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Gene polymorphisms of adiponectin and leptin
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Objective: Adipocytokine genes encoding adiponectin (ADIPOQ) and the leptin receptor (LEPR) affect glucose and fatty acid
metabolism. The purpose of this study was to examine the association between early-onset type 2 diabetes mellitus (T2DM) and
variability within these two genes in the Han Chinese population of Taiwan.

Subjects: A cross-sectional study of 999 patients from the Han Chinese population of Taiwan with early-onset T2DM (n=264;
age at diagnosis, 20 to <45 years) and late-onset T2DM (n=735; age at diagnosis, >45 years) was performed. Blood samples
from T2DM patients were taken for DNA extraction, and levels of serological markers were measured at enrollment. Seven
single-nucleotide polymorphisms (SNPs) were selected for genotyping (three SNPs in AIDPOQ and four SNPs in LEPR) by
polymerase chain reaction in each patient.

Results: Polymorphisms at the position rs10937273 in ADIPOQ and at the positions rs1892534 and rs2211651 in LEPR were
statistically associated with early-onset T2DM (P=0.0246, 0.0014 and 0.0012, respectively). C-reactive protein levels were
significantly different among the early-onset T2DM patients with different genotypes at the SNPs rs1892534 and rs2211651 in
LEPR (P=0.003 and P=0.004, respectively). In addition, fasting glucose levels were also significantly different among different
genotypes at the SNP rs1892534 in LEPR (P=0.038).

Conclusion: We conclude that the polymorphisms in the adipocytokine genes ADIPOQ and LEPR are significantly associated with
the age at diagnosis of T2DM in the Han Chinese population of Taiwan.
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Introduction patients with an early onset have a longer disease duration
and exposure to adverse risk factors, leading to diabetes-

Type 2 diabetes mellitus (T2DM) is a major public health related complications with significant morbidity and

concern facing the world today.! It is a complex disease
involving both environmental and genetic contributing
factors. Recent evidence suggests that the incidence of
T2DM in young adults is increasing worldwide.>® T2DM
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mortality. Candidate gene and genome-wide association
studies across multiple populations’™'! have identified
heterogeneity in the genetic determinants involved in the
development of diabetes and its associated risk factors.
However, only a few studies have examined the influence
of this genetic heterogeneity on the age at diagnosis of
T2DM, and no high-impact genes have been directly linked
to T2DM onset.'*'¢

One risk factor that has shown a strong association with
the early onset of T2DM is obesity in children, adolescents
and young adults. Researchers have found that adipose tissue


http://dx.doi.org/10.1038/ijo.2011.174
mailto:d0704@www.cmuh.org.tw
http://www.nature.com/ijo

has a role not only in energy storage but also in the
regulation of many pathological processes, such as coronary
artery disease, cancer and T2DM.'7"'® Adipose tissue can
produce adipocytokines, including adiponectin, leptin,
resistin and visfatin, that can mediate the differentiation of
adipose tissue and affect glucose and fatty acid metabolism.
Among these adipocytokines, adiponectin and leptin are the
most abundant and are thought to provide an important link
between obesity, insulin resistance and related inflammatory
disorders.

Adiponectin is encoded by ADIPOQ located in the
chromosomal region 3927, a region identified as a suscept-
ibility locus for the metabolic syndrome and T2DM.'*2°
Adiponectin is an important contributor to peroxisome
proliferator-activated receptor-y-mediated improvements in
insulin sensitivity.>! Moreover, adiponectin stimulates
B-oxidation in rat hepatocytes and downregulates the
expression of sterol-regulatory-element-binding protein-1C,
a major regulator of gene expression for mediators of lipid
synthesis. A recent comprehensive review® showed that a few
ADIPOQ single-nucleotide polymorphisms (SNPs) were asso-
ciated with adiponectin levels and insulin resistance, but
none were consistently associated with diabetes or obesity as
measured by body mass index (BMI).

Like adiponectin, leptin also has a critical role in the
regulation of fat metabolism. Leptin prevents obesity by
acting on leptin receptors to stimulate glucose uptake and
fatty acid oxidation in skeletal muscles and liver. Addition-
ally, leptin and its receptor inhibit insulin secretion by
pancreatic B-cells.?” Homozygous autosomal mutations in
the leptin receptor gene (LEPR) in mice lead to obesity and
insulin resistance, which can be reversed by the introduction
of a neuron-specific LEPR-B transgene.?® In agreement with
these findings, common genetic variants at LEPR, located in
chromosomal region 1p31, have been associated with
obesity,** insulin resistance, T2DM?® and variations in leptin
levels?5” in different populations.

On the basis of these observations, we investigated the
association between the variability in ADIPOQ and LEPR, and
the early onset of T2DM in the Han Chinese population of
Taiwan.

Materials and methods

Patient and data collection

We enrolled 999 T2DM patients (aged >20 years) from the
China Medical University Hospital in Taiwan. Informed
consent was obtained from all patients. Diabetes was
diagnosed based on the medical records and fasting
plasma-glucose levels by using the American Diabetes
Association Criteria.?® Subjects with type 1 diabetes, gesta-
tional diabetes and maturity-onset diabetes of the young
were excluded from this study. All the participants were of
Han Chinese origin, who account for 98% of Taiwan's
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population. According to the age recommended by the
American Diabetes Association for T2DM screening in adults,
patients with type 2 diabetes were segregated into two
subgroups: (1) early-onset diabetes (1 =264; age at diagnosis,
at least 20 years but <45 years) and (2) late-onset diabetes
(n=735; age at diagnosis, >45 years). Data regarding age,
sex, duration of disease, weight, height, and circumference
of waist and hip (waist to hip ratio) of the patient were
obtained from questionnaires. Blood samples for genomic
DNA isolation were collected using venipuncture, and
serological tests, including fasting glucose, hemoglobin
Alc, total cholesterol, triglyceride, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, C-reactive
protein, and C-peptide, were performed at the time of
enrollment. The study was reviewed by the ethics committee
of China Medical University Hospital, and performed
according to the tenets of the Declaration of Helsinki for
research involving human subjects.

SNP selection and genotyping

We selected three SNPs, 1s822387 (5’ promoter), 156444175
(3" UTR) and 151093273 (intronic region), in AIDPOQ and
four SNPs, 151137100 (Lys109Arg), 151137101 (GIln223Arg),
151892534 and rs2211651, in LEPR for genotyping. Deviation
from the Hardy-Weinberg equilibrium was not observed for
any of the SNPs. All the selected SNPs showed a significant
association with protein levels in a previous study,? or were
identified as susceptibility genes from a genome-wide
association study.?’ For genotyping, all blood samples were
de-identified before analysis, and only the project investi-
gator had access to the link of individual identities.
Laboratory personnel involved in genotyping were blinded
to the diabetes age-at-onset status of patients. Genomic
DNA was extracted from peripheral blood leukocytes by
using the Genomic DNA kit (Qiagen, Valencia, CA, USA),
and genotyping was performed using an allele-specific
extension and ligation assay (Illumina, Inc., San Diego, CA,
USA) according to the manufacturer’s instructions.

Statistical analyses

The distributions of genotype and allelic frequency in the
polymorphisms in early-onset (age, <45 years) or late-onset
(age, =45 years) T2DM patients were analyzed using the
x>-test or the Fisher exact test for differences in proportions.
Odds ratios were calculated from the genotype and allelic
frequency with a 95% confidence interval by using an
unconditional logistical regression. Moreover, we assessed
the effects of BMI on the association between all SNPs and
diagnosis age by testing for the presence of interactions
between BMI and each SNP in samples from early- vs late-
onset T2DM patients. All statistical analyses were conducted
using SAS statistical software, version 9.1 (SAS Institute Inc.,
Cary, NC, USA), and P-values of <0.05 (two-sided) were
considered significant.
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Results

In our database, 26.4% (n=264) of the subjects had early-
onset T2DM (mean age at diagnosis, 38.2 (5.6) years), and
73.6% (n="735) of the subjects had late-onset T2DM (mean
age at diagnosis, 55.9 (7.9) years). Table 1 compares clinical
and biomedical parameters in early-onset and late-onset
T2DM subjects. We observed a higher number of men,
younger subjects, lower waist to hip ratio, longer disease
duration and lower C-peptide values in the early-onset
T2DM subjects.

In genotype association tests, the polymorphisms at
position 1s10937273 in ADIPOQ and at positions rs1892534
and rs2211651 in LEPR were statistically associated with
early-onset T2DM (P =0.0246, 0.0014 and 0.0012, respec-
tively). Furthermore, in allelic frequency analysis, the
frequency of the A allele at position rs1892534 and the
frequency of the T allele at position rs2211651 were
significantly lower in patients with early-onset T2DM than
in those with late-onset T2DM, with an odds ratio of 0.62
(95% confidence interval: 0.46, 0.82) and 0.64 (95%
confidence interval: 0.48, 0.85), respectively, in a univariate

Table 1 Characteristics of type 2 diabetes mellitus patients at entry, grouped
as patients with an onset age of less than 45 years and those with an onset age
of 45 years or more

Onset age of T2DM (years) P-value
<45 45+
(n=264, (n=735,
26.4%) 73.6%)

Education N (%)

Under high school 62 (23.5) 411 (55.9) <0.0001

High school 137 (51.9) 223 (30.3)

College or above 65 (24.6) 101 (13.7)
Sex (% of males) 145 (54.9) 344 (46.8) 0.0236
Age (years) 50.3 (10.0) 63.8 (9.1) <0.0001
Age at diagnosis (years) 38.2 (5.6) 55.9 (7.9) <0.0001
DM duration (years) 12.1 (8.9) 7.9 (6.1) <0.0001
Body mass index (kg m?) 25.4 (4.4) 25.1 (3.6) 0.32

Height (cm) 162.9 (8.9) 159.7 (8.2) <0.0001

Weight (kg) 68.7 (13.5) 65.3 (11.2) 0.0001
Waist to hip ratio 0.91 (0.06) 0.92 (0.07) 0.0185

Abnormal® 174 (65.9) 520 (40.8) 0.1431

Hip (cm) 97.2 (8.7) 96.9 (7.4) 0.72

Waist (cm) 88.5 (11.0) 89.3 (9.8) 0.30
Glu-AC (mgdi™) 144.1 (41.3) 144.3 (44.0) 0.93
Insulin (mU1~") 14.9 (13.1) 15.1 (16.7) 0.82
CRP (mgl™") 0.27 (0.45) 0.34 (0.95) 0.12
C-peptide (ng mi~") 2.39 (1.6) 2.92 (2.0) <0.0001
HbAlc (%) 7.98 (1.50) 7.91 (1.48) 0.54
High-density lipoprotein (mg d")  49.5(14.1) 48.5 (13.8) 0.30

Triglycerides (mg d 168.2 (153.4) 160.9 (110.3) 0.48

Abbreviations: CRP, C-reactive protein; DM, diabetes mellitus; Glu-AC, fasting
glucose; HbA1c, hemoglobin Alc. Abnormal waist to hip ratio was >0.9 and
>0.85 for men and women, respectively.
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model (Table 2). However, neither the distribution of the
genotype nor the allelic frequency of the SNPs rs822387 and
1s6444175 within ADIPOQ, and the SNPs rs1137100 and
rs1137101within LEPR were statistically different between
the two groups (Table 3). Moreover, there was no change in
the effect of genes on early-onset T2DM when the BMI was
adjusted in the logistical regression model. Furthermore, a
BMI x genotype interaction was not found in the association
between the SNPs studied here and early-onset T2DM.

The effect of genotypes on clinical serology tests among
the early-onset T2DM patients was also investigated.
C-reactive protein levels were significantly different among
the early-onset T2DM patients with different genotypes at
the SNPs rs1892534 and rs2211651 in LEPR (P=0.003 and
0.004, respectively; Table 4). In addition, the fasting-glucose
levels were found to be significantly different among
different genotypes at the SNP 1s1892534 in LEPR
(P=0.038). None of the other serological tests, including
those for insulin, C-peptide, hemoglobin Alc, high-density
lipoprotein, low-density lipoprotein, cholesterol and trigly-
cerides, were significantly different among the genotypes at
the SNP rs10937273 in ADIPOQ, and the SNPs rs1892534 and
1s2211651 in LEPR.

Discussion

In this study, we investigated the influence of polymorph-
isms in the adipocytokine genes ADIPOQ and LEPR on T2DM
patients with an early onset in a Taiwanese population.
A significant association was identified between the poly-
morphisms within ADIPOQ SNP 1510937273, LEPR SNPs
151892534 and 152211651, and the age at onset of T2DM.

Promoter polymorphisms within ADIPOQ have been
shown to affect the plasma levels of adiponectin,*® which
are inversely associated with obesity and hyperinsuline-
mia.*! The susceptibility SNP rs1093273 (intronic region)
analyzed in the present study is grouped by linkage
disequilibrium with rs1648707, which has been associated
with adiponectin levels, but not consistently with T2DM.°
Although the ADIPOQ SNPs rs822387 (promoter region) and
156444175 (3'-UTR) were also reportedly associated with
plasma adiponectin levels within the Caucasian popula-
tion;??° these SNPs were not significantly associated with
the age at diagnosis of T2DM within the Chinese population
residing in Taiwan.

Other proteins involved in the regulation of fat metabo-
lism are leptin (an adipocyte-specific hormone that regulates
body weight) and its receptor protein encoded by LEPR.
Leptin receptor protein belongs to the gpl130 family of
cytokine receptors, which are known to stimulate gene
transcription via activation of cytosolic STAT proteins. A
genome-wide association study by Sun et al.?” reported that
the LEPR SNPs rs1137100, rs1137101 and rs4655555 were
significantly associated with the plasma-soluble leptin
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Table 2 Genotype and allele frequency of ADIPOQ markers between type 2 diabetes mellitus patients with an onset age of <45 years and those with an onset age

of >45 years

Type 2 diabetes patients Normal P-value® P-value® OR (95% CI)f
SNP ID Early onset® Late onset® HCB®
N (%) N (%) N (%)

rs10937273

G/G 79 (29.92) 268 (36.46) 34 (40.48) 0.0246 0.5227 1

A/G 145 (54.92) 332 (45.17) 38 (45.24) 1.48 (1.08, 2.04)*

A/A 40 (15.15) 135 (18.37) 12 (14.29) 1.01 (0.65, 1.55)

G allele 303 (57.4) 868 (59.05) 106 (63.10) 0.5062 0.2562 1

A allele 225 (42.6) 602 (40.95) 62 (36.90) 1.07 (0.88, 1.31)
rs822387

T/T 252 (95.82) 699 (95.10) 80 (95.24) 0.6383 1.18 (0.59, 2.35)

T 11 (4.18) 36 (4.9) 4 (4.76) 1

c/c 0(0) 0(0) 0 (0) —

T allele 515 (97.91) 1434 (97.55) 164 (97.62) 0.6424 0.9828 1.18 (0.59, 2.33)

C allele 11 (2.09) 36 (2.45) 4(2.38) 1
rs6444175

G/G 144 (54.55) 426 (57.96) 44 (52.38) 0.0688 0.6802 1

A/G 108 (40.91) 253 (34.42) 33 (39.29) 1.26 (0.94, 1.69)

A/A 12 (4.55) 56 (7.62) 7 (8.33) 0.63 (0.33, 1.22)

G allele 396 (75.0) 1105 (75.0) 121 (72.02) 0.9382 0.3733 1

A allele 132 (25.0) 365 (25.0) 47 (27.98) 1.01 (0.80, 1.27)

Abbreviations: HCB, Han Chinese population in Beijing; Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism. ?Subjects whose age at
diagnosis was >20 years but <45 years. ®Subjects whose age at diagnosis was >45 years. “Normal population from HCB (data from HapMap database). “P-value
from y2-test; compared early-onset type 2 diabetic patients with late-onset type 2 diabetic patients. P-value from y>-test; compared type 2 diabetic patients with a

normal population from HCB. fLogistic regression model, univariate analyses. *P-value <0.05.

receptor (sOB-R) levels in 1504 women of European ancestry.
In the present study, we observed a significant association
between the T2DM age of diagnosis and the LEPR SNPs
11892534 and 152211651, which are in strong linkage
disequilibrium with the SNP rs4655555, but not with SNPs
rs1137100 and rs1137101. Although leptin receptor levels
were not measured in the present study, a significant
difference in the mean value of C-peptide, a marker of
insulin secretion, was observed among the three different
genotypes of SNPs rs1892534 and rs2211651.

The relationship between the age of onset of T2DM and
non-genetic factors was also explored in the 999 patients
with T2DM. Our data showed that the early onset of T2DM
might be associated with age, gender, disease duration, waist
to hip ratio and serum C-peptide level. Higher BMI values
and hypertriglyceridemia in T2DM patients diagnosed before
40 years of age, compared with those diagnosed after 40
years of age, were also observed in the present study,
although the results did not reach statistical significance.
These findings are in agreement with those previously
reported in a study of Mexican patients with T2DM.!? Other
non-genetic factors that may affect our results are treatments
for diabetes, such as insulin, sulfonylureas or biguanides
drugs, which may result in weight loss (increased BMI), lower
cholesterol levels or hypoglycemia. Unfortunately, detailed
drug information for each patient was not available, and
thus the data could not be adjusted for treatment types in

this model. Removal of subjects without any treatment
(2.6%) from the analyses did not affect the outcomes.
Overall, the results reported here are consistent with
previous studies and provide additional evidence to support
the contribution of non-genetic risk factors in the develop-
ment of early-onset T2DM.?? Further studies are necessary to
confirm the effect of these non-genetic factors on the early
onset of T2DM.

Although this study shows a correlation between some of
the SNPs analyzed and early-onset T2DM, it has a few
limitations. The statistical power of this study may have
been insufficient to detect weak associations given the small
sample size of our control population, a normal Han Chinese
population in Beijing (HCB; data from HapMap database).
Distribution of the genotypes of the identified SNPs was not
significantly different between the normal HCB and the
T2DM patients enrolled in the present study (Tables 2 and 3),
suggesting an inadequate statistical power in the small HCB
control population. Alternatively, the SNPs examined in this
study may not have important roles in developing T2DM or
might not capture all possible genetic variations in ADIPOQ
and LEPR. Further work exploring other variants in these two
genes within this population, as well as experiments
addressing genetic changes and their relationship to adipo-
cytokine levels (that is, adiponectin and leptin) and/or
protein function will help to identify the true causal
variants. Finally, findings from our sample population
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Table 3 Genotype and allele frequency of LEPR markers between type 2 diabetes mellitus patients with an onset age of <45 years and those with an onset age
of >45 years

Type 2 diabetes patients Normal P-value® P-value® OR (95% CI)f
SNP ID Early onset® Late onset® HCB*
N (%) N (%) N (%)

rs1137100

G/G 180 (68.44) 525 (71.92) 50 (62.5) 0.5575 0.1582 1

A/G 76 (28.90) 189 (25.89) 29 (36.25) 117 (0.86, 1.61)

A/A 7 (2.66) 16 (2.19) 1.(1.25) 1.28 (0.52, 3.15)

G allele 436 (82.89) 1239 (84.86) 129 (80.63) 0.2856 0.2083 1

A allele 90 (17.11) 221 (15.14) 31 (19.37) 1.16 (0.88, 1.51)
rs1137101

G/G 205 (77.65) 591 (80.52) 36 (80.0) 0.8575 0.5860 1

A/G 57 (21.59) 137 (18.66) 8 (17.78) 1.20 (0.85, 1.70)

A/A 2(0.76) 6 (0.82) 1(.22) 0.96 (0.19, 4.80)

G allele 467 (88.44) 1319 (89.85) 80 (88.89) 0.3675 0.8585 1

A allele 61 (11.56) 149 (10.15) 10 (11.11) 1.16 (0.84, 1.59)
rs1892534

A/A 181 (68.56) 582 (79.51) 65 (77.38) 0.0014 0.6533 1

A/G 80 (30.30) 143 (19.54) 19 (22.62) 1.78 (1.31, 2.48)*

GIG 3(1.14) 7 (0.96) 0(0) 1.38 (0.35, 5.38)

A allele 442 (83.71) 1307 (89.28) 149 (88.69) 0.0008 0.7346 1

G allele 86 (16.29) 157 (10.72) 19 (11.31) 1.62 (1.22, 2.15)*
rs2211651

T 179 (67.80) 578 (78.64) 63 (75) 0.0012 0.5368 1

GIT 82 (31.06) 147 (20.00) 21 (25) 1.80 (1.31, 2.48)*

G/G 3(1.14) 10 (1.36) 0 0.97 (0.26, 3.56)

T allele 440 (83.33) 1303 (88.64) 147 (87.5) 0.0017 0.9219 1

G allele 88 (16.67) 167 (11.36) 21 (12.5) 1.56 (1.18, 2.06)*

Abbreviations: BMI, body mass index; HCB, Han Chinese population in Beijing; Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
Subjects whose age at diagnosis was >20 years but <45 years. °Subjects whose age at diagnosis was >45 years. “Normal population from HCB (data from
HapMap database). ®P-value from y-test; compared early-onset type 2 diabetic patients with late-onset type 2 diabetic patients. *P-value from y?-test; compared
type 2 diabetic patients with a normal population from Han Chinese in Beijing. ‘Logistic regression model, univariate analyses. *P-value <0.05.

Table 4 Association between the polymorphism of ADIPOQ and LEPR and the serological markers in early-onset type 2 diabetes mellitus patients

rs10937273 rs1892534 rs2211651
G/G A/G A/A P-value® A/A G/A G/G P-value® T/T G/T G/G P-value®
Glu-AC 141.6 (37.9) 145.4 (42.5) 144.2 (44.1) 0.814 140.1 (37.3) 153.7 (48.3) 128.3 (38.0) 0.038* 140.3 (37.6) 152.8 (47.8) 128.3 (38.0) 0.061
Insulin 15.4 (14.0) 14.4 (11.8) 15.4 (15.5) 0.831 15.1(13.1) 14.3(13.2) 15.8 (10.9) 0.884 15.1 (13.1) 14.1 (13.1) 15.8 (10.9) 0.841
HbAlc 81(1.4)  80(.5) 7.7(1.6) 0.512 7.90 (1.41) 8.14 (1.68) 8.47 (1.47) 0.425 7.90 (1.41) 8.13 (1.66) 8.47 (1.47) 0.427
CRP 0.31 (0.38) 0.27 (0.52) 0.16 (0.16) 0.248 0.23 (0.34) 0.31 (0.55) 1.08 (1.47) 0.003* 0.24 (0.35) 0.30 (0.55) 1.08 (1.47) 0.004*

C-peptide  2.63(1.9) 230(1.4) 222(1.4) 0.250 2.28(1.54) 2.60 (1.74) 2.70 (0.87) 0.312 2.30 (1.55) 2.56 (1.72) 2.70 (0.87) 0.434
Cholesterol 188.9 (36.4) 187.0 (38.6) 195.1 (39.8) 0.497 188.9 (38.0) 188.9 (38.7) 174.0 (32.0) 0.797 188.5 (38.5) 190.1 (37.7) 174.0 (32.0) 0.757
HDL 48.6 (13.6) 48.6(14.2) 54.5(13.9) 0.053 50.3 (14.8) 47.8(12.5) 47.7 (3.2) 0.430 49.9 (14.5) 48.8(13.5) 47.7 (3.2) 0.819
LDL 117.8 (37.2) 116.2 (36.5) 124.9 (37.7) 0.425 115.8 (35.1) 123.3 (40.8) 112.0 (27.5) 0.302 115.7 (35.4) 123.4 (40.0) 112.0 (27.5) 0.282
Triglycerides 178.2 (155.7) 169.4 (164.9) 143.9 (94.9) 0.511 178.2 (176.7) 147.7 (80.8) 122.6 (26.6) 0.275 178.2 (177.7) 148.4 (80.1) 112.7 (26.6) 0.286

Abbreviations: ANOVA, analysis of variance; CRP, C-reactive protein; Glu-AC, fasting glucose; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; LDL,
low-density lipoprotein. P-value for analysis of variance (ANOVA) test. All values are presented as mean (s.d.). *P-value <0.05.

(Chinese population in Taiwan) may not be applicable to In conclusion, our study shows that polymorphisms
other populations. Further confirmation of these results in a within the adipocytokine genes ADIPOQ and LEPR were
larger number of subjects from a more diverse population significantly associated with the age at diagnosis of T2DM in
would strengthen our findings. a Chinese population in Taiwan. Our observations suggest
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that genetic variations of ADIPOQ and LEPR might be useful
to detect the genetic susceptibility of a patient to early-onset
T2DM.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

We gratefully acknowledge the National Research Program
for Genomic Medicine from the National Science Council,
Taiwan, and the National Clinical Core for Genomic
Medicine at Academia Sinica (grant number: NSC96-3112-
B-001-010) for providing support services for data coordina-
tion, subject recruitment and project management. This
study was supported by the Academia Sinica Genomic
Medicine Multicenter Study and the National Research
Program for Genomic Medicine, National Science Council,
Taiwan (National Clinical Core, NSC97-3112-B-001-014 and
National Genotyping Center, NSC97-3112-B-001-015).

References

—_

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the
prevalence of diabetes for 2010 and 2030. Diabetes Res Clin Pract
2010; 87: 4-14.

2 Lammi N, Taskinen O, Moltchanova E, Notkola IL, Eriksson JG,
Tuomilehto J et al. A high incidence of type 1 diabetes and an
alarming increase in the incidence of type 2 diabetes among
young adults in Finland between 1992 and 1996. Diabetologia
2007; 50: 1393-1400.

Ogawa Y, Uchigata Y, Otani T, Iwamoto Y. Proportion of
diabetes type in early-onset diabetes in Japan. Diabetes Care
2007; 30: e30.

4 Tseng CH, Tseng CP, Chong CK, Huang TP, Song YM, Chou CW
et al. Increasing incidence of diagnosed type 2 diabetes in Taiwan:
analysis of data from a national cohort. Diabetologia 2006; 49:
1755-1760.

Chang CH, Shau WY, Jiang YD, Li HY, Chang TJ, Sheu WH et al.
Type 2 diabetes prevalence and incidence among adults in
Taiwan during 1999-2004: a national health insurance data set
study. Diabet Med 2010; 27: 636-643.

6 Koopman RJ, Mainous 3rd AG, Diaz VA, Geesey ME. Changes in
age at diagnosis of type 2 diabetes mellitus in the United States,
1988-2000. Ann Fam Med 2005; 3: 60-63.

Tsai FJ, Yang CF, Chen CC, Chuang LM, Lu CH, Chang CT et al. A
genome-wide association study identifies susceptibility variants
for type 2 diabetes in Han Chinese. PLoS Genet 2010; 6: e1000847.

8 McCarthy MI, Zeggini E. Genome-wide association studies in
type 2 diabetes. Curr Diab Rep 2009; 9: 164-171.

9 Lu Q, Song Y, Wang X, Won S, Cui Y, Elston RC. The effect of
multiple genetic variants in predicting the risk of type 2 diabetes.
BMC Proc 2009; 3 (Suppl 7): $49.

10 Lango H, Palmer CN, Morris AD, Zeggini E, Hattersley AT,
McCarthy MI et al. Assessing the combined impact of 18 common
genetic variants of modest effect sizes on type 2 diabetes risk.
Diabetes 2008; 57: 3129-3135.

w

w

~N

Adipocytokine gene polymorphism and early onset of type 2 diabetes
W-L Liao et al

Py

11 Menzaghi C, Trischitta V, Doria A. Genetic influences of
adiponectin on insulin resistance, type 2 diabetes, and cardio-
vascular disease. Diabetes 2007; 56: 1198-1209.

12 Jimenez-Corona A, Rojas R, Gomez-Perez FJ, Aguilar-Salinas CA.
Early-onset type 2 diabetes in a Mexican survey: results from the
National Health and Nutrition Survey 2006. Salud Publ Mex 2010;
52 (Suppl 1): S27-S35.

13 Prudente S, Scarpelli D, Chandalia M, Zhang YY, Morini E,
Del Guerra S et al. The TRIB3 Q84R polymorphism and risk
of early-onset type 2 diabetes. ] Clin Endocrinol Metab 2009; 94:
190-196.

14 Villarreal-Molina MT, Flores-Dorantes MT, Arellano-Campos O,
Villalobos-Comparan M, Rodriguez-Cruz M, Miliar-Garcia A et al.
Association of the ATP-binding cassette transporter A1 R230C
variant with early-onset type 2 diabetes in a Mexican population.
Diabetes 2008; 57: 509-513.

15 Ma L, Hanson RL, Que LN, Guo Y, Kobes S, Bogardus C et al.
PCLO variants are nominally associated with early-onset type 2
diabetes and insulin resistance in Pima Indians. Diabetes 2008;
57: 3156-3160.

16 Gragnoli C. CHOP T/C and C/T haplotypes contribute to
early-onset type 2 diabetes in Italians. J Cell Physiol 2008; 217:
291-295.

17 Tilg H, Moschen AR. Adipocytokines: mediators linking adipose
tissue, inflammation and immunity. Nat Rev Immunol 2006; 6:
772-783.

18 Whitehead JP, Richards AA, Hickman IJ, Macdonald GA, Prins JB.
Adiponectin—a key adipokine in the metabolic syndrome.
Diabetes Obes Metab 2006; 8: 264-280.

19 Vionnet N, Hani EH, Dupont S, Gallina S, Francke §,
Dotte S ef al. Genomewide search for type 2 diabetes-
susceptibility genes in French whites: evidence for a novel
susceptibility locus for early-onset diabetes on chromosome
3q27-qter and independent replication of a type 2-diabetes
locus on chromosome 1q21-q24. Am ] Hum Genet 2000; 67:
1470-1480.

20 Kissebah AH, Sonnenberg GE, Myklebust ], Goldstein M, Broman
K, James RG et al. Quantitative trait loci on chromosomes 3 and
17 influence phenotypes of the metabolic syndrome. Proc Natl
Acad Sci USA 2000; 97: 14478-14483.

21 Nawrocki AR, Rajala MW, Tomas E, Pajvani UB, Saha AK,
Trumbauer ME et al. Mice lacking adiponectin show decreased
hepatic insulin sensitivity and reduced responsiveness to peroxi-
some proliferator-activated receptor gamma agonists. J Biol Chem
2006; 281: 2654-2660.

22 Jeon JP, Shim SM, Nam HY, Ryu GM, Hong EJ, Kim HL et al. Copy
number variation at leptin receptor gene locus associated with
metabolic traits and the risk of type 2 diabetes mellitus. BMC
Genomics 2010; 11: 426.

23 de Luca C, Kowalski T], Zhang Y, Elmquist JK, Lee C, Kilimann
MW et al. Complete rescue of obesity, diabetes, and infertility in
db/db mice by neuron-specific LEPR-B transgenes. | Clin Invest
2005; 115: 3484-3493.

24 Murugesan D, Arunachalam T, Ramamurthy V, Subramanian S.
Association of polymorphisms in leptin receptor gene with
obesity and type 2 diabetes in the local population of Coimba-
tore. Indian ] Hum Genet 2010; 16: 72-77.

25 Han HR, Ryu HJ, Cha HS, Go M]J, Ahn Y, Koo BK et al. Genetic
variations in the leptin and leptin receptor genes are associated
with type 2 diabetes mellitus and metabolic traits in the Korean
female population. Clin Genet 2008; 74: 105-115.

26 Wauters M, Considine RV, Chagnon M, Mertens I, Rankinen T,
Bouchard C et al. Leptin levels, leptin receptor gene polymorph-
isms, and energy metabolism in women. Obes Res 2002; 10:
394-400.

27 Sun Q, Cornelis MC, Kraft P, Qi L, van Dam RM, Girman CJ et al.
Genome-wide association study identifies polymorphisms in
LEPR as determinants of plasma soluble leptin receptor levels.
Hum Mol Genet 2010; 19: 1846-1855.

795

International Journal of Obesity



e

Adipocytokine gene polymorphism and early onset of type 2 diabetes
W-L Liao et al

796

28

29

30

Association AD. Standards of medical care in diabetes—2007.
Diabetes Care 2007; 30 (Suppl 1): S4-S41.

Hivert MF, Manning AK, McAteer JB, Florez JC, Dupuis J, Fox CS
et al. Common variants in the adiponectin gene (ADIPOQ)
associated with plasma adiponectin levels, type 2 diabetes, and
diabetes-related quantitative traits: the Framingham Offspring
Study. Diabetes 2008; 57: 3353-3359.

Heid IM, Wagner SA, Gohlke H, Iglseder B, Mueller JC, Cip P et al.
Genetic architecture of the APM1 gene and its influence on
adiponectin plasma levels and parameters of the metabolic

International Journal of Obesity

31

32

syndrome in 1727 healthy Caucasians. Diabetes 2006; 55:
375-384.

Vona-Davis L, Howard-McNatt M, Rose DP. Adiposity, type 2
diabetes and the metabolic syndrome in breast cancer. Obes Rev
2007; 8: 395-408.

Kim JH, Shin HD, Park BL, Cho YM, Kim SY, Lee HK et al.
Peroxisome proliferator-activated receptor gamma coactivator 1
alpha promoter polymorphisms are associated with early-onset
type 2 diabetes mellitus in the Korean population. Diabetologia
2005; 48: 1323-1330.



	Gene polymorphisms of adiponectin and leptin receptor are associated with early onset of type 2 diabetes mellitus in the Taiwanese population
	Introduction
	Materials and methods
	Patient and data collection
	SNP selection and genotyping
	Statistical analyses

	Results
	Discussion
	Table 1 Characteristics of type 2 diabetes mellitus patients at entry, grouped as patients with an onset age of less than 45 years and those with an onset age of 45 years or more
	Table 2 Genotype and allele frequency of ADIPOQ markers between type 2 diabetes mellitus patients with an onset age of lt45 years and those with an onset age of ges45 years
	Table 3 Genotype and allele frequency of LEPR markers between type 2 diabetes mellitus patients with an onset age of lt45 years and those with an onset age of ges45 years
	Table 4 Association between the polymorphism of ADIPOQ and LEPR and the serological markers in early-onset type 2 diabetes mellitus patients
	Conflict of interest
	Acknowledgements
	References




