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Adiponectin has been associated with insulin resistance and type 2 diabetes mellitus and possibly fetal
growth. Our aim was to assess the association between the single nucleotide polymorphisms (SNPs) of
the adiponectin gene (ADIPOQ) and the birth sizes. We investigated four SNPs of ADIPOQ (rs182052,
rs2241766, rs1501299, and rs266729) and birth height and weight in 237 healthy full-term neonates. The
neonates with the rs182052 G allele had a greater birth weight (p = .043 in the dominant model) and
a higher ponderal index (p = .028 in the additive model). The rs2241766 G allele was associated with a
greater birth weight (p = .016 in the recessive model). In a logistic regression analysis, the homozygotes
for the rs182052 G allele and those for the rs2241766 G allele showed a significant association with a
greater birth weight above 90 percentile (OR 2.75, 95% CI 1.13–6.70 and OR 5.15, 95% CI 1.66–15.99,
respectively). In conclusion, we found an association between rs182052 and rs2241766 and birth weight
and ponderal index among healthy neonates and suggested that adiponectin might have some roles in
fetal growth.
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Adiponectin is a 30-kDa protein secreted from adipocytes,
and its serum levels are decreased in individuals with
obesity, type 2 diabetes mellitus (T2DM), and conditions
commonly associated with insulin resistance (Rasouli &
Kern, 2008). Low serum adiponectin concentrations are
also found in subjects with hypertension, atherosclerosis,
coronary artery disease, or ischemic stroke (Lu et al., 2008;
Rasouli & Kern, 2008). It has been suggested that adipone-
ctin plays a role in the regulation of insulin sensitivity and
glucose and lipid metabolism, and further in the devel-
opment of insulin resistance, T2DM, and atherosclerosis
(Rasouli & Kern, 2008; Yamauchi & Kadowaki, 2008). Not
only does thiazolidinedione, an insulin sensitizer, increase
circulating adiponectin level in humans, but administration
of recombinant adiponectin improves insulin sensitivity in
mice (Lu et al., 2008; Rasouli & Kern, 2008).

Adiponectin has also been suggested to have an im-
portant role in fetal growth. Cord blood adiponectin level
was significantly higher than that of adults or adolescents.
And, unlike with adults, cord adiponectin level was posi-
tively associated with birth size in many studies (Kadowaki
et al., 2006; Kotani et al., 2004; Mantzoros et al., 2009). Cord
blood adiponectin level was lower among small for gesta-

tional age (Kamoda et al., 2004). The key endocrine regu-
lators on fetal growth are insulin and insulin-like growth
factors (IGFs), and adiponectin has been known to have an
effect on them as an insulin sensitizer (Briana & Malamitsi-
Puchner, 2010; Inami et al., 2007; Mantzoros et al., 2004).
Moreover, adiponectin in fetal life may have important im-
plications for later health. Fetal growth and insulin resis-
tance could affect growth and development of insulin resis-
tance with metabolic consequences in later life (Nathanielsz,
1999).

Adiponectin concentrations are under strong genetic
control with heritability between 30% and 50% (Siitonen
et al., 2011). Some adiponectin gene (ADIPOQ) polymor-
phisms are reported to be associated with conditions such
as insulin resistance or T2DM through serum adiponectin
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level (Melistas et al., 2009; Siitonen et al., 2011) and there
may be an effect on fetal growth, although research is sparse.
Therefore, we set out to investigate the association between
the common single nucleotide polymorphisms (SNPs) of
the ADIPOQ and birth sizes in South Korea.

Materials and Methods
Study Population and Data Collection Procedures

The study subjects were a total of 237 healthy full-term
neonates born as singletons at Ewha Womans University
Hospital, Seoul, South Korea, between July 2006 and De-
cember 2008. Their mothers were recruited among women
who had received prenatal care at the hospital and agreed
to participate in this study. Informed consent was obtained
from the mothers. Information on maternal age and parity
was obtained from a self-reported questionnaire completed
during the first prenatal visit. We acquired information on
infant sex, birth weight, birth length, and gestational age
from medical records. Gestational age was determined ac-
cording to the date of onset of the mother’s last menstrual
period and by the ultrasonographic estimation. Ponderal
index (kg/m3) was calculated as the weight (kg) divided
by height cubed (m3). Neonates whose mother had hyper-
tension, diabetes mellitus, or other diseases causing fetal
growth restriction, or had received medications related to
fetal growth, and those with congenital anomalies were ex-
cluded. Cord blood samples were taken immediately after
delivery and aliquoted and stored at -70 degree Celsius un-
til assayed. This study was approved by the institutional
review board on human subjects at Ewha Womans Univer-
sity, Seoul, South Korea.

Genotyping Analysis

We selected four SNPs of ADIPOQ, which have not only
been reported to be associated with adiponectin level and
metabolic consequences such as diabetes and metabolic
syndrome but also to be polymorphic, with the minor al-
lele frequencies found in more than 20% of the Korean
population. After DNA was extracted from whole blood
using the DNeasy Blood & Tissue kit (Qiagen, Hilden, Ger-
many), these genotypes of ADIPOQ (rs182052, rs2241766,
rs1501299, and rs266729) were screened using the TaqMan
fluorogenic 5′ nuclease assay (ABI, Foster City, CA, USA).
The final volume of polymerase chain reaction (PCR) was 5
uL, containing 10 ng of genomic DNA and 2.5 uL TaqMan
Universal PCR Master Mix, with 0.13 uL of 40× Assay Mix.
Thermal cycle conditions were as follows: 50 degree Celsius
for 2 minutes to activate the uracil N-glycosylase and to
prevent contamination, 95 degree Celsius for 10 minutes to
activate the DNA polymerase, followed by 45 cycles of 95
degree Celsius for 15 seconds and 60 degree Celsius for 1
minute. All PCR were performed using 384-well plates by
a Dual 384-Well GeneAmp PCR System 9700 (ABI, Foster
City, CA, USA) and the endpoint fluorescent readings were

performed on an ABI PRISM 7900 HT Sequence Detection
System (ABI, Foster City, CA, USA).

Statistical Analysis

The consistency of the genotype frequencies of each poly-
morphism with the Hardy–Weinberg equilibrium was as-
sessed with the �2 test. The results are expressed as mean
and standard deviation for continuous variables and as fre-
quency and percentage for categorical variables.

The general associations between each polymorphism
and birth size were assessed using general linear models
with adjustment for sex, gestational age, and birth order.
We further tested these associations under dominant, re-
cessive, and additive genetic models only if the general as-
sociation test was significant. The dominant genetic model
compares neonates with one or more polymorphic alleles
to those with homozygous wild-type alleles (Aa and AA vs.
aa). The recessive genetic model compares neonates with a
homozygous variant allele to those with one or more wild-
type allele (AA vs. Aa or aa). The additive genetic model
assumes that there is a linear gradient in birth size among
three genotypes. Multiple tests for three genetic models
of each SNP were adjusted by the Bonferroni correction
(p value multiplied by 3, the number of models).

In addition, we categorized neonates into three groups
according to sex-specific percentile (<10 percentile as
smaller birth size, >90 percentile as larger birth size, and
10–90 percentile) for birth weight, birth length, and pon-
deral index at birth. The cut points (10th and 90th per-
centiles) of height were 49.0 and 53.0 cm among boys and
48.0 cm and 52.0 cm among girls. Those of birth weight
were 2,940 and 3,840 g among boys and 2,750 and 3,730 g
among girls. Those of ponderal index were 24.0 and 29.4
kg/m3 among boys and 24.2 and 29.8 kg/m3 among girls.
Multinomial logistic regression was used to estimate the
odds ratios (ORs) and 95% confidence intervals (CIs) of
the risk associated with the variant allele for the smaller
or larger birth sizes (height, weight, and ponderal in-
dex) in dominant and recessive models of each ADIPOQ
polymorphism.

Pairwise linkage disequilibrium between each SNP was
estimated using Haploview (Barrett et al., 2005). Haplotype
reconstruction analysis was done using PHASE (Stephens
et al., 2001). We also performed general linear model and
multinomial logistic regression analyses on haplotypes. We
adjusted for sex, gestational age, and birth order of neonates
as covariates in all analyses. All statistical analyses were
performed using the SAS package (version 9.2, SAS institute,
Cary, NC).

Results
The genotype distributions of the four SNPs and the success
rates for genotyping are described in Table 1. The geno-
type distributions did not differ from those expected for a
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TABLE 1

Genotype Distributions of Adiponectin Gene SNPs in the Study

SNP rs number
(position) Location

Genotyping
success rate Genotype N (%)

Major allele
frequency H.W. p value

rs182052
(-10,066)

Intron 1 98.3% GG 68 (29.2) 0.528 .43
GA 110 (47.2)
AA 55 (23.6)

rs2241766
(+45)

Exon 1 94.5% TT 100 (44.6) 0.679 .35
TG 104 (46.4)
GG 20 (8.9)

rs1501299
(+276)

Intron 2 96.2% GG 123 (53.9) 0.728 .47
GT 86 (37.7)
TT 19 (8.3)

rs 266729
(-11,377)

Promoter 98.3% CC 133 (57.1) 0.758 .80
CG 87 (37.3)
GG 13 (5.6)

Note: SNP = single nucleotide polymorphism; Position = position relative to ATG start; H.W. = Hardy–Weinberg equilibrium.

TABLE 2

Baseline Characteristics of Neonates in the Study (n = 237)

N (%) Mean (SD) Range

Sex
Male 114 (48.1)
Female 123 (51.9)

Birth order
First born 102 (43.0)
Second or greater born 135 (57.0)

Type of delivery
Vaginal delivery 168 (70.9)
Cesarean section 69 (29.1)

Gestation (week) 39.4 (1.0) 37.1–41.6
Height at birth (cm) 49.9 (1.6) 46.0–54.0
Birth weight (g) 3,291 (351) 2,520–4,240
Macrosomia (>4 kg) 4 (1.7)
Ponderal index at birth (kg/m3) 26.5 (2.2) 21.0–39.0

Note: Note: SD = standard deviation.

population in the Hardy–Weinberg equilibrium using the
�2 test. There was significant linkage disequilibrium be-
tween the rs266729 and rs182052 (D′ = 1, R2 = 0.349) and
between rs2241766 and rs1501299 polymorphisms in the
population (D′ = 1, R2 = 0.183). The main haplotypes for
rs266729/rs182052 were the C/G (53.6%), C/A (23.2%),
and G/A (23.2%) types, and those for rs2241766/rs1501299
were the T/G (39.8%), G/G (32.4%), and T/T (27.8%) types
in the population. Among subjects, homozygous diplotypes
of C/A from the rs266729/rs182052 haplotypes (CA/CA)
were 6.8%, heterozygous diplotype (CA/X) 29.5%, and
diplotypes without the C/A haplotype (X/X) 63.7%. For
the diplotypes of T/G from rs2241766/rs1501299 haplo-
types, homozygous (TG/TG), heterozygous (TG/X), non-
T/G diplotypes (X/X) were 15.6%, 43.5%, and 41.4%, re-
spectively.

The characteristics of the subjects are presented in
Table 2. Among 237 neonates, 114 were boys (48.1%) and
123 were girl (51.9%). Forty-three percent were first born
and 29% were born with cesarean section. Their gestational
age ranged from 37.1 to 41.6 weeks, with a mean of 39.4

weeks. The mean and standard deviation values of birth
height and weight were 49.9 ± 1.6 cm and 3,291 ± 351 g.
There were four neonates with birth weight greater than 4
kg and no low birth weight infant (below 2.5 kg).

The association between each SNP and birth sizes is
shown in Table 3. Two adiponectin SNPs (rs182052 and
rs2241766) were significantly associated with birth weight
and ponderal index at birth. The neonates homozygous for
the common G allele of rs182052 had a greater birth weight
(GG: 3,393 ± 387 g, GA: 3,241 ± 327 g, AA: 3,278 ± 336 g,
p = .043 in the dominant genetic model) and a higher pon-
deral index (GG: 27.1 ± 2.6 kg/m3, GA: 26.5 ± 2.0 kg/m3,
AA: 26.0 ± 1.9 kg/m3, p = .028 in the additive model) than
those with the A allele. The variant G allele of rs2241766 was
also associated with greater birth weight (TT: 3,257 ± 359
g, TG: 3,294 ± 317 g, GG: 3,513 ± 421 g, p = .016 in the
recessive model and p = .059 in the additive model). No
adiponectin SNPs in this study were significantly associated
with birth height.

In the multinomial logistic regression analysis, the vari-
ant A allele of ADIPOQ rs182052 showed a significantly
lower odds ratio for greater birth weight above 90 percentile
(Table 4; OR 0.36, 95% CI 0.15–0.89 in the dominant ge-
netic model) and a borderline significantly lower odds ratio
for the higher ponderal index above 90 percentile (OR 0.42,
95% CI 0.17–1.01, p = .052 in the dominant model) rela-
tive to the common G allele. In other words, the neonates
homozygous for the common G allele of rs182052 had a
significant association with greater birth weight above 90
percentile (OR 2.75, 95% CI 1.13–6.70) and a borderline
significant association with a higher ponderal index above
90 percentile (OR 2.40, 95% CI 0.99–5.79), compared with
those with the GA or AA genotype. The homozygotes for
the variant G allele of rs2241766 were significantly associ-
ated with greater birth weight above 90 percentile (OR 5.15,
95% CI 1.66–15.99 in the recessive model).

In the haplotype analysis, the C/A haplotype from
rs266729/rs182052 haplotypes was significantly associated

734 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2013.16 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2013.16


Adiponectin Gene SNPs and Birth Weight

TABLE 3

Associations of Adiponectin Gene SNPs with Birth Sizes

Height (cm) Weight (g) Ponderal index (kg/m3)

SNP Genotype Mean (SD) p Mean (SD) p Mean (SD) p

rs 182052 GG(n = 68) 50.0 (1.6) .12 3,393 (387) .043 27.1 (2.6) .034
GA (n = 110) 49.6 (1.6) 3,241 (327) .043D 26.5 (2.0) .028A

AA (n = 55) 50.1 (1.7) 3,278 (336) 26.0 (1.9)
rs 2241766 TT (n = 100) 49.8 (1.7) .60 3,257 (359) .016 26.4 (2.1) .07

TG (n = 104) 49.9 (1.5) 3,294 (317) .059A 26.5 (2.2)
GG(n = 20) 50.3 (1.6) 3,513 (421) .016R 27.6 (2.8)

rs 1501299 GG(n = 123) 49.7 (1.6) .51 3,281 (385) .92 26.7 (2.2) .48
GT (n = 86) 50.1 (1.6) 3,312 (304) 26.3 (2.3)
TT (n = 19) 49.6 (1.7) 3,275 (325) 26.8 (1.7)

rs 266729 CC (n = 133) 49.8 (1.5) .39 3,309 (359) .06 26.7 (2.4) .24
CG(n = 87) 49.8 (1.7) 3,238 (341) 26.2 (2.0)
GG(n = 13) 50.2 (1.5) 3,406 (334) 26.8 (1.6)

Note: P values by general linear models with adjustment for sex, gestational age, and birth order;Ddominant model (one or more polymorphic
alleles versus homozygous wild-type alleles, Aa and AA versus aa);Rrecessive model (homozygous variant allele versus one or more
wild-type allele, AA versus Aa or aa);Aadditive model (a linear gradient among three genotypes). P values in dominant, recessive, and
additive models were adjusted using the Bonferroni method.
SNP = single nucleotide polymorphism; SD = standard deviation.

TABLE 4

Logistic Regression Analysis of Adiponectin Gene SNPs for Birth Sizes

Birth sizes (%) OR∗∗ (95% CI) for larger size (>90p∗) OR∗∗ (95% CI) for smaller size (<10p∗)

Genotype >90p∗ 10–90p∗ <10p∗ Dominant model Recessive model Dominant model Recessive model

Birth weight
rs182052 GG 17.6 75.0 7.4 0.36 (0.15–0.89)† 0.71 (0.23–2.23) 1.29 (0.45–3.74) 1.34 (0.51–3.52)

GA 6.4 83.6 10.0
AA 7.3 80.0 12.7

rs 2241766 TT 10.0 77.0 13.0 0.96 (0.40–2.34) 5.15 (1.66–15.99) 0.45 (0.18–1.17) 0.61 (0.07–5.11)
TG 6.7 86.5 6.7
GG 30.0 65.0 5.0

rs 1501299 GG 11.4 78.9 9.8 0.61 (0.24–1.54) 1.06 (0.22–5.17) 1.02 (0.41–2.54) 1.17 (0.24–5.77)
GT 7.0 83.7 9.3
TT 10.5 78.9 10.5

rs 266729 CC 11.3 79.7 9.0 0.67 (0.27–1.67) 1.60 (0.33–7.87) 1.58 (0.65–3.82) –
CG 6.9 79.3 13.8
GG 15.4 84.6 0.0

Ponderal index
rs182052 GG 16.2 76.5 7.4 0.42 (0.17–1.01)‡ 0.67 (0.22–2.09) 1.26 (0.44–3.61) 1.18 (0.43–3.21)

GA 7.3 82.7 10.0
AA 7.3 81.8 10.9

rs 2241766 TT 8.0 82.0 10.0 1.49 (0.59–3.73) 1.65 (0.44–6.28) 1.02 (0.42–2.50) 0.49 (0.06–3.89)
TG 10.6 78.8 10.6
GG 15.0 80.0 5.0

rs 1501299 GG 10.6 82.9 6.5 0.96 (0.40–2.30) 0.93 (0.20–4.43) 2.23 (0.89–5.62) –
GT 9.3 74.4 16.3
TT 10.5 89.5 0.0

rs 266729 CC 12.0 78.9 9.0 0.55 (0.21–1.40) 0.68 (0.08–5.45) 1.08 (0.44–2.64) –
CG 6.9 81.6 11.5
GG 7.7 92.3 0.0

Note: Dominant model = one or more polymorphic alleles versus homozygous wild-type alleles (Aa and AA versus aa); Recessive model = homozygous
variant allele versus one or more wild-type allele (AA versus Aa or aa). P∗ = sex-specific percentile; OR∗∗ = odds ratio of the variant allele relative to
wild-type allele for larger or smaller birth size in multinomial logistic regression analysis with adjustment for sex, gestational age, and birth order.
†OR 2.75 (95% CI 1.13–6.70) of the common G allele for greater birth weight (>90p) relative to the variant A allele;‡OR 2.40 (95% CI 0.99–5.79) of the
common G allele for higher ponderal index.

with birth weight. The neonates with the C/A haplotype had
a lower birth weight (C/A carrier: 3,225 ± 305 g, non-C/A
carrier: 3,328 ± 371 g, p = .048) and a lower ponderal index
(C/A carrier: 26.0 ± 2.0 kg/m3, non-C/A carrier: 26.8 ± 2.2
kg/m3, p = .014). The presence of the C/A haplotype showed
a significantly lower odds ratio for greater birth weight
above 90 percentile (OR 0.26, 95% CI 0.07–0.92) relative

to the absence of the C/A haplotype. The other haplotypes
were not significantly associated with birth sizes.

Discussion
In this study, we suggested that ADIPOQ SNP rs182052 and
rs2241766 were probably associated with birth weight and
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ponderal index at birth. Neonates with the SNP rs182052
common G allele had greater birth weight and higher pon-
deral index and rs2241766 variant G allele had greater birth
weight. This is the first report that showed a significant
association of ADIPOQ SNP rs182052 and rs2241766 of
neonates with birth sizes.

Since the first report about an association of the ADIPOQ
SNP rs182052 and serum adiponectin level by Woo et al.
(2006), the variant A allele of this SNP has been shown to be
associated with lower serum adiponectin level, insulin re-
sistance syndrome-related phenotypes such as higher BMI,
thicker skin fold thickness, higher fasting insulin, lower
homeostasis model assessment of insulin sensitivity, and
diabetic nephropathy (Bostrom et al., 2009; Ong et al.,
2010; Richardson et al., 2006; Wassel et al., 2010). The as-
sociation of ADIPOQ rs182052 with birth sizes was first
reported in this study. The SNP rs182052 lies in the first
intron of human adiponectin gene. Although introns are
the non-protein-coding regions within a gene, they have
recently been demonstrated to have an effect on mes-
senger RNA (mRNA) degradation or translation suppres-
sion (Wassel et al., 2010). Also, this SNP might be in-
volved in any change in a binding site of the transcrip-
tion factor. The first intron of ADIPOQ contains a gene
expression enhancer element, which CCAAT/enhancer-
binding proteins (C/EBP�), a major transcription factor
for adiponectin, bind to and could increase the activ-
ity of the adiponectin promoter (Ong et al., 2010; Qiao
et al., 2005).

The reports about the association between the ADIPOQ
rs2241766 and serum adiponectin level are more inconsis-
tent. Some report a higher adiponectin level in the variant
G allele (Jang et al., 2008; Siitonen et al., 2011) and others
report no association between them (Chung et al., 2009;
Kim et al., 2008). ADIPOQ rs2241766 is associated with
T2DM, coronary artery disease, or carotid artery plaque
in T2DM (Al-Daghri et al., 2011; Kim et al., 2008; Siito-
nen et al., 2011). The rs2241766 is located at exon 2 and
is one of the most common polymorphisms of ADIPOQ.
However, it causes synonymous mutation (GGT→GGG,
Gly→Gly), that is, it does not make any change in amino
acid sequences in adiponectin. So, the associations with
some diseases or biologic functions were often explained by
the possible linkage disequilibrium with other functional
SNPs (Al-Daghri et al., 2011; Melistas et al., 2009). It is
also suggested that this silent mutation may affect ADIPOQ
expression by modifying mRNA splicing or stability (Al-
Daghri et al., 2011; Melistas et al., 2009; Yang et al., 2003).
Yang et al. (2003) showed the difference in allele-specific
expression, with higher mRNA level transcribed by the
G allele and lower level by the T allele of this SNP in
the adipose tissue of heterozygous subjects. However, it is
still not clear how this polymorphism could be associated
with adiponectin level and other phenotypic variants or
diseases.

The associations with genotypic variations of
adiponectin and birth sizes have not been studied enough
so far. As far as we know, there are only two studies that
examined these genetic links. A study in Brazil showed that
the variant A allele of SNP rs17300539 (-11,391) in the pro-
moter region of ADIPOQ was associated with being born
large for gestational age and with higher adiponectin levels
at the age of 23–25 years (Bueno et al., 2010). Saito et al.
(2012) reported that the neonates with the variant G allele
of SNP rs266729 (-11,377) in the vicinity of rs17300539
in the ADIPOQ promoter region had significantly greater
birth weights and higher cord adiponectin levels. They sug-
gested that the effect of the SNP rs266729 on birth weight
is based on its relation to adiponectin level. In our study,
the C/A haplotype from rs266729/rs182052 was associated
with birth sizes, but this was similar to the rs182052 A al-
lele, and the SNP rs266729 in the promoter region was not
associated with birth sizes. The ADIPOQ SNP rs1501299 is
also not associated with birth sizes in spite of the significant
result of SNP rs2241766. The haplotypes, including SNPs
rs1501299 and rs2241766, are associated with insulin resis-
tance, metabolic syndrome, and T2DM (Chung et al., 2009;
Jang et al., 2008; Melistas et al., 2009), but other studies
have showed different associations with diseases between
these two SNPs, similar to our study (Al-Daghri et al., 2011;
Kim et al., 2008; Siitonen et al., 2011). These discrepan-
cies in studies might be attributed to the variation of the
linkage disequilibrium structures among the populations
(Al-Daghri et al., 2011).

Although we did not have cord adiponectin level, it is
reasonable to speculate that the effects of ADIPOQ poly-
morphisms on birth sizes were mediated by adiponectin
level. The neonates with ADIPOQ SNP rs182052 G allele or
rs2241766 G allele were likely to be associated with increase
in birth weight and ponderal index through the higher con-
centration of cord adiponectin.

Among adults, the circulating adiponectin level decreases
with obesity (Kotani et al., 2004; Rasouli & Kern, 2008).
But blood adiponectin levels of neonates are two or three
times higher than those of adults and were positively asso-
ciated with birth weight and fat mass (Inami et al., 2007;
Kadowaki et al., 2006; Kotani et al., 2004; Mantzoros et
al., 2009; Saito et al., 2012). This may be caused by a lack
of negative feedback on adiponectin production, related to
the relatively smaller fat mass, low proportion of visceral
fat, different cell population (Briana & Malamitsi-Puchner,
2010; Kotani et al., 2004; Saito et al., 2012), and multiple
fetal tissues producing adiponectin (Briana & Malamitsi-
Puchner, 2010; Kadowaki et al., 2006; Kotani et al., 2004).

Higher adiponectin concentration among neonates than
among adults, and lower adiponectin level in gestational
diabetic mothers and their newborns suggests the impor-
tant role of adiponectin in intrauterine growth and devel-
opment and energy metabolism (Kiess et al., 2008). The
important endocrine regulators on fetal growth are insulin
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and IGFs (Inami et al., 2007; Mantzoros et al., 2004) and
adiponectin could be speculated to have a regulatory effect
on fetal growth through enhancing insulin and IGF sensi-
tivity and modulating their actions (Briana & Malamitsi-
Puchner, 2010; Inami et al., 2007; Kadowaki et al., 2006;
Kotani et al., 2004; Mantzoros et al., 2004). It also sug-
gests that lower cord adiponectin concentration could be
associated with weight gain in early childhood and a pre-
disposition to insulin resistance or other metabolic conse-
quences in later life (Kamoda et al., 2004; Mantzoros et al.,
2009; Yang, 2009). However, the relationship between cord
adiponectin level, birth sizes, and insulin sensitivity is still
not clear (Briana & Malamitsi-Puchner, 2010; Jaquet et al.,
2006; Kotani et al., 2004; Wang et al., 2010) and the cord
adiponectin level was even considered as the mere reflection
of fetal growth itself. Recently, it has been suggested that the
low adiponectin level among obese adults is not a cause,
but a consequence of obesity and adipose tissue-specific in-
sulin resistance, and mediates insulin resistance in periph-
eral tissues and metabolic sequences (Lu et al., 2008; Yang,
2009). The links between birth weight, insulin resistance,
and adiponectin need further delineation, and the genetic
association between adiponectin polymorphisms and fetal
growth also needs more study.

The limitation of our study is that we did not have cord
adiponectin level and other serum biomarkers to explain
the mechanism of the association between birth sizes and
ADIPOQ polymorphism. Four SNPs in our study could not
sufficiently cover the entire adiponectin gene so we might
have missed some important regions and their effects. Also,
we applied the correction for multiple comparisons across
the genetic models but not across SNPs. In consideration
of low replication in genetic association, we could only
suggest but not confirm these associations in our study re-
sults and call for the replication studies. Nevertheless, we
could show the probable association between ADIPOQ SNP
rs182052 and rs2241766 and birth weight and ponderal in-
dex at birth among healthy neonates with a small propor-
tion of macrosomia and no low birth weight babies, no
neonates with mothers who had diabetes or other diseases,
and those with congenital anomaly or neonatal complica-
tions as we wanted to know the effect on birth sizes itself
among healthy neonates rather than on other diseases or
conditions affecting birth sizes.

In conclusion, we found the association between the
ADIPOQ SNP rs182052 common G allele and the rs2241766
variant G allele and greater birth weight and higher pon-
deral index at birth among healthy neonates for the first
time and suggest that adiponectin might have some role in
fetal growth.
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Kapellen, T., . . . Kratzsch, J. (2008). Adipocytes and adipose

TWIN RESEARCH AND HUMAN GENETICS 737

https://doi.org/10.1017/thg.2013.16 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2013.16


Kyoung Ae Kong, Young Ju Suh, Su Jin Cho, Eun Ae Park, Mi Hye Park and Young Ju Kim

tissue. Best Practice and Research. Clinical Endocrinology and
Metabolism, 22, 135–153.

Kim, S. H., Kang, E. S., Hur, K. Y., Lee, H. J., Han, S. J., Kwak,
J. Y., . . . Lee, H. C. (2008). Adiponectin gene polymor-
phism 45T>G is associated with carotid artery plaques in
patients with type 2 diabetes mellitus. Metabolism: Clinical
and Experimental, 57, 274–279.

Kotani, Y., Yokota, I., Kitamura, S., Matsuda, J., Naito, E., &
Kuroda, Y. (2004). Plasma adiponectin levels in newborns
are higher than those in adults and positively correlated
with birth weight. Clinical Endocrinology, 61, 418–423.

Lu, J. Y., Huang, K. C., Chang, L. C., Huang, Y. S., Chi, Y. C.,
Su, T. C., . . . Yang, W. S. (2008). Adiponectin: A biomarker
of obesity-induced insulin resistance in adipose tissue and
beyond. Journal of Biomedical Science, 15, 565–576.

Mantzoros, C., Petridou, E., Alexe, D. M., Skalkidou, A.,
Dessypris, N., Papathoma, E., . . . Trichopoulos, D. (2004).
Serum adiponectin concentrations in relation to maternal
and perinatal characteristics in newborns. European Journal
of Endocrinology, 151, 741–746.

Mantzoros, C. S., Rifas-Shiman, S. L., Williams, C. J., Fargnoli,
J. L., Kelesidis, T., & Gillman, M. W. (2009). Cord blood
leptin and adiponectin as predictors of adiposity in children
at 3 years of age: A prospective cohort study. Pediatrics, 123,
682–689.

Melistas, L., Mantzoros, C. S., Kontogianni, M.,
Antonopoulou, S., Ordovas, J. M., & Yiannakouris,
N. (2009). Association of the +45T>G and +276G>T
polymorphisms in the adiponectin gene with insulin
resistance in nondiabetic Greek women. European Journal
of Endocrinology, 161, 845–852.

Nathanielsz, P. W. (1999). Heart disease, obesity and diabetes.
In P. W. Nathanielsz (Ed.), Life in the womb: The origin of
health and disease (pp. 137–163). Ithaca, NY: Promethean
Press.

Ong, K. L., Li, M., Tso, A. W., Xu, A., Cherny, S. S., Sham, P. C.,
. . . Lam, K. S. (2010). Association of genetic variants in the
adiponectin gene with adiponectin level and hypertension
in Hong Kong Chinese. European Journal of Endocrinology,
163, 251–257.

Qiao, L., Maclean, P. S., Schaack, J., Orlicky, D. J., Darimont, C.,
Pagliassotti, M., . . . Shao, J. (2005). C/EBPalpha regulates
human adiponectin gene transcription through an intronic
enhancer. Diabetes, 54, 1744–1754.

Rasouli, N., & Kern, P. A. (2008). Adipocytokines and the
metabolic complications of obesity. Journal of Clinical En-
docrinology and Metabolism, 93, S64–S73.

Richardson, D. K., Schneider, J., Fourcaudot, M. J., Rodriguez,
L. M., Arya, R., Dyer, T. D., . . . Jenkinson, C. P. (2006).
Association between variants in the genes for adiponectin
and its receptors with insulin resistance syndrome (IRS)-
related phenotypes in Mexican Americans. Diabetologia, 49,
2317–2328.

Saito, M., Kamoda, T., Nishimura, K., Miyazono, Y., Kanai, Y.,
Kato, Y., . . . Noguchi, E. (2012). Association of adiponectin
polymorphism with cord blood adiponectin concentrations
and intrauterine growth. Journal of Human Genetics, 57,
109–114.

Siitonen, N., Pulkkinen, L., Lindstrom, J., Kolehmainen, M.,
Eriksson, J. G., Venojarvi, M., . . . Uusitupa, M. (2011).
Association of ADIPOQ gene variants with body weight,
type 2 diabetes and serum adiponectin concentrations: The
Finnish Diabetes Prevention Study. BMC Medical Genetics,
12, 5.

Stephens, M., Smith, N. J., & Donnelly, P. (2001). A new statis-
tical method for haplotype reconstruction from population
data. American Journal of Human Genetics, 68(4), 978–989.

Wang, J., Wang, S. H., Shang, L. X., Dong, X., Wang, X., Zhang,
F., . . . Ye, Y. Y. (2010). Relationship of adiponectin and
resistin levels in umbilical and maternal serum with fe-
tal macrosomia. Journal of Obstetrics and Gynaecology Re-
search, 36, 533–537.

Wassel, C. L., Pankow, J. S., Jacobs, D. R., Jr., Steffes, M. W.,
Li, N., & Schreiner, P. J. (2010). Variants in the adiponectin
gene and serum adiponectin: The Coronary Artery Devel-
opment in Young Adults (CARDIA) Study. Obesity (Silver
Spring), 18, 2333–2338.

Woo, J. G., Dolan, L. M., Deka, R., Kaushal, R. D., Shen,
Y., Pal, P., . . . Martin, L. J. (2006). Interactions between
noncontiguous haplotypes in the adiponectin gene ACDC
are associated with plasma adiponectin. Diabetes, 55, 523–
529.

Yamauchi, T., & Kadowaki, T. (2008). Physiological and patho-
physiological roles of adiponectin and adiponectin recep-
tors in the integrated regulation of metabolic and car-
diovascular diseases. International Journal of Obesity, 32,
S13–S18.

Yang, W. S. (2009). Cord blood adipocytokines beyond adipos-
ity in neonates? Pediatrics and Neonatology, 50, 245–246.

Yang, W. S., Tsou, P. L., Lee, W. J., Tseng, D. L., Chen, C. L., Peng,
C. C., . . . Chuang, L. M. (2003). Allele-specific differential
expression of a common adiponectin gene polymorphism
related to obesity. Journal of Molecular Medicine, 81, 428–
434.

738 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2013.16 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2013.16

