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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.
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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 women1. 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 CRC2, 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)4, 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 apoptosis2, 6.

Some7–9 but not all10, 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 women12. 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 factors13. 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 levels14–20. These SNPs 

have been mapped to the ADIPOQ (adiponectin, C1Q and collagen domain containing; 

HGNC ID; HGNC:13633) gene14–20, the ARL15 (ADP-ribosylation factor-like 15; HGNC 

ID; HGNC:25945) gene18, the CDH13 (cadherin 13; HGNC ID; HGNC:1753) gene which 

encodes a receptor for HMW forms of adiponectin16, 19, 20, and the FER (fer[fps/fes related] 

tyrosine kinase; HGNC ID; HGNC:3655) gene involved in regulation of inflammation18. In 

addition, SNPs at the ADIPOQ loci have been associated with T2D14, 19, 21, insulin 

sensitivity22 and other metabolic traits14, 17, 19, although the findings are mixed15, 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, rs106353825, rs134238726, rs1273328526 and rs224176627, whereas others 

failed to replicate these findings28, 29. 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 

GECCO30. 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 previously7. 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 procedure35, 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 

concentrations14–18 (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 literature24–26. 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 Verhütung durch Screening 

(DACHS); 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 Illumina 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 Illumina 
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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 II release 24. All SNPs met quality-control measures for Hardy-Weinberg 

Equilibrium in controls (HWE, P ≥ 10−4), 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, Mo)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 (BMI)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/ height2 [kg/m2]), 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 described37. 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 R2 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 β-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.

Results

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/m2, 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 (CIs) 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% CI: 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 (R2 = 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 R2 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 studies7–9, but not others10, 11. Given the close correlation 

between adiponectin and other metabolic factors, such as adiposity, inflammation and 
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hyperinsulinemia, 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 studies14, 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 concentrations14, 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-α 

(PPAR-α) pathways, respectively2, 39. Studies have found that disruption of ADIPOR1 and 

ADIPOR2 resulted in the abrogation of adiponectin signaling and abolished the suppressive 

effect of adiponectin on the growth of colon cancer cells39. Adiponectin treatment reduced 

mRNA expression of ADIPOR2 in colorectal tumor tissues in mice40. 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 cells41. In 

addition, a hypocaloric diet and exercise in older insulin-resistant adults increased skeletal 

muscle ADIPOR1 and ADIPOR2 expression without affecting serum total adiponectin 

levels42. 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 tissues43. 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, 44, 45, 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 levels46.

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 administration40, 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 mice48. 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 others14, 17, 19, 22, several studies did not detect any 

association between the genetic variation of ADIPOQ and the risk of insulin 

resistance18, 23, 49, metabolic syndrome49 or T2D18, 23. Furthermore, although HMW 

adiponectin is the most biologically active form of adiponectin in relation to insulin 

sensitivity50 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 studies24. However, 

a subsequent study did not replicate this finding using data from two GWAS in the UK 

population29. 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 populations25–27. 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 

analysis51. 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MAF minor allele frequency
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NHS Nurses’ Health Study

NSAID non-steroidal anti-inflammatory drug

OR odds ratio

PHS Physician’s Health Study

PI3K phosphoinositide 3-kinase

PLCO Prostate, Lung, Colorectal Cancer, and Ovarian Cancer Screening Trial

PP2A phosphatase 2A

PPAR peroxisome proliferator-activated receptor

SNP single-nucleotide polymorphism

T2D type 2 diabetes

VITAL VITamins And Lifestyle

WHI Women’s Health Initiative
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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.
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