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Abstract

Objective The adiponectin gene (ADIPOQ) has been suggested to be associated with the
pathogenesis of colorectal cancer (CRC). However, the results have been inconsistent. In this
study, we performed a meta-analysis to investigate the association between adiponectin poly-
morphisms and CRC risk.

Methods All eligible case-control studies published up to March 2013 were identified by searching
PubMed, Web of Science and CNKI. Effect sizes of odds ratio (OR) and 95% confidence interval
(95% CI) were calculated by using a fixed- or random-effect model.

Results A total of 9 case-control studies were included, Of those studies, there were eight studies
(2024 cases and 2777 controls) for rs|1501299G/T polymorphism, five studies (1401 cases and
1691 controls) for rs2241766T/G polymorphism, five studies (2945 cases and 3361 controls) for
rs266729C/G polymorphism, three studies (1221 cases and 1579 controls) for rs822395A/C
polymorphism and three studies (1222 cases and 1575 controls) for rs822396A/G polymorphism.
Overall, a significant association was observed for rs2241766T/G polymorphism under hetero-
zygote comparison (TG vs. TT: OR=1.22, 95%CI: 1.05-1.43); while there was no significant asso-
ciation for rs2241766 polymorphism under other genetic models, and for other four polymor-
phisms under all genetic models. Besides, when stratified analyses by ethnicity, no significant as-
sociation between five polymorphisms and CRC risk were observed under all genetic models
among Asian, Caucasian and African-American.

Conclusions This meta-analysis indicated that adiponectin rs2241766T/G rather than
rs1501299G/T, rs266729C/G, rs822395A/C and rs822396 A/G polymorphism was associated with
the risk of colorectal cancer.
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Introduction

Colorectal cancer (CRC) is one of the most Adiponectin is an adipose tissue-specific cyto-
common gastrointestinal tumors worldwide M. Epi-  kine, which plays an important role in the regulation
demiological studies have demonstrated that some of insulin sensitivity, glucose homeostasis and lipid

risk factors and interactions between genetic and en-  metabolism [4l. The decreases of plasma adiponectin
vironmental factors may play important roles in the  levels are associated with obesity, type 2 diabetes, and
pathogenesis of that cancer [231. coronary artery disease °l. In addition, reduced adi-
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ponectin levels are also observed in CRC patients,
suggesting the role of adiponectin in the pathogenesis
of CRC 6. The ADIPOQ gene (also known as AMP1
gene) coding for adiponectin, is located on chromo-
some 3q27, consists of 3 exons and two introns. Sev-
eral studies have investigated the association between
single nucleotide polymorphisms (SNPs) in the
ADIPOQ gene and CRC risk in diverse populations.
Of those SNPs, five were most commonly studied
ones: rs1501299 (+276 G>T in intron 2), 1s2241766
(+45T>G in exon 2), rs266729 (-11365 C>G in 5
flanking), rs822495 (-4034 A>C in intron 1), rs822396
(-3964 A>G in intron 1). However, the results have
been inconsistent 151,

In this study, we performed a meta-analysis to
clarify the associations of the five polymorphisms in
the ADIPOQ gene with CRC susceptibility in diverse
populations.

Materials and methods

Search strategy

A literature research was conducted using
PubMed, Web of Science and CNKI up to March 2013
without language restrictions. Relevant studies were
identified using the terms: “adiponectin or ADIPOQ
or APM1” AND “genetic polymorphism or poly-
morphisms or variant” AND “colorectal cancer or
carcinoma”. The search was restricted to humans.
Additional studies were identified by a hand search of
references of original or review articles on this topic. If
data or data subsets were published in more than one
article, only the publication with the largest sample
size was included.

Inclusion criteria and exclusion criteria

Studies were included if they met the following
criteria: (1) studies that evaluated the association be-
tween the adiponectin polymorphisms and colorectal
cancer, (2) in a case-control study design, (3) had de-
tailed genotype frequency of cases and controls or
could be calculated from the article text. While major
exclusion criteria were: (1) case-only study, case re-
ports, and review articles, (2) studies without the raw
data of the adiponectin genotype, (3) repetitive pub-
lications.

Data extraction

The two investigators (Ye CC and Wang ]) in-
dependently extracted data and reached consensus on
all of the items. If the two investigators generated
different results, they would check the data again and
have a discussion to come to an agreement. If they

could not reach an agreement, an expert (Tan SY) was
invited to the discussion. Data extracted from the se-
lected articles included the first author’s name, year of
publication, country of origin, ethnicity of study
population, number of cases and controls, and HWE
in controls (P value). Different ethnicity was catego-
rized as Asian, Caucasian, and African-American.

Quality assessment

The qualities of eligible studies were assessed by
using Newecastle-Ottawa Scale (NOS), which is
widely used for assessment of the quality of observa-
tional study including cohort or case-control study!(6l.
NOS, consisting of three parts (selection, comparabil-
ity and exposure), is a star-rewarded scale. A total of
four, two, and three stars, respectively, will be re-
warded if the criteria are met. The study with more
than seven stars (27 stars) was categorized as high
quality; otherwise, the study was categorized as low

quality.
Statistical analysis

Meta-analysis was performed using the
Cochrane Collaboration RevMan 5.0 (Copenhagen,
2008) and STATA package version 12.0 (Stata Corpo-
ration, College Station, Texas). The risk of CRC asso-
ciated with the five polymorphisms of the adiponectin
gene was estimated for each study by odds ratio (OR)
and 95% confidence interval (95%CI). A x?-test-based
Q statistic test was performed to assess the be-
tween-study heterogeneity 7. We also quantified the
effect of heterogeneity by I? test. When a significant Q
test (P< 0.05) or I? >50% indicated heterogeneity
across studies, the random effects model was used [18],
or else the fixed effects model was used [1°l. Before the
effect estimation of adiponectin polymorphisms in
colorectal cancer, we tested whether genotype fre-
quencies of controls were in HWE using x? test. We
first estimated the risks of the heterozygote and vari-
ant homozygote compared with the wild-type ho-
mozygote, respectively, and then evaluated the risks
of the combined variant homozygote and heterozy-
gote versus the wild-type homozygote, and the vari-
ant homozygote versus the combined heterozygote
and wild-type homozygote, assuming dominant and
recessive effects of the variant allele, respectively. We
performed stratification analyses on ethnicity. Analy-
sis of sensitivity was performed to evaluate the sta-
bility of the results. Finally, potential publication bias
was investigated using Begg’ funnel plot and Egger’s
regression test (20211, P < 0.05 was regarded as statisti-
cally significant.
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Results

Study characteristics

The search strategy retrieved 71 potentially rel-
evant studies. According to the inclusion criteria, 9
studies with full-text were included in this me-
ta-analysis and 62 studies were excluded. Since the
article by Keku et all™l contained two studies, they
were considered as separate study in the following
meta-analysis. The flow chart of study selection is
summarized in Fig.1. As shown in Table 1, there were
8 case-control studies 791214151  concerning
rs1501299G/T polymorphism, 5 studies [79101215]
concerning 1s2241766T/G, 5 studies 18101315 concern-
ing 1s266729C/G, 3 studies [91015] concerning
rs822395A/C and 3 studies [10151 concerning
rs822396A /G. Three ethnicities were addressed: four
studies focused on Asian population, five on Cauca-
sian population, and one on African-American popu-
lation. The distribution of genotypes in the controls
was consistent with the Hardy-Weinberg equilibrium
for all selected studies except for one study [l for
rs1501299G/ T, two studies [7.10] for rs2241766T /G, one
study 18 for rs266729C/G and one study [% for
rs822395A/C. The qualities of eligible studies were
perfect as seven studies for rs1501299G/T, three
studies for rs2241766T/G, all studies for
1s266729C/G, two studies for rs822395A/C and all

Databases research
(March 2013)
n=71

studies for rs822396A/G were categorized as high
quality with gain of more than seven stars.

Quantitative synthesis

For rs1501299G/T polymorphism, 8 case-control
studies with 2024 cases and 2777 controls were iden-
tified. Overall, no significant association was ob-
served under all genetic models [dominant model:
OR=0.94, 95%CI: 0.83-1.05, P=0.27; recessive model:
OR=0.94, 95%CIL 0.77-1.15, P=0.26; GT vs. GG:
OR=0.94, 95%CI: 0.83-1.06, P=0.36; TT wvs. GG:
OR=0.92, 95%CI: 0.75-1.12, P=0.25] (Figure 2); mean-
while, when stratified analysis with ethnicity, the re-
sults also indicated that no significant association was
observed among Asian, Caucasian and Afri-
can-American populations (Table 2).

For rs2241766T /G polymorphism, 5 studies with
1401 cases and 1691 controls were identified. Overall,
a significant association was observed under hetero-
zygote comparison (TG vs. TT: OR=1.22, 95%CI:
1.05-1.43, P=0.98) (Figure 3); while there was no sig-
nificant association under other genetic mod-
els[dominant model: OR=1.12, 95%CI: 0.89-1.40,
P=0.09; recessive model: OR=1.07, 95%CI: 0.80-1.43,
P=0.30; GG vs. TT: OR=1.16, 95%CI: 0.86-1.56, P=0.31]
(Figure 2); besides, In the subgroup analysis by eth-
nicity, similar results were observed in both Asian
and Caucasian populations (Table 2).

Excluded n=55

l

Evaluate ADIPOQ polymorphisms
and colorectal cancer risk
n=16

Excluded n=7

| 20 Not related to ADIPOQ polymorphisms

6 Reviews
24 Not related to colorectal cancer

5 Not human subjects

Studies included in this Meta-analysis
n=9

Fig 1. Flow chart showing study selection procedure.

Without available data
Not colorectal cancer risk studies
Not case-control studies

L3 I S S
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Table I. Characteristics of studies included in the meta-analysis.

Study Year Country Ethnicity Case Control Puwe  NOS
WTHo Ht VR Ho WTHo Ht VR Ho

rs1501299G/ T GG GT TT GG GT 1T

Al-Harithy[7] 2012 Saudi Arabia Asian 55 5 58 2 NA 5
He[9] 2011 China Asian 220 160 40 265 224 66 0.08 7
Kaklamani[10] 2008 USA Caucasian 208 180 45 285 293 58 0.16 9
Keku[11] 2012 USA Caucasian 122 106 27 223 204 36 0.25 8
Keku TO[11] 2012 USA African-American 78 94 19 116 119 41 0.25 8
Partida-Perez[12] 2010 Mexico Caucasian 51 40 3 30 25 3 0.44 7
Tsilidis[14] 2009 USA Caucasian 96 86 19 198 134 27 0.51 8
Zhang|[15] 2012 China Asian 196 139 35 174 152 44 0.23 7
1s2241766T/G TT G GG TT TG GG

Al-Harithy[7] 2012 Saudi Arabia Asian 40 20 27 33 NA 5
He[9] 2011 China Asian 190 193 37 278 238 39 0.21 8
Kaklamani[10] 2008 USA Caucasian 279 141 20 435 172 41 <0.01 9
Partida-Perez[12] 2010 Mexico Caucasian 74 34 3 42 16 0 0.22 6
Zhang|[15] 2012 China Asian 167 172 31 186 158 26 0.33 7
1s266729C/G CcC CG GG CcC CG GG

Gornick[8] 2011 Israel Asian 576 486 588 474 NA 6
He[9] 2011 China Asian 173 205 42 243 261 51 0.11 7
Kaklamani[10] 2008 USA Caucasian 244 163 27 340 271 47 0.48 8
Pechlivanis[13] 2009 Czech Caucasian 366 238 55 373 278 65 0.21 8
Zhang|[15] 2012 China Asian 146 185 39 162 172 36 0.32 7
rs822395A/C AA AC CC AA AC CC

He[9] 2011 China Asian 343 70 7 440 109 6 0.79 7
Kaklamani[10] 2008 USA Caucasian 184 202 45 301 265 88 0.02 6
Zhang|[15] 2012 China Asian 299 66 5 294 72 4 0.86 7
rs822396A /G AA AG GG AA AG GG

He[9] 2011 China Asian 344 73 3 450 99 6 0.83 7
Kaklamani[10] 2008 USA Caucasian 305 114 13 477 157 16 0.48 8
Zhang][15] 2012 China Asian 300 67 3 300 66 4 0.86 7

HWE, Hardy-Weinberg equilibrium; Puwe was calculated by goodness-of fit y2-test, Puwe < 0.05 was considered statistically significant; NA, not available. Ht,
heterozygote; VR Ho, variant homozygote; WT Ho, wide-type homozygote; * Numbers of Ht+ VR Ho; NOS, Newcastle-Ottawa Scale.

Table 2. Summary of OR of the ADIPOQ polymorphisms and CRC risk.

SNP Ethnicity N. Dominant model Recessive model Htvs WT Ho VR vs WT Ho
OR(95% CI) pa OR(95% CI) pa OR(95% CI) pa OR(95% CI) pa
rs1501299G/ T Total 8 0.94[0.83,1.05] 0.27 0.94[0.77,1.15] 0.26 0.94[0.83,1.06] 0.36 0.92[0.75,1.12] 0.25
Asian 3 0.83[0.68,1.00] 0.38 0.78[0.57,1.06] 0.98 0.84[0.68,1.03] 0.78 0.72[0.52,0.99] 0.92
Caucasian 4 1.01[0.86,1.18] 0.26 1.22[0.92,1.62] 0.78 0.97[0.82,1.15] 0.26 1.20[0.89,1.61] 0.66
African-American 1 1.05[0.72,1.53] - 0.63[0.36,1.13] - 1.17[0.79,1.74] - 0.69[0.37,1.27] -
rs2241766T/G Total 5 1.12[0.89,1.40] 0.09 1.07[0.80,1.43] 0.30 1.22[1.05,1.43] 0.98 1.16[0.86,1.56] 0.31
Asian 3 0.99[0.65,1.50]* 0.02 1.36[0.96,1.93] 0.70 1.20[0.98,1.46] 0.92 1.36[0.94,1.97] 0.91
Caucasian 2 1.19[0.94,1.52] 0.78 0.77[0.45,1.30] 0.28 1.27[0.99,1.63] 0.88 0.83[0.48,1.41] 0.28
rs266729C/G Total 5 0.99[0.90,1.09] 0.19 0.98[0.79,1.22] 0.83 0.96[0.85,1.10] 0.19 0.98[0.78,1.22] 0.53
Asian 3 1.09[0.96,1.24] 0.73 1.10[0.80,1.51] 0.99 1.14[0.93,1.40] 0.70 1.18[0.84,1.65] 0.91
Caucasian 2 0.85[0.73,1.00] 0.79 0.89[0.66,1.20] 0.46 0.86[0.72,1.01] 0.82 0.84[0.62,1.14] 0.82
rs822395A/C Total 3 1.00[0.85,1.19] 0.33 0.83[0.59,1.18] 0.39 1.00[0.76,1.30] 0.11 0.92[0.64,1.32] 0.56
Asian 2 0.88[0.70,1.12] 0.79 1.42[0.61,3.31] 0.81 0.86[0.67,1.10] 0.72 1.38[0.59,3.22] 0.82
Caucasian 1 1.14[0.90,1.46] - 0.75[0.51,1.10] - 1.25[0.96,1.62] - 0.84[0.56,1.25] -
rs822396A/G Total 3 1.05[0.87,1.25] 0.65 1.00[0.55,1.82] 0.67 1.05[0.87,1.26] 0.75 1.02[0.56,1.86] 0.64
Asian 2 0.97[0.76,1.24] 0.83 0.70[0.25,1.93] 0.90 0.99[0.77,1.27] 0.84 0.70[0.25,1.93] 0.90
Caucasian 1 1.15[0.88,1.50] - 1.23[0.59,2.58] - 1.14[0.86,1.50] - 1.27[0.60,2.68] -

N.: number of studies; aTest for heterogeneity. # Random-effect model was used when the P for heterogeneity test was < 0.05, otherwise the fixed-effect model
was used. CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism; Ht+VR Ho vs. WT Ho, dominant model; VR Ho vs. Ht+WT Ho, reces-
sive model.
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For rs266729C/G polymorphism, 5 studies with
2945 cases and 3361 controls were identified. Overall,
we did not find any association between rs266729C/G
polymorphism and risk of CRC under all four genetic
models [dominant model: OR=0.99, 95%CI: 0.90-1.09,
P=0.19; recessive model: OR=0.98, 95%CI: 0.79-1.22,
P=0.83; CG vs. CC: OR=0.96, 95%ClI: 0.85-1.10, P=0.19;
GG vs. CC: OR=0.98, 95%ClI: 0.78-1.22, P=0.53] (Figure
2); Subgroup analysis with ethnicity also indicated
that there was no significant association in both Asian
and Caucasian populations (Table 2).

For rs822395A/C polymorphism, only three
studies with 1221 cases and 1579 controls were iden-
tified. The results showed that no significant associa-
tion was found both in overall and subgroup analysis
(Table 2).

For rs822396A/G polymorphism, only three
studies with 1222 cases and 1575 controls were iden-
tified. The results also suggested that there was no
significant association between them both in overall
and subgroup analysis (Table 2).

A
Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Al-Harithy 201 2[7] 5 60 2 60  03% 2.64([0.49,1416)
He 2011[9)] 200 420 200 555 2245% 0.83[0.64,1.07] —
Kaklamani 2008[10] 225 433 381 B36 23.5% 0.88[0.69,1.12] &
Keku 2012[11) 133 255 240 463 140% 1.01 [0.75, 1.38] -
Keku TO 2012[11) 113 191 160 276 92% 1.05[0.72, 153 -
Partida-Pérez 2010[12] 43 94 28 88 3.2% 0.90[0.47, 1.74] -
Tsilidis 2009[14] 106 201 161 359 945% 1.35[0.95, 1.90] I
Zhang 2012[15] 174 370 196 370 17.8% 0.79[0.59, 1.05] 7
Total (95% Cl) 2024 2777 100.0%  0.94[0.83,1.05]
Total events 538 1428
Heterogeneity, Chi#= 8.77, df= 7 (P = 0.27); F= 20% —Ht —t—1 —Ht
Testfor overall effect Z=110 (P =0.27) D.']Fa?u'lozurs ?:.:35591 Fa\i:uurs cﬁont:cluz:
B
Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
Al-Harithy 201 2[7] 20 60 33 60  65% 0.41[0.20, 0.86]
He 2011[9] 230 420 277 AAA 321% 1.21[0.94,1.47] =
Kaklamani 2008[10] 161 440 213 [48  324% 1.18[0.81,1.582] T
Partida-Pérez 2010[12] 3y 1M 16 58 42% 1.31 [0.65, 2.64] N I
Zhang 2012[15] 203 3rn 184 370 247% 1.23[0.92, 1.64] ™
Total (95% Cl) 1401 1691 100.0%  1.16 [1.00,1.34] L 2
Total events 651 723
Heterngeneity Chi*= 8.05, df= 4 (P = 0.08); "= 50% 052 D=5 ] 2 5
Test for overall effect Z=1.97 (P = 0.08) .Favours. case Favours control
C
Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total VWeight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Gornick 2011([8] 486 10A2 474 1062 332% 1.05[0.88,1.24] ——
He 2011[9] 247 420 32 555 143% 1.11[0.86,1.44] T
Kaklamani 2008[10] 180 434 38 658 183% 0.83 [0.65,1.06] -
Pechlivanis 2009[13] 293 6459 343 716 236% 0.87 (0.70,1.08] —
Zhang 2012[15] 224 370 208 370 106% 1.19[0.89,1.60] T
Total (95% CI) 2045 3361 100.0%  0.99[0.90,1.09] L 4
Total events 1440 1655
Heterogeneity, Chi*= 6.13, df= 4 (P = 0.18); F= 35% 0?5 D?T ; 1':5 2

Test for averall effect: Z=0.18 (P = 0.86)

Favours case Favours control
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D
Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed, 95% CI
He 2011[9] 7Y 420 115 555 3049% 0.86([0.62, 1.18] —.—
Kaklamani 2008[10] 247 43 3583 B54 457% 1.1410.90, 1.46] T
Zhang 2012[15] 71370 TE 3IT0D 23.4% 0.92[0.64,1.32] T
Total (95% Cl) 1221 1579 100.0%  1.00[0.85,1.19]
Total events 385 544
Heterogeneity: Chi®= 2.24, df= 2 (P=0.33); F=11% I f f I
Test for overall effect Z = 0.04 (F = 0.97) g2 05 1 2 3
’ ’ . Favours case Favours control
E
Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
He 2011[9] 7B 420 1058 555 32.4% 0.951[0.68, 1.31]
Kaklamani 2008[10] 127 432 173 B50 42.7% 1.151[0.88, 1.50]
Zhang 2012[15] 70 370 70 370 249% 1.00[0.69, 1.44]
Total (95% Cl) 1222 1575 100.0%  1.05[0.87,1.25]
Total events 273 348

Heterogeneity: Chi®= 087, df=2 (P=0648); F=0%
Testfor overall effect: Z=0.49 (P = 0.63)

0.2 3 '

05 1 2 5
Favours case Favours control

Fig 2. Meta-analysis of the association between rs2241766 polymorphism and susceptibility to colorectal cancer under dominant model
(A: rs1501299G/T; B: rs2241766T/G; C: rs266729C/G; D: rs822395A/C; E: rs822396A/G).

Case Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
He 2011[49] 183 383 238 816 35.2% 1.19[0.91,1.55] T
Kaklamani 2008[10] 141 420 172 BO7  32.7% 1.28[0.88,1.67] |
Partida-Pérez 2010[12] 34 108 16 a8 5.0% 1.21 [0.60, 2.44]
Zhang 2012[15] 172 339 188 344 271% 1.21 [0.80, 1.64] T
Total (95% CI) 1250 1525 100.0% 1.22 [1.05,1.43] -
Total events 540 a4

o P _ _ 1z | Il ! !
Heterogeneity, Chi*= 016, df= 3 (P =0.88);, F=0% EITS Df? ] 1f5 i

Testfor overall effect: Z=2.55 (P=0.01)

Favours case Favours control

Fig 3. Meta-analysis of the association between rs2241766 polymorphism and susceptibility to colorectal cancer (TG vs. TT).

Sensitivity analysis

Sensitivity analysis, after removing one study at
a time, was performed to evaluate the stability of the
results. For rs2241766T/G polymorphism, when ex-
cluded the study by Al-Harithy et all’], the heteroge-
neity disappears; for the other four polymorphisms,
when successively excluded one study, the estimated
pooled odd ratio still did not change at all, indicating
that our results were statistically robust (data not
shown).

Publication bias

Begg’s funnel plot and Egger’s test were per-
formed to assess the potential publication bias in the
available literature. The publication bias of the me-
ta-analysis on the association between ADIPOQ
polymorphisms and susceptibility to CRC was de-
tected. The shape of funnel plots did not reveal any
evidence of funnel plot asymmetry (Figure 4). Egger’s
test also showed that there was no statistical signifi-
cance for the evaluation of publication bias under
dominant model (rs1501299G/T: P=0.095,
rs2241766T/G: P=0.316, 1s266729C/G: P=0.952,
rs822395A / C: P=0.265, rs822396A /G: P=0.387).
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Fig 4. Begg’s funnel plot for publication bias under dominant model (A: rsI501299G/T; B: rs2241766T/G; C: rs266729C/G; D:

rs822395A/C; E: rs822396A/G).

Discussion

Adiponectin is solely secreted by the adipose
tissue. In the past decade, the associations between
adiponectin and its genetic polymorphisms and risk
of cancer have been widely studied. A meta-analysis

conducted by An et al 22 consisting of 2,632 cases of
colorectal tumor and 2,753 controls indicated that
plasma level of adiponectin was significantly lower in
patients compared to healthy people, which indicated
the protective role of adiponectin in colorectal tumor
development.
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To our knowledge, this is the first meta-analysis
which comprehensively assessed the associations
between polymorphisms in the ADIPOQ gene and
CRC risk. In this study, five common polymorphisms
(rs1501299G/T, rs2241766T/G, 1s266729C/G,
rs822395A /C, rs822396A /G) were investigated, and a
total of nine case-control studies were included. The
results showed that a significant association was ob-
served for rs2241766T/G polymorphism under het-
erozygote comparison (IG vs. TT), however, there
was no significant association for rs2241766 poly-
morphism under other genetic models, and for other
four polymorphisms under all genetic models. In ad-
dition, when stratified analyses by ethnicity, no sig-
nificant association between five polymorphisms and
CRC risk were observed under all genetic models
among Asian, Caucasian and African-American.

Heterogeneity between studies is very common
in the meta-analysis of genetic association studies [?31.
In this study, heterogeneity was found under domi-
nant model in rs2241766T/G polymorphism, howev-
er, stratified by ethnicity, heterogeneity still existed in
Asian population, Then sensitivity analyses were
conducted by successively excluding one study, for
rs2241766T/G polymorphism, when excluded the
study by Al-Harithy et al, the heterogeneity disap-
pears; it suggests that the particular study may be the
source of heterogeneity. But, for the other four poly-
morphisms, the estimated pooled odd ratio changed
quite little, strengthening the results from this me-
ta-analysis. No publication bias was shown suggest-
ing this possible true result.

Some limitations of this meta-analysis should be
addressed. First, because of incomplete raw data or
publication limitations, some relevant studies could
not be included in our analysis. Second, the number of
published studies, especially for rs822395A/C and
rs822395A/C polymorphism was not sufficiently
large for a comprehensive analysis, and some studies
with small size (such as the study by Al-Harithy et al)
may not have enough statistical power to explore the
real association. Third, our results were based on
unadjusted estimates, while lacking of the infor-
mation for the date analysis may cause serious con-
founding bias. In spite of these limitations, our me-
ta-analysis had several advantages. First, substantial
number of cases and controls were pooled from dif-
ferent studies, which significantly increased statistical
power of the analysis. Second, the quality of
case-control studies included in current meta-analysis
was satisfactory and met our inclusion criterion.
Third, we did not detect any publication bias indi-
cating that the whole pooled result should be unbi-
ased.

In summary, this meta-analysis suggesting that
adiponectin rs2241766T /G rather than rs1501299G/T,
15266729C/ G, 1rs822395A/C and rs822396A /G poly-
morphism was associated with risk of colorectal can-
cer development. However, large and well-designed
studies are warranted to validate our findings.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer J Clin.
2011; 61:69-90.

2. Fearon ER. Human cancer syndromes: clues to the origin and nature of cancer.
Science. 1997; 278:1043-50.

3. Risch N. The genetic epidemiology of cancer: interpreting family and twin
studies and their implications for molecular genetic approaches. Cancer Epi-
demiol Biomarkers Prev. 2001; 10:733-41.

4. Cnop M, Havel PJ, Utzschneider KM, et al. Relationship of adiponectin to
body fat distribution, insulin sensitivity and plasma lipoproteins: evidence for
independent roles of age and sex. Diabetologia. 2003; 4:459-69.

5. Yang WS, Chuang LM. Human genetics of adiponectin in the metabolic
syndrome. ] Mol Med(Berl). 2006; 84:112-21.

6.  Gialamas SP, Petridou ET, Tseleni-Balafouta S, et al. Serum adiponectin levels
and tissue expression of adiponectin receptors are associated with risk, stage,
and grade of colorectal cancer. Metabolism. 2011;60:1530-8.

7. Al-Khaldi RM, Al Mulla F, Al Awadhi S, et al. Associations of single nucleo-
tide polymorphisms in the adiponectin gene with adiponectin levels and car-
dio-metabolic risk factors in patients with cancer. Dis Markers. 2011;
30:197-212.

8.  Gornick MC, Rennert G, Moreno V, et al. Adiponectin gene and risk of colo-
rectal cancer. Br ] Cancer. 2011;105:562-4.

9. He B, Pan Y, Zhang Y, et al. Effects of genetic variations in the adiponectin
pathway genes on the risk of colorectal cancer in the Chinese population. BMC
Med Genet. 2011;12:94.

10. Kaklamani VG, Wisinski KB, Sadim M, et al. Variants of the adiponectin
(ADIPOQ) and adiponectin receptor 1 (ADIPOR1) genes and colorectal cancer
risk. JAMA. 2008; 300:1523-31.

11. Keku TO, Vidal A, Oliver S, et al. Genetic variants in IGF-I, IGF-II, IGFBP-3,
and adiponectin genes and colon cancer risk in African Americans and Whites.
Cancer Causes Control 2012; 23:1127-38.

12. Partida-Pérez M, de la Luz Ayala-Madrigal M, Peregrina-Sandoval J, et al.
Association of LEP and ADIPOQ common variants with colorectal cancer in
Mexican patients. Cancer Biomark. 2010; 7:117-21.

13. Pechlivanis S, Bermejo JL, Pardini B, et al. Genetic variation in adipokine genes
and risk of colorectal cancer. Eur ] Endocrinol. 2009; 160:933-40.

14. Tsilidis KK, Helzlsouer KJ, Smith MW, et al. Association of common poly-
morphisms in IL10, and in other genes related to inflammatory response and
obesity with colorectal cancer. Cancer Causes Control. 2009;20:1739-51.

15. Zhang Y, Feng QL, Liu CM, et al. Relationship between polymorphism sites of
adiponection and it's receptor gene and the susceptibility of colorectal cancer.
Jiangsu Daxue Xuebao (Yixueban). 2012; 22: 336-41.

16. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol.
2010; 25: 603-5.

17. Lau ], loannidis JP, Schmid CH. Quantitative synthesis in systematic reviews.
Ann Intern Med. 1997; 127: 820-6.

18. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986; 7: 177-88.

19. Mantel N, Haenszel W. Statistical aspects of the analysis of data from retro-
spective studies of disease. ] Natl Cancer Inst. 1959; 22: 719-48.

20. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. 1994; 50:1088-101.

21. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by
a simple, graphical test. BMJ. 1997; 315: 629-34.

22. An W, Bai Y, Deng SX, et al. Adiponectin levels in patients with colorectal
cancer and adenoma: a meta-analysis. Eur ] Cancer Prev. 2012; 21:126-33.

23. Boccia S, De Feo E, Gallr” P et al. A systematic review evaluating the method-
ological aspects of meta-analyses of genetic association studies in cancer re-
search. Eur ] Epidemiol. 2010; 25:765-75.

http://www.medsci.org




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



