
Prediagnostic Plasma Adiponectin and Survival among Patients 
with Colorectal Cancer

Dawn Q. Chong1,2,3, Raaj S. Mehta1,2, Mingyang Song2,4,7, Dmitriy Kedrin1, Jeffrey A. 
Meyerhardt5, Kimmie Ng5, Kana Wu4, Charles S. Fuchs5,6, Edward L. Giovannucci4,6,7, 
Shuji Ogino5,7,8, and Andrew T. Chan1,2,6

1Department of Gastroenterology, Massachusetts General Hospital and Harvard Medical School, 
Boston, MA

2Clinical and Translational Epidemiology Unit, Massachusetts General Hospital and Harvard 
Medical School, Boston, MA

3Division of Medical Oncology, National Cancer Centre Singapore, Singapore

4Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA

5Department of Medical Oncology, Dana-Farber Cancer Institute and Harvard Medical School, 
Boston, MA

6Channing Division of Network Medicine, Department of Medicine, Brigham and Women’s 
Hospital and Harvard Medical School, Boston, MA

7Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA

8Department of Pathology, Brigham and Women’s Hospital and Harvard Medical School, Boston, 
MA

Abstract

Circulating adiponectin is inversely related to the risk of colorectal cancer (CRC). However, its 

influence on CRC survival is unclear. We conducted a prospective study to evaluate the 

association between prediagnostic plasma levels of adiponectin and mortality in patients with 

CRC. We identified 621 incident CRC cases who provided blood specimens prior to diagnosis 

within the Nurses’ Health Study (NHS) and Health Professionals Follow-up Study (HPFS). Cox 

proportional hazards models were used to calculate hazard ratios (HRs) and 95% confidence 

intervals (CIs). After a median follow-up of 9 years, there were 269 (43%) total deaths, of which 

181 (67%) were due to CRC. Compared with participants in the lowest quartile of adiponectin, 

those in the highest quartile had multivariate HRs of 1.89 (95% CI, 1.21–2.97; Ptrend = 0.01) for 

CRC-specific mortality and 1.66 (95% CI, 1.15–2.39; Ptrend = 0.009) for overall mortality. The 

apparent increased risk in CRC-specific mortality was more pronounced in patients with 

metastatic disease (HR 3.02, 95% CI, 1.50–6.08). Among patients with CRC, prediagnostic 
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plasma adiponectin is associated with an increased risk of CRC-specific and overall mortality, and 

is more apparent in patients with metastatic disease. Adiponectin may be a marker for cancers 

which develop through specific pathways that may be associated with worsened prognosis. Further 

studies are needed to validate these findings.
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Introduction

Colorectal cancer (CRC) is the fourth most common cancer and the second leading cause of 

cancer-related deaths in the United States (1). Obesity is a well-established risk factor for 

CRC (2, 3). Furthermore, prediagnostic obesity has been associated with worsened survival 

among patients with CRC (4, 5). However, the underlying mechanism by which obesity 

influences the development of CRC or outcomes after CRC diagnosis is unclear. Several 

mechanisms have been hypothesized, including alteration of the adipokine milieu, 

perturbations of the insulin growth factor 1 (IGF1) axis, and chronic low-grade 

inflammation (6, 7).

Adipose tissue is the largest endocrine organ responsible for the regulation of inflammation 

and metabolism, and the synthesis of cytokines and hormones (8). The most abundant 

hormone secreted by adipose tissue is adiponectin, a 30-kDA protein hormone that exists as 

low molecular weight (LMW) and high molecular weight (HMW) multimers in the 

circulation (9). Its multitude of metabolic functions is effected by binding primarily to 

adiponectin receptor 1 (ADIPOR1) that is found in skeletal muscle and adiponectin receptor 

2 (ADIPOR2) that resides in hepatocytes (10). Accumulating evidence supports an inverse 

relationship between circulating adiponectin and obesity, suggesting the possibility that 

adiponectin may mediate the biological link between obesity and CRC (11, 12). In addition, 

higher levels of expression of adiponectin receptors are observed in CRC compared to 

normal tissues, further supporting this hypothesis (13).

To date, adiponectin’s pleiotropic roles in carcinogenesis are complex and remain 

controversial. Its anti-carcinogenic properties have been attributed to the activation of 

adenosine monophosphate-activated protein kinase (AMPK; PRKAA) pathway, leading to 

apoptosis and anti-proliferation (14), direct inhibition of the phosphoinositide 3-kinase 

(PI3K)/protein kinase-B (AKT) pathway which is responsible for cell survival (15), and 

modulation of insulin sensitization (16) and inflammation (17). In contrast, adiponectin has 

been shown to propagate oncogenesis through stimulation of pro-inflammatory cytokines 

such as interleukin (IL)-8 (18), inhibition of apoptosis via activation of AMPK/Sirtulin 1 

(SIRT1)/PPAR gamma coactivator 1-alpha (PGC-1α) (19), and promotion of angiogenesis 

(20, 21) and colonic proliferation (18).

Several epidemiological studies have established an inverse correlation between circulating 

adiponectin and the incidence of CRC (22–25). Among 616 incident CRC cases and 1,205 

controls within the Nurses’ Health Study (NHS) and Health Professionals Follow-up Study 
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(HPFS), we have reported that plasma adiponectin was significantly associated with a lower 

risk of CRC among men [relative risk (RR) 0.55, 95% CI, 0.35–0.86; Ptrend = 0.02], but not 

women (RR 0.96, 95% CI, 0.67–1.39; Ptrend = 0.74) (25). In contrast, there is a paucity of 

data on adiponectin’s impact on survival among patients with established CRC. The only 

prospective study showed that adiponectin (measured at time of diagnosis) was not 

predictive of CRC survival (26). Another recent study reported that adiponectin (measured 

at time of diagnosis) conferred a worse prognosis in patients with hepatocellular carcinoma 

(HCC) (27). Hence, we prospectively assessed the influence of prediagnostic plasma 

adiponectin on mortality in patients with CRC.

Materials and Methods

Study Population

Our study comprised of 621 incident CRC cases within the NHS and the HPFS cohorts. The 

NHS began in 1976 and enrolled 121,700 US female registered nurses, aged 30 – 55 years. 

The HPFS began in 1986 and enrolled 51,529 male health professionals (podiatrists, 

dentists, osteopathic physicians, veterinarians, pharmacists, and optometrists), aged 40–75 

years. Biennially, follow-up questionnaires were administered to collect information with 

respect to lifestyle factors such as smoking, physical activity, body weight, family history of 

CRC, use of aspirin and non-steroidal anti-inflammatory drug (NSAIDs), endoscopic 

screening, and medical history. Dietary information was updated every four years using 

validated food frequency questionnaires (FFQ) (28, 29). High follow-up rates were 

appreciated for both cohorts, 95.4% in NHS and 95.9% in HPFS. The Institutional Review 

Board at the Brigham and Women’s Hospital and the Harvard School of Public Health 

approved the study. The completion of self-administered questionnaires by participants were 

considered to imply informed consent.

Exposure Assessment

Phlebotomy kits were mailed to all the participants. 32,826 NHS participants and 18,225 

HPFS participants returned blood samples on ice packs by overnight courier from 1989 to 

1990 and 1993 to 1995 respectively. Upon receipt of the blood samples in the laboratory, 

they were immediately centrifuged, aliquoted into plasma, and stored in continuously 

monitored liquid nitrogen freezers (−130 °C or below) until used in immunoassays. More 

than 95% of the blood samples arrived in our laboratory within 26 hours of phlebotomy. 

Details regarding blood collection, processing and storage of plasma aliquots within these 

two cohorts have been previously described (30, 31).

Identification of study participants

Individuals with incident CRC through 2010 follow-up were eligible for this study if they 

provided a prediagnostic blood specimen, completed the baseline questionnaire, and did not 

have a history of inflammatory bowel disease or other cancer (except non-melanoma skin 

cancer) prior to diagnosis of CRC. We obtained written permission from participants who 

reported a diagnosis of CRC to retrieve their medical and pathology reports. Study 

physicians who were blinded to the exposure data reviewed all the records and verified the 

tumor location, stage and histologic subtype. We searched deaths of non-respondents 
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through the National Death Index (NDI) and further determined whether the deceased 

participant had a prior diagnosis of CRC (32, 33). Through this process, we identified 347 

CRC cases in the NHS and 274 CRC cases in the HPFS cohorts.

Ascertainment of death

We identified deaths through next-of-kin and the NDI. Mortality follow-up was more than 

98% complete (32, 33). For all deaths, we sought information to determine the cause 

through review of death certificates and medical records.

Laboratory Analyses

Plasma levels of adiponectin for all the participants were measured using enzyme-linked 

immunosorbent assays (ELISA) from ALPCO Diagnostics (34). In order to assess 

laboratory precision, quality control samples were interspersed randomly among the case-

control samples. This generated an interbatch coefficient of variation of 8.6%. All assays 

were conducted by personnel blinded to the quality control status and participants’ 

information. In a subset of participants, we also previously measured adiponectin using a 

separate ELISA from LINCO (31). For these participants, we observed a correlation of 0.79 

between the two assay methods. Analysis of the biomarkers was achieved in a single run in 

HPFS and two runs in NHS. The run specific cut-off points were used for association 

analysis in the NHS to account for laboratory variation. Details regarding measurements of 

other biomarkers including high sensitivity C-reactive protein (CRP), IL-6, the soluble 

tumor necrosis factor receptor 2 (sTNFR2; TNFRSF1B), insulin-like growth factor (IGF)-1 

and IGF-binding protein (IGFBP)-3 have been described in our prior studies (35, 36).

Statistical Analyses

We categorized plasma adiponectin level into quartiles based on the known distribution of 

adiponectin levels among a cohort of controls without cancer, that were matched to the cases 

of CRC in the present study (25).We calculated means (standard deviation, SD), medians 

(interquartile ranges, IQR) and proportions for baseline characteristics of study participants 

in each quartile of adiponectin at the time of blood draw. Analysis of variance for 

continuous variables and Chi-square tests for categorical variables were used to evaluate 

differences across quartiles. Cox proportional hazards model was used to calculate hazard 

ratio (HR) and 95% confidence interval (CI) for CRC-specific and overall mortality 

associated with each quartile of adiponectin. We conducted age-adjusted and multivariate 

analyses, stratified by age and adjusting for other predictors of survival (date of blood draw, 

cohort (sex), ethnicity, body mass index (BMI) at time of blood draw, physical activity 

(MET-hours/week) at time of blood draw, current or past smoking, dietary factors 

(consumption of alcohol, folate, calcium and red meat), family history of CRC, regular use 

of aspirin/NSAIDS, stage at diagnosis, grade (poor/unknown vs. well vs. moderate), site of 

primary cancer (colon vs. rectum), inflammatory markers (CRP, IL-6 and sTNFR2), and 

IGF-1/IGFBP-3 ratio. Tests for linear trend were conducted using the median value of each 

quartile as a continuous variable in the regression models. The proportionality hazards 

assumption for covariates was tested by the Harrell and Lee test (37).
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Further analyses were performed according to selected subgroups (age at blood draw, 

gender, BMI, site of primary tumor, stage at diagnosis and histological grade) to determine 

if they modified the association of adiponectin and survival. Tests of interactions between 

adiponectin and potentially modifying covariates were assessed by entering in the models 

the cross product of adiponectin with the covariate of interest and assessing their 

significance using the Wald test. All statistical tests were two sided and a P value of < 0.05 

was assumed for statistical significance. All analyses were performed using SAS v. 9.3 

(SAS Institute, Inc, Cary, NC).

Results

Baseline Characteristics

Among the 621 eligible participants, there were 269 (43%) total deaths, of which 181 (67%) 

were due to CRC. The median follow-up time for participants who were alive through the 

end of follow-up from date of diagnosis was 9.1 years (IQR, 6.1–12.1). Plasma collection 

was performed at a median of 9.8 years (SD 5.0 years) for NHS and 6.3 years (SD 3.6 years) 

for HPFS before diagnosis of CRC. Baseline characteristics according to quartiles of plasma 

adiponectin are illustrated in Table 1. Patients with higher quartiles of adiponectin were 

older at the time of diagnosis (P = 0.03), had lower BMI (P < 0.001) and presented with 

higher grade tumors (P = 0.005).

Plasma adiponectin and mortality

We examined the association of prediagnostic plasma adiponectin with CRC-specific and 

overall mortality. Compared with participants with levels of plasma adiponectin in the 

lowest quartile, the multivariate HRs for CRC-specific mortality were 1.18 (95% CI, 0.75–

1.86) for those in the second quartile, 1.24 (95% CI, 0.78–1.98) for those in the third quartile 

and 1.89 (95% CI, 1.21–2.97) for those in the highest quartile (Ptrend = 0.01) (Table 2). The 

corresponding multivariate HRs for overall mortality for participants with adiponectin levels 

in the second quartile of adiponectin were 0.94 (95% CI, 0.65–1.36), 1.08 (95% CI, 0.75–

1.56) for the third quartile and 1.66 (95% CI, 1.15–2.39) for the highest quartile (Ptrend = 

0.009), when compared to those with adiponectin levels in the lowest quartile (Table 2).

We subsequently conducted analyses according to selected subgroups to assess if the 

association between adiponectin and mortality differed according to other predictors of 

survival defined by age, sex, BMI, stage, grade and site of primary cancer (Table 3). The 

influence of plasma adiponectin on CRC-specific mortality seemed to be more pronounced 

in patients with metastatic disease (HR 3.02; 95% CI, 1.50–6.08), comparing extreme 

quartiles of adiponectin (Pinteraction = 0.026). In addition, we observed consistent results 

among patients who were diagnosed less than two years after blood collection and those 

who were diagnosed two or more years after blood collection. (Pinteraction = 0.66). 

Comparing extreme quartiles of adiponectin, participants who were diagnosed less than two 

years after blood collection had a multivariate HR for CRC-specific mortality of 3.40 (95% 

CI, 1.03–11.2; Ptrend = 0.036). The corresponding multivariate HR for those who were 

diagnosed two or more years after blood collection was 1.77 (95% CI, 1.11–2.84, Ptrend = 

0.023).
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Discussion

In this prospective cohort study, we demonstrated that higher levels of prediagnostic 

circulating adiponectin were associated with adverse survival among CRC patients, with an 

approximately 2-fold higher risk of CRC-specific mortality and 1.7-fold higher risk of 

overall mortality, after adjusting for other potential determinants of mortality, including 

BMI. These results suggest that plasma adiponectin is likely to be an independent prognostic 

factor. Further subgroup analyses revealed that participants with metastatic disease appeared 

to have the greatest increase in risk of CRC-specific mortality.

The potential pleiotropic roles of adiponectin have generated much controversy. 

Adiponectin has been demonstrated to possess anti-carcinogenic effects via both direct and 

indirect mechanisms. In-vitro studies have shown that activation of the AMPK pathway in 

cancer cells, with consequent downregulation of mechanistic target of rapamycin (MTOR) 

and increased expression of cyclin-dependent kinase inhibitors p21 and p27 is responsible 

for its anti-proliferative and apoptotic effects (14). Furthermore, adiponectin exerts a direct 

inhibitory effect on the PI3K/AKT pathway, an important intracellular signalling pathway 

responsible for regulating cell cycling, proliferation, and survival (15). Its indirect actions 

comprise of modulation of insulin sensitization and inflammation. Chronic hyperinsulinemia 

and insulin resistance have been established as one of the etiologic links between obesity 

and colon cancer (16). Adiponectin has been demonstrated to exert a profound insulin-

sensitizing effect through activation of AMPK and peroxisome proliferator-activated 

receptor alpha (PPAR-α) pathways in xenograft models, with resultant inhibition of tumor 

growth and angiogenesis (38). In addition, adiponectin mediates the production of anti-

inflammatory cytokines such as IL-10 and metalloproteinase-1 inhibitor, inhibition of pro-

inflammatory chemokines and adipokines such as IL-6 and TNF-α, inhibition of 

myelomonocytic precursor cells (mediators of innate immunity) and downregulation of T 

and B-cell recruitment, all of which serve to impede inflammation-induced oncogenesis 

(17).

In contrast, other studies have reported adiponectin’s pro-carcinogenic properties. It has 

been shown to stimulate the production of pro-inflammatory cytokines such as IL-8, 

granulocyte-macrophage colony-stimulating factor (GM-CSF), and inhibit apoptosis via 

activation of AMPK/SIRT1/PGC-1α (19). In addition, it has been demonstrated to possess 

pro-angiogenic activity in mouse models (21). Lastly, adiponectin has been shown to 

promote colonic cell proliferation in a dose-dependent manner (18).

Several epidemiologic studies have demonstrated that higher circulating adiponectin is 

associated with a significant reduction in the risk of developing CRC (22–25). Results from 

a meta-analysis of 9 studies demonstrated a significant inverse relationship between plasma 

adiponectin and CRC (OR 0.91, 95% CI, 0.83–1.00; P = 0.04) (24). This is consistent with 

the results from another meta-analysis of 13 studies that included 2,632 cases of CRC or 

adenoma and 2753 healthy controls (23). However, a recent meta-analysis of 26 studies 

demonstrated that an increment of 1 mg/L in circulating adiponectin was significantly 

associated with a 20–30% increased risk of CRC (39).
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Studies assessing the potential impact of circulating adiponectin on CRC survival are 

comparatively limited. The only prospective study revealed that plasma adiponectin was not 

a significant predictor of CRC survival (HR 1.00; 95% CI, 0.97–1.04; p = 0.94) (26). 

However, in this study, plasma adiponectin was measured at the time of diagnosis of CRC 

rather than pre-diagnostically. To our knowledge, our study is the first to examine the 

relationship between plasma adiponectin measured prior to CRC diagnosis and survival in 

CRC patients.

Because prior studies have suggested a protective effect of higher circulating adiponectin on 

the development of incident CRC, our results showing that prediagnostic circulating 

adiponectin is significantly associated with worse prognosis among patients with CRC may 

initially appear inconsistent. However, similar findings have been reported for other 

gastrointestinal cancers such as hepatocellular carcinoma (HCC). Recently, Siegal et al. 

demonstrated that higher serum adiponectin level at the time of diagnosis of HCC is 

associated with worse OS (HR 1.90; 95% CI, 1.05–3.45; P = 0.03) (27).

Several hypotheses may account for our findings. First, it is possible that a high level of 

circulating adiponectin is associated with a lower incidence of CRC, but individuals who 

develop CRC despite elevated adiponectin levels may be predisposed to tumors that arise 

through distinct mechanisms. These tumors may have adverse features associated with poor 

prognosis that could explain our findings. Second, although several in-vitro and in-vivo 

studies suggest that adiponectin exerts an anti-inflammatory effect (40, 41), additional 

studies have refuted this notion, particularly in the setting of chronic conditions such as 

inflammatory bowel disease (42) and rheumatoid arthritis (43). Hence, it is possible that the 

inflammatory microenvironment generated by the predominance of pro-inflammatory 

factors, which is mediated by adiponectin, in the setting of individuals with cancer may 

facilitate tumor proliferation and metastasis, thus leading to worse survival (44, 45). 

Furthermore, a study conducted in adiponectin transgenic mice showed that elevated levels 

of adiponectin do not protect against CRC development (46). Third, emerging evidence has 

demonstrated that adiponectin exerts potent anti-apoptotic effect via activation of the 

AMPK/Sirtuin 1 (SIRT1)/PGC-1α pathway, leading to increased mitochondrial gene 

expression and cell proliferation (19). Lastly, adiponectin has been associated with a lower 

risk of development of fatty liver (47). Several studies have supported a potential protective 

effect conferred by fatty liver against hepatic metastasis via inhibition of angiogenesis (48). 

Hence, patients with low adiponectin levels may be relatively protected against the 

development of hepatic metastasis and thus better prognosis in the absence of metastatic 

disease elsewhere.

The strengths of our study include large sample size, prospective design, detailed 

epidemiologic data, high follow-up rates, and high accuracy of self-reported data since our 

cohort participants comprise of health professionals. Several limitations warrant comment in 

our study. We were unable to distinguish between HMW and LMW adiponectin. There is 

some suggestion that HMW adiponectin, being the more biologically active form, may be a 

better predictor of CRC risk (49). The two isoforms also possess inherent differences with 

respect to inflammation, with HMW adiponectin being pro-inflammatory and LMW 

adiponectin anti-inflammatory. Furthermore, information on cancer recurrence and relapse 
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were not available in these cohorts. However, CRC-specific survival should be a reasonable 

surrogate for recurrence as the median survival for recurrent CRC was approximately 10–12 

months during the time period of this study. We also had limited data on treatment. 

However, it is unlikely that the heterogeneity in treatment during the time period under 

study could explain the observed results. The treatment paradigm did not change 

significantly during this period and receipt of chemotherapy was largely defined according 

to stage, which we accounted for in our analysis. In addition, our analysis used a single 

measurement of adiponectin drawn prior to CRC diagnosis. However, previous studies have 

established that adiponectin levels remain stable over time (36), and given the prospective 

design of our study, any measurement error in adiponectin level would likely attenuate our 

observed associations. We also did not measure adiponectin levels after diagnosis. Thus, we 

were unable to examine the association of adiponectin with survival according to levels 

prediagnosis compared with postdiagnosis. Finally, the generalizability of our results to 

other populations may be limited as our participants were restricted to healthcare 

professionals.

In conclusion, our study provides evidence that higher levels of prediagnostic plasma 

adiponectin are associated with increased risk of CRC-specific and overall mortality in 

patients with CRC. Our findings support the notion that plasma adiponectin may play a 

distinct biological role in the progression of CRC compared with its development. 

Additional prospective studies are warranted to fully elucidate the underlying biological 

mechanisms of adiponectin and its associated pathways, and determine its clinical and 

prognostic utility in CRC.

Acknowledgments

We would like to thank the participants and staff of the Nurses' Health Study and the Health Professionals Follow-
Up Study, for their valuable contributions as well as the following state cancer registries for their help: AL, AZ, 
AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, IA, KY, LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, 
OR, PA, RI, SC, TN, TX, VA, WA, WY.

Grant support

This work was supported by U.S. National Institutes of Health (NIH) grants [P01 CA 087969 and R01 CA49449 (to 
S.E. Hankinson), UM1 CA167552 and P01 CA55075 (to W.C. Willett), P50 CA127003 (to C.S. Fuchs), R01 
CA151993 and R35 CA197735 (to S. Ogino), K24 DK 098311 and R01 CA137178 (to A.T. Chan)]. D.Q. Chong is 
a recipient of the Singhealth Health Manpower Development Plan (HMDP) fellowship award from Singapore. R.S. 
Mehta is a Howard Hughes Medical Institute Medical Research Fellow and an AGA–Eli and an Edythe Broad 
Student Research Fellow.

References

1. American Cancer Society. Cancer Facts & Figures 2014. Atlanta: American Cancer Society; 2014. 

2. Ma Y, Yang Y, Wang F, Zhang P, Shi C, Zou Y, et al. Obesity and risk of colorectal cancer: a 
systematic review of prospective studies. PLoS One. 2013; 8:e53916. [PubMed: 23349764] 

3. Moghaddam AA, Woodward M, Huxley R. Obesity and risk of colorectal cancer: a meta-analysis of 
31 studies with 70,000 events. Cancer Epidemiol Biomarkers Prev. 2007; 16:2533–2547. [PubMed: 
18086756] 

4. Campbell PT, Newton CC, Dehal AN, Jacobs EJ, Patel AV, Gapstur SM. Impact of body mass 
index on survival after colorectal cancer diagnosis: the Cancer Prevention Study-II Nutrition 
Cohort. J Clin Oncol. 2012; 30:42–52. [PubMed: 22124093] 

Chong et al. Page 8

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Prizment AE, Flood A, Anderson KE, Folsom AR. Survival of women with colon cancer in relation 
to precancer anthropometric characteristics: the Iowa Women's Health Study. Cancer Epidemiol 
Biomarkers Prev. 2010; 19:2229–2237. [PubMed: 20826830] 

6. Birmingham JM, Busik JV, Hansen-Smith FM, Fenton JI. Novel mechanism for obesity-induced 
colon cancer progression. Carcinogenesis. 2009; 30:690–697. [PubMed: 19221001] 

7. Van Kruijsdijk RC, van der Wall E, Visseren FL. Obesity and cancer: the role of dysfunctional 
adipose tissue. Cancer Epidemiol Biomarkers Prev. 2009; 18:2569–2578. [PubMed: 19755644] 

8. Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ, et al. Relationship of 
adiponectin to body fat distribution, insulin sensitivity and plasma lipoproteins: evidence for 
independent roles of age and sex. Diabetologia. 2003; 46:459–469. [PubMed: 12687327] 

9. Simpson F, Whitehead JP. Adiponectin--it's all about the modifications. Int J Biochem Cell Biol. 
2010; 42:785–788. [PubMed: 20044026] 

10. Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo T, Kita S, et al. Cloning of adiponectin 
receptors that mediate antidiabetic metabolic effects. Nature. 2003; 423:762–769. [PubMed: 
12802337] 

11. Pais R, Silaghi H, Silaghi AC, Rusu ML, Dumitrascu DL. Metabolic syndrome and risk of 
subsequent colorectal cancer. World J Gastroenterol. 2009; 15:5141–5148. [PubMed: 19891012] 

12. Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, et al. Paradoxical decrease of an 
adipose-specific protein, adiponectin, in obesity. 1999. Biochem Biophys Res Commun. 2012; 
425:560–564. [PubMed: 22925674] 

13. Williams CJ, Mitsiades N, Sozopoulos E, Hsi A, Wolk A, Nifli AP, et al. Adiponectin receptor 
expression is elevated in colorectal carcinomas but not in gastrointestinal stromal tumors. Endocr 
Relat Cancer. 2008; 15:289–299. [PubMed: 18310295] 

14. Sugiyama M, Takahashi H, Hosono K, Endo H, Kato S, Yoneda K, et al. Adiponectin inhibits 
colorectal cancer cell growth through the AMPK/mTOR pathway. Int J Oncol. 2009; 34:339–344. 
[PubMed: 19148467] 

15. Habeeb BS, Kitayama J, Nagawa H. Adiponectin supports cell survival in glucose deprivation 
through enhancement of autophagic response in colorectal cancer cells. Cancer Sci. 2011; 
102:999–1006. [PubMed: 21299716] 

16. Gallagher EJ, LeRoith D. Minireview: IGF, Insulin, and Cancer. Endocrinology. 2011; 152:2546–
2551. [PubMed: 21540285] 

17. Yehuda-Shnaidman E, Schwartz B. Mechanisms linking obesity, inflammation and altered 
metabolism to colon carcinogenesis. Obes Rev. 2012; 13:1083–1095. [PubMed: 22937964] 

18. Ogunwobi OO, Beales IL. Adiponectin stimulates proliferation and cytokine secretion in colonic 
epithelial cells. Regul Pept. 2006; 134:105–113. [PubMed: 16529829] 

19. Huang B, Cheng X, Wang D, Peng M, Xue Z, Da Y, et al. Adiponectin promotes pancreatic cancer 
progression by inhibiting apoptosis via the activation of AMPK/Sirt1/PGC-1alpha signaling. 
Oncotarget. 2014; 5:4732–4745. [PubMed: 25051362] 

20. Kerbel RS. Tumor angiogenesis: past, present and the near future. Carcinogenesis. 2000; 21:505–
515. [PubMed: 10688871] 

21. Denzel MS, Hebbard LW, Shostak G, Shapiro L, Cardiff RD, Ranscht B. Adiponectin deficiency 
limits tumor vascularization in the MMTV-PyV-mT mouse model of mammary cancer. Clin 
Cancer Res. 2009; 15:3256–3264. [PubMed: 19447866] 

22. Xu XT, Xu Q, Tong JL, Zhu MM, Huang ML, Ran ZH, et al. Meta-analysis: circulating 
adiponectin levels and risk of colorectal cancer and adenoma. J Dig Dis. 2011; 12:234–244. 
[PubMed: 21791018] 

23. An W, Bai Y, Deng SX, Gao J, Ben QW, Cai QC, et al. Adiponectin levels in patients with 
colorectal cancer and adenoma: a meta-analysis. Eur J Cancer Prev. 2012; 21:126–133. [PubMed: 
21960184] 

24. Joshi RK, Kim WJ, Lee SA. Association between obesity-related adipokines and colorectal cancer: 
a case-control study and meta-analysis. World J Gastroenterol. 2014; 20:7941–7949. [PubMed: 
24976730] 

Chong et al. Page 9

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



25. Song M, Zhang X, Wu K, Ogino S, Fuchs CS, Giovannucci EL, et al. Plasma adiponectin and 
soluble leptin receptor and risk of colorectal cancer: a prospective study. Cancer Prev Res (Phila). 
2013; 6:875–885. [PubMed: 23872505] 

26. Volkova E, Willis JA, Wells JE, Robinson BA, Dachs GU, Currie MJ. Association of 
angiopoietin-2, C-reactive protein and markers of obesity and insulin resistance with survival 
outcome in colorectal cancer. Br J Cancer. 2011; 104:51–59. [PubMed: 21081932] 

27. Siegel AB, Goyal A, Salomao M, Wang S, Lee V, Hsu C, et al. Serum adiponectin is associated 
with worsened overall survival in a prospective cohort of hepatocellular carcinoma patients. 
Oncology. 2015; 88:57–68. [PubMed: 25300295] 

28. Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, et al. Reproducibility and 
validity of a semiquantitative food frequency questionnaire. Am J Epidemiol. 1985; 122:51–65. 
[PubMed: 4014201] 

29. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and 
validity of an expanded self-administered semiquantitative food frequency questionnaire among 
male health professionals. Am J Epidemiol. 1992; 135:1114–1126. [PubMed: 1632423] 

30. Hankinson SE, Willett WC, Manson JE, Hunter DJ, Colditz GA, Stampfer MJ, et al. Alcohol, 
height, and adiposity in relation to estrogen and prolactin levels in postmenopausal women. J Natl 
Cancer Inst. 1995; 87:1297–1302. [PubMed: 7658481] 

31. Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros CS. Low plasma adiponectin levels 
and risk of colorectal cancer in men: a prospective study. J Natl Cancer Inst. 2005; 97:1688–1694. 
[PubMed: 16288122] 

32. Stampfer MJ, Willett WC, Speizer FE, Dysert DC, Lipnick R, Rosner B, et al. Test of the National 
Death Index. Am J Epidemiol. 1984; 119:837–839. [PubMed: 6720679] 

33. Rich-Edwards JW, Corsano KA, Stampfer MJ. Test of the National Death Index and Equifax 
Nationwide Death Search. Am J Epidemiol. 1994; 140:1016–1019. [PubMed: 7985649] 

34. Heidemann C, Sun Q, Van Dam RM, Meigs JB, Zhang C, Tworoger SS, et al. Total and high-
molecular-weight adiponectin and resistin in relation to the risk for type 2 diabetes in women. Ann 
Intern Med. 2008; 149:307–316. [PubMed: 18765700] 

35. Chan AT, Ogino S, Giovannucci EL, Fuchs CS. Inflammatory markers are associated with risk of 
colorectal cancer and chemopreventive response to anti-inflammatory drugs. Gastroenterology. 
2011; 140:799–808. [PubMed: 21115010] 

36. Wu K, Feskanich D, Fuchs CS, Chan AT, Willett WC, Hollis BW, et al. Interactions between 
plasma levels of 25-hydroxyvitamin D, insulin-like growth factor (IGF)-1 and C-peptide with risk 
of colorectal cancer. PLoS One. 2011; 6:e28520. [PubMed: 22216097] 

37. Kleinbaum, DG.; Klein, M. Survival Analysis: A Self-Learning Text. 3rd ed.. New York: Springer; 
2012. 

38. Moon HS, Liu X, Nagel JM, Chamberland JP, Diakopoulos KN, Brinkoetter MT, et al. Salutary 
effects of adiponectin on colon cancer: in vivo and in vitro studies in mice. Gut. 2013; 62:561–
570. [PubMed: 22735569] 

39. Pei Y, Xu Y, Niu W. Causal relevance of circulating adiponectin with cancer: a meta-analysis 
implementing Mendelian randomization. Tumour Biol. 2015; 36:585–594. [PubMed: 25273172] 

40. Ouchi N, Walsh K. Adiponectin as an anti-inflammatory factor. Clin Chim Acta. 2007; 380:24–30. 
[PubMed: 17343838] 

41. Villarreal-Molina MT, Antuna-Puente B. Adiponectin: anti-inflammatory and cardioprotective 
effects. Biochimie. 2012; 94:2143–2149. [PubMed: 22796520] 

42. Paul G, Schaffler A, Neumeier M, Furst A, Bataillle F, Buechler C, et al. Profiling adipocytokine 
secretion from creeping fat in Crohn's disease. Inflamm Bowel Dis. 2006; 12:471–477. [PubMed: 
16775490] 

43. Schaffler A, Ehling A, Neumann E, Herfarth H, Tarner I, Scholmerich J, et al. Adipocytokines in 
synovial fluid. JAMA. 2003; 290:1709–1710. [PubMed: 14519703] 

44. Terzic J, Grivennikov S, Karin E, Karin M. Inflammation and colon cancer. Gastroenterology. 
2010; 138:2101–2114. [PubMed: 20420949] 

45. Janakiram NB, Rao CV. The role of inflammation in colon cancer. Adv Exp Med Biol. 2014; 
816:25–52. [PubMed: 24818718] 

Chong et al. Page 10

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



46. Ealey KN, Archer MC. Elevated circulating adiponectin and elevated insulin sensitivity in 
adiponectin transgenic mice are not associated with reduced susceptibility to colon carcinogenesis. 
Int J Cancer. 2009; 124:2226–2230. [PubMed: 19123482] 

47. Flechtner-Mors M, George SN, Oeztuerk S, Haenle MM, Koenig W, Imhof A, et al. Association of 
adiponectin with hepatic steatosis: a study of 1,349 subjects in a random population sample. BMC 
Res Notes. 2014; 7:207. [PubMed: 24693952] 

48. Cai B, Liao K, Song XQ, Wei WY, Zhuang Y, Zhang S. Patients with chronically diseased livers 
have lower incidence of colorectal liver metastases: a meta-analysis. PLoS One. 2014; 9:e108618. 
[PubMed: 25265536] 

49. Chen MW, Ye S, Zhao LL, Wang SY, Li YX, Yu CJ, et al. Association of plasma total and high-
molecular-weight adiponectin with risk of colorectal cancer: an observational study in Chinese 
male. Med Oncol. 2012; 29:3129–3135. [PubMed: 22752603] 

Chong et al. Page 11

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chong et al. Page 12

Table 1

Baseline characteristics of study participants according to quartiles of prediagnostic plasma adiponectin

Quartiles of plasma adiponectin

Characteristic 1 (n=196) 2 (n=134) 3 (n=151) 4 (n=140)

Age at diagnosis, y, mean (SD) 68.8 (8.7) 69.6 (7.7) 70.8 (8.6) 71.3 (7.8)

Body mass index, kg/m2, mean (SD) 27.3 (4.4) 26.8 (4.5) 25.4 (3.6) 24.3 (3.6)

Gender

  Males, % 46 46 50 34

  Females, % 54 54 50 66

Race

  White, % 94 96 94 99

  Other, % 6 4 6 1

Smoking status

  Current or past, % 59 51 58 57

  Never, % 41 49 42 43

Physical activity, METs, mean (SD) 20.3 (18.3) 22.7 (22.8) 24.4 (25.9) 24.4 (25.6)

Regular use of aspirin or NSAIDs, ≥2 tablets/week, % 51 37 50 49

Year of CRC diagnosis, y, mean (SD) 2000 (4) 2000 (5) 1999 (4) 1999 (5)

Tumor location, %

  Colon 91 85 88 89

  Rectum 9 15 12 11

Stage of Disease, %

  I 27 30 30 24

  II 24 21 21 25

  III 20 19 17 24

  IV 12 15 13 16

  Other/unknown 17 16 19 12

Grade of differentiation, %

  Well 6 15 17 6

  Moderate 62 47 51 60

  Poor/undifferentiated 13 16 11 18

  Unknown 19 22 22 16

METs = metabolic equivalent task score hours per week; NSAIDs = nonsteroidal anti-inflammatory drugs; SD = standard deviation; CRC = 
colorectal cancer
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