HyperTG 8(80.0) 47(70.1)108(88.5) 11(100)  55(82.1) 97(80.2) 33(89.2) 69(81.2)61(79.2)

Notaltered  2(20.0) 20(29.9) 14(11.5)0.007* 0.004* 0.99 0(0.0)  12(17.9) 24(19.8) 0.261 0.543 0.229 4(10.8) 16(18.8)16(20.8) 0.421 0552  0.299

Serum HDLc

Low HDLc 1(10.0) 21(31.3) 43(35.2) 5(45.5) 24(35.8) 36(29.8) 16(43.2) 29(34.1)20(26.0)

Notaltered  9(90.0) 46(68.7) 79(64.8) 0.251 0.410 0.221 6(54.5) 43(64.2) 85(70.2) 0.452 0.349 0.54821(56.8) 56(65.9)57(74.0) 0.171 0.148  0.184

MetS

Yes 3(30.0) 24(35.8) 49(40.2) 5(45.5) 25(37.3) 46(38.0) 11(29.7) 31(36.5)34(44.2)

No 7(70.0) 43(64.2) 73(59.8) 0.724 0.567 0.831 6(54.5) 42(62.7) 75(62.0) 0.874 0.99 0.84826(70.3) 54(63.5)43(55.8) 0.302 0.220 0.323

Insulin resis-

tance

Yes 0(0.0) 4(6.0) 7(5.7) 0(0.0) 4(6.0) 7(5.8) 3(8.1) 447 4 (5.2)

No 10(100.0)63(94.0)115(94.3) 0.733  0.99 0.94011(100) 63(94.0)114(94.2) 0.710 0.99 0.88334(91.9) 81(95.3)73(94.8) 0.741  0.99 0.716

Diabetes

Yes 1(10.0) 4 (6.0) 19(15.6) 0(0.0)  4(6.0) 20(16.5) 3(8.1) 6(7.1) 15(19.5)

No 9(90.0) 63(94.0)103(84.4) 0.149 0.073 0.9911(100) 63(94.0)101(83.5) 0.046* 0.028* 0.43134(91.9) 79(92.9)62(80.5)0.037* 0.019*  0.590

High serum

adiponectin

Yes 0(0.0) 2(3.0) 8(6.6) 0(0.0) 3(45) 7(5.8) 0(0.0) 5(5.9) 5(6.5)

No 10(100.0)65(97.0)114(93.4) 0.424 0.3616 0.99711(100) 64(95.5)114(94.2) 0.680 0.780 0.94037(100.0)80(94.1)72(93.5) 0.295 0.674  0.256

Legend: Data are numbers (%). * p < 0.05, Abbreviations: Abd. obesity - abdominal obesity, BMI - body mass index, HDLc - high-density lipoprotein cholesterol,
HyperTG - hypertriglyceridemia, MetS - metabolic syndrome, TG - triglycerides, WC - waist cricumference.

2.8 Admixture pattern

The three-hybrid admixture pattern applied is
based on previous reports from Cartagena de In-
dias, where ancestry informative markers (AIMs)
and the Y chromosome were used to describe local
genetic substructure and ancestry distribution [23,
24, 47, 48]. In this study, a total of 17 Y chromo-
some short tandem repeats (Y-STR; AmpFLSTR®
Yfiler® PCR Amplification Kit, Thermo Fisher,
Inc., USA) were used to confirm the admixture in
sampled males (data not shown).

www.The-RDS.org

3. Results
3.1 Age, income, and physical activity — de-
scriptive data

A total of 200 subjects were included in the
study (44.5% men and 55.5% women), with an av-
erage age of 33.7 + 14.2 years. Age ranges were
distributed according to a population pyramid [49]:

1. 18-29 years = 53.8%

Rev Diabet Stud (2017) 14:311-328
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Table 3. Genotype distributions for ADIPOR2 single nucleotide polymorphisms according to metabolic traits

Anthropo- rs11061937 rs11612383 rs2286383

metric and cc CT TT p* T TC cc p* AA AC cc p*

biochemical T TTvs CCus. T GGuvs. AAvVs, GGvs. AAVs.

parameters CT+ CT+ AG+ AGH+ AG+  AG+
1T 1T AA GG AA GG

BMI

Normal weight 16(53.3)49(50.0)38(53.5) 8(44.4)58(58.6)37(45.1) 7(36.8) 57(54.8)39(51.3)

Overweight  9(30.0)34(34.7)27(38.0) 9(50.0)29(29.3)32(39.0) 9(47.4) 34(32.7)27(35.5)

Obese 5(16.7)15(15.3) 6 (8.5)0.672 0.346 0.727 1 (5.6)12(12.1)13(15.9) 0.235 0.272 0.317 3(15.8) 13(12.5)10(13.2) 0.712 0.995 0.384

wC

Abd. obesity  15(50.0)63(64.3)42(59.2) 9(50.0)61(61.6)50(61.0) 14(73.7) 65(62.5)41(53.9)

Notaltered  15(50.0)35(35.7)29(40.8)0.364 0.924 0.142 9(50.0)38(38.4)32(39.0) 0.642 0.987 0493 5(26.3) 39(37.5)35(46.1) 0.233 0.196 0.313

BP
Hypertension  4(13.3)25(25.5)19(26.8) 3(16.7)24(24.2)21(25.6) 9(47.4) 24(23.1)15(19.7)
Notaltered  26(86.7)73(74.5)52(73.2)0.319 0.223 0.205 15(83.3)75(75.8)61(74.4) 0.723 0.808 0.626 10(52.6) 80(76.9)61(80.3)0.039* 0.334 0.027

Serum glucose

Hyperglycemia 3(10.0)18(18.4)14(19.7) 2(11.1)20(20.2)13(15.9) 4(21.1) 21(20.2)10(13.2)

Not altered 27(90.0)80(81.6)57(80.3)0.483  0.693 0.355 16(88.9)79(79.8)69(84.1) 0.560 0.727 0.665 15(78.9) 83(79.8)66(86.8) 0.433 0.271 0.920
Serum TG

HyperTG 24(80.0)81(82.7)58(81.7) 15(83.3)79(79.8)69(84.1) 16(84.2) 89(85.6)58(76.3)

Not altered 6(20.0)17(17.3)13(18.3)0.945 0.990 0.970 3(16.7)20(20.2)13(15.9) 0.741 0.617 0.990 3(15.8) 15(14.4)18(23.7) 0.270 0.155 0.99
Serum HDLc

Low HDLc 9(30.0)35(35.7)21(29.6) 6(33.3)33(33.3)26(31.7) 7(36.8) 29(27.9)29(38.2)

Not altered 21(70.0)63(64.3)50(70.4)0.664 0.593 0.899 12(66.7)66(66.7)56(68.3) 0.971 0.930 0.990 12(63.2) 75(72.1)47(61.8) 0.320 0.252 0.879
MetS

Yes 9(30.0)41(41.8)26(36.6) 6(33.3)39(39.4)31(37.8) 12(63.2) 38(36.5)26(34.2)

No 21(70.0)57(58.2)45(63.4)0.477 0.851 0.424 12(66.7)60(60.6)51(62.2) 0.884 0.99 0.849 7(36.8) 66(63.5)50(65.8) 0.059 0.448 0.035*
Insulin resis-

tance

Yes 4(13.3) 4 (4.1) 3 (4.2) 1(5.6) 6 (6.1) 4 (4.9 1 (5.3) 4 (3.8) 6 (7.9)

No 26(86.7)94(95.9)68(95.8)0.127 0.783 0.110 17(94.4)93(93.9)78 (95.1)0.941 0.983  0.99 18(94.7)100(96.2)70(92.1) 0.501 0.406  0.99
Diabetes

Yes 1(3.3) 14(14.3) 9(12.7) 0(0) 13(13.1)11(13.4) 5(26.3) 13(12.5) 6 (7.9)

No 29(96.7)84(85.7)62(87.3)0.267 0.990 0.197 18(100) 86(86.9)71(86.6) 0.257 0.787 0.204 14(73.7) 91(87.5)70(92.1) 0.086 0.232 0.101
High serum

adiponectin

Yes 3(10.0) 5 (5.1) 2 (2.8) 1 (56) 4 (40) 5 (6.1) 1(53) 5 (48) 4 (5.3)

No 27(90.0)93(94.9)69(97.2)0.319 0.469 0.368 17(94.4)95(96.0)77 (93.9)0.814 0.802 0.990 18(94.7) 99(95.2)72(94.7) 0.989  0.99 0.9

Legend: Data are numbers (%). * p < 0.05, Abbreviations: Abd. obesity - abdominal obesity, BMI - body mass index, HDLc - high-density lipoprotein cholesterol,
HyperTG - hypertriglyceridemia, MetS - metabolic syndrome, TG - triglycerides, WC - waist cricumference.

2. 30-39 years =17.1% min/day IR (360-720) of low energy-expenditure
3. 40-49 years = 13.6% activities as a median tendency. Mild-intensity ac-
4. 50-59 years = 10.6% tivities were regularly executed by 38 (19%) sub-
5. 60-69 years = 2.5% jects with a median of 60 min/day IR (30-120), and
6. 70 or more years = 2.5% 40 (20%) subjects were found to perform high-

intensity activities on a weekly basis with a me-

Given that economic status is highly correlated dian of 60 min/day IR (56-120).
with nutritional conditions, total family income
was registered for all subjects. The median income 3.2 Anthropometric data and diabetes inci-
was US$ 364 per month interquartile range (IR, dence
$241-$690).

Sedentary behavior was the most common pat- Regarding anthropometric parameters, median
tern identified among sampled subjects, with 540  values for weight, height, and BMI were 68.7 kg IR
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Table 4. Association of ADIPOR1 gene variants with metabolic disorders
Metabolic traits rs10494839 rs12733285 rs2275737
Betaw OR 95%Cl p* Adjusted; Beta= OR 95%Cl p* Adjusted; Beta- OR 95%Cl p* Adjusted

coefficient pt coefficient pt coefficient pt
Weight excess -0.355 070 0.41-1.20 0.192 0.11 0.169 119 0.69-2.05 0.542 0.84 -0.202  0.817 0.52-1.29 0.383  0.67
Abd. obesity 0.018 1.02 053194 0.954 0.44 -0.321 072 0.381.38 0.328 0.83 0376  1.46 0.84-2.51 0.175 024
Hypertension 0.749 212 0.954.70 0.065 0.36 -0.738 048 0.20-1.12 0.089 0.9 0.6475 1.911 0.90-4.06 0.092 0.9
Hyperglycemia 0.448 157 0.783.13 0.205 0.51 0.094 110 053-2.28 0.800 0.96 0.389 148 0.79-2.74 0217 0.11
HyperTG 0770 216 1.164.07 0.017* 0.01 0209 081 0.39-1.71 0581 0.21 -0.049 095 053-1.72 0.871 0.17
Low HDLc 0250 128 0.642.59 0483 0.24 0213  0.81 0.39-1.68 0.567 0.4 0456  0.63 0.35-1.16 0.139 0.18
MetS 0.627 187 1.013.48 0.046 0.05 -0.047 0.95 0.50-1.81 0.884 0.9 0.441 155 0.90-2.70 0.117 0.9
Insulin resistance 0211 123 040386 0.716 0.81 0.465 159 0.49-5.14 0.436 0.52 -0.264  0.78 0.32-1.87 0560 0.74
Diabetes 1354 3.88 1.36-11.06 0.011*  0.03 1551 472 1.37-16.26 0.013*  0.03 0.353  1.42 0.67-3.04 0.359 0.06
High SA 1147 315 0.74-13.44 0.121 0.07 0.339 140 0.36-554 0.629 0.57 0.826  2.28 0.73-7.12 0.154 0.28

Legend: *p < 0.017 were considered as statistically significant (Bonferroni correction). T Admixture adjustment with Monte-Carlo-Markov Chain (k =
3). An additive model was assessed through a logistic regression where risk alleles were interpreted as the unit. Genetic variations in rs10494839 (CC =
0,CT=1,and TT = 2), rs12733285 (TT = 0, CT =1, and CC = 2), and rs2275737 (AA =0, AC = 1, and CC = 2) were included as independent variables.
Age, sex, and body mass index were included as confounding variables (except for the analysis of body weight excess in which only age and sex were
used). An admixture adjustment was performed through a Monte-Carlo-Markov Chain where a three-hybrid genetic stratification was assumed. Abbre-
viations: Abd. obesity - abdominal obesity, HDLc - high-density lipoprotein cholesterol, HyperTG - hypertriglyceridemia, MetS - metabolic syndrome,

SA - serum adiponectin.

(56.85-78.45), 165 cm (158.3-172), and 24.9 kg/m’
(21.9-27.68), respectively. The mean value for
waist circumference was 88.1 + 13.5 cm. The me-
dian values for blood pressure were 110 mmHg IR
(100-118) (systolic) and 88.0 mmHg IR (79.85-
97.38) (diastolic). Serum concentration of glucose
was 90.0 mg/dl IR (86-96) (5.0 mmol/liter IR (4.8-
5.3)), triglycerides 173.0 mmol/l IR (156-192) (2.0
mmol/l IR (1.8-2.2)), HDLc 48.0 mg/dl IR (45-51)
(2.2 mmol/l IR (1.2-1.3)), insulin 10 pUl/ml (10-
11.65) (71.8 mmol/l IR (71.8-83.6)), and adi-
ponectin 15.5 ng/ml IR (12.5-18-95). The average
proportion of HbAlc was 5.0% IR (4.2-6.0). The
mean value of HOMA-IR was estimated 2.3 IR
(2.1-3.0).

Overweight and obesity were identified in
48.2% and abdominal obesity in 65.3% of individu-
als. The frequency of hypertension was 24.1%,
whereas hyperglycemia, hypertriglyceridemia, and
low HDLc were found in 19.1%, 81.9%, and 37.7%,
respectively. According to personal antecedents
and HbA1C values, T2DM was present in 4% of
the sampled subjects. The metabolic syndrome was
diagnosed in 85 (42.7%) subjects, and among these,
five criteria were met by 5 subjects (2.5%), four by
21 (10.6%), and three by 59 (29.6%).

3.3 Genotyping

Genotyping assays were possible for 199 sub-
jects. In the ADIPORL1 gene:
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- rs10494839 showed an MAF (C allele) of
21.9% (n = 87)

- rs12733285 MAF (T allele) was 22.4% (n
89)

- rs2275737 MAF (A allele) was 39.9% (n
159)

In ADIPOR2, the MAF for the three assessed
SNPs were:

- rs11061937 (C allele) 39.7% (n = 158)
- rs11612383 (A allele) 33.9% (n = 135)
- rs2286383 (A allele) 35.7% (n = 142)

Genotype distributions and F_ values for
Hardy-Weinberg equilibrium are shown in Table
1.

3.4 Genetic associations of continuous anthro-
pometric and metabolic variables

Median and mean values of anthropometric and
metabolic variables were compared according to
genotype distributions. In ADIPOR1, no differ-
ences were found when the rs12733285 and
rs2275737 genotypes were applied as classification
criteria. However, differences in BMI among the
three genotypes were found in rs10494839 (p <
0.02). Also, the TT+CT group had lower BMI (p <
0.01), lower waist circumference (p < 0.05), and
lower HDLc (p < 0.05) than the CC homozygotes;

Rev Diabet Stud (2017) 14:311-328



318

The Review of DIABETIC STUDIES

Mora-Garcia et al.

Vol. 14 [(No. 2-3 (2017

Table 5. Association of ADIPOR2 gene variants with metabolic disorders

Metabolic traits rs11061937 rs11612383 rs2286383
Beta- OR 95% CI p* Adjusted Beta- OR 95% ClI p* Adjusted Beta- OR 95%Cl p*  Adjusted

coefficient pt coefficient pt coefficient pt
Weight excess 0.172 1.19 0.72-1.96 0.499 0.57 -0.173 0.84 0.51-1.40 0.505 0.64 0.091 1.10 0.60-1.99 0.764 0.81
Abd. obesity 0.090 1.10 0.61-1.96 0.759 0.90 0.013 1.01 0.56-1.85 0.965 0.33 0.358 1.43 0.71-2.90 0.319 0.21
Hypertension -0.125 0.88 0.41-1.91 0.750 0.47 0.146 1.16 0.55-2.43 0.699 0.76 0.579 1.79 0.75-4.25 0.190 0.12
Hyperglycemia -0.130 0.88 0.45-1.72 0.703 0.40 0.184 1.20 0.62-2.33 0.582 0.86 0.226 1.25 0.60-2.64 0.550 0.32
HyperTG 0.177 1.19 0.65-2.21 0.572 0.80 0.139 1.15 0.61-2.17 0.666 0.66 0.555 1.74 0.83-3.68 0.145 0.28
Low HDLc -0.201 0.82 0.42-1.60 0.557 0.84 -0.410 0.66 0.34-1.30 0.232 0.96 -0.573 0.56 0.26-1.21 0.142 0.86
MetS 0.138 1.15 0.63-2.10 0.648 0.34 0.182 1.20 0.66-2.20 0.553 0.91 0.554 1.74 0.87-3.47 0.116 0.14
Insulin resistance 0.549 1.73 0.59-5.05 0.314 0.28 0.013 1.01 0.37-2.78 0.979 0.51 -0.162 0.85 0.23-3.10 0.805 0.42
Diabetes 0.006 1.01 0.42-2.39 0.988 0.35 -0.268 0.76 0.34-1.74 0.522 0.13 0.415 152 0.61-3.75 0.367 0.20
High SA 0.894 2.45 0.72-8.31 0.151 0.40 -0.138 0.87 0.28-2.68 0.809 0.71 0.459 1.58 0.40-6.31 0.515 0.63

Legend: *p < 0.017 were considered as statistically significant (Bonferroni correction). T Admixture adjustment with Monte-Carlo-Markov Chain (k =
3). An additive model was assessed through a logistic regression where risk alleles were interpreted as the unit. Genetic variations in rs11061937 (TT =
0,CT =1, and CC = 2), rs11612383 (GG = 0, AG =1, and AA = 2), and rs2286383 (GG = 0, AG = 1, and AA = 2) were included as independent variables.
Age, sex, and body mass index were included as confounding variables (except for the analysis of body weight excess in which only age and sex were
used). An admixture adjustment was performed through a Monte-Carlo-Markov Chain where a three-hybrid genetic stratification was assumed. Abbre-
viations: Abd. obesity - abdominal obesity, HDLc - high-density lipoprotein cholesterol, HyperTG - hypertriglyceridemia, MetS - metabolic syndrome,

SA - serum adiponectin.

CC+CT genotypes had lower glucose values than
TT homozygotes (p < 0.03; Table A3). Similarly, in
rs12733285, TT homozygotes had higher triglyc-
eride concentrations than CC homozygotes, CT
heterozygotes (p < 0.03), and CC+CT genotypes (p
< 0.01). In rs2275737, the CC+AC group had a
lower triglyceride value than AA homozygotes, and
there were differences in mean HDLc and adi-
ponectin levels between the three genotypes (p <
0.03; Table A3).

Furthermore, AA+AC genotypes had lower
HDLc levels than CC homozygotes (p < 0.01),
CC+AC genotypes had higher levels of adiponectin
than AA homozygotes (p < 0.01), and AA+AC geno-
types had lower levels of adiponectin than CC ho-
mozygotes (Table A3). For ADIPOR2, the AA+AG
group had lower values for waist circumference
than GG homozygotes in rs11612383 (p < 0.04).
Additionally, differences in waist circumference
and insulin values between rs2286383 genotypes
were found (p < 0.05; Table A4).

3.5 Genetic associations of metabolic disorders

We also compared the frequencies of anthro-
pometric parameters with metabolic disorders. We
found differences for ADIPOR1 among cases for
high serum triglycerides, with differences in the
genotype distribution for rs10494839 (p < 0.01). A
recessive model showed a higher occurrence of hy-
pertriglyceridemia in TT homozygotes for
rs10494839 when compared with CC+CT geno-
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types (p < 0.01) (Table 2). Similarly, T2DM cases
were more frequent among CC homozygotes for
rs12733285 (p < 0.05) and for rs2275737 (p < 0.05).
These observations were corroborated by a reces-
sive model (Table 2). In ADIPOR2, high blood
pressure was more frequent in subjects with the
AA genotype for rs2286383 (p < 0.05), and the
metabolic syndrome was less frequent among AA
homozygotes (p < 0.04; Table 3).

The assessment of an additive model revealed
significant associations between rs10494839 (ADI-
POR1), high serum triglycerides (OR = 2.16, p =
0.01) and T2DM (OR = 3.88, p = 0.01), in which the
T allele was identified as a risk factor. The statis-
tical significance of these relationships persisted
after admixture adjustment for a three-hybrid
population (p = 0.03). Moreover, rs12733285 (ADI-
POR1) was found to be associated with an in-
creased risk of T2DM (OR = 4.72, p = 0.01). This
finding remained statistically significant when the
admixture adjustment was applied (p = 0.03; Ta-
ble 4). None of the SNPs analyzed in ADIPOR2
was associated with any of the metabolic traits in-
cluded in this study (Table 5).

4. Discussion and conclusions

In admixed populations, understanding the
genotype/phenotype interactions behind complex
diseases remains a challenging task because ge-
netic stratification is a source of false positives
caused by confounding phenomena [50]. Therefore,
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appropriate analysis requires the application of
rigorous ancestry-adjusted statistical procedures,
and high-powered methodological designs are often
needed to uncover common associations [46, 50].
Despite this challenge, in the present study we
found consistent evidence for associations between
ADIPOR1 with high serum triglycerides and
T2DM in a Latin American population, where a
three-hybrid substructure has been previously re-
ported [23, 24, 47, 48].

The SNPs rs10494839 and rs12733285, located
in ADIPOR1, were found to be associated with
T2DM, which represents an important finding of
the present research, considering that this rela-
tionship has often been elusive in genetic associa-
tion studies. According to Bermudez et al. (2013),
there is little evidence describing an association
between ADIPOR1/2 and T2DM in human popu-
lations [51]. In fact, Peters et al. (2013) found that
ADIPOQ but not ADIPOR1/2 was associated with
T2DM, and Kim et al. (2009) reported a lack of
significant associations of ADIPOR1/2 genes with
this disease [18, 52]. On the other hand, Mather et
al. (2012) found two SNPs (rs1342387 and
rs12733285) in ADIPORL1 to be significantly asso-
ciated with diabetes incidence [41], which strongly
supports the results of the current study. Simi-
larly, Jin et al. (2014) found an association be-
tween two SNPs in ADIPOR1 (rs3737884 and
rs16850797) and T2DM in a Chinese population
[53], and recently another study successfully repli-
cated these findings with subjects from Northeast-
ern China. Moreover, a third SNP (rs7514221) in
ADIPOR1 was also found to be associated with an
increased risk of T2DM [54].

Adiponectin receptors have been widely re-
ported to be involved in the development of T2DM,
in both in vitro and in vivo studies, where the
regulatory activity of adiponectin signaling con-
trolling beta-oxidative and glycolytic pathways has
been demonstrated [6, 55]. In human populations,
variations in the physiologic response to adi-
ponectin have been related to insulin resistance
and T2DM. Therefore, both ligand and receptor
are thought to be promising targets for novel
therapeutics [56]. In this regard, an agonist of adi-
ponectin receptors (AdipoRon) has been reported to
ameliorate T2DM in rodents [57], and recently, it
was suggested that most of its pharmacological ef-
fects are mediated through AdipoR1, although de-
tails of intracellular signaling triggered by this
molecule remain unclear [58]. In this connection,
our results encourage analyses of possible effects
of genetic variations in ADIPOR1 on receptor ex-
pression and cellular responses in relation to
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available agonists because a pharmaco-genomic
interaction would be an interfering factor for novel
therapies.

Insulin resistance has been described as an
early stage in the pathogenesis of glucose intoler-
ance and T2DM [59]. Therefore, we assessed a
possible relationship between ADIPOR1/2 varia-
tions, serum insulin concentrations, and HOMA-IR
in the present study. Despite the cumulative bio-
logic and epidemiologic evidence regarding this re-
lationship, none of the analyzed SNPs was associ-
ated with insulinemia, HOMA-IR values, or insu-
lin resistance. Other authors have obtained simi-
lar results, reporting that no genotype/phenotype
associations were found when a set of SNPs cover-
ing adiponectin receptors genes were analyzed
[18]. Rasmussen-Torvik et al. (2009) genotyped the
same three variations in ADIPOR1 that were se-
lected in the present work (rs10494839,
rs12733285, and rs2275737), and they found no
significant relationship with insulin resistance.
However, in that study, another SNP in ADIPOR1
(rs1342387) was associated with an increased dia-
betes risk [60]. It is well known that adiponectin
activity progressively decays, while conversely, se-
rum concentrations of adiponectin increase during
the transition from insulin-resistance to T2DM,
until a so-called “adiponectin-resistance” status is
reached [61, 62]. It is therefore possible that
groups with altered responses to insulin represent
a diverse population of subjects with different lev-
els of adiponectin activity, which may attenuate
the effects of genetic variations on receptor func-
tion, causing a confounding scenario for associa-
tion analysis.

Hypertriglyceridemia was found to be associ-
ated with the SNP rs10494839 (ADIPORL1) both in
the regression model and the MCMC (Table 6). To
the best of our knowledge, there is scarce evidence
regarding this genotype/phenotype relationship,
and there have been no previous reports where
this particular SNP has been found to be involved
as a risk factor for high serum triglycerides. The
closest precedents were published by Jin et al.
(2014) who found that rs16850797 and rs3737884
SNPs in ADIPOR1 were associated with higher
triglyceride levels in subjects with T2DM and
coronary artery disease [53], and by Potapov et al.
(2008) who also found higher serum triglyceride
concentrations related to rs2275738 (ADIPOR1)
among subjects with T2DM, but not in the control
group [40]. In contrast, Ferguson et al. (2010)
genotyped three ADIPOR1 SNPs (rs2275737,
rs10753929, and rs10920533), and found that none
of them were related to serum levels of triacylglyc-
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erol. In a study carried out with Finnish and
Swedish adults, the SNP rs6666089 in ADIPOR1
also had no association with triacylglycerol levels
[63]. Additionally, Yeh et al. (2008) found no asso-
ciation between ADIPOR1 and serum triglycerides
in a multi-ethnic Brazilian sample where two
variants in regulatory regions were genotyped,
which represents one of the most relevant antece-
dents for South American populations [64].

To date, most findings have pointed to ADI-
POR?2 variants as a genetic factor related to high
serum triglycerides. Richardson et al. (2006) found
14 variants in ADIPOR2, but none in ADIPORL1,
related to serum triglycerides in a study where 6
SNPs in ADIPOR1 and 24 SNPs in ADIPOR2 were
analyzed [65]. Moreover, Broedl et al. (2006) found
a cluster of three SNPs in ADIPOR2 that were re-
lated to lower levels of triglycerides in a population
sample of European ancestry [16], and Potapov et
al. (2008) found that TT homozygotes in
rs11061971 (ADIPOR2) have higher serum triglyc-
eride concentrations [40]. In the study carried out
by Kotronen et al. (2009), another SNP in ADI-
POR2 (rs767870) was associated with increased
levels of triglycerides in men without lipid-
lowering medication [63]. Recently, Castilhos et al.
(2015) found two ADIPOR2 SNPs (rs11061925 and
rs929434), but none of the two in ADIPOR1 were
associated with serum triglycerides in men in-
fected with HIV under anti-retroviral treatment
[66].

Most authors have suggested that the molecu-
lar mechanism behind these genetic associations
with serum triglycerides is related to the metabolic
effects of adiponectin that increase fatty acid oxi-
dation through AMPK and APPL1 activation [67].
Activation of these pathways leads to enhanced
lipolysis and reduced lipid metabolites, which in-
terfere with intracellular insulin signaling [68],
favoring insulin sensitivity, and preventing the
development of T2DM. Therefore, it is possible
that the results from the current study that in-
volve T2DM and hypertriglyceridemia indicate a
single phenomenon instead of two independent
genotype/phenotype relationships. To solve this is-
sue, a novel logistic regression model adjusted by
T2DM prevalence (as well as sex and age) was per-
formed, and the association between rs10494839
and high serum triglycerides remained statisti-
cally significant (p = 0.013). Additionally, when
subjects with T2DM were excluded, this relation-
ship also remained statistically significant (p =
0.026). Therefore, these findings support further
studies focused on the potential role of AdipoR1
and adiponectin in the treatment of high serum
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triglycerides. It is rational to approach the effects
of pharmacologic stimuli on liposome and lipid
droplet formation in humans.

Another remarkable finding involving
rs2275737 indicates that HDLc concentrations
were lower in subjects with the AA genotype and
also in the group with AA+AC genotypes (p < 0.01;
Table A3). Regarding this relationship, Jin et al.
(2014) found previously that subjects with T2DM
and risk genotypes (GG+GA) in rs3737884 had
lower concentrations of HDLc in a genetic associa-
tion study [53]. Similarly, Yeh et al. (2008) re-
ported that a variant in the regulatory region of
ADIPORL1 is associated with lower HDLc in Brazil-
ian subjects with African ancestry [64].

Although adiponectin level medians were asso-
ciated with the rs2275737 SNP (Table A3), no as-
sociations between a metabolic trait and plasma
levels of adiponectin were found. In contrast, sev-
eral authors have described associations:

1. Chen et al. (2017) showed that Adiponectin
is inversely associated with the metabolic
syndrome and high arterial stiffness [69].

2. Some population studies have revealed a
correlation between plasma levels of adi-
ponectin and HDLc, as was observed by Me-
dina-Urrutia et al. (2015), who showed that
low adiponectin levels are closely related to
low serum HDLc in adults with Mexican-
Mestizo ancestry [70].

3. In Japanese individuals, Matsushita et al.
(2014) found a similar phenomenon [71], and
Hanley et al. (2007) showed that adiponectin
levels are positively associated with HDLc in
Hispanics and African-Americans [72].

As expected, anti-dyslipidemic therapy has
been observed to influence adiponectin secretion.
Statins and fibrates have been generally found to
increase adiponectin levels in groups under medi-
cal treatment [73]. Thus, it is reasonable to sus-
pect a biological interaction between these genetic
variations and the adiponectin release induced by
pharmacological activity of statins and fibrates,
which may be a research focus in future studies.

Despite the statistically significant results,
there are some limitations that should be consid-
ered. Firstly, the sample size in the current study
was small, which may be a confounding issue in
proposing definitive genotype/phenotype relation-
ships. Nonetheless, it was possible to identify con-
sistent genetic associations, even after application
of admixture-adjustment methods, suggesting that
sampling strategies could have corrected related
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bias. Therefore, an expansion of the present sam-
ple is strongly encouraged to obtain results from a
study with greater predictive power. Secondly, an
elevated proportion of the current sample had hy-
pertriglyceridemia; this finding could be a conse-
guence of selection bias. Therefore, further case-
control studies would be helpful to verify the ac-
tual nature of the genetic relationships described
in this study. As a matter of fact, an expanded
sample (n = 1,500) of the same population has
been analyzed, and similar frequencies of high se-
rum triglycerides and other metabolic alterations
have been found (awaiting publication), suggesting
that acquired dyslipidemia may be an issue of par-
ticular relevance in the population.

In summary, according to the results of the pre-
sent study and previous data, consistent evidence
has been found for an association between genetic
variations in ADIPOR1 with high serum triglyc-

erides and T2DM. These findings encourage future
studies on potential biological and pharmacoge-
nomic interactions.
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B Appendix

Table Al. Single nucleotide polymorphisms selected in the adiponectin receptor 1 gene (ADIPOR1) employing data from the 1000 genome
project

SNP Reference variation Position Distance (pb) Allele minor frequency
rs10494839* C/T 202,922,194 0.285

rs75114693 C/T 202,922,125 -69 0.285

rs10920533 A/G 202,925,818 3,624 0.285

rs10920534 C/T 202,927,069 4,875 0.285

rs2275737* amc 20292030 - ome
rs2275738 C/T 202,920,304 4 0.449

rs7514221 C/T 202,926,513 6,213 0.449
rs12733285*  Cc/T 2029220400 - 0386
rs1342386 IV 2029014553 - o4
rs1342387 A/G 202,914,356 -197 0.468

rsloso0887 c/To 20292493 - o3
rs7517286 C/T 202,927,507 2,571 0.355

rslos00886 c/To 20292231 - o020
rs1539355 A/G 202,924,080 1,689 0.290

rs61822681 A/G 202,918,536 -3,855 0.290

rs7s44865  c/m 202016737 - o034
rs234569 c/mo 202016086 - o1
rsl2084955 c/To 202921631 - o8
rsl2045862 ac/IT 202016806 - o2
rs001838 &/ 202016480 - o411
rs7s3882 ce 202909974 - oz
rs33e4290 AGIT A

Legend: A total of 22 SNPs were observed in ADIPOR1, using the bioinformatic resource SNiPA. Several of the variants were found in linka-
ge disequilibrium (LD) with each other taking into account a correlation coefficient (r*) = 1.0. The dotted lines denote the groups of SNPs in
LD. Two of the genotyped SNPs were in LD with five of the 22 variants: rs10494839 with three (rs75114693, rs10920533, rs10920534) and
rs227557 with two (rs227538, rs7514221). For this selection, a minor allele frequency > 0.25 was used. *Genotyped SNPs.
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Table A2. Single nucleotide polymorphisms selected in the adiponectin receptor 2 gene (ADIPOR2) employing data from the 1000 genome
project

SNP Reference variation Proxy position Distance (pb) Allele minor frequency
rs11061937 C/T 1,816,613 - 0.349
rs11061919 C/T 1,802,625 -13,988 0.349

rs10773986 A/G 1,841,324 24,711 0.349

rs11061923 A/G 1,802,803 -13,810 0.349

rsT97S826 . C/T 1802061 14562 0349
rs2286383 A/G 1,891,372 - 0.478

re9805040 . AC 189860 2218 048
rsli6éi23ss AG 1813 - s
rsloog281t ... <cT 183865 - 04l
rslo0629 . AC L7926 - 033
rslod4d7t o C/T 1896986 - 047
rsl088322 ¢/t 183919 - 03
rs10736002 . A/C 1886227 - 044
rs10735003 C/T 1,880,385 - 0.5

rs47ee4s AT L8814 223t 05
rsl0744851 AT Agst4l - 0484
rsl0773%0 ¢/ 179878 - 049
rslo773e82 . A/G__ lg8149 - 032
rslo7739%83 . A/G 18126 - 0304
rs12316367 A/G 1,850,146 - 0.449

rs10848563 C/T 1,841,543 -8,603 0.449
rsl0773%8  A/G_ 1856181 6035 049
rsl0773989 . C/T 1856982 - 047
rslo773991 . ¢/T 1885306 - 049
rs10848553 C/T 1,802,316 - 0.312

rs11061920 C/T 1,802,661 345 0.312

rs11061921 C/T 1,802,734 418 0.312

rs11061924 C/G 1,803,006 690 0.312

rs11061927 C/G 1,805,467 3,151 0.312

rs11061957 A/T 1,845,237 42,921 0.312

rs11061962 C/G 1,855,824 53,508 0.312

rs1136213 A/G 1,804,285 1,969 0.312

rs11832817 C/T 1,817,142 14,826 0.312

rs12230579 A/T 1,817,073 14,757 0.312

rs12231894 A/G 1,853,562 51,246 0.312

rs12582624 C/G 1,842,143 39,827 0.312

rs12810020 C/T 1,829,903 27,587 0.312

rs2058034 C/T 1,804,700 2,384 0.312

rs2058035 C/T 1,803,521 1,205 0.312

rs6489323 A/G 1,813,758 11,442 0.312

rs6489324 A/C 1,819,559 17,243 0.312

rs66590925 A/G 1,851,286 48,970 0.312

rs7132033 C/G/T 1,806,096 3,780 0.312
rs78066828 ¢/t lgme2 B/I6_ 0312
rs10848557 G/T 1,827,810 - 0.498

rs7296521 C/T 1,802,988 -24,822 0.498
rso73962 . G/T 18808 10198 0498
rs10848558 A/G 1,830,291 - 0.371

rs7978818 A/C 1,821,608 -8,683 0.371
rs11061940 ¢/t ug3e 7899 03
rs10848560 . C/T 1839492 - 05
rslog4gsel . AMG 1839498 - 048
rel0s4gses &G 18440 - 040
rs10848569 A/G 1,860,541 0.346
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Table A2. Continued

SNP Reference variation Proxy position Distance (pb) Allele minor frequency
rs10848571 /T 1882472 SR 048
rs11061925 o 1803234 - 03
rs11061968 AGIT 1850103 - 0347
rs1061971 AMT 1863728 - 0478
rs11061972 T 1863862 - 0343
rs11061974 AG 1867017 - 0346
rs11614639 /T 1883689 - 0473
rs12342 A/G 1,896,880 - 0.347

rs12831353 A/G 1,875,765 -21,115 0.347

rs12828908 A/G 1,879,385 -17,495 0.347

rs12812707 G/T 1,884,245 -12,635 0.347

rs2286385 C/T 1,890,589 -6,291 0.347

rs3809266 . AC 1894141 __; 2739 0347
rs12813694 T 1875630 - 0345
rs2068485 /T 1868527 - 0474
rs2068491 A/C/G 1,847,870 - 0.479

rs7976827 C/T 1,841,939 - 0.479

rs6489326 C/T 1,842,237 - 0.479
rsl0848567 AT 1845697 - 2178 0479
rs2108642 G/T 1,866,799 - 0.498

rs9300298 AT 1866204 %5 0498
rs2190856 o 1833912 - 0479
rs2240813 NG 1802816 - 0348
rST204668 T 1878835 .. 0499
rs2370086 T 1887698 - 0312
rs43TsTL AG 1851214 - 0313
rs3759374 A/G 1,886,643 - 0.48

rs7974422 AMG 1885262 . 1381 048
rs4140992 . A 1836812 . 0462
red7ess4z . AG 1857894 . 0365
YsAT65843 . A 1868726 . 0499
re4v65844 . MG 1874853 . 0492
reA766413 . AMG 1833788 . 0313
rs539426413 A/C 1,864,020 - 0.435
rsS57507060 AT 1864026 R 0435
718363 AT 1804669 - 0238
rs7294668 C/T 1,878,535 - 0.499

rs2286384 /6. 1801043 12508 0499
rs568814490 /T 1864016 - 0445
rST297809 /6 1848977 - 0311
730032 o 1895372 - 025
rST306506 T 1886544 - 0442
7313760 /6. 1870712 - 0345
7964003 /6 1821308 - 0208
rs7974924 A/T 1,872,277 - 0.477

7978362 C/6.__ 1865574 6703 0477
7978783 MG 1858719 - 0498
rs929434 C/T 1,862,089 - 0.347

Legend: A total of 101 SNPs were observed in ADIPOR2, using the bioinformatic resource SNiPA. Several of the variants were found in lin-
kage disequilibrium (LD) with each other taking into account a correlation coefficient (r’) = 1.0. The dotted lines denote the groups of SNPs in
LD. Five of the genotyped SNPs were in LD with five of the 101 variants: rs11061937 with four (rs11061919, rs10773986, rs11061923,
rs7975826) and rs2286383 with one (rs9805049). For this selection, a minor allele frequency > 0.25 was used. *Genotyped SNPs.
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Legend: Data are median
(1st quartile - 3rd quartile),
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Table A4. Mean values of anthropometric and biochemistry parameters according to the genotype for ADIPOR2 SNPs

Legend: Data are median

(1st quartile - 3rd quartile),

mean £ SD.
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