
A Longitudinal Study of the Metabolic Syndrome and Risk of 
Colorectal Cancer in Postmenopausal Women

Geoffrey C. Kabat1, Mimi Y. Kim1, Ulrike Peters2, Marcia Stefanick3, Lifang Hou4, Jean 
Wactawski-Wende5, Catherine Messina6, James M. Shikany7, and Thomas E. Rohan1

1Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, 
NY

2Fred Hutchinson Cancer Research Center, Seattle, WA

3Prevention Research Center, Department of Medicine, Stanford University School of Medicine, 
Stanford, CA

4Department of Preventive Medicine, Feinberg School of Medicine, Northwestern University, 
Chicago, IL

5Department of Social and Preventive Medicine, School of Public Health and Health Professions, 
University at Buffalo, Buffalo, NY

6Department of Preventive Medicine, University at Stony Brook, Stony Brook, NY

7Division of Preventive Medicine, School of Medicine, University of Alabama at Birmingham, 
Birmingham AL

Abstract

The metabolic syndrome is associated with increased risk of diabetes and coronary heart disease. 

Although higher BMI and other related factors have been frequently associated with colorectal 

cancer (CRC), whether the metabolic syndrome is associated with the risk of colorectal cancer is 

unclear. We therefore assessed the association of the metabolic syndrome with the risk of CRC in 

a subsample of participants of the Women’s Health Initiative who had repeated measurements of 

the components of the syndrome at baseline and during follow-up. Women with diabetes at 

baseline enrollment were excluded. Cox proportional hazards models were used to estimate hazard 

ratios (HR) and 95% confidence intervals (95% CI) at baseline and in time-dependent analyses. 

Among 4,862 eligible women, 81 incident cases of colorectal cancer were identified over a median 

follow-up of 12 years. Presence of the metabolic syndrome at baseline was associated with 

increased risk of colorectal cancer (HR 2.15, 95% CI 1.30-3.53) and colon cancer (HR 2.28, 95% 

CI 1.31-3.98). These associations were largely explained by positive associations of serum glucose 

and systolic blood pressure with both outcomes. Time-dependent covariate analyses supported the 

baseline findings. Our results suggest that the positive association of the metabolic syndrome with 

risk of colorectal cancer is largely accounted for by serum glucose levels and systolic blood 

pressure. The biological mechanism underlying these associations remains to be clarified.
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Introduction

Obesity, visceral adiposity, and physical inactivity show consistent positive associations with 

risk of colorectal cancer (Huxley et al., 2009; Moghaddam et al., 2007; Ning et al., 2010). 

These factors are the major modifiable determinants of insulin resistance, hyperinsulinemia, 

hyperglycemia, and the metabolic syndrome, (Giovannucci, 1995; Giovannucci, 2007; 

McKeown-Eyssen, 1994) a cluster of anthropometric and clinical factors (elevated 

abdominal adiposity, blood glucose, triglycerides, and blood pressure, and low levels of 

HDL-cholesterol). The metabolic syndrome has been demonstrated to predict risk of 

developing type 2 diabetes and cardiovascular disease (Ford et al., 2002; Meigs, 2003). In 

the United States, both obesity and the metabolic syndrome have increased in prevalence in 

recent years, and it is estimated that currently, 50 million Americans have the metabolic 

syndrome (Alexander et al., 2003; Sathyaprakash & Henry, 2002).

Hyperinsulinemia and hyperglycemia result from a dysregulation of the balance between 

insulin secretion and insulin action and are precursors of type-2 diabetes. Insulin has long 

been regarded as a possible mediator of the effects of obesity and physical activity on 

colorectal cancer risk (Giovannucci, 1995; McKeown-Eyssen, 1994). Insulin is a regulator 

of energy metabolism and a potent mitogenic agent (Bruce & Corpet, 1996). High insulin 

levels may increase the risk of colorectal cancer by stimulating cell proliferation and/or 

inhibiting apoptosis (Bjork et al., 1993; Koenuma et al., 1989; Wu et al., 1995). In addition, 

insulin can increase the bioactivity of insulin-like growth factor-1 (IGF-1) by inhibiting the 

production of IGF-binding proteins (Werner & LeRoith, 1996). High glucose levels, in 

theory, could additionally increase the risk of postmenopausal colorectal cancer by 

exacerbating insulin resistance (Marshall et al., 1991) and conferring a selective growth 

advantage to malignant cells (Dang & Semenza, 1999; Warburg, 1956).

To date, a number of studies have examined the association of the metabolic syndrome with 

risk of colorectal cancer (Ahmed et al., 2006; Bowers et al., 2006; Colangelo et al., 2002; 

Inoue et al., 2009; Jaggers et al., 2009; Pelucchi et al., 2010; Stocks et al., 2010; Stocks et 
al., 2008; Sturmer et al., 2006; Trevisan et al., 2001). These studies differed in their 

definition of the syndrome and the cut-off values for the individual components, and for the 

most part have used only baseline measurements to assess the metabolic syndrome. One 

study (Sturmer et al., 2006) used repeated questionnaire data to assess the metabolic 

syndrome, and another (Stocks et al., 2010) used repeated measurements on a subset of 

participants to correct measurements of all subjects for random measurement error. Because 

a single measurement is subject to considerable random error due to imprecision in 

measurement and short-term and long-term intra-individual variation (Stocks et al., 2010), 

use of repeated measurements may improve the characterization of an individual’s habitual 

levels.
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We therefore evaluated the association of the metabolic syndrome with risk of 

postmenopausal colorectal cancer in a subsample of women in the Women’s Health 

Initiative who had repeated measurements of the components of the syndrome during 

follow-up, thereby permitting assessment of the association longitudinally.

Materials and Methods

Study Subjects

The Women’s Health Initiative is a large, multicenter, prospective study of factors affecting 

the health of postmenopausal women. It includes an observational study (OS, n = 93,676) 

and three clinical trials (CT, n= 68,132) of hormone therapy, dietary modification, and 

calcium plus vitamin D supplementation (The Women’s Health Initiative Study Group, 

1998). Women were recruited at 40 clinical centers throughout the United States, largely via 

direct mailings, and were eligible to participate if they were postmenopausal, aged 50 to 79, 

likely to reside in their current residence for at least 3 years, and had provided written 

informed consent. Enrollment took place from October 1, 1993 to December 31, 1998.

The present analysis is based on a 6% random sample of women in the CT (N = 4,544) and a 

1% sample of women in the OS (N = 1,062). All WHI participants had provided a fasting 

blood sample at baseline. Women in the 6% subsample additionally provided fasting blood 

samples at years 1, 3, and 6 of follow-up, and women in the 1% sample of women in the OS 

additionally provided fasting blood samples in year 3 (Howard et al., 2004). Blood samples 

were analyzed for glucose, triglycerides, total cholesterol, and high-density lipoprotein 

cholesterol (HDL-C) (Howard et al., 2004). In addition, waist circumference, and systolic 

and diastolic blood pressure were measured by study staff using a standardized protocol at 

clinical visits. The 6% random sample was stratified by age, clinical center, and 

hysterectomy status, with oversampling of minority groups to increase the numbers of 

Black, Hispanic, and Asian-Pacific women.

Case Ascertainment—In the CT cancer outcomes were ascertained through self-

administered questionnaires completed every 6 months, and then confirmed by a centralized 

review of pathology reports, discharge summaries, operative and radiology reports, and 

tumor registry abstracts. In the OS, outcomes were ascertained annually, and confirmed by 

the same procedures. After the end of CT period (2005), outcomes in all women were 

identified on an annual basis by mailed questionnaires.

Median follow-up was 11.9 years (range: 0.05 to 15.4).

Laboratory Methods—Fasting blood samples were collected with minimal stasis and 

maintained at 4° C until plasma/serum was separated. Plasma/serum aliquots were then 

frozen at −80° C and sent on dry ice to the central repository (Fisher Bioservices), where 

storage at −80° C was maintained. Glucose was measured using the hexokinase method on 

the Hitachi 747 analyzer (Boehringer Mannheim Diagnostics) (Bergmeyer, 1974; Peterson 

& Young, 1968). An ongoing monthly quality assurance program was maintained with the 

Diabetes Diagnostic Laboratory at the University of Missouri. Monthly interassay 

coefficients of variation (CV) were <2% for mean concentrations of 84 and 301 mg/dL. 
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Total cholesterol and triglycerides were analyzed by enzymatic methods on the Hitachi 747 

analyzer (Steiner et al., 1981). HDL-C was isolated using heparin manganese chloride 

(Warnick & Albers, 1978). CVs for total cholesterol, triglycerides, and HDL-C were all 

≤2%.

Anthropometric Measures and Blood Pressure—Waist circumference at the natural 

waist or narrowest part of the torso was measured to the nearest 0.1 cm. On each visit, two 

blood pressure measurements were obtained ≥30 seconds apart, and the average of the two 

measurements was used in the analysis. Values for waist circumference and blood pressure 

in the years corresponding to the blood analytes were used in the analysis.

Definition of the Metabolic Syndrome—We used the definition of the metabolic 

syndrome proposed by the Adult Treatment Panel III (ATP III) of the National Cholesterol 

Education Program (Grundy et al., 2005; National Heart, Lung, and Blood Institute, 2002). 

An indicator variable was created for the presence of the metabolic syndrome (yes/no), 

defined as having ≥3 of the following characteristics: waist circumference >88 cm, fasting 

glucose ≥100 mg/dL, fasting HDL-C <50 mg/dL, fasting triglycerides ≥150 mg/dL, and 

blood pressure ≥130/85 mmHg.

Exclusion of Women with Diabetes—Women who reported taking diabetes medication 

at baseline or having a baseline fasting serum glucose of ≥126 mg/dL were excluded from 

the analysis (8 cases and 554 non-cases). However, the results were essentially unchanged 

when women with diabetes were included in the analysis.

After exclusion of women with diabetes and those missing measurements of components of 

the metabolic syndrome, 81 colorectal cancer cases and 4,821 non-cases were available for 

analysis. Of the 81 cases, 65 were in the colon, 6 in the rectosigmoid junction, and 10 in the 

rectum.

Statistical Analysis—Cox proportional hazards models were used to estimate hazard 

ratios (HR) and 95% confidence intervals (95% CI) for the associations between presence of 

the metabolic syndrome and its components and risk of colorectal cancer, with duration of 

follow-up (days) as the time scale. For these analyses, study participants were considered to 

be at risk from their date of enrollment until the date of diagnosis of colorectal cancer, 

termination of follow-up (March 31, 2011), loss to follow-up, withdrawal from the study, or 

death, whichever occurred first. Event times of participants who had not developed 

colorectal cancer by the end of follow-up, who had died, or who withdrew from the study 

before the end of follow-up, were censored.

In the first stage of the analysis, we estimated the risk of colorectal cancer in association 

with presence of the metabolic syndrome or its individual components at baseline. As 

indicated above, presence of the metabolic syndrome was defined as having ≥3 of the 

individual components and this category was compared with those subjects having ≤2 of the 

individual components. In addition, the individual components of the metabolic syndrome 

were divided into three categories, using the ATP III cutoffs for the highest category (lowest 

for HDL-C), and the median for the remainder of the distribution. Tests for trend were 
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obtained by assigning the median value to each category and modeling this variable as a 

continuous variable. We also examined the association of “degree of metabolic syndrome” 

with risk, using each individual’s score, ranging from 0 (reference group) to 5 and obtained 

by summing scores (1 = present, 0 = absent) for each of the individual components.

We compared the results of a model with age and ethnicity as covariates and a fuller 

multivariable model. Variables were included in the latter if their addition to the model 

changed the parameter estimate of the study factors by >10%. Variables included in the final 

model were: age (continuous), ethnicity (white, black, other), body mass index (kg/m2 - 

continuous), alcohol intake (drinks per week - continuous), physical activity (MET-hrs/wk - 

continuous), family history of colorectal cancer (no, yes), and participation in the OS vs. CT, 

and treatment arm in each CT. Results of the two models differed little, and we present the 

fuller multivariable results. All p-values are 2-sided.

We also repeated the main analysis after excluding cases who were diagnosed with 

colorectal cancer during the first year of follow-up, in order to reduce the possibility that the 

presence of preclinical disease affected components of the metabolic syndrome.

In the second stage of the analysis, repeated measurements of the components of the 

metabolic syndrome were analyzed by modeling them as time-dependent covariates in the 

Cox proportionate hazards model (Gail, 1981). With this approach, we evaluated the 

predictive value of the average of all measurements and measurements obtained in the 

intervals 1 to 3 years, 2 to 4 years, and 3 to 5 years prior to diagnosis. In all time-dependent 

analyses, measurements that were obtained within 1 year of diagnosis were excluded, 

because these values may have been affected by the presence of subclinical disease.

Results

Cases and non-cases were generally similar in terms of background characteristics. 

However, compared to non-cases, cases were older (64.4 vs. 62.5 y, respectively), were more 

likely to be non-Hispanic white, and had lower levels of physical activity [see (Kabat et al., 
submitted) for comparison of background characteristics].

The presence of the metabolic syndrome at baseline was associated with increased risk of 

both colorectal cancer and colon cancer: multivariable-adjusted HRs 2.15, 95% CI 

1.30-3.53, and 2.28, 95% CI 1.31-3.98, respectively (Table 1). (There were too few 

rectosigmoid or rectal cancer cases for separate analysis of these subsites). Of the individual 

components of the metabolic syndrome at baseline, only serum glucose and systolic blood 

pressure were associated with increased risk. The HR for colorectal cancer among women 

with a fasting glucose level ≥100 mg/dL, relative to <90, was 1.79, 95% CI 0.99-3.24, p = 

0.05, and that for colon cancer was 2.22, 95% CI 1.12-4.42, p for trend 0.02. Elevated 

systolic blood pressure was associated with increased risk of colorectal colon cancer (HRs 

1.82, 95% CI 0.98-3.38, p for trend 0.07), but not colon cancer (HR 1.65, 95% CI 0.86-3.19, 

for trend 0.12). These associations were unchanged when mutually adjusted. When the 

number of components of the syndrome was treated as an ordinal variable (relative to the 

reference group), women with ≥4 components compared with women with 0 components 
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had a HR for colorectal cancer of 1.65, 95% CI 0.74-3.66, p for trend 0.06 and for colon 

cancer of 2.05, 95% CI 0.83-5.07, p for trend 0.03.

When cases diagnosed within the first year of follow-up were excluded (17 colorectal cancer 

cases and 13 colon cancer cases), the HRs for the association of the metabolic syndrome 

(yes, no) with colorectal and colon cancer were: 2.07, 95% CI 1.18-3.63 and 2.25, 95% CI 

1.21-4.19, respectively.

In time-dependent covariates analyses, presence of the metabolic syndrome was associated 

with increased risk of colorectal and colon cancer (Table 2). Hazard ratios were statistically 

significant for colorectal cancer for the period 2-4 years prior to diagnosis and were elevated 

for other time periods. When the averages of all measurements of each component were 

considered, none of the components showed a significant association, although there was a 

borderline significant trend for average serum glucose with colorectal and colon cancer (p = 

0.11 and 0.09, respectively) (data not shown).

Discussion

Our results suggest that presence of the metabolic syndrome in non-diabetic postmenopausal 

women is associated with increased risk of colorectal cancer. The majority of the cases 

included in the study were in the colon, and there were insufficient rectosigmoid or rectal 

cancer cases to allow separate analyses in these subgroups. The association was largely 

accounted for by elevated serum glucose and elevated systolic blood pressure, which made 

independent contributions to risk, whereas waist circumference, serum triglycerides, serum 

HDL-C, and diastolic blood pressure were not associated with risk. Time dependent analyses 

were supportive of results of the baseline analysis.

Previous studies that have examined the association of the metabolic syndrome with risk of 

colorectal cancer (Ahmed et al., 2006; Bowers et al., 2006; Colangelo et al., 2002; Inoue et 
al., 2009; Jaggers et al., 2009; Pelucchi et al., 2010; Stocks et al., 2010; Stocks et al., 2008; 

Sturmer et al., 2006; Trevisan et al., 2001) have reported conflicting results. A number of 

them reported a positive association of the metabolic syndrome with risk of colorectal 

cancer (Jaggers et al., 2009; Pelucchi et al., 2010; Stocks et al., 2010); whereas others did 

not. Most studies have found associations with only one or two components of the metabolic 

syndrome with colorectal cancer risk. The most common associations were for serum 

glucose (Ahmed et al., 2006; Colangelo et al., 2002; Trevisan et al., 2001) and obesity 

(Bowers et al., 2006; Stocks et al., 2010; Sturmer et al., 2006).

In addition to studies that examined the association of the metabolic syndrome per se with 

risk of colorectal cancer (Ahmed et al., 2006; Bowers et al., 2006; Colangelo et al., 2002; 

Inoue et al., 2009; Jaggers et al., 2009; Pelucchi et al., 2010; Stocks et al., 2010; Stocks et 
al., 2008; Sturmer et al., 2006; Trevisan et al., 2001), other studies have focused on the 

association of individual components of the syndrome with risk of colorectal cancer, some 

of which have received more study than others. Increased central adiposity (as measured by 

waist circumference and/or waist-hip-ratio) has been associated with increased risk of 

colorectal cancer in most cohort studies and meta-analyses (Larsson & Wolk, 2007; 
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Moghaddam et al., 2007; Ning et al., 2010; Oxentenko et al., 2010; Park et al., 2011; Schoen 

et al., 1999; Wang et al., 2008). Findings regarding dyslipidemia, including total cholesterol 

(Jarvinen et al., 2001; Schatzkin et al., 1988; Tornberg et al., 1986) and triglycerides 

(Tsushima et al., 2005; van Duijnhoven et al., 2011) have been inconsistent or null. Few 

studies have examined HDL cholesterol in relation to colorectal cancer risk, but a recent 

study showed an inverse association (van Duijnhoven et al., 2011). In several studies, 

hypertension has been linked to higher colorectal cancer risk (Ahmed et al., 2006; Palmqvist 

et al., 2003; Stocks et al., 2008), but no association was found in other studies (Bowers et al., 
2006; Sturmer et al., 2006). Of 5 studies that examined insulin levels (Gunter et al., 2008; 

Limburg et al., 2006; Schoen et al., 1999; Tsushima et al., 2005; van Duijnhoven et al., 
2011), only one reported evidence of a positive association (Schoen et al., 1999) after 

adjustment for covariates. Of eight studies that examined blood glucose levels in relation to 

colorectal cancer risk (Gunter et al., 2008; Jee et al., 2005; Limburg et al., 2006; Nilsen & 

Vatten, 2001; Schoen et al., 1999; Trevisan et al., 2001; Tsushima et al., 2005; Yamada et al., 
1998), one found a weak positive association (with in situ carcinoma) (Yamada et al., 1998), 

two reported significant positive associations with colorectal cancer (Schoen et al., 1999; 

Trevisan et al., 2001), two reported a significant association in one sex but not in the other 

(Jee et al., 2005; Nilsen & Vatten, 2001), and three studies found no association (Gunter et 
al., 2008; Limburg et al., 2006; Tsushima et al., 2005).

The literature on the metabolic syndrome and colorectal cancer suffers from the difficulty of 

teasing apart a large number of highly correlated behavioral (elevated BMI, abdominal 

adiposity, low physical activity, and an energy-rich diet) and metabolic factors (diabetes, 

hyperinsulinemia, hyperglycemia, hypertrigyceridemia, high blood pressure, and 

dyslipidemia). In the present study, the HRs for the full multivariable model presented in 

Table 1 did not differ from those adjusted for age and ethnicity, indicating that our results 

were not confounded by such factors as BMI or physical activity. Furthermore, the 

associations of baseline glucose level and systolic blood pressure were unchanged when 

mutually adjusted, suggesting that they make independent contributions to risk. Other 

components of the metabolic syndrome, including waist circumference, serum HDL-

cholesterol, serum triglycerides, and diastolic blood pressure showed no association with 

colorectal cancer. In an earlier analysis of the associations of insulin and glucose levels in 

this dataset (Kabat et al., submitted), we reported the positive association of glucose with 

colorectal cancer, whereas insulin levels showed no association with risk. Most previous 

studies examining the metabolic syndrome in relation to colorectal cancer risk included 

subjects with diabetes (Ahmed et al., 2006; Pelucchi et al., 2010; Stocks et al., 2008; 

Sturmer et al., 2006; Trevisan et al., 2001), whereas we excluded women with confirmed 

diabetes at baseline. However, their inclusion in alternative analyses did not alter the results.

Our results and those of a number of other studies suggest that the association of the 

metabolic syndrome with colorectal cancer may be driven by several of the individual rather 

than by the syndrome per se. Furthermore, it is unclear what mechanism underlies the 

associations of specific components with risk, such as serum glucose and obesity. Our 

results regarding glucose are consistent with those of a number of other studies (Ahmed et 
al., 2006; Colangelo et al., 2002; Schoen et al., 1999; Stocks et al., 2008; Trevisan et al., 
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2001) and suggest that hyperglycemia and resulting hyperinsulinemia in particular may play 

a causative role in colorectal carcinogenesis.

The present study benefited from the availability of clinical measurement data collected at 

baseline and at scheduled intervals throughout follow-up on a subset of the Women’s Health 

Initiative cohort. Additional strengths include the centralized adjudication of colorectal 

cancer, the high degree of completeness of follow-up, and the availability of information on 

risk factors for colorectal cancer. Moreover, we excluded diabetics from the analysis, 

because we were interested in whether insulin resistance is associated with increased risk of 

colorectal cancer.

The major limitation of this study is the small number of cases which limited our ability to 

assess the metabolic syndrome in subgroups (particularly rectal cancer) and among women 

who were not in any intervention group in the clinical trial. Nevertheless, the observed 

associations of serum glucose and systolic blood pressure with risk of colon and colorectal 

cancer appeared to be robust and to be unaffected when treatment arm of the clinical trials 

and other potential confounding variables were included in the Cox models. Regarding the 

time-dependent covariates analysis, except for the average of measurements of the individual 

components, the number of cases was reduced by approximately 50%, and for this reason, 

the analyses should be considered exploratory. Nevertheless, presence of the metabolic 

syndrome per se at various intervals preceding diagnosis was associated with increased risk.

In summary, we found a positive association of the metabolic syndrome with risk of 

colorectal and colon cancer, which was largely accounted for by serum glucose levels and 

systolic blood pressure. The biological mechanism underlying these associations remains to 

be clarified.

Acknowledgments

SHORT LIST OF WHI INVESTIGATORS

Program Office: (National Heart, Lung, and Blood Institute, Bethesda, Maryland) Jacques Rossouw, Shari 
Ludlam, Dale Burwen, Joan McGowan, Leslie Ford, and Nancy Geller

Clinical Coordinating Center: Clinical Coordinating Center: (Fred Hutchinson Cancer Research Center, Seattle, 
WA) Garnet Anderson, Ross Prentice, Andrea LaCroix, and Charles Kooperberg

Investigators and Academic Centers: (Brigham and Women’s Hospital, Harvard Medical School, Boston, MA) 
JoAnn E. Manson; (MedStar Health Research Institute/Howard University, Washington, DC) Barbara V. Howard; 
(Stanford Prevention Research Center, Stanford, CA) Marcia L. Stefanick; (The Ohio State University, Columbus, 
OH) Rebecca Jackson; (University of Arizona, Tucson/Phoenix, AZ) Cynthia A. Thomson; (University at Buffalo, 
Buffalo, NY) Jean Wactawski-Wende; (University of Florida, Gainesville/Jacksonville, FL) Marian Limacher; 
(University of Iowa, Iowa City/Davenport, IA) Robert Wallace; (University of Pittsburgh, Pittsburgh, PA) Lewis 
Kuller; (Wake Forest University School of Medicine, Winston-Salem, NC) Sally Shumaker

Women’s Health Initiative Memory Study: (Wake Forest University School of Medicine, Winston-Salem, NC) 
Sally Shumaker

References

Ahmed RL, Schmitz KH, Anderson KE, Rosamond WD, Folsom AR. The metabolic syndrome and 
risk of incident colorectal cancer. Cancer. 2006; 107(1):28–36. [PubMed: 16721800] 

Kabat et al. Page 8

Eur J Cancer Prev. Author manuscript; available in PMC 2018 January 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Alexander CM, Landsman PB, Teutsch SM, Haffner SM. NCEP-defined metabolic syndrome, 
diabetes, and prevalence of coronary heart disease among NHANES III participants age 50 years 
and older. Diabetes. 2003; 52(5):1210–4. [PubMed: 12716754] 

Bergmeyer, HU., Bernt, E., Schmidt, F., Stork, H. Determination of hexokinase and glucose-6-
phosphate dehydrogenase. In: Bergmeyer, HU., editor. Methods of enzymatic analysis. 2nd. New 
York: Academic Press; 1974. p. 1196

Bjork J, Nilsson J, Hultcrantz R, Johansson C. Growth-regulatory effects of sensory neuropeptides, 
epidermal growth factor, insulin, and somatostatin on the non-transformed intestinal epithelial cell 
line IEC-6 and the colon cancer cell line HT 29. Scand J Gastroenterol. 1993; 28(10):879–84. 
[PubMed: 7505479] 

Bowers K, Albanes D, Limburg P, Pietinen P, Taylor PR, Virtamo J, et al. A prospective study of 
anthropometric and clinical measurements associated with insulin resistance syndrome and 
colorectal cancer in male smokers. Am J Epidemiol. 2006; 164(7):652–64. [PubMed: 16877536] 

Bruce WR, Corpet DE. The colonic protein fermentation and insulin resistance hypotheses for colon 
cancer etiology: experimental tests using precursor lesions. Eur J Cancer Prev. 1996; 5(Suppl 2):41–
7.

Colangelo LA, Gapstur SM, Gann PH, Dyer AR, Liu K. Colorectal cancer mortality and factors related 
to the insulin resistance syndrome. Cancer Epidemiol Biomarkers Prev. 2002; 11(4):385–91. 
[PubMed: 11927499] 

Dang CV, Semenza GL. Oncogenic alterations of metabolism. Trends Biochem Sci. 1999; 24(2):68–
72. [PubMed: 10098401] 

Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults: findings from 
the third National Health and Nutrition Examination Survey. JAMA. 2002; 287(3):356–9. [PubMed: 
11790215] 

Gail MH. Evaluating serial cancer marker studies in patients at risk of recurrent disease. Biometrics. 
1981; 37(1):67–78. [PubMed: 7248444] 

Giovannucci E. Insulin and colon cancer. Cancer Causes Control. 1995; 6(2):164–79. [PubMed: 
7749056] 

Giovannucci E. Metabolic syndrome, hyperinsulinemia, and colon cancer: a review. Am J Clin Nutr. 
2007; 86(3):s836–42. [PubMed: 18265477] 

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and 
management of the metabolic syndrome: an American Heart Association/National Heart, Lung, 
and Blood Institute Scientific Statement. Circulation. 2005; 112(17):2735–52. [PubMed: 
16157765] 

Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan TE, Manson JE, et al. Insulin, insulin-
like growth factor-I, endogenous estradiol, and risk of colorectal cancer in postmenopausal 
women. Cancer Res. 2008; 68(1):329–37. [PubMed: 18172327] 

Howard BV, Adams-Campbell L, Allen C, Black H, Passaro M, Rodabough RJ, et al. Insulin resistance 
and weight gain in postmenopausal women of diverse ethnic groups. Int J Obes Relat Metab 
Disord. 2004; 28(8):1039–47. [PubMed: 15254486] 

Huxley RR, Ansary-Moghaddam A, Clifton P, Czernichow S, Parr CL, Woodward M. The impact of 
dietary and lifestyle risk factors on risk of colorectal cancer: a quantitative overview of the 
epidemiological evidence. Int J Cancer. 2009; 125(1):171–80. [PubMed: 19350627] 

Inoue M, Noda M, Kurahashi N, Iwasaki M, Sasazuki S, Iso H, et al. Impact of metabolic factors on 
subsequent cancer risk: results from a large-scale population-based cohort study in Japan. Eur J 
Cancer Prev. 2009; 18(3):240–7. [PubMed: 19491612] 

Jaggers JR, Sui X, Hooker SP, LaMonte MJ, Matthews CE, Hand GA, et al. Metabolic syndrome and 
risk of cancer mortality in men. Eur J Cancer. 2009; 45(10):1831–8. [PubMed: 19250819] 

Jarvinen R, Knekt P, Hakulinen T, Rissanen H, Heliovaara M. Dietary fat, cholesterol and colorectal 
cancer in a prospective study. Br J Cancer. 2001; 85(3):357–61. [PubMed: 11487265] 

Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fasting serum glucose level and cancer risk in 
Korean men and women. JAMA. 2005; 293(2):194–202. [PubMed: 15644546] 

Kabat et al. Page 9

Eur J Cancer Prev. Author manuscript; available in PMC 2018 January 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kabat GC, Kim MY, Strickler HD, Shikany JM, Lane D, Luo J, et al. A prospective study of serum 
insulin and glucose levels in relation to colorectal cancer risk among postmenopausal women. 
submitted. 

Koenuma M, Yamori T, Tsuruo T. Insulin and insulin-like growth factor 1 stimulate proliferation of 
metastatic variants of colon carcinoma 26. Jpn J Cancer Res. 1989; 80(1):51–8. [PubMed: 
2540132] 

Larsson SC, Wolk A. Obesity and colon and rectal cancer risk: a meta-analysis of prospective studies. 
Am J Clin Nutr. 2007; 86(3):556–65. [PubMed: 17823417] 

Limburg PJ, Stolzenberg-Solomon RZ, Vierkant RA, Roberts K, Sellers TA, Taylor PR, et al. Insulin, 
glucose, insulin resistance, and incident colorectal cancer in male smokers. Clin Gastroenterol 
Hepatol. 2006; 4(12):1514–21. [PubMed: 17162243] 

Marshall S, Bacote V, Traxinger RR. Discovery of a metabolic pathway mediating glucose-induced 
desensitization of the glucose transport system. Role of hexosamine biosynthesis in the induction 
of insulin resistance. J Biol Chem. 1991; 266(8):4706–12. [PubMed: 2002019] 

McKeown-Eyssen G. Epidemiology of colorectal cancer revisited: are serum triglycerides and/or 
plasma glucose associated with risk? Cancer Epidemiol Biomarkers Prev. 1994; 3(8):687–95. 
[PubMed: 7881343] 

Meigs JB. Epidemiology of the insulin resistance syndrome. Curr Diab Rep. 2003; 3(1):73–9. 
[PubMed: 12643149] 

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(12):2533–47. [PubMed: 
18086756] 

National Heart, Lung, and Blood Institute. Detection, evaluation, and treatment of high blood 
cholesterol in adults (Adult Treatment Panel III), final report. Sep.2002 NIH Publication No. 
02-5215

Nilsen TI, Vatten LJ. Prospective study of colorectal cancer risk and physical activity, diabetes, blood 
glucose and BMI: exploring the hyperinsulinaemia hypothesis. Br J Cancer. 2001; 84(3):417–22. 
[PubMed: 11161410] 

Ning Y, Wang L, Giovannucci EL. A quantitative analysis of body mass index and colorectal cancer: 
findings from 56 observational studies. Obes Rev. 2010; 11(1):19–30. [PubMed: 19538439] 

Oxentenko AS, Bardia A, Vierkant RA, Wang AH, Anderson KE, Campbell PT, et al. Body size and 
incident colorectal cancer: a prospective study of older women. Cancer Prev Res (Phila). 2010; 
3(12):1608–20. [PubMed: 20719902] 

Palmqvist R, Stattin P, Rinaldi S, Biessy C, Stenling R, Riboli E, et al. Plasma insulin, IGF-binding 
proteins-1 and -2 and risk of colorectal cancer: a prospective study in northern Sweden. Int J 
Cancer. 2003; 107(1):89–93. [PubMed: 12925961] 

Park JY, Mitrou PN, Keogh RH, Luben RN, Wareham NJ, Khaw KT. Self-reported and measured 
anthropometric data and risk of colorectal cancer in the EPIC-Norfolk study. Int J Obes (Lond). 
2011

Pelucchi C, Negri E, Talamini R, Levi F, Giacosa A, Crispo A, et al. Metabolic syndrome is associated 
with colorectal cancer in men. Eur J Cancer. 2010; 46(10):1866–72. [PubMed: 20395126] 

Peterson JI, Young DS. Evaluation of the hexokinase-glucose-6-phosphate dehydrogenase method of 
determination of glucose in urine. Anal Biochem. 1968; 23(2):301–16. [PubMed: 5657801] 

Sathyaprakash R, Henry RR. Preventing diabetes by treating aspects of the metabolic syndrome. Curr 
Diab Rep. 2002; 2(5):416–22. [PubMed: 12643167] 

Schatzkin A, Hoover RN, Taylor PR, Ziegler RG, Carter CL, Albanes D, et al. Site-specific analysis of 
total serum cholesterol and incident cancer in the National Health and Nutrition Examination 
Survey I Epidemiologic Follow-up Study. Cancer Res. 1988; 48(2):452–8. [PubMed: 3335013] 

Schoen RE, Tangen CM, Kuller LH, Burke GL, Cushman M, Tracy RP, et al. Increased blood glucose 
and insulin, body size, and incident colorectal cancer. J Natl Cancer Inst. 1999; 91(13):1147–54. 
[PubMed: 10393723] 

Steiner P, Freidel J, Bremner W, Stein E. Standardization of micro-methods for plasma cholesterol, 
triglyceride and HDL-cholesterol with the Lipid Clinics methodology. J Clin Chem. 1981; 19:850.

Kabat et al. Page 10

Eur J Cancer Prev. Author manuscript; available in PMC 2018 January 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Stocks T, Lukanova A, Bjorge T, Ulmer H, Manjer J, Almquist M, et al. Metabolic factors and the risk 
of colorectal cancer in 580,000 men and women in the metabolic syndrome and cancer project 
(Me-Can). Cancer. 2010

Stocks T, Lukanova A, Johansson M, Rinaldi S, Palmqvist R, Hallmans G, et al. Components of the 
metabolic syndrome and colorectal cancer risk; a prospective study. Int J Obes (Lond). 2008; 
32(2):304–14. [PubMed: 17878894] 

Sturmer T, Buring JE, Lee IM, Gaziano JM, Glynn RJ. Metabolic abnormalities and risk for colorectal 
cancer in the physicians’ health study. Cancer Epidemiol Biomarkers Prev. 2006; 15(12):2391–7. 
[PubMed: 17164361] 

The Women’s Health Initiative Study Group. Design of the Women’s Health Initiative clinical trial and 
observational study. Control Clin Trials. 1998; 19(1):61–109. [PubMed: 9492970] 

Tornberg SA, Holm LE, Carstensen JM, Eklund GA. Risks of cancer of the colon and rectum in 
relation to serum cholesterol and beta-lipoprotein. N Engl J Med. 1986; 315(26):1629–33. 
[PubMed: 3785333] 

Trevisan M, Liu J, Muti P, Misciagna G, Menotti A, Fucci F. Markers of insulin resistance and 
colorectal cancer mortality. Cancer Epidemiol Biomarkers Prev. 2001; 10(9):937–41. [PubMed: 
11535544] 

Tsushima M, Nomura AM, Lee J, Stemmermann GN. Prospective study of the association of serum 
triglyceride and glucose with colorectal cancer. Dig Dis Sci. 2005; 50(3):499–505. [PubMed: 
15810632] 

van Duijnhoven FJ, Bueno-De-Mesquita HB, Calligaro M, Jenab M, Pischon T, Jansen EH, et al. 
Blood lipid and lipoprotein concentrations and colorectal cancer risk in the European Prospective 
Investigation into Cancer and Nutrition. Gut. 2011; 60(8):1094–102. [PubMed: 21383385] 

Wang Y, Jacobs EJ, Patel AV, Rodriguez C, McCullough ML, Thun MJ, et al. A prospective study of 
waist circumference and body mass index in relation to colorectal cancer incidence. Cancer Causes 
Control. 2008; 19(7):783–92. [PubMed: 18322811] 

Warburg O. On the origin of cancer cells. Science. 1956; 123(3191):309–14. [PubMed: 13298683] 

Warnick GR, Albers JJ. A comprehensive evaluation of the heparin-manganese precipitation procedure 
for estimating high density lipoprotein cholesterol. J Lipid Res. 1978; 19(1):65–76. [PubMed: 
202660] 

Werner H, LeRoith D. The role of the insulin-like growth factor system in human cancer. Adv Cancer 
Res. 1996; 68:183–223. [PubMed: 8712068] 

Wu X, Fan Z, Masui H, Rosen N, Mendelsohn J. Apoptosis induced by an anti-epidermal growth 
factor receptor monoclonal antibody in a human colorectal carcinoma cell line and its delay by 
insulin. J Clin Invest. 1995; 95(4):1897–905. [PubMed: 7706497] 

Yamada K, Araki S, Tamura M, Sakai I, Takahashi Y, Kashihara H, et al. Relation of serum total 
cholesterol, serum triglycerides and fasting plasma glucose to colorectal carcinoma in situ. Int J 
Epidemiol. 1998; 27(5):794–8. [PubMed: 9839735] 

Kabat et al. Page 11

Eur J Cancer Prev. Author manuscript; available in PMC 2018 January 09.

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

Kabat et al. Page 12

Ta
b

le
 1

A
dj

us
te

d 
ha

za
rd

 r
at

io
s 

(H
R

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(9
5%

 C
I)

 f
or

 th
e 

as
so

ci
at

io
n 

of
 p

re
se

nc
e 

at
 b

as
el

in
e 

of
 th

e 
m

et
ab

ol
ic

 s
yn

dr
om

e,
 a

nd
 o

f 

in
di

vi
du

al
 c

om
po

ne
nt

s 
of

 th
e 

m
et

ab
ol

ic
 s

yn
dr

om
e,

 w
ith

 r
is

k 
of

 c
ol

or
ec

ta
l a

nd
 c

ol
on

 c
an

ce
r 

in
 th

e 
W

om
en

’s
 H

ea
lth

 I
ni

tia
tiv

e

V
ar

ia
bl

es
N

C
R

C
 c

as
es

C
ol

or
ec

ta
l C

an
ce

r 
(N

 =
 8

1)
M

V
-a

dj
us

te
d*

H
R

 (
95

%
 C

I)

C
ol

on
 C

an
ce

r 
(N

 =
 6

5)
M

V
-a

dj
us

te
d*

H
R

 (
95

%
 C

I)

M
et

ab
ol

ic
 s

yn
dr

om
e

 
N

o
45

1.
00

 (
re

f.
)

1.
00

 (
re

f.
)

 
Y

es
35

2.
15

 (
1.

30
-3

.5
3)

2.
28

 (
1.

31
-3

.9
8)

N
o.

 o
f 

co
m

po
ne

nt
s:

 
0

17
1.

00
 (

re
f.

)
1.

00
 (

re
f.

)

 
1

16
0.

63
 (

0.
31

-1
.2

6)
0.

71
 (

0.
31

-1
.6

1)

 
2

12
0.

57
 (

0.
26

-1
.2

6)
0.

79
 (

0.
33

-1
.9

0)

 
3

18
1.

31
 (

0.
62

-2
.7

8)
1.

68
 (

0.
71

-3
.9

6)

 
4-

5
17

1.
65

 (
0.

74
-3

.6
6)

2.
05

 (
0.

83
-5

.0
7)

Pt
re

nd
0.

06
0.

03

In
di

vi
du

al
 c

om
po

ne
nt

s 
of

 th
e 

m
et

ab
ol

ic
 s

yn
dr

om
e

W
ai

st
 c

ir
cu

m
fe

re
nc

e 
(c

m
)

 
<

79
23

1.
00

 (
re

f.
)

1.
00

 (
re

f.
)

 
79

 –
<

88
23

1.
09

 (
0.

59
-2

.0
3)

1.
05

 (
0.

52
-2

.1
0)

 
≥8

8
34

1.
08

 (
0.

50
-2

.3
4)

1.
01

 (
0.

43
-2

.3
7)

P t
re

nd
0.

84
0.

99

 
C

on
tin

uo
us

 (
pe

r 
cm

)
1.

00
 (

0.
97

-1
.0

4)
1.

00
 (

0.
97

-1
.0

3)

Pt
re

nd
0.

81
0.

94

G
lu

co
se

 (
m

g/
dL

)

 
<

90
22

1.
00

 (
re

f.
)

1.
00

 (
re

f.
)

 
90

-<
10

0
32

1.
25

 (
0.

72
-2

.1
6)

1.
64

 (
0.

86
-3

.0
9)

 
>

10
0

27
1.

79
 (

0.
99

-3
.2

4)
2.

22
 (

1.
12

-4
.4

2)

P t
re

nd
0.

05
0.

02

C
on

tin
uo

us
 (

pe
r 

m
g/

dL
)

1.
03

 (
1.

01
-1

.0
5)

1.
03

 (
1.

01
-1

.0
6)

Pt
re

nd
0.

00
7

0.
00

7

H
D

L
-c

ho
le

st
er

ol
 (

m
g/

dL
)

Eur J Cancer Prev. Author manuscript; available in PMC 2018 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kabat et al. Page 13

V
ar

ia
bl

es
N

C
R

C
 c

as
es

C
ol

or
ec

ta
l C

an
ce

r 
(N

 =
 8

1)
M

V
-a

dj
us

te
d*

H
R

 (
95

%
 C

I)

C
ol

on
 C

an
ce

r 
(N

 =
 6

5)
M

V
-a

dj
us

te
d*

H
R

 (
95

%
 C

I)

 
>

63
33

1.
00

 (
re

f.
)

1.
00

 (
re

f.
)

 
50

-<
=

63
22

0.
67

 (
0.

39
-1

.1
7)

0.
69

 (
0.

37
-1

.3
0)

 
<

50
26

1.
03

 (
0.

59
-1

.7
8)

1.
22

 (
0.

67
-2

.2
5)

P t
re

nd
0.

99
0.

74

C
on

tin
uo

us
 (

pe
r 

m
g/

dL
)

1.
00

 (
0.

98
-1

.0
1)

0.
99

 (
0.

97
-1

.0
1)

Pt
re

nd
0.

69
0.

49

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)

 
<

10
4

1.
00

 (
re

f.
)

1.
00

 (
re

f.
)

 
10

4-
<

15
0

23
1.

01
 (

0.
56

-1
.8

5)
0.

91
 (

0.
44

-1
.9

0)

 
>

15
0

22
1.

33
 (

0.
76

-2
.3

2)
1.

24
 (

0.
63

-2
.4

2)

P t
re

nd
36

0.
29

0.
54

C
on

tin
uo

us
1.

00
 (

1.
00

-1
.0

0)
0.

99
 (

0.
97

-1
.0

1)

Pt
re

nd
0.

12
0.

51

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

(m
m

 H
g)

 
<

11
8

15
1.

00
 (

re
f.

)
1.

00
 (

re
f.

)

 
11

8-
<

13
0

23
1.

59
 (

0.
88

-3
.0

9)
1.

24
 (

0.
60

-2
.5

7)

 
>

13
0

43
1.

82
 (

0.
98

-3
.3

8)
1.

65
 (

0.
86

-3
.1

8)

Pt
re

nd
0.

07
0.

12

C
on

tin
uo

us
 (

pe
r 

m
m

 H
g)

1.
01

 (
1.

00
-1

.0
2)

1.
01

 (
0.

99
-1

.0
2)

Pt
re

nd
0.

13
0.

25

D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
(m

m
 H

g)

 
<

74
1.

00
 (

re
f.

)
1.

00
 (

re
f.

)

 
74

-<
85

32
1.

25
 (

0.
77

-2
.0

4)
1.

20
 (

0.
69

-2
.0

6)

 
>

85
36

1.
09

 (
0.

57
-2

.1
1)

1.
12

 (
0.

55
-2

.3
1)

P t
re

nd
13

0.
61

0.
64

C
on

tin
uo

us
 (

pe
r 

m
m

 H
g)

1.
00

 (
0.

98
-1

.0
3)

1.
00

 (
0.

97
-1

.0
3)

Pt
re

nd
0.

91
0.

86

* M
ul

tiv
ar

ia
bl

e 
ad

ju
st

ed
 H

R
 –

 a
dj

us
te

d 
fo

r 
th

e 
fo

llo
w

in
g 

va
ri

ab
le

s:
 a

ge
 (

co
nt

in
uo

us
),

 e
th

ni
ci

ty
 (

w
hi

te
, b

la
ck

, o
th

er
),

 b
od

y 
m

as
s 

in
de

x 
(c

on
tin

uo
us

),
 a

lc
oh

ol
 (

se
rv

in
gs

 p
er

 w
ee

k 
– 

co
nt

in
uo

us
),

 f
am

ily
 h

is
to

ry
 

of
 c

ol
or

ec
ta

l c
an

ce
r 

(y
es

/n
o)

, p
hy

si
ca

l a
ct

iv
ity

 (
M

E
T

s 
pe

r 
w

ee
k 

- 
co

nt
in

uo
us

),
 p

ar
tic

ip
at

io
n 

in
 th

e 
O

S 
or

 C
T,

 a
nd

 tr
ea

tm
en

t a
rm

 in
 th

e 
cl

in
ic

al
 tr

ia
ls

.

Eur J Cancer Prev. Author manuscript; available in PMC 2018 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kabat et al. Page 14

Table 2

Adjusted hazard ratios (HR) and 95% confidence intervals (95% CI) for the association of the metabolic 

syndrome (MS) and its individual components with colorectal cancer in time-dependent covariates analyses in 

the Women’s Health Initiative

Metabolic Syndrome Colorectal cancer
HR (95% CI)*

Colon cancer
HR (95% CI)*

1–3 years** (Ncases = 32) (Ncases = 22)

 No 1.00 (ref.) 1.00 (ref.)

 Yes 2.06 (0.93–4.54) 1.76 (0.66–4.69)

2–4 years** (Ncases = 32) (Ncases = 25)

 No 1.00 (ref.) 1.00 (ref.)

 Yes 2.68 (1.23–5.83) 2.30 (0.94–5.59)

3–5 years** (Ncases = 35) (Ncases = 29)

 No 1.00 (ref.) 1.00 (ref.)

 Yes 1.88 (0.89–3.99) 2.02 (0.88–4.64)

*
Adjusted for the following variables: age (continuous), ethnicity (white, black, other), body mass index (continuous), alcohol (servings per week – 

continuous), family history of colorectal cancer (yes/no), physical activity (METs per week - continuous), and participation in the OS vs. CT, and 
treatment arm in the clinical trials.

**
Most recent measurement within the time interval was used to predict presence of the metabolic syndrome.

†
Mutually adjusted for all other components of the metabolic syndrome in addition to covariates listed above.
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