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Abstract

Circulating adiponectin has been associated with lower risk of colorectal cancer (CRC). Genome-
wide association studies have identified several single-nucleotide polymorphisms (SNPs)
associated with adiponectin levels. However, it is unclear whether these SNPs are associated with
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CRC risk. In addition, previous data on SNPs in the adiponectin pathway and their associations
with CRC are inconsistent. Therefore, we examined 19 SNPs in genes related to adiponectin or its
receptors and their associations with CRC using logistic regression among 7,020 cases and 7,631
controls drawn from 10 studies included in the Genetics and Epidemiology of Colorectal Cancer
Consortium. Using data from a subset of two large cohort studies, we also assessed the
contribution of individual SNPs and an adiponectin genetic score to plasma adiponectin after
accounting for lifestyle factors among 2,217 women and 619 men. We did not find any
statistically significant association between the 19 adiponectin-associated SNPs and CRC risk
(multivariable-adjusted odds ratios ranged from 0.89 to 1.05, all P > 0.05). Each SNP explained
less than 2.50% of the variance of plasma adiponectin, and the genetic score collectively
accounted for 2.95% and 1.42% of the variability of adiponectin in women and men, respectively,
after adjustment for age, body mass index, physical activity, smoking, alcohol consumption,
regular use of aspirin or non-steroidal anti-inflammatory drug and postmenopausal hormone use.
In conclusion, our findings do not support an association between known adiponectin-related
common SNPs and CRC incidence. However, known common SNPs account for only a limited
proportion of the interindividual variance in circulating adiponectin. Further work is warranted to
investigate the relationship between adiponectin and CRC while accounting for other components
in the pathway.

Keywords

adiponectin; single-nucleotide polymorphism; Mendelian randomization; colorectal cancer;
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Introduction

Increased adiposity is an established risk factor for colorectal cancer (CRC), with a stronger
association observed in men than in women?. However, the mechanisms underlying this
relationship remain unclear. A growing body of evidence suggests that adiponectin, an
adipocyte-derived peptide hormone, may mediate the link between obesity and CRC? 3.
Adiponectin circulates in humans as a trimer, a hexamer, and a high molecular-weight
(HMW) form. Circulating adiponectin levels are inversely associated with obesity, insulin
resistance, and type 2 diabetes (T2D)* 5, which are all associated with increased risk of
CRC. Suggested mechanisms through which adiponectin may influence CRC development
include suppression of inflammation, improvement of insulin sensitivity, inhibition of cell
growth and induction of apoptosis?: 6.

Some’~2 but not all1% 11 prospective studies have shown an inverse association between
circulating adiponectin concentrations and CRC risk. Using data from two large prospective
cohorts, the Nurses’ Health Study (NHS) and the Health Professionals Follow-up Study
(HPFS), we previously reported that high adiponectin level was associated with a lower risk
of CRC among men, but not among women2. However, the inherent limitations of
observational studies, particularly their sensitivity to confounding, make it difficult to
establish causality. A different approach exploits the genetic variation that may influence
circulating adiponectin levels to provide causal evidence, as the independent assortment of
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alleles during gamete formation, analogous to the randomized assignment in intervention
trials, ensures the association of genetic variants with disease outcome is unconfounded by
other common factors!3, To our knowledge, this approach, known as Mendelian
randomization, has not yet been employed to study the association between adiponectin and
CRC.

Previous genome-wide association studies (GWAS) have identified several single nucleotide
polymorphisms (SNPs) in association with circulating adiponectin levels4-20, These SNPs
have been mapped to the ADIPOQ (adiponectin, C1Q and collagen domain containing;
HGNC ID; HGNC:13633) genel4-20, the ARL15 (ADP-ribosylation factor-like 15; HGNC
ID; HGNC:25945) gene!8, the CDH13 (cadherin 13; HGNC ID; HGNC:1753) gene which
encodes a receptor for HMW forms of adiponectinl6: 19. 20 and the FER (fer[fps/fes related]
tyrosine kinase; HGNC ID; HGNC:3655) gene involved in regulation of inflammation8. In
addition, SNPs at the ADIPOQ loci have been associated with T2D14: 1921 insuylin
sensitivity22 and other metabolic traits'# 17: 19, although the findings are mixed!: 18. 23,
Candidate gene studies have also yielded inconsistent evidence on the association of variants
at the ADIPOQ and ADIPOR1 (adiponectin receptor 1; HGNC ID; HGNC:24040) genes
with risk of CRC. Some studies reported a statistically significant association for
rs26672924, rs10635382°, rs13423872%, rs12733285%6 and rs2241766%7, whereas others
failed to replicate these findings?® 2°. Given the discrepant findings and limited sample size
of prior studies, further investigation within a large cohort is needed.

To expand our knowledge on the role of adiponectin in CRC development, we examined
genetic variants that influence either circulating adiponectin levels or adiponectin-related
variants previously associated with CRC in relation to risk of CRC in 10 studies included in
the Genetics and Epidemiology of Colorectal Cancer Consortium (GECCO). In addition,
with plasma and genetic information on adiponectin and detailed data on a range of lifestyle
factors in a subset of samples from the NHS and HPFS, we had the unique opportunity to
evaluate the relationships among circulating adiponectin, genetic variation, and lifestyle
factors.

Methods and Materials

Study Population

We examined SNP-CRC associations among cases and controls from 10 studies within the
GECCO039, To reduce the influence of population structure, we only included participants of
European origin. Details of the individual studies are described in the Supplementary
Materials. In brief, within each study CRC cases were identified and confirmed by medical
records, pathologic reports, or death certificates. All participants provided informed consent
and studies were approved by the relevant Institutional Review Boards. For the current
study, a total of 7,020 CRC cases and 7,631 controls that had both genetic and lifestyle data
were included.

For the SNP-plasma adiponectin association analysis, we examined genotype data and
plasma adiponectin measurements among control participants from previous nested case-
control studies of T2D31, breast cancer32 and CRC33 within the NHS, and of myocardial
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infarction34 and CRC33 within the HPFS. Detailed descriptions of the two cohorts can be
found in the Supplementary Materials. Briefly, the NHS enrolled 121,701 registered female
nurses who were aged 30-55 years in 1976 in the US, and the HPFS enrolled 51,529 US
male professionals who were aged 40-75 years in 1986. In both cohorts, we updated
medical, lifestyle, and other health-related information of participants through biennial
follow-up questionnaires. The follow-up proportions have been approximately 90% in both
cohorts.

We requested active participants to provide a whole blood sample in the NHS in 1989-1990
and in the HPFS in 1993-1995. A total of 32,826 women in the NHS and 18,225 men in the
HPFS provided blood specimens on ice packs by overnight courier. The procedures of blood
collection, handling and storage have been described previously’. Among participants who
provided a blood sample, we used risk-set sampling matched on age, time of blood donation
and other factors (e.g., smoking and fasting status) to randomly select up to 2 controls for
each new case with a confirmed diagnosis of T2D31, breast cancer32, myocardial
infarction34 or CRC33. After excluding four outliers by the extreme Studentized deviate
Many-Outlier procedure®?, we included a total of 2,217 women and 619 men who had both
plasma adiponectin and genotype data for the present analysis.

SNP Selection

Based on the findings from previous GWAS in populations of European origin, we selected
16 SNPs within the ADIPOQ gene that are associated with circulating adiponectin
concentrations4-18 (also refer to GWAS catalog: http://www.genome.gov/gwastudies/). We
limited our selection of genetic variants to those within the ADIPOQ gene that encodes the
adiponectin protein to minimize the possibility of violation of the Mendelian randomization
assumption that the genetic instrument should only affect the outcome through the exposure
of interest. We also included 5 SNPs in adiponectin-related genes that were associated with
CRC risk in the literature24-28, Pair-wise linkage disequilibrium (LD) was then assessed
with information from the 1000 Genomics Pilot 1 CEU panel (http://
www.broadinstitute.org/mpg/snap/ldsearch.php). Of the 21 SNPs, we excluded two SNPs
(rs3774261, rs1648707) in LD with others as assessed by r2 > 0.80 (r2 = 1.00 between
rs3774261 and rs6773957, r2 = 0.90 between rs1648707 and rs6810075). Thus, a total of 19
SNPs were eligible for the final analysis, as shown in Supplementary Table 2.

Genotyping and Imputation

We used genotype data from 10 studies in the GECCO, including the Hawaii Colorectal
Cancer Studies 2 and 3 (Colo2&3); Darmkrebs: Chancen der Verhiitung durch Screening
(DACHYS); Diet, Activity, and Lifestyle Study (DALS); HPFS; Multiethnic Cohort (MEC);
NHS; Physician’s Health Study (PHS); Prostate, Lung, Colorectal Cancer, and Ovarian
Cancer Screening Trial (PLCO); VITamins And Lifestyle (VITAL); and the Women’s
Health Initiative (WHI). Phase-one genotyping was conducted on a total of 1,709 colon
cancer cases and 4,214 controls from PLCO, WHI, and DALS (PLCO Set 1, WHI Set 1, and
DALS Set 1) using lllumina HumanHap 550K, 610K, or combined Illumina 300K and
240K. A total of 4,592 CRC cases and 4,478 controls from Colo2&3, DACHS, DALS Set 2,
MEC, PMH, PLCO Set 2, VITAL, and WHI Set 2 were genotyped using lllumina
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HumanCytoSNP. A total of 2,004 CRC cases and 2,244 controls from HPFS (2 sets), NHS
(2 sets), and PHS (2 sets) were genotyped using Illumina HumanOmniExpress.

DNA was extracted from samples of white blood cells or, in a subset of the NHS, HPFS,
DACHS, MEC and PLCO samples, and all VITAL samples from buccal cells using
conventional methods. To monitor the quality of genotyping, each study included 1 to 6%
blinded duplicates. Details on the QA/QC can be found in Supplemental Table 1. In brief,
samples were excluded based on call rate, heterozygosity, unexpected duplicates, sex
discrepancy, and unexpectedly high identity-by-descent or unexpected concordance (> 65%)
with another individual. For missing SNP data, all included studies were imputed to
HapMap Il release 24. All SNPs met quality-control measures for Hardy-Weinberg
Equilibrium in controls (HWE, P = 1074), and MAF > 1% or imputation R2 > 0.3.

Laboratory Assay of Adiponectin

Plasma adiponectin was measured among a subset of participants in the NHS and HPFS
using the enzyme-linked immunosorbent assay (ALPCO Diagnostics, Salem, NH)31: 33 or
competitive radio-imunoassay (Linco Research Inc, St Charles, M0)32: 34, as previously
described. Quality-control samples were randomly interspersed and personnel who were
blinded to quality-control status conducted all assays. The coefficients of variation from
quality control samples ranged from 3.4-13.0%. To account for potential variation across
batches, we corrected plasma adiponectin for measurement batch according to the average
batch correction method with adjustment for age and body mass index (BM1)36,

Covariate Assessment

All GECCO studies that were used for the present analysis collected data on smoking status,
body weight and height (used to calculate BMI, weight/ height? [kg/m?]), physical activity,
alcohol consumption, regular use of aspirin or non-steroidal anti-inflammatory drugs
(NSAIDs), and hormone therapy in postmenopausal women. We adopted a flexible
approach to retrospective covariate harmonization as previously described3”. For the NHS
and HPFS, to represent long-term lifestyle patterns for finer control of confounding, we used
cumulative average covariate data collected from multiple biennial questionnaires before
blood draw, as described in previous analyses33.

Statistical Analysis

We described the basic characteristics of participants using mean for continuous variables
and percentage for discrete variables, respectively. Given the sex difference observed in our
previous analysis33, we performed the statistical analyses in women and men separately. We
examined the association between each SNP and CRC risk under an additive genetic model
using two models of logistic regression: one was adjusted for age and the first 3 principal
components from EIGENSTRAT (available at: http://genepath.med.harvard.edu/~reich/
EIGENSTRAT.htm) to account for population substructure; the other was additionally
adjusted for BMI, smoking status, alcohol consumption, regular use of aspirin or NSAIDs,
and postmenopausal hormone therapy (in women only). To assess the aggregate association
with CRC, for each individual we summed the number of alleles of the 16 SNPs that have
been associated with increased level of adiponectin in previous GWAS (see SNP list in
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Supplementary Table 2) and then examined its association with CRC using logistic
regression. We first conducted the analyses within each study separately, and then used a
meta-analytic approach to pool the results and assess potential heterogeneity across studies.
As none of the P values for heterogeneity reached statistical significance, we present the
results from the fixed-effects model.

We examined the association between SNPs and log-transformed adiponectin concentrations
by linear regression under an additive genetic model. We present R? as a measure of the
proportion of the variation in plasma adiponectin explained by SNPs, and the percent of
change in adiponectin levels per one-allele increment as a measure of the magnitude of the
association as shown in Table 3. To assess the aggregate effect of genetic variants on plasma
adiponectin, we selected SNPs using R2 > 0.80% and P < 0.05 as the criteria to create the
weighted adiponectin genetic score. To obtain a more accurate population effect size, we
used as the weight B-coefficients derived from the previously reported meta-analysis of
GWAS in European populations (ref. 14). Thus, the adiponectin genetic score in women was
calculated by the equation: genetic score = 1.78 * no. of A alleles for rs17300539 + 1.49 *
no. of G alleles for rs17366568 + 0.70 * no. for A alleles of rs6773957 + 0.65* no. for T
alleles of rs1063538. Because only 1 SNP demonstrated a statistically significant association
with plasma adiponectin in men, the number of G alleles for rs17366568 alone was used to
generate the score.

We then assessed the multivariable association of genetic score and lifestyle factors with
log-transformed adiponectin levels using linear regression. The following lifestyle factors
were included in the model in addition to age: BMI, physical activity, pack-years of
smoking, alcohol consumption, and regular aspirin/NSAID use. Postmenopausal status and
hormone use were additionally included in the model for women. To test for a possible
nonlinear relationship, we added a quadratic term of each continuous covariate to the model.
The test for nonlinearity was not statistically significant, and thus we report results from
models without quadratic terms. We conducted stratified analyses to examine whether BMI
and postmenopausal hormone use modified the association between genetic score and
plasma adiponectin. To test for multiplicative interaction, we used likelihood ratio test to
compare the model that included cross-product terms for stratification factors and genetic
score to the model without these terms.

We used R (the R Foundation for Statistical Computing) and SAS version 9.3 (SAS
Institute, Inc, Cary, NC) for the analyses. All statistical tests were two-sided and P < 0.05
was considered statistically significant.

Table 1 summarizes the characteristics of participants studied in the SNP-CRC association
analysis. A total of 7,020 cases and 7,631 controls from 10 studies were included with mean
age ranging from 59 to 69 years old, BMI 25.0 to 27.9 kg/m?2, and alcohol consumption 5.3
to 17.9 g/d. About half of the participants ever smoked and 28-48% regularly took aspirin/
NSAIDs. Analyses of each individual SNP in models first minimally and then fully adjusted
did not show any statistically significant association with CRC risk in either women or men
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(Tables 2—-3). The multivariable-adjusted odds ratios (ORs) ranged from 0.89 to 1.05, with
95% confidence intervals (Cls) all including 1.0. We also examined the aggregate
association with CRC of the 16 SNPs that have been related to circulating adiponectin in
previous GWAS. The OR per 10-allele increment was 1.08 (95% ClI: 0.95-1.22, P = 0.24)
among women and 1.01 (95% CI: 0.90-1.13, P = 0.87) among men.

We then examined the association between SNPs and plasma adiponectin concentrations in
a subset of NHS and HPFS participants. Women had statistically significantly higher
adiponectin levels than men (median [interquartile range], ug/mL: 15.1 [11.3 to 18.6] in
women; 11.2 [7.84 to 16.2] in men; P <0.001 for gender difference). As shown in Table 4,
genetic variants generally demonstrated a stronger association with adiponectin levels in
women than men. Eleven of the 19 SNPs showed a statistically significant association with
adiponectin measurements in women, with each explaining 0.32%-2.26% of the overall
variance in plasma adiponectin. SNPs rs17366568 and rs17300539 were among the
strongest associations (R? = 2.26% and 1.60%, respectively) with one-allele increments
associated with 17.3%-19.8% alteration in adiponectin levels. In contrast, among men only
one SNP, rs17366568, was associated with adiponectin concentrations (P = 0.02). This
variant explained 0.94% of the overall variation of adiponectin levels, with men who carried
one additional A allele of rs17366568 exhibiting 14.5% lower concentrations of adiponectin
(95% CI: 2.96%-24.7%).

The genetic scores consisting of four SNPs in women and one SNP in men explained 2.82%
and 0.94% of variation in adiponectin concentrations, respectively (Table 5). The inclusion
of additional SNPs did not increase the explained variation. For example, the proportion of
explained variation in women was 1.95% for an alternative genetic score that included all 11
SNPs that showed statistically significant associations with adiponectin. In women, age and
alcohol consumption were statistically significantly associated with increased levels of
adiponectin, whereas BMI was inversely associated with adiponectin. Postmenopausal
women had higher adiponectin concentrations and menopausal hormone therapy was
associated with still higher circulating levels. In men, in addition to age, BMI was the only
factor that showed an association with adiponectin, with each 5-unit increase in BMI
associated with 21.3% lower adiponectin levels (95% CI: 14.2%-27.8%). After adjusting for
these lifestyle factors, the genetic score accounted for 2.95% and 1.42% of the variation of
plasma adiponectin in women and men, respectively. The corresponding R? for the
combination of genetic and lifestyle determinants was 15.5% in women and 6.65% in men.
We then performed an analysis stratified by BMI and menopausal status. Neither BMI nor
menopausal status appeared to modify the association between genetic score and plasma
adiponectin (for BMI: Pinteraction = 0.25 in women and 0.48 in men; for menopausal status:
Pinteraction = 0.14 in women).

Discussion

Previous studies have yielded inconsistent findings on the association between circulating
adiponectin concentrations and risk of CRC. Low adiponectin has been associated with an
increased risk of CRC in some studies’=9, but not others0: 11, Given the close correlation
between adiponectin and other metabolic factors, such as adiposity, inflammation and
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hyperinsulinemiga, it is difficult to disentangle specific influences and establish a causal
relationship for adiponectin alone and CRC. Thus, studies examining the association of
genetic determinants of adiponectin levels and CRC risk could provide important insight
because polymorphisms should be minimally confounded by other factors. In the present
analysis, we studied the common SNPs of the ADIPOQ gene that have been related to
adiponectin concentrations in previous GWAS studies. Our results suggest that these genetic
variants of circulating adiponectin are unrelated to risk of CRC.

There are several plausible interpretations of our findings. First, the relatively small
proportion of variability in adiponectin concentration that is explained by known genetic
variants makes it possible that a real but small association between adiponectin and CRC
cannot be detected by utilizing these polymorphisms. In line with previous studies# 15, we
found that compared to lifestyle factors, genetic variants accounted for less than 5% of the
variance of adiponectin levels. Despite the moderate-to-high estimates of heritability (39—
88%) for plasma adiponectin levels in twins and family-based studies, two meta-analyses of
GWAS found that a multi-SNP score based on genome-wide significant SNPs explained
only 5.0-6.7% of the variance of adiponectin concentrations'# 15, indicating that genetic
factors other than the known common variants may contribute to the variation of circulating
adiponectin between individuals. In a previous study, we found that an approximate 40%
difference in the risk of CRC was observed by contrasting men in the highest quartile of
adiponectin with those in the lowest quartile33, suggesting that the limited variation of
adiponectin captured by the currently identified genetic variants may be inadequate to detect
an inverse association with CRC. Recently, structural variation, rare variants, epigenetic
inheritance and interactions between genetic variants have been suggested to explain the
"missing heritability” phenomenon38. Therefore, further studies using novel sequencing
technologies are needed to better determine the genetic contribution to the variation of
adiponectin.

Second, other components unaccounted for in the present analysis may be required for
adiponectin to exert an anti-cancer effect. Colonic tissues express two adiponectin receptors,
ADIPOR1 and ADIPOR2, which mediate the biologic effects of adiponectin by activating
AMP-activated protein kinase (AMPK) and peroxisome proliferator-activated receptor-a
(PPAR-a) pathways, respectively? 39, Studies have found that disruption of ADIPOR1 and
ADIPOR?2 resulted in the abrogation of adiponectin signaling and abolished the suppressive
effect of adiponectin on the growth of colon cancer cells3®. Adiponectin treatment reduced
mRNA expression of ADIPOR?2 in colorectal tumor tissues in mice*Y. In humans, ADIPOR1
and ADIPOR2 expression levels in colorectal tumors have been found to vary among
individuals and been associated with tumor stage and differentiation of cancer cells®!. In
addition, a hypocaloric diet and exercise in older insulin-resistant adults increased skeletal
muscle ADIPOR1 and ADIPOR2 expression without affecting serum total adiponectin
levels*2. Thus, it is possible that the variation in adiponectin receptor expression and
circulating adiponectin interact to influence CRC development. Our inability to account for
such interaction may contribute to the null results in the current study. Recently, we
examined the association between plasma adiponectin and molecularly defined-subtypes of
CRC. Interestingly, we observed that lower prediagnostic level of plasma adiponectin was
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associated with an increased risk of KRAS-mutant CRC, but not with KRAS-wild-type CRC
(unpublished data). Given the limited data linking adiponectin with specific molecular
subtypes of CRC, further investigation is warranted.

In addition to adiponectin receptors, another adipokine, leptin, may also influence the
association between adiponectin and colorectal carcinogenesis2. Leptin regulates energy
balance through the central nervous system and modulates glucose and insulin homeostasis
through activation in peripheral tissues*3. Both adiponectin and leptin affect cellular
behavior, but in an opposing manner. Adiponectin administration in vivo has been shown to
decrease growth and proliferation, increase apoptosis, and decrease invasion in murine
cancer models, whereas leptin has been found to increase proliferation, migration, and
invasion of cancer cells2. There is some cross-talk between leptin and adiponectin pathways.
Leptin-induced activation of the phosphoinositide 3-kinase (PI3K)/Akt pathway can be
antagonized by adiponectin-activated AMPK through protein phosphatase 2A (PP2A)2.
Although the association between circulating leptin and CRC risk is unclear33: 4445 there is
some evidence suggesting that adiponectin and leptin interact to influence the risk of
colorectal adenoma, and the inverse association between adiponectin and adenoma was
stronger among individuals having high leptin levels?®.

Alternatively, the null results observed in the current study may reflect the fact that
circulating adiponectin per se does not inhibit colorectal carcinogenesis. Although studies
showed that the number of colon polyps were increased in adiponectin-deficient mice and
growth of colon tumor was suppressed by adiponectin administration?®: 47, there was no
difference in colon tumor incidence, number or size between the adiponectin transgenic
mice that have constitutively elevated circulating adiponectin and wild-type mice®8. In
addition, improvement of insulin sensitivity by adiponectin has been hypothesized as a
predominant mechanism against CRC. However, in our previous study, adjustment for C-
peptide, a marker of insulin resistance, had no impact on the association of adiponectin with
CRC33, In addition, in contrast with others4 17. 19. 22 several studies did not detect any
association between the genetic variation of ADIPOQ and the risk of insulin

resistancel8 23.49 metabolic syndrome?*® or T2D18: 23, Furthermore, although HMW
adiponectin is the most biologically active form of adiponectin in relation to insulin
sensitivity°0 and has been suggested to be more closely related to CRC than total
adiponectin, a recent prospective study found that non-HMW adiponectin rather than HMW
adiponectin was associated with CRC risk8. Therefore, further work is needed to investigate
the role, if any, of adiponectin in colorectal carcinogenesis.

In the current study, we also examined several genetic variants of ADIPOQ and ADIPOR1
that might not influence circulating adiponectin concentrations but have been associated
with CRC in prior candidate gene studies. Kaklamani et al. reported an inverse association
between rs266729 and CRC in a combined analysis of two case-control studies?4. However,
a subsequent study did not replicate this finding using data from two GWAS in the UK
population??, Other SNPs in the ADIPOQ and ADIPOR1 genes, including rs1063538,
rs1342387, rs12733285 and rs2241766, have been reported to affect CRC risk in several
relatively small studies among Chinese populations2>=2. In the present study, we did not
detect any statistically significant association for these SNPs using data from a large
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consortium of populations of European descent. Therefore, differences in the ethnicity of the
study population and the associated sample size may have contributed to the inconsistent
findings.

Our study has several strengths, including a large sample size, available data on both genetic
and plasma measurements of adiponectin, and detailed information on several lifestyle
factors. One limitation of the current study is the inclusion of populations only of European
descent, which limits the generalizability of our findings. However, the adiponectin-related
SNPs that we examined were also identified from GWAS of European populations and thus
the underlying genetic associations should hold in our study population. Moreover, limiting
our analysis to European descent populations minimizes the potential for confounding by
population structure. Another limitation is that we had plasma adiponectin data only on a
subset of the two cohorts of the consortium, which precludes a simultaneous analysis of
genetic and circulating adiponectin in relation to CRC among the same set of participants.
Finally, the included genetic variants may have pleiotropic effects beyond their influence on
circulating adiponectin, thus violating the assumption for the Mendelian randomization
analysis®L. However, this possibility was minimized by our restriction of SNPs to be those
within the ADIPOQ gene. Furthermore, even if the influence by pleiotropy exists, in order to
explain our null results, these SNPs must affect circulating adiponectin levels and CRC-
related pathways in an opposite direction, which seems unlikely.

In conclusion, our findings do not support an association between known common SNPs
related to circulating adiponectin and risk of CRC. This may be due to the fact that these
SNPs account for only a small proportion of the variability of plasma adiponectin levels.
Further studies are needed to integrate the expression status of adiponectin receptors and
other biomarkers related to adiponectin pathway to elucidate any possible role of
adiponectin in CRC development.
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Brief description of novelty and impact

Using data from the Genetics and Epidemiology of Colorectal Cancer Consortium, we
did not find any association between known common genetic variants of adiponectin and
colorectal cancer. However, analysis of the contribution of genetic variants to plasma
adiponectin level after accounting for lifestyle factors suggests that genetic determinants
account for only a limited proportion of the variance in adiponectin.

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



Page 17

Song et al.

*Bnup Aloyewweyul-nuUe [ep1oJais-uou = Q1SN ‘WNIU0SU0D Jaoue) [10810[00 40 ABojoiwapid3 pue sonauss ayl = 0DDID ‘Xapul ssew Apoq = NG :SUOHEIABIGAY
%

6Ly 7’65 6'6 Sz 19 9Ly 162 612 IVLIA a1A1s8417 puy sulwel A

0’8y 7’85 L8 0’62 65 0 98¢ L€ SHd Apmis yiesH ,suerdisAyd

v'ae AR 6'S g6z 09 001 V8 98 SHN Apms yyesH sesINN

gor 819 6.7 7’9z €9 'Oy 91¢ 0€ OEN Apmis 110Y0D AIUYIBHINIA

L9y €5 €eT 86z 9 0 243 9ee SddH Apmis dn-moj|o4 sjeuoissajoid yyeaH

T8¢ L'vS vt 192 9 8y 0T SL €7920100 (€%920100) € %9 T S3IPMIS 180URD [€10310]0D) IeMmeH

78z 8§ zst L9z 69 6'6€ §L0'C 12T SHOVQ BuIusaI0S YaINp BUNINUIBA J9p UBIUBYD SGRHWIEQ

9'Ge 7'0S € 6.2 99 001 20T 621 IHM SAIIENIU] U}ESH S, UBLIOA

vy 'G5 0€T Sz 9 9Ty 199 6TV 0071d  [euL Buiusaios 19dued UeLBAQ pue [e}0310]0D ‘BunT ‘ayeisoid

8'.¢e oS 00T 1.2 9 67y GOT'T 00T'T siva Apms s1Aisa4 pue AnAndY 1910
saIvSN/ullidse A%m\mv (zw/B) S$|0JJU0D

jo siows  |oyodoe  |ING (] afewrd jo S3E0 JO
sisn entey % AT % uea N ues|\  obe uea |\ % AqunN  qunN  uolrIeIqqY Apnis
00039 wouy syuedionted Apnis Jo sonstisioeIeyd diseg

T3alqelL

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



Page 18

Song et al.

"|apow paisnipe-ajqeLieAlNW 8y} Ul S3IPNIS SSO.10e b_m.cmmo‘_&m;n_m
"(snyes [esnedouswiald ‘s1asn Jans ‘s1asn Janau) asn auowioy fesnedouswisod pue ‘sBnip Alojewiwelyul-1ue [epiolals-uou
10 uiidse Jo asn JejnBal ‘(sa[11491 91419ads-Apnis) uondwnsuod joyoaje ‘(Buryows Janau ‘sA Buiows uaiind Jo ised) snyels Buryouus ,ANEBV_ 0€< ‘0€-Gz ‘Gz>) Xapul ssew Apoq Joy paisnipe >__§_o:__%<H

‘aimonasgns uoireindod 10y 1UN029E 0} 1 W41 SNIOIT woly suauodwod fediounid € 18114 8y} pue abe 1oy uswisnipe Yim pasn sem [apo o1aush w>:_uc<+

"BEGEY0TSI UO Tg pue ‘99/TH¢zs) U0 T ‘662TOSGTSI UO ¢ ‘G82EEL TSI UO T *L8ECYETSI U0 6 ‘'0T8IZHTSI UO € */T/992S) UO T ‘G Tiwy9S UO T ‘2G6EL29S) UO T ‘6EG00ELTSI UO ¢ ‘76€228S!

U0 9 ‘060ST9/S! UO €2 ‘¥6TTI89TSI UO T :SINS dWos 40 eyep adAloush uo uonewloyul Buissiw pey uswom may v “wsiydiowAjod apnosjonu a1Buls = dNS ‘sisAfeue Jusuodwod [edidunid = wOd ‘onel sppo
= O ‘8]9]|E 19818-UOU = YN ‘WNILIOSUOD Jaoue) [819810]0) 40 ABojoiwapid3 pue sonauss ayl = 0DDI9 ‘Aousnbaly aja|[e 198448 = 43 ‘8]9||B 19818 = 3 ‘[eAIalul 30USPIIUO0D = | SUONBIABIGOY

*

v1°0 880 (90°'T 01 €6°0) 66°0 660 (L0TO¥6'0) 00T  6£0 o/1 8£G£90TS!
0 w0 (90T 01 98'0) 96°0 w0 (90T0180)960 TT0 LD j99LTveesd
810 L9°0 (60T 01 76°0) 20'T 950 (0T'T0156'0)20T 820 o 662T0STS!
S6°0 LE0 (#0°'T 01 68°0) 96°0 Ge'0 (V0T 01680)960 920 2/9 6299251
1§50 770 (zTT0166°0) €0'T €€0 (eTT0960) 70T 620 o/L G8ZEELTTS!
680 LE0 (0T'T0126°0) €0'T 820 (OTTO.60)¥0T  S¥°0 o L8ETVETS!
€80 Ge0 (2TT0196°0) ¥0'T Ge'0 (TUT0960)¥0T 920 10 0T892YTs!
900 2Lo (80T 0156'0) TO'T 190 (60T0166'0)20T 0S50 oN 11299281
vE0 680 (80T 01 76°0) TO'T 9,0 (B0TO}¥6'0)TOT 820 o GLTYYY9s)
800 0.0 (90°'T 01 16°0) 66°0 ¥80 (L0T01260)660 2€0 o/1 ¥Gezess!
€10 68°0 (90T 01€6°0) 00T 860 (L0TO1¥6'0)00T  6€0 oN 1G6ELL9S)
660 260 (L0'T 01€6°0) 00'T ¥80 (90T01€6'0)660  SEO 10 GL00T89s!
110 99'0 (8T'T012°0) G6°0 7.0 (8TT01820)960 SO0 10 €£99€/TS!
020 L9°0 (#2T01280) 70T 0.0 (€2T01/80)€0T 800 oN 89599€/Ts!
vE0 LL0 (ST'T01€8°0) 86°0 280 (STTO¥80)860  L00 OV 6ES00€LTS!
z€0 0.0 (0TTO196°0) 20T 690 (ITTO¥60)20T 610 oV ¥6£228s!
91’0 G560 (STTO1280) 00T 260 (STT01880)T0T €TI0 1/9 060GT9/8!
680 €50 (6T'T0126°0) ¥O'T 150 (BTTOIT60)¥0T 800 v/ 76T1989Ts!
S0 150 (80°'T 03 98°0) 96°0 050 (L0T0980)960 TT0 2/2 659018/
PRI od (12
PPIE Jod (12 %56) HO %56) JO paisn Ipe

A1eusbo epYy d f d

§ pesnlpesjqereaniniy  }d -yOd pueaby  4v3  vaAN/vV3 dNS

L0229 W04 USWIOM Ul S|0JIUOI ¥8T 'y PUe Sased gE. 'S Buowe >sii 182Ued [819810]09 pue 190] DOIAY dY} Je SANS US8MIaq UOII0SSY

¢ ?dlqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



Page 19

Song et al.

"pasn sem (00'T = A '€6'0=71 ‘992 TrZzs! Ynm wnbigjinbasip abexul] ssim-Ired ui) z9zy22€s1 Axoid ay

Author Manuscript

vl

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



Page 20

Song et al.

‘[apow palsnipe-a|qelieAljnwW 8y} Ul S31pNIs Ssoloe b_wcmmo._muws_n_m
'sBnup Alojewweyul-11ue [epIoIals-uou Jo
uuidse Jo asn Jejnbai pue ‘(sa]1a) d1419ads-Apnis) uondwnsuod joyodje ‘(Bujows Janau "sa Buiyows Jualind Jo ised) snyels Buisows ,ANE\@_ 0€= ‘08-G2 'GZ>) Xapul ssew Apoq Joy paisnipe \n__dm_B:_Eu{H

*aimonusgns uolrendod Joj UN029e 0} 11 SNIOIT Woly siuauodwod fediounid € 1si14 8y pue abe Joy uswnsnipe Yim pasn sem [9pow 911aush m>_u_uc<+

"BEGE90TSI UO 9 pUB ‘99/THZZs) U0 g ‘662TOSTSI U0 T ‘62299284 UO T ‘G8CEELLTS!

Uo 7 */8EZYETSI U0 Z ‘0T89ZHTSI U0 9 '/ T/992S) UO € 'G/THii9S) UO ¥ '7GEZZ8SI U0 T ‘2G6ELL9S) UO g ‘G/00T89S) UO T ‘€77/99€/TSI UO T ‘89G99E/ TSI UO T ‘6EG00ELTS! UO T ‘¥6EZZ8SI UO € ‘060GT9.SI

U0 /T ‘¥6TTI89TSI UO T ‘6EGEI0TSI UO T :SINS aWos Jo erep adAloush uo uonewlogul Buissiw pey usw may v “wsiydiowAjod apnosjonu a1buls = dNS ‘sisAeue Juauodwod [ediounid = wOd ‘onel sppo
= O ‘8]9]|E 19818-UOU = YN ‘WNILIOSUOD Jaoue) [819810]0) 40 ABojoiwapid3 pue sonauss ayl = 0DDI9 ‘Aousnbaly aja|[e 198448 = 43 ‘8]9||B 19818 = 3 ‘[eAIalul 30USPIIUO0D = | SUONBIABIGOY

*

790 v€0 (TTT0196°0) ¥0'T 9¢0  (ITT0196'0)€0T  OF°0 o/1 8£G£90TS!
550 99°0 (STTO1T60) €0T 090 (STTOIZ60)€0T Zro0 LD j99LTveesd
€0 S7'0 (TTT0166°0) €0'T 050 (ITT0166'0)€0T 620 o 662T0STS!
060 250 (90°'T 01 68°0) £6°0 €0 (S0T01680) 260 920 2/9 6299251
810 S9°0 (L0T 03 06°0) 86°0 790 (90T 01060)860 0OE0 o/L G8ZEELTTS!
06'0 9.0 (90°'T 01 26°0) 66°0 850 (S0T0116'0)860 970 o L8ETVETS!
080 G20 (#T'T0126°0)SO'T 6710 (hTTO1260)50T  L£0 10 0T892YTs!
€50 €0 (21101 26'0) 70T 920 (eTT01/60) 70T 0S50 oN 11299281
€0 820 (€T'T0126°0) ¥O'T v€0  (QTT0196'0) 70T 620 o GLTYYY9s)
¥9'0 900 (00T 01 98°0) £6°0 100 (10T 01980)€60 2€0 o/1 ¥Gezess!
290 v€0 (TTT0196°0) 70T 9¢'0 (TT'T01960)€0T  0OY0 oN 1G6ELL9S)
120 710 (20T 01 88°0) G6°0 770 (10T 01880)¥60  GE0 10 GL00T89s!
76°0 870 (6€T0198°0) 60'T 750 (L£T01680)80T SO0 10 €£99€/TS!
120 2Lo (9T'T0108°0) 260 €0 (9TTOIT80) 260 800 oN 89599€/Ts!
90 19'0 (€T'T 01 18°0) 96°0 290 (ETT01280)960 800 OV 6ES00€LTS!
o €5°0 (90°'T 01 68°0) £6°0 z,0 (80T 0106'0)860  8T0 oV ¥6£228s!
2ro €L°0 (6TT0188°0)€0°T v20 (6TT03880)20T  €T0 1/9 060GT9/8!
€0 0T'0 (20T 03 22°0) 68°0 010 (20T 018.0)680 800 v/ 76T1989Ts!
950 89°0 (9TT O 16°0) €0'T v9°0  (QTTOIT60)E0T  2T0 2/2 659018/
PRI od (12
PPIE Jod (12 %56) HO %56) JO paisn Ipe

A1eusbo epYy d f d

§ pesnlpesjqereaniniy  }d -yOd pueaby  4v3  vaAN/vV3 dNS

L0229 W0y USW Ul S|OIU0I /'S PUE Sased T8Z's Buowe sii 1a2ued [819810]09 pue 190] DOIAY 8Y} Je SINS US8MIaq UOIeI0sSy

€9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2016 July 01.

Int J Cancer. Author manuscript:



Page 21

Song et al.

"pasn sem (00'T = A '€6'0=71 ‘992 TrZzs! Ynm wnbigjinbasip abexul] ssim-Ired ui) z9zy22€s1 Axoid ay

Author Manuscript

vl

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



Page 22

"Pasn sem (00'T = A '€6'0=g4 199 Ty2zs! Yum wintigi|inbasip abesul] esim-ared ut) 29zy/ /g5t Axold wﬁm

"uoIssaJlBaa Jeaul] aleLieAIUN U} UI JUBWRIOUI 313 [e-auo Jad s|ans] undsuodipe ul sabueyd Jo Emu_mn_ﬁ

‘|opow uolssalBas feaul] ayy Ul dNS Yoes Ag paure|dxa SUONIUSIUOD URdauodipe 0 UoneLIeA Jo afelusoiad

Song et al.

1

‘wsiydiowAjod apnosjonu a1BuIs = dNS ‘3]3][e 198)43-UoU = \YIN ‘Aousnbauy a]9||e 10818 = 4T ‘31918 10918 = T {[eAIS)UI SOUSPIUOD = |D :SUONRIABIGAY
*

1710 (69T 016v0-) 882 G50 T000>  (S0TOMT8'€) OT'L €80 60 o/1 8£G£90TS!
Sy0 (181 0176'9-) 98'% 010 910  (S6'8019€T-) L9°€ 600  TT0 Lo g99LTvees)
670 (€9T™9.T-)889 860 T000>  (#'0T 01 20°€) 99'9 790 820 o 662T0GTS!
6T0 (€ZT O T'ST-) 9E'L- 9’0 910 (20T 03 €6'G-) ¢ST- 600 G20 2/9 62,99¢s!
010 (9T OIEST-) 2T L o €0 (TT'501697T-) 99°T v00 620 o/L G8z€€LTTs!
SL0  (86'60179°9-) GET 200 820 (s6v 01 0V'T-) €L°T S00 Y0 on L8ETVETS!
280  (L26019.°9-) ¥6°0 100 €000 (T80 T9T) 281 ov0  8€0 12 0T89ZY TS
v60  (S€'601¥59-) OT'T 100 2000 (vT'8 0168°T) T0'G S0 670 o L1992
920 (2¥T o 9re-)00'S 720 T10000>  (#'0T 01 20°€) 59'9 790 820 on GLTYPY9s!
G680 (¥8'201/.'8-) 180~ 100 1000 (oe'goszT) 2Ly 2€0 €0 o/L gsioraa
100 (69T 01G¥°0-) 882 G50  T000>  (#OT09LE) ¥O'L 280  6£0 o L56€LL98!
670 (87'G015°0T-) £8°2- 80°0 9000 (8ZT-038F'L-)EVY-  ¥ED  €€0 10 GL00T89s!
o (€GT018/2-)€L8- 600 860 (0£'6 01 2€'8-) OT'0 100> €00 119 €7/99€/T8!
200 (962-03L¥2-)S¥I-  ¥60  T000> (6CT-01GTZ-)€LT-  92C 600 O/V  89599¢/Ts!
670 (622 01Z¥'6-) 0SS 800  T000> (0,2 062TT) 86T 09T 00 OV  6ES00£LTS!
v50  (€9T 01 $9°L-) ¥9'€ 900 880 (95v 01 v2'€-) 2€0 000 91’0 o v6€CZ8s!
9z0 (2TE™0TL-) 70T 020 TT0  (ETTOITOT-) ¥9v— 10 200 1/9 060ST9/8!
€20  (0¥20005-) €S8 €2°0 v000 (89C-01G€T-)2e8-  L€0 100 V/O  ¥6TT989TS!
o (Z8T0or0v'.-) 09 800 6v'0 (98901 ¥T'€-) ¥2'T 200 TT°0 o9/0 6EGE90TS!

o e om0

(619=U) LN

(LT2°C = u) ULBWO

(Apms dn-moj|o sjeuoissajoid yfesH) usw pue (Apnis yiesH ,SesinN) uswom Buowe s|aAs| unodsuodipe ewseld pue SNS U3aMmIaq UOIBII0SSY

Author Manuscript

v alqel

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



Page 23

Song et al.

‘89G99¢/TS4 JO Sa|3||e © JO "OU = 3103S o_wwcmm
AU} ‘Ul U] '8EGEI0TSI JO SA3|[ L JO "OU xG9'0 + LGBELLISI JO SAI3|[e W/ JO “OU 4 0.0 + 89GIIEL TSI JO SAI3|[B D JO "OU 4 6%'T + BEG00ELTS! JO SAI3I[E  JO “OU 4 8/°T = 91005 D112UaB auj) ‘UalLiom U

8
‘uawiom [esnedouswaid

Buowre sjans| undauodipe 03 aale|al sem abueyd Jo abejuadiad ‘asn esnedouswisod 104 "S1aSN-UOU 0} dAIIe|aJ S1asn Jejnbai 10y pajejndfed sem abueyd Jo afejuadiad ‘asn @JySN/uIdse 104 "uwnjod
18413 83 Ul Sa|qeLIeA |Je Bulpnjoul [apow uoissalfal Jeaul] Ul pajewiiss ‘sajelieA0d SNONUIUOD J0) JUSLWSIOUI IUN-G pue 8109s d118uab ul juswaloul Julod-T Jad sjana] unosuodipe ul abueyd Jo Jusdlad

t

‘|apow uoIssalBal Jeaul| 8jeLIBAIUN BU) UL 8]qeLIBA Uyoes AQ paure|dxe SUOIIEUSoU0d undauodipe JO UOIeLIeA JO 1U8dJad

1
‘Bnup Alojewiweyul-nue [eploJais

-uou = QIVSN :(1sa4 e unoy Jad yBram Apog welbojiy 1ad pasu d110ed)/(Ananoe anoy Jad ybiam Apog welbojiy J1ad paau 9110jed) = JusjeAinba d1jogeisw = ] JA {[eAI8IUl 8OUBPIIUOD = | :SUOHRIABIGAY
*

- - 1000>  (T'€C01€89) L'¥T 18ng

- - 2000 (T1201 2EW) ¥'2T 1anaN
- 962 asn auow.oy Jesnedouswisod
260 (80T 018°0T-) 950 100 850 (L£'G0106'2-) ST'T 100 asn AlvSN/utidse seinfiay
610 (¥0'€ 01 650-) T2'T 1€0 6000 (€52 015E°0) 7T 10 p/6 ‘uondwinsuod |oyod|y
190 (c/'T0166'0-) 9€°0 200 or'0  (9€001080-) 22’0~ 100 Buniows 4o sieak-xoed
670 (Te'10129°0-) ¥€'0 620 120 (88:0 0402°0-) ¥€'0 260 Omysinoy- 1IN ‘Ananoe eisAud
1000> (Z¥T-0¥8'L¢-) €12~ 95y 7000> ('€T-010'LT-) TSI~ 20T 2W/Bx *xapul ssew Apog
900 (9’9 01 8T°0-) 60°€E 650 2000 (06703 2T'T) 00°€ 86'T A ‘aby
€000 (695 018.°9) 602 v60  T000>  (£6'901TZ'h) 95'G 87 §94095 21BUSD

4 +% (10 %S6) 1(%) 2 4 +% ‘(12 %S6) 1(%) 2

abueyd anirepy

abueyd anirepy

(619 =U) LBIN

(LTZ' = u) UsWoM

S|qelren

(Apms dn-mojjo4

S[euoISSaJ0id YleaH) usw pue (Apnis yijeaH .sasinN) uawom Buowe s|ana] uniosuodipe ewise|d Yylim si01oe) 9]A1Sa)1| pue 2109S d118usb JO UOIIRIJ0SSY

Author Manuscript

G 9olqel

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2016 July 01.



