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SUMMARY 
 
 A study was conducted to explore the associations between body composition and 

colorectal cancer using two approaches in 128 African American and Non-Hispanic White 

patients with colorectal cancer (cases) and a comparison group of 128 cancer-free patients 

(controls) matched on age, gender, body mass index and race/ethnicity.  A case-control 

approach was conducted to examine the associations between abdominal adipose tissues and 

colorectal cancer and to determine if variations exist by race/ethnicity. A separate cross-

sectional analysis on serum samples from a subgroup of cases was performed to assess the 

association between biomarkers of colorectal cancer risk and body composition.  In addition, an 

exploratory analysis was carried out to determine the feasibility of using two techniques for 

calculating hepatic fat content and prevalence of hepatic steatosis in both groups.  Information 

on demographics, anthropometrics and clinical data and two single-cross sectional computed 

tomography images for abdominal body composition analysis were collected from electronic 

medical records and radiology departments at three hospitals.  

 
 No differences in visceral adipose tissue in cases and controls were found although this 

depot is associated with increased colorectal cancer risk in the literature.  Additionally, African 

American males in both cases and controls had lower visceral adipose tissue compared to Non-

Hispanic White male counterparts as observed in healthy populations.   Furthermore, another 

less studied abdominal adipose tissue, superficial subcutaneous adipose tissue was found to be 

significantly different between cases and controls. Results showed that African Americans with 

higher superficial subcutaneous adipose tissue had lower odds of colorectal cancer.  This 

association was not found for Non-Hispanic Whites.  Serum results revealed lower adiponectin 

and insulin-like growth factor binding protein-3 in African American male cases compared to 

Non-Hispanic White male cases.   
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I. INTRODUCTION 

1.0. Background 

  
Obesity is a widespread public health problem associated with metabolic complications 

including inflammation, insulin resistance, diabetes, cardiovascular disease and cancer however 

it is not a homogenous condition.  Obese individuals with excess intra-abdominal adiposity, 

termed visceral adiposity, and those with elevated hepatic fat content (HFC) are much more 

predisposed to develop these diseases than those with abdominal fat located primarily, 

subcutaneously.  The location and amount of adipose depots are determined by both non-

modifiable (gender, age and race/ethnicity) and modifiable (diet, exercise) factors.     

Obesity has been identified as significant risk factor for CRC for over 20 years.  Recently, 

visceral adipose tissue (VAT) and HFC rather than overall adiposity have been found to be closely 

associated with colorectal adenomas and CRC.1-6 Cohort studies have reported race/ethnic 

differences in risk and prevalence of CRC with increasing levels of obesity.  Prevalence for CRC 

is greater in African Americans (AA) than Non-Hispanic Whites (NHW), however, AAs have less 

VAT and HFC7 but higher prevalence of IR. The cause for the racial disparity in obesity-related 

CRC remains poorly understood.  One study recently found that elevation in risk factors 

associated with cardiovascular disease (i.e., triglycerides, blood pressure and glucose) were 

observed at a significantly lower VAT area in AA men and women compared to NHWs (AA women 

= 82 cm2, NHW women = 140 cm2; AA men = 82 cm2, NHW men = 141 cm2).8 These findings 

indicate that AAs are at greater risk for disease at a much lower VAT surface areas compared to 

NHWs. We speculate that racial differences in VAT area may also be associated with the greater 

CRC risk burden observed in AA adults. Furthermore, scientific evidence is completely lacking on 

the influence of HFC or other abdominal adipose depots such as intermuscular adipose tissue 

(IMAT), subcutaneous adipose tissue (SAT) subtypes, deep subcutaneous adipose tissue 

(DSAT), or superficial subcutaneous adipose tissue (SSAT) on CRC risk, particularly in a 
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racially/ethnically diverse population.  There is almost no data exploring interrelationship between 

the various adipose depots, inflammation and insulin resistance in CRC minority populations.  

Such knowledge would provide important insight into CRC racial disparities. 

Computed tomography (CT) scans provide high-quality images that precisely measure 

abdominal compartments, including VAT and HFC, however they are expensive, frequently 

inaccessible and require radiation exposure rendering them impractical for use in epidemiologic 

studies. In medical settings CT scans are used routinely for diagnostic purposes. Patients with 

CRC have diagnostic CT scans of their abdomen performed prior to surgery for tumor staging 

and evaluation of metastasis. Therefore, these scans can be exploited to quantify abdominal fat 

depots (i.e., VAT, SAT, IMAT, SSAT, DSAT) and HFC for research purposes. Exploitation of 

retrospective CT scans for assessment of abdominal fat distribution and HFC is inexpensive and 

requires no additional radiation exposure. 

The purpose of this investigation was to determine if the area of the abdominal adipose 

depots and HFC using hepatic attenuation in patients with CRC (cases) were similar to age, 

gender, race and BMI matched patients (controls) requiring an abdominal CT scan for medical 

reasons (abdominal pain, gall bladder surgery, hiatal hernia repair, organ donor).  We assessed 

the associations between various abdominal adipose depots and HFC with established serum 

risk factors for CRC and explore if these relationships vary by race/ethnicity. 

1.1. Specific Aims and Hypotheses 
 

A case-control study design was utilized to accomplish Specific Aims 1 and 2.  Cases with 

incident CRC and a pre-surgical abdominal CT scan were compared to controls with retrospective 

abdominal CT scans for medical reasons (abdominal pain, gall bladder surgery, hiatal hernia 

repair, organ donor). For Specific Aim 3, a cross-sectional design was used to explore the 

association between abdominal and hepatic fat content and biomarkers associated with CRC in 
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pre-surgical serum in a subsample of CRC cases. Specific aim 4 was a cross sectional study of 

a subset of cases and controls with CT scans that enabled assessment of HFC. 

 

SPECIFIC AIM 1:  To determine if there is a unique abdominal adipose tissue phenotype in 

patients with CRC. 

Hypothesis 1. For a given body mass index (BMI), patients with CRC will have > VAT 

than controls.  

SPECIFIC AIM 2:  To discern if patients with CRC retain the racial variation in abdominal 

adipose tissues that exists in healthy populations. 

Hypothesis 2.   For a given BMI in CRC patients, NHW will have > VAT than AA.  

SPECIFIC AIM 3:  To discern the associations between abdominal adipose depots on 

biomarkers of CRC risk in serum and explore if these relationships are modified by 

race/ethnicity. 

Hypothesis 3.  Associations between VAT and biochemical serum factors will be similar 

between NHW and AA. 

SPECIFIC AIM 4.  To determine the feasibility of using two techniques for assessment of 

hepatic fat content in patients with and without CRC and assess the prevalence of hepatic 

steatosis in these patients. 

Hypothesis 4.  Cases will have higher prevalence of HFC compared to controls. 

1.2. Significance of the Study 
 

The main objective of this study was to determine if the relationship between abdominal 

adiposity HFC and CRC assessed in NHW and AA patients with and without CRC were similar. 

The areas for HFC, VAT, IMAT, SAT and its subtypes, DSAT and SSAT, were assessed from 

diagnostic CT scans.  Cases and controls were compared for similarities with particular focus on 

race/ethnicity variations. In cases the relationship between abdominal adiposity, cancer staging 
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and established serum markers of CRC risks (adiponectin, interleukin-6, tumor necrosis factor-α, 

leptin, testosterone, estradiol, insulin, insulin-like growth factor-1, insulin-like growth factor binding  

protein-3, homeostasis model of assessment-insulin resistance) were also assessed.  
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II. RELATED LITERATURE 

2.0. Overview 

 The literature review is divided into 6 major sections. The first section is a brief review of 

the epidemiology of CRC, followed by a summary of surrogate markers of obesity, BMI and waist 

circumference (WC) and their associations with CRC risk.  The third section describes body 

composition, methods for assessment and their association with CRC, followed by reviews of 

postulated obesity-related mechanisms and CRC pathogenesis. The fifth section explores the 

relationship between race/ethnicity, disparities and CRC.  The final section summarizes the 

background information with a diagram depicting the theoretical framework for this investigation. 

 

2.1. Epidemiology of Colorectal Cancer 
 

Colorectal cancer (CRC) is a slowly progressing disease that develops over 10-15 years 

and is characterized by the accumulation of mutations that arise from hereditary causes and/or 

spontaneous mutations of genes controlling cell proliferation, differentiation, apoptosis, and DNA 

repair in the colonic mucosa. 9 Only a small fraction of CRC results from hereditary causes, the 

vast majority (approximately 90%) are sporadic and non-hereditary.10,11  Colorectal Cancer is third 

in incidence and mortality of all cancers in the United States. 12  Worldwide CRC incidence rates 

parallel economic development with common risk factors associated with obesity and Western 

lifestyles:  physical inactivity, excessive dietary fat consumption, and disproportionate energy 

intakes. 10,13,14 Other known risk factors for CRC include older age, male gender, family history of 

CRC, history of colorectal polyps, inflammatory bowel disease, type 2 diabetes, excessive alcohol 

use, smoking, and diets high in red and processed meats. 15 The lifetime risk of having a diagnosis 

of CRC is 5% in the US. 15 

Data from 2003-2007 from the North American Association of Central Cancer Registries 

and National Center for Health Statistics reveal that African American (AA) men compared to 

Caucasians have the highest age-adjusted incidence rate (68.3/100,00 vs. 56.8/100,000) and , 
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age-adjusted mortality rate (30.5/100,000 vs. 20.9/100,000) for CRC.15  There is also evidence 

that AA are younger and have advanced CRC stage at diagnosis than their European American 

counterparts.16  Overall, CRC mortality rates began declining in the 1980s for men and 1950s for 

women, possibly as a result of screening initiatives focused on earlier detection and removal of 

precancerous polyps.15,17  Regardless, CRC remains the third most common cancer in men and 

second most common cancer in women. 14,18   

The projected annual medical cost for treating obesity –related health problems is a 

staggering $28 billion/year by 2020 and $66 billion/year by 2030.19  Obese individuals have 30% 

higher healthcare costs and utilize more healthcare services than normal weight individuals.20  

Obesity has been identified as an independent risk factor for post-surgical infections and 

subsequent treatment of infections increasing hospital costs by approximately $17,000 in patients 

requiring total or segmental colonic resections for CRC, diverticulitis and irritable bowel disease 

(IBD).21 Obese persons have reduced quality of life, reduced workforce productivity, functional 

limitations with early disability and shortened life expectancy.20 

2.2. Surrogate Markers of Obesity (Body Mass Index and Waist Circumference) and 
Colorectal Cancer Risk 
 

Obesity has been identified as a significant risk factor for CRC for over 20 years. 22  The 

obesity-induced chronic inflammation is thought to increase susceptibility of gene mutations. 9,23   

The increasing spread of obesity across all race/ethnic, ages and gender renders this an 

extremely important area of research.   Recently, higher incidence rates have been found in those 

younger than 50 years of age, possibly reflecting the impact of obesity on CRC risk.24   

2.2.1. Body Mass Index and Colorectal Cancer  
 

Several large prospective cohort studies have consistently demonstrated positive 

associations between obesity and CRC3,25-27 28 and a dose-response has been reported for body 

mass index (BMI), waist circumference, and waist-to-hip ratio. 3,29  Campbell et al. reported a that 
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5kg/m2 increase in BMI increments was positively associated with greater odds in women (OR 

=1.20; 95% CI = 1.10-1.32) and men (OR = 1.24; 95% CI =1.15 -1.34) compared to sex-matched 

siblings.30  Findings from a meta-analysis of 31 studies concluded that a 5-unit increase in BMI 

increased CRC risk by 30% in men (RR: 1.30;95%CI: 1.25, 1.35) and 12% in women (RR: 

1.12;95% CI: 1.07, 1.18).31   A nationally representative US sample (Cancer Prevention Study II, 

1982-1998) reported the relative risk for CRC in women with a BMI ≥ 40 was 1.46 (95% CI, 0.94-

2.24) and in men with a BMI 35-39.9 was 1.84 (1.39–2.41) compared to those with a normal BMI 

(18.5-24.9).26   In a large prospective Norwegian study, increased risk of CRC occurred in men 

with a BMI ≥ 25 and a ≥ 10 kg weight gain from baseline assessment whereas no association was 

found in women (postmenopausal).32  Women appear to have an increased risk of CRC when 

high BMI is accompanied by low physical activity (1).33  A 5-unit increase in BMI and 10cm 

increase in waist circumference significantly increases CRC risk.31   

2.2.2.. Waist Circumference and Colorectal Cancer 
 

Unlike BMI, WC is a surrogate measure for regional fat distribution and increasing WC is 

associated with increased CRC risk.  Central adiposity assessed indirectly by WC is associated 

with increased morbidity and mortality in CRC.34,35  Men have greater CRC risks than women 

which may be due to their greater abdominal circumference.36 WC in men has been associated 

with colorectal adenomas but not in women. 37 Risks for CRC increase by 33% per 10 cm increase 

in waist circumference and 43% per 0.1 unit increase in waist-hip ratio.31  Risks for proximal and 

distal colon cancers have been observed with increasing WC in both genders.36  WC has been 

shown to significantly and independently predict the presence of diabetes (HR 1.56) and 

hypertension (HR 1.7) in patients with CRC.38  

2.2.3. Obesity and Colorectal Cancer Prognosis 
 

Obese adults with CRC have worse prognosis and lower survival rates than normal weight 

counterparts. 39,40 A large nationally representative sample (NHANES 1971-1975) determined 
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mortality from CRC was 0.39, 0.68, and 0.96/1,000 person-years for normal weight (BMI 18.5 - 

24.9), overweight (BMI 25-29.9), and obese (≥30) respectively (P value for log-rank trend 

test<0.001).39 Doria-Rose et al. found postmenopausal obese women with CRC had increased 

risk of CRC death compared to normal weight postmenopausal women independent of hormone 

use, however, the impact of physical activity, other pre-existing comorbidities were not 

evaluated.41  Advanced stage cancer, node positivity, and extent of nodal involvement which 

contribute to a worse prognosis has been observed in obese males42 and in females within lowest 

and highest BMI quartiles. 43   Sakai et al. found obese CRC patients had significantly longer 

surgeries, significantly higher blood loss and a trend towards more infections than non-obese 

CRC patients.44  Significant linear trends of age-adjusted death rates from CRC are observed with 

increasing BMI in both genders. 26,45  

2.3. Body Composition and Colorectal Cancer 
 

Advances in imaging techniques enabled the exploration of the relationship between body 

composition, specifically abdominal adipose depots and HFC, and health.46-48 The description of 

the biological and physiological properties of abdominal adipose depots by pioneers in the field 

improved our understanding of the connection between these depots and metabolic disease 

risk.49-55  Internal adipose depots also referred to as intra-abdominal adipose depots (VAT) and 

hepatic fat content (ectopic fat accumulation) are designated as culprits of metabolic dysfunction.  

In this section, body composition will be discussed with emphasis on how abdominal adipose 

depots and hepatic fat deposition may contribute to the heterogeneity of obesity and how imaging 

technologies continue to advance our understanding of body composition and obesity, specifically 

‘metabolically unhealthy’ or ‘malignant’ obesity. 
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2.3.1. Benign Obesity and Malignant Obesity (metabolic obesity or metabolically 
unhealthy) 
 

Obesity is a heterogeneous condition.  Some overweight or obese individuals have low 

levels of VAT, no metabolic dysfunction, few or no additional risk factors and relatively low disease 

risk.55  On the other hand, some normal weight individuals with significant amounts of VAT have 

high risk for metabolic dysfunction, diabetes and other obesity-related health problems.55 It is now 

recognized that malignant obesity or metabolic obesity is due to the type and distribution of intra-

abdominal adipose depots rather than generalized adiposity.33,55,56  VAT is more pathogenic, more 

metabolically active and contributes disproportionately to inflammation, atherosclerosis, 

dyslipidemia, hypertension, and certain types of cancer, such as CRC than other abdominal 

depots like SAT.57,58   Traditional clinical measures of obesity – weight, BMI and WC are unable 

to distinguish metabolically healthy versus metabolically unhealthy obese individuals.  However, 

initially, these clinical measures are useful in identifying individuals at increased risk for metabolic 

disease and compared to BMI, WC has more predictive power.  Excess adiposity with or without 

metabolic disease is regardless of metabolic function is unhealthy and should be treated as such. 

2.3.2. Assessment of Abdominal Adipose Depots and Colorectal Cancer 
 

The BMI measures total adiposity but does not provide specific information of body fat 

distribution.  In addition, generalized adiposity is not consistently associated with increased CRC 

risk.  Whereas WC is often used as a surrogate marker of abdominal fat mass because it 

correlates with subcutaneous, visceral and intra-abdominal fat.36,59  WC and BMI are also highly 

correlated (r2 range of 0.86-0.95).60  The CT and magnetic resonance imaging (MRI) scans allow 

for differentiation and quantification of abdominal adipose tissue and are currently the gold 

standards for direct assessment and quantification of abdominal fat distribution.38,61 These CT or 

MRI derived images are used more frequently for diagnosis, evaluation, and treatment decisions 

in patients with CRC because they are less expensive and more readily accessible than MRIs.  

Diagnostic CT scans have been exploited for assessment of abdominal adipose depots and 
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skeletal muscle (SM) in many cancer populations61-63 and in a variety of chronic diseases for more 

than 30 years.48,54  There is also a body of literature exploring regional fat distribution assessed 

by CT and MRI in healthy adults and adolescents.64  The MRI is preferred for regional fat 

distribution evaluation in children and healthy adults because it does not emit radiation. 

2.3.2.1. Subcutaneous Adipose Tissue and Intra-Abdominal Adipose Tissues 
 

The anatomical location, cellular composition and metabolic characteristics of abdominal 

adipose tissues have been described previously in great detail.46,47,65 Briefly, there are two main 

adipose tissues in the body, subcutaneous located between the skin and visceral (intra-abdominal 

adipose tissue) found within the abdominal cavity and which surrounds the inner organs.46,55  The 

main function of SAT is to provide insulation from heat/cold and consists of two subtypes SSAT 

and DSAT which are anatomically separated by the subcutaneous fascia.46,47,55  The SAT also 

includes the adipose tissue of the mammary glands.  In healthy weight individuals, approximately 

80% of total body fat is SAT.58,66  The VAT includes the intraperitoneal (omental and mesenteric) 

and extraperitoneal adipose tissues (preperitoneal and retroperitoneal).46,47,55 In normal weight 

and obese men, VAT is approximately 10-20% of total body fat and for women it is 5-10% of total 

body fat.66  A single cross-sectional CT image includes SAT (SSAT and DSAT) and VAT 

(mesenteric, omental and extraperitoneal).   

These adipose depots are structurally different and have different biological functions.   

The VAT subtypes, mesentery and the omental, drain directly into the portal vein and are thought 

to be more closely related to metabolic dysfunction because of this characteristic.46,47,55 There is 

some evidence that the mesenteric depot is the specific VAT sub-type linked to obesity-related 

diseases.37,67,68  In contrast, abdominal SAT drains into systemic circulation and is thought to have 

less influence on metabolic dysfunction.  There is continued interest in understanding the role of 

specific visceral sub-types and metabolic disease.  
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Another abdominal adipose depot that has been explored in relation to disease risk is 

IMAT and it results from the infiltration of fat within muscles. A cross-sectional slice taken of the 

abdomen displays the IMAT within the abdominal muscles:  obliques, transverses abdominis, 

rectus abdominis, psoas and erector spinae.  Since muscle, especially SM, is involved in insulin-

mediated glucose uptake and fatty acid oxidation, the effects of IMAT to metabolic dysfunction 

within the muscle is of great interest.  It is well known that SM is highly sensitive to insulin and 

increased triglyceride concentrations correlates with diminished insulin activity.69,70  Increased 

IMAT is associated with metabolic syndrome (MetS) in women but not men.71  Newer evidence 

suggests that excess lipid accumulation alone within the muscle may not be responsible for 

causing insulin resistance since elite athletes have similar amounts of fat deposition within muscle 

as do patients with Type 2 diabetes mellitus (T2DM) and yet are much more insulin sensitive.72,73  

The exact mechanism between IMAT and insulin resistance remains largely unexplained.  Excess 

IMAT may potentially play a role in insulin resistance, obesity and MetS, however, whether it is a 

primary role in the onset of insulin resistance or if it is a cause or consequence remains to be 

determined. 

2.3.2.2. Non-modifiable Factors that Influence Abdominal Adipose Tissue Distribution 
 

Genetics, age and gender are non-modifiable factors that influence regional fat 

distribution. Identical twins have higher correlations for total body fat, trunk fat and lower body fat 

compared to fraternal twins suggestive of genetic etiology.74  One study recently demonstrated 

that in addition to genetic phenotype for VAT accumulation, sharing of the same familial 

environment also seems to be an important factor in determining visceral adiposity.55,75  This 

points to the important role of habits and behaviors formed at home such as food and diet 

behaviors and opportunities for physical activity shared by members of same family.  Age is 

another very important mediator of abdominal fat deposition.  In both genders, the amount of VAT 

increases with age.58,76   In healthy women, total body and abdominal fat increases and fat-free 
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mass decreases in the years following menopause.77  Younger women accumulate more fat in 

lower body adipose depots (hips, thighs) than men78,79 and have less VAT and SAT than 

postmenopausal women.80  During menopause and after menopause, women will transition from 

storing fat subcutaneously to accumulating fat viscerally.81  Postmenopausal women may have 

up to 50% more VAT than premenopausal women.80  On the other hand, premenopausal women 

are able to accumulate a higher body fat percentage before noticeable VAT accumulation is 

observed.55 Men and women have very different body fat distribution phenotypes.  In general, 

men tend to accumulate higher amounts of fat in the truncal region whereas women accumulate 

more in the lower regions of the body (hips, thighs) characteristically known as pear-shaped.55,82,83  

Compared to men, women have higher subcutaneous and less visceral fat.82,84  Men have almost 

twice the amount of VAT at lower BMIs compared to similarly aged women.85  In women, VAT is 

less affected by changes in total adiposity even when BMI, total fat and SAT are higher compared 

to men.86    Studies have shown that increasing WC correlates with increasing VAT in men and in 

women.76,87  However, for any given WC, men will have higher VAT amounts than women.52  

Differences in body fat distribution are attributed to the influence of fluctuating levels of sex 

hormones during the life trajectory.55,65,78,88  Men and peri/post-menopausal women will have 

higher VAT deposition with increasing age compared to young pre-menopausal women.  In terms 

of race/ethnicity, White adults have higher amounts of VAT compared to AA adults of same age 

and this trend continues even as age increases.89,90   

2.3.2.3. Behavioral Factors that Influence Abdominal Adipose Tissue Distribution 
 

Poor diet and behavioral factors such as physical inactivity are determinants of obesity 

and its related disorders. The Framingham Heart study reported lower VAT and SAT in physically 

active participants.91 Physical activity decreases WC and improves metabolic abnormalities even 

without weight loss.55  The effect of physical activity with or without changes in energy intake on 

abdominal fat is controversial.92  In the presence of 5% weight reduction with or without exercise, 
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obese individuals decreased VAT and CRP levels and had improved IR.93 In overweight and 

obese adults, moderate to high intensity exercise reduces VAT in the absence of a low calorie 

diet.94  There is also evidence that VAT responds to small changes in energy deficit in the absence 

of any changes of physical activity.92  The mechanism by which exercise decreases VAT in the 

absence of weight loss is not understood. It is postulated that increases in fat-free mass as 

observed with exercise may offset the detrimental effects of VAT since exercise causes the 

mobilization of lipids from VAT as a consequence of B-adrenergic action of VAT by exercise 

associated sympathetic stimulation.55   

Where physical activity appears to be beneficial to body fat distribution, cigarette smoking 

adversely alters it.  Participants from the Framingham Heart Study who were former and current 

smokers had significantly higher VAT than never smokers.91  Heavy smokers (≥20 cigarettes per 

day) appear to be more prone to central fat accumulation as indicated by WC compared to light 

smokers.95   A dose-dependent association has also been described for participants with VAT 

higher than 100 cm2 and total pack-years (number of years smoking multiplied by the number of 

daily cigarette packs smoked).96 

2.4. Visceral Adipose Tissue, Subcutaneous Adipose Tissue and Colorectal Cancer 
 

Current studies exploring abdominal adipose depots, VAT and SAT, have shown that VAT, 

in particular, is a better predictor of obesity-related health risks.34  VAT is a better predictor for 

colorectal adenoma risk than BMI1,2,37,97-99 although evidence for this is inconsistent.98  Kang et al. 

examined the association of VAT and CRC and found it was an independent risk factor (OR of 

3.09, 95% CI 2.19-4.36).100  Japanese adults with colorectal adenoma101 had more VAT than 

controls.97    VAT has been associated with colorectal adenomas in both males and females 

independent of BMI.2     

In cancer populations, abdominal adipose depots associate with increased risk.  Balentine 

et al (2010) evaluated if direct analysis of VAT by CT using a variety of anatomical landmarks 
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(L2/L3; L4/L5) are valid in patients with CRC (Stage 0-IV) and determined that VAT amounts at 

any given anatomical landmark, as did WC, correlated significantly with diabetes and 

hypertension confirming that direct measurement of VAT is valid in cancer patients.38  Only a 

handful of studies have assessed VAT in patients with CRC. These studies have shown that VAT 

is an independent predictor of CRC but these findings are not consistent.  Yamamoto et al. (2010) 

performed a study in mostly male Korean patients with early-stage CRC and cancer-free controls 

and found a positive association between VAT and CRC that increased significantly from lowest 

(designated as the reference tertile) to highest VAT tertile (mid-tertile OR 2.17, 95% CI 0.45-

10.46; highest tertile OR 5.92 95% CI 1.22-28.65).1  On the other hand in a smaller Turkish study, 

Erarslan et al (2009) examined 54 newly diagnosed patients with CRC (24.6±3.7) and 50 healthy 

controls (BMI 29.2±5.8) and found that VAT was similar in both groups.102  In the latter study, BMI 

was statistically significant between the CRC patients and healthy controls and cancer staging 

was not reported.  Gender differences were also not explored and this may have been due to 

small sample sizes overall and very few female participants.   More studies assessing VAT in 

larger samples exploring gender differences and the relationship between VAT and CRC are 

needed. 

2.5. Hepatic Fat Content and Colorectal Cancer 
 

Hepatic fat content (HFC), also referred to as hepatic steatosis, liver fat infiltration or fatty 

liver is a metabolic consequence of obesity, associated with MetS and its components (IR, 

dyslipidemia and hypertension) and its manifestation is non-alcoholic fatty liver disease 

(NAFLD).103-105  The prevalence of NAFLD is increasing103 and currently affects 20-30% of the US 

population.105,106   Liver fat deposition within hepatocytes causes inflammation which leads to 

scarring of the liver tissue and if left untreated, can lead to cirrhosis.107  Simple hepatic steatosis 

is the mildest form and cirrhosis is the most extreme form of NAFLD which may lead to liver failure 

or hepatocarcinoma, however, this outcome is less common in NAFLD.105,108   Persons with non-
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alcoholic fatty liver disease (NAFLD) have an increased risk for colorectal adenomas and CRC.109  

This section will describe diagnostic and alternative non-invasive strategies for assessing hepatic 

fat content and the known associations between HFC and colorectal adenomas and CRC. 

2.5.1. Liver Biopsy for Diagnosis of Hepatic Steatosis 
 

The gold standard for diagnosing hepatic steatosis is the liver biopsy.105,106  The liver 

biopsy is an invasive procedure with various complications, cannot be used for repeated 

measurements or to monitor response to treatment and its use is not practical in healthy 

populations.105,107  Although various less invasive procedures such as assessment by CT, MRI or 

ultrasound are proposed as effective alternatives for the evaluation of hepatic steatosis,110,111 a 

liver biopsy is ultimately required to confirm diagnosis and to describe histologically (hepatocyte 

changes, inflammation, and extent of fibrosis) the extent of liver damage due to fatty infiltration.105  

MRIs, CTs, and ultrasounds have been used to assess the prevalence of hepatic steatosis in 

asymptomatic adults and population-based studies and have proven to be reproducible, reliable, 

and valid measures of hepatic steatosis compared to liver biopsy.110-114  

2.5.2. Computed Tomography Scans for Assessment of Hepatic Fat Content 
 

The liver is a solid fat-free organ made up of soft tissues and an entire image of the liver 

can be seen using a cross-sectional CT slice at the Thoracic 12 - Lumbar 1 (T12-L1) vertebral 

landmark in most humans (90% of the time).105,110,115 Various protocols for evaluation of HFC 

using CT images have been developed.115,116  In brief, HFC is determined from the mean HU of 

circular regions manually traced on the liver, spleen and/or other anatomical parts such as the 

aorta using medical imaging software as specified in the protocol being applied. Under normal 

conditions, the liver has about the same or higher radiographic density to other similar solid organs 

of the upper abdomen (ie. spleen, pancreas, kidneys). The CT radiographic density, also known 

as x-ray attenuation, is measured in Hounsfield (HU) units and each body tissue and bone has a 

corresponding HU threshold.117 In the normal liver, the mean attenuation has been reported at 
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56.7±11 HU a.118,119 Hepatic attenuation values measured at different sections of the same liver 

fall within a narrow HU range suggesting that the liver is homogenous throughout.105,115,120  

2.5.3. Factors that Influence Assessment of Hepatic Fat Content 
 

Hepatic fat content is best visible and most accurately assessed using a CT scan of the 

abdomen without contrast.112,117,121 Contrast enhanced CT scans have been used for hepatic fat 

quantification but are generally not recommended because the contrast yields potentially 

erroneous attenuation values.110,111  The internal reference standards recommended for a contrast 

enhanced CT is abdominal SM and for a non-contrast enhanced CT, the reference standard is 

the spleen.105,110  CT scans provide a reliable image of the liver and the measurement of amount 

of steatosis is possible due to the inverse relationship between the CT unit, Hounsfield attenuation 

unit, and hepatic fat content such that higher hepatic fat content yields lower the liver attenuation 

values.110   Hepatic attenuation values less than or equal to 40 HU are representative of moderate-

to-severe hepatic steatosis.117  

2.6. Hepatic Fat Content, Colorectal Adenomas and Colorectal Cancer 
 

The presence of NAFLD in patients is an independent predictor for colorectal 

adenomatous polyps which are precursors to CRC, after controlling for age, gender, smoking 

status, metabolic syndrome, hypertension and diabetes.104   These findings have been 

corroborated internationally.122-124   Contrary to these findings, Touzin et al did not find higher 

prevalence of adenomas in patients with NAFLD compared to controls.125   A recent review of the 

literature by Armstrong et al on NAFLD and its association with increased metabolic complications 

concluded that NAFLD significantly increases risk for T2DM, cardiovascular disease, renal 

disease and CRC, however, more studies are needed, especially in CRC to further explore the 

impact of NAFLD.126  Additionally, research evaluating the association of HFC, adenomas or CRC 

is sparse in the US.   More studies in diverse populations are needed to explicate this association 

and its implications.   
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2.6.1. Postulated obesity-related mechanisms and Colorectal Cancer pathogenesis 
 

The mechanisms involved in obesity-related CRC development are not completely 

understood.  Associations between metabolic dysfunction and CRC may involve inflammatory 

and insulin resistance pathways.  The obesity-related CRC as currently understood is complex 

and may involve pathogenic changes in abdominal fat distribution and hepatic fat content that 

independently or concurrently contribute to inflammatory and insulin resistance pathways leading 

to the pro-carcinogenic environment that ultimately causes CRC.  This section describes how 

adipose tissue expansion contributes to metabolic dysfunction and summarizes several major, 

well known mechanistic pathways in obesity-related CRC. 

2.6.1.1. Adipocyte Size and Adipose Tissue Expansion 
 

Adipose tissue is composed of mostly of adipocytes and other cell types such as pre-

adipocytes, blood cells and endothelial cells.127  Adipocytes are the main storage depots of 

triglycerides.58,127  The adipocyte size determines how effective the adipocyte is in storing free 

fatty acid (FFA) and triglyceride (TG) postprandially.58  Small more insulin sensitive adipocytes 

are powerful buffers with high absorption capacity of FFAs and TGs after a meal.58  However, as 

these small adipocytes grow larger or hypertrophy, they become less efficient, dysfunctional, 

insulin resistant and hyperlipolytic.  With adipose tissue expansion, the adipose compartments 

accumulate fat by hypertrophy (adipocyte enlargement) or hyperplasia (generation of smaller, 

more functional adipocytes).57  SAT contains a greater number of small adipocytes compared to 

VAT which contains a higher number of larger adipocytes.58   In response to increased adiposity, 

adipocyte size and number increase within all adipose tissue compartments in both genders.55  In 

conditions of excess energy, it is thought that impaired adipogenesis within the adipose tissue, 

possibly initially subcutaneously which normally creates hyperplastic adipocytes leads existing 

adipocytes to switch to hypertrophy to store excess fat.57 It is postulated that visceral and ectopic 

fat accumulation results when SAT is no longer able to expand through hyperplasia and switches 
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instead to hypertrophic expansion.128 Adipocyte hypertrophy will continue up to a certain point 

and then spillover of lipids into depots like VAT, liver, heart and pancreas ensues leading to 

metabolic abnormalities:  dyslipidemia, inflammation and insulin resistance.55,57,128   

2.6.1.2. Overview of Colorectal Cancer Pathogenesis 

  
The majority of colon adenocarcinomas develop from adenomas or polyps.  The well 

accepted model by Vogelstein129 for the development of CRC from normal mucosa to 

premalignant adenoma involves several key genes: the APC gene, a tumor suppressor gene, is 

one of the first genes that may become mutated and is usually expressed in 80% of adenomas 

and adenocarcinomas130,131; the K-ras gene, an oncogene responsible for cell proliferation is also 

mutated in CRC; and p53 gene, a tumor suppressor gene associated with apoptosis, is believed 

to be the gene mutation responsible for the conversion of an adenoma to adenocarcinoma.131  

This transformation is a long-term process characterized by an accumulation of mutations that 

disrupt the normal processes of cell proliferation, differentiation, apoptosis, and DNA repair.  The 

reason for this loss of control remains unclear, however, chronic low-grade inflammation as seen 

in obesity has been hypothesized to play a central part.9  White adipose tissue is an endocrine 

tissue and secretes bioactive molecules from adipocytes, preadipocytes, and macrophages.132,133  

These bioactive pro-inflammatory molecules also referred to as adipokines include IL-6 and tumor 

necrosis factor alpha (TNF-α) among others.134  The release of these cytokines from 

macrophages lends to systemic low-grade inflammation.9,135  Circulating IL-6 and TNF-α, elevated 

insulin levels and upregulation of insulin-growth-factor-1 (IGF-1) have been associated with 

adiposity and risk of colorectal adenomas136 and increased CRC risk.136,137   Studies demonstrate 

that low- grade inflammation and high circulating insulin (hyperinsulinemia) and upregulation of 

IGF-1 have effects on cell proliferation, angiogenesis, and tumor promotion.138,139     
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2.6.1.3. Chronic low-grade Inflammation and Colorectal Cancer 
 

A chronic low-grade systemic inflammation accompanies obesity and is linked to CRC in 

both observational and clinical studies.136,140,141  Chronic inflammation is described as an initiator 

and promoter of cancer progression.141,142  IL-6 (interleukin-6) and C-reactive protein (CRP), have 

been identified as independent predictors of CRC risk and poor post-surgical outcomes and 

survival.140  Obesity-related inflammation leads to the production of a host of pro-inflammatory 

adipokines (eg. leptin, resistin) and cytokines (eg. TNF-α, IL-6) while simultaneously reducing the 

release of an anti-inflammatory adipokines (eg. adiponectin) and cytokines (IL-10).140-142   As the 

adipose tissue continues to expand, the existing blood vessels are insufficient at delivering 

adequate oxygen to the adipocytes leading to hypoxia. Hypoxia-inducible-factor 1, the possible 

mediator of hypoxia triggers an inflammatory response and angiogenesis to increase oxygen 

delivery to the hypertrophic adipocyte.143 In addition, endoplasmic reticulum stress increases as 

metabolic and structural changes occur within the hypertrophic adipocyte.143,144  Recently, chronic 

colonic inflammation has also been associated with obesity.145   It is the continuous presence of 

these pro-inflammatory molecules in the colonic cellular environment that has the potential for 

carcinogenesis. 

2.6.1.3.1. Adiponectin and Obesity 
 

Adiponectin is an anti-inflammatory and insulin sensitizing adipokine.146,147   It has two 

known cellular receptors: adiponectin receptor-1 and adiponectin receptor-2.148   It is purported to 

having anti-carcinogenic properties but the mechanisms of action are unclear.148,149  Adiponectin 

is highly expressed in visceral adipose tissue (VAT) and inhibits liver gluconeogenesis and 

promotes fatty acid oxidation in SM.147   Expression of adiponectin is decreased in VAT of obese 

compared to non-obese subjects.150  Women tend to have higher circulating adiponectin 

concentrations than men, possibly due to higher body fat mass and higher estrogen and 

androgens.151  Testosterone has been shown to decrease circulating levels of adiponectin in men 
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and mice as demonstrated in vivo and in vitro studies.151,152 , Adiponectin activates the  5’ 

adenosine monophosphate-activated protein kinase (AMPK) pathway thereby downregulating the 

mammalian target of rampamycin (mTOR) signaling pathway and inhibiting CRC cell growth153 

and may also suppress other tumor growth inhibitor enzymes downstream of AMPK, however, 

these have not been identified.151,153  In obesity, adiponectin is down-regulated, possibly by TNF-

α.146   It has been shown that adiponectin receptors are expressed on many cancer cell types, 

however, how adiponectin and its receptors relate to obesity and cancer is less clear.149 

2.6.1.3.2. Adiponectin and Colorectal Cancer 
 

Patients with CRC have low levels of adiponectin compared to controls.154  It is postulated 

that adiponectin has anti-carcinogenic effects by several mechanisms.  Adiponectin activates the 

AMPK/mTOR  pathway suppressing cell growth and proliferation by inhibiting the production of 

enzymes needed in protein regulation (mTOR)153 and reducing the expression of a major 

transcriptional regulator,  sterol regulatory element binding protein.151  It also upregulates p53 and 

p21, important proteins involved in growth arrest and apoptosis.151   Additionally, colonic tumors 

have been shown to have higher expression of adiponectin receptors than non-involved tissue in 

patients with CRC, however, what this means is not yet known.148,155  

2.6.2. Reversal of chronic inflammation 
 

Weight loss reverses the adverse effects of obesity on chronic inflammation.   Common 

systemic markers of inflammation such as CRP, IL-6 and TNF-α  decrease substantially with 

weight loss.156   Pendyala et al examined the effects of weight loss on both systemic and colonic 

inflammation in obese women and found that weight loss between 5-10% not only decreases 

chronic systemic inflammatory cytokines (TNF-α, IL-8, IL-6), but also decreased colonic 

inflammatory cytokines (TNF-α, IL-6, IL-8) and pro-oncogenic genes (IL-8, JUN, FOS).145,157  
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2.6.3. Insulin Resistance, Metabolic Syndrome and Colorectal Cancer 
 

A major metabolic consequence of obesity is T2DM which is characterized by insulin 

resistance, hyperinsulinemia and elevated levels of fasting blood glucose. Epidemiologic studies 

conducted in the US, Europe, and Asia consistently show that T2DM increases the risk for CRC. 

31,158,159   The individual metabolic consequences of T2DM including hyperinsulinemia, insulin 

resistance and elevated fasting blood glucose levels, associate with increased CRC risk 160-162 in 

both genders however the associations are greater in men.159  Similarly, colorectal adenomas, a 

precursor of CRC, have been associated with elevated insulin levels and insulin resistance.100,163    

2.6.3.1. Metabolic Syndrome and CRC 
 

The MetS is defined as having 3 or more of the following metabolic abnormalities:  high blood 

pressure, increased waist circumference, hypertriglyceridemia, low levels of high-density 

lipoprotein cholesterol, or diabetes/hyperglycemia.132,164 A large prospective study evaluating 

metabolic syndrome (≥ 3 components) as a risk factor CRC of 14,109 men and women found a 

stronger association for men (RR, 1.78; 95%CI, 1.0-3.6) than for women (RR, 1.16 95%CI, 0.6-

2.2).164  Similarly, a large European multi-center case-control study found that men (OR = 1.86; 

95% CI 1.21–2.86) with MetS had stronger associations for CRC risk than women (OR =1.13; 

95%CI 0.66-1.93).165 Individual components of MetS, especially hyperglycemia, may influence 

CRC risk through several biological mechanisms.166,167   A nested case control of a large 

prospective cohort (EPIC 1992-2000) found abdominal obesity (WC≥102 cm in men or ≥88 cm in 

women) and abnormal glucose levels (based on self-reporting having diabetes or glycosilated 

hemoglobin ≥5.7%) were strongly associated with CRC risk.166  Similarly, a CRC case-control 

study showed cases had significantly higher insulin and homeostasis model assessment insulin 

resistance index (HOMA-IR) and decreased adiponectin (a pro-insulin sensitive and anti-

inflammatory adipokine) than controls.161  
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2.6.3.2. Potential Mechanistic Pathways of Insulin, Insulin Growth Factor -1, Insulin Growth 
Factor Binding Protein -3 and Colorectal Cancer 
 

Animal and human studies have provided new and relevant information on the 

mechanisms involving insulin, insulin-growth-factor 1 (IGF-1) and insulin-growth-factor 2 (IGF-2) 

in CRC.168  The molecule, IGF - 1 is involved in the growth and maintenance of tissues.  Under 

normal conditions, insulin-like growth factor binding proteins 1, 2 and 3 (IGFBPs 1,2,3) bind IGF 

and inactivate its effect.6,169  Obesity induced adipocyte hypertrophy causes secretion of 

inflammatory markers and alterations of insulin release and decreased insulin sensitivity leads to 

changes in expression of insulin receptors and of intracellular insulin signaling pathways.6,138,168,170   

Interleukin-6 (IL-6) and TNF-α, for example are known pro-tumorigenic cytokines and potent 

inflammatory mediators that can alter insulin sensitivity by upregulating key steps in insulin 

signaling pathways.146,171  High insulin levels lead to increased IGF-1 and IGF-2 levels and 

downregulation of IGFBP-1 and IGFBP-2 proteins leading to increased bioavailability of 

IGF.45,172,173  IGFBP-3 is the predominant binding protein in plasma and has high affinity 

(sequesters about 90%) of the available IGF proteins.169 The binding protein, IGFPB-3 appears 

to have a role apart from binding proteins which possibly involves regulation of cell growth, 

preventing proliferation, promoting apoptosis, and may inhibit NFkB, although exact mechanisms 

have not been completely determined.169,174,175  Over-expression of IGF alters downstream 

metabolic pathways involved in proliferation, apoptosis, angiogenesis, cell adhesion, migration 

and wound healing.6  Evidence from human and animal studies confirm that high levels of insulin 

and IGF acting via the insulin-IGF axis promote colorectal carcinogenesis.6   

2.6.4. Obesity, Gender, Human Sex Hormones and Colorectal Cancer Risk 
 

Gender differences in CRC risk exist and this risk differential is possibly due to body 

composition differences between men and women as described in section 2.3.2.2.  The influence 

of human sex hormones primarily estrogen and testosterone on body composition throughout the 

life cycle and their influence on disease risk, specifically on carcinogenesis have been studied 
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extensively.  The epidemiological evidence of the influence of gender on CRC risk, mostly based 

on self-reported BMI data is controversial. However, accumulating evidence on human sex 

hormones and body composition similarities between men and postmenopausal women and 

differences between pre and postmenopausal women suggest an important role for body fat 

distribution in augmenting CRC risk.  

2.6.4.1. Epidemiological Evidence of Gender Influence on Colorectal Cancer Risk 
 

An association between an increased risk of CRC mortality in overweight men was 

reported in a 1979 large prospective study of 750,000 men.176 The age-adjusted incidence of CRC 

for adults 40 and older between 1975-2006 using nine registries from the Surveillance, 

Epidemiology and End Results (SEER) dataset was 149.7/100,000 in men and 108.4/100,000 for 

women.177  The gender difference remained after stratifying by age, tumor stage, tumor location, 

and geographic location.  More recent studies provide further evidence for a stronger association 

of obesity and CRC risk in men than in women, 32,178,179 however these inconsistencies may be 

due to reliance of self-reported heights and weights. 178  Findings from the Nurses’ Health Study, 

the Physicians’ Health Study and the Health Professionals Study, large prospective US studies, 

confirmed the association of increasing BMI with increased CRC risk in both genders.4,180,181   

These cohort studies revealed the association between physical inactivity and CRC development 

specifically for obese compared to lean women 4 but not in men. 3,5  These studies substantiated 

the clustering of MetS was a consequence of increasing obesity which was then associated with 

increased CRC risk.181   

2.6.4.2. Female Sex Hormones, Obesity, and Colorectal Cancer Risk  

  
There is evidence that estrogen is protective against CRC in females.  Several large 

clinical and population-based studies observed that estrogen positive females (hormone 

replacement therapy or oral contraceptives) have reduced risk of CRC compared to estrogen 
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negative females (non-users). 182,183  There are several other studies including a recent publication 

by the Women’s Health Initiative group that report no benefit of estrogen and progestin combined 

therapy in CRC.184 The role of estrogen in the development of CRC remains debatable.  

Nonetheless, numerous findings regarding estrogen and its receptors have advanced the 

understanding of its metabolism and its potential involvement in CRC.   

Estrogen binds two separate receptors :  estrogen receptor –α  (ER-α) and estrogen 

receptor – β (ER-β)185 and while ERα is expressed in tissues involved in reproduction (breast, 

uterine, prostrate), white adipose tissue, bone, liver and muscle and has insignificant role in CRC, 

ER-β, on the other hand, is highly expressed in colonic mucosa, the epithelium of the prostrate, 

testes, bone marrow and vascular endothelial.186  The ER-β expression is reduced in CRC185,187 

and its expression indicates advanced CRC and poor prognosis.187    Estrogen may play important 

role the progression of CRC because it is involved in growth and regeneration of cells,188 induces 

apoptosis and inhibits cell proliferation,187 has beneficial effects on insulin sensitivity, 78 and affects 

body fat distribution.78  Aging, a contributing factor to CRC, is associated with a natural decline of 

circulating estrogen resulting in loss of muscle mass, adipose tissue gain in females and loss of 

bone health in both genders.186  How changing levels of circulating estrogen as a result of aging 

and obesity lead to CRC remains to be explained. 

Estrogen levels decrease in postmenopausal women as weight increases.55,189 In a 

population based case – control study of women with incident CRC and without in Los Angeles 

found no significant increase (P trend = 0.18) in risk with increasing BMI except for 50 (P trend 

<0.001) and 60 (P trend = 0.002) years of age.190  Upon adjustment for BMI and other 

confounders, the association between estrogen use and CRC was similar between groups.190 

Data collected from the Nurses’ Health Study, the Women’s Health Study, the Health 

Professionals study, and the Physician’s Study II was used to assess the relationship between 

estradiol, testosterone, and estradiol/testosterone ratio in CRC cases and controls adjusting for 

various factors including BMI, age at blood draw, smoking, current alcohol use and family history 
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and revealed that in men higher levels of total testosterone  and estradiol/testosterone ratio were 

associated with decreased CRC risk.191  In women, these researchers found that only the 

estradiol/testosterone ratio was associated with an inverse relationship for CRC.  These studies 

imply an important role for estrogen and other sex hormones in CRC, however, more research is 

needed to clarify its role. 

2.6.4.3. Male Sex Hormones, Obesity and Colorectal Cancer  
 

Few studies have explored the association between CRC, obesity and testosterone in 

men.  Available evidence shows that circulating testosterone decreases with increasing adiposity 

(visceral obesity).192-194  Higher levels of testosterone are associated with decreased CRC risk in 

men with similar BMI after multi-variable adjustment (age at blood draw, fasting status, smoking 

etc).191  Middle-aged obese men injected with testosterone showed improved insulin resistance.195  

Although, there is insufficient literature on testosterone and CRC, similar to other sex hormones, 

it may play a role in the development of CRC via its effect on obesity-induced insulin resistance.  

2.7. Race/Ethnicity, Disparities and CRC 
 

Disparities influence cancer incidence and mortality within different race/ethnic groups.  

These cancer disparities are complex and possibly include socioeconomic status (SES), culture, 

health care access, and to a lesser degree, genetics.16,17,196  Ethnic/racial minorities tend to have 

lower SES, increased social barriers to education, less access to quality health care, and more 

risky behaviors associated with cancer risk (ie. smoking, inactivity, poor diet).197,198   In regards to 

CRC, the factors that are speculated to contribute to the differences in cancer survival among 

race/ethnic groups are access and utilization of early detection screening, quality medical access, 

treatment, and supportive care and pre-existing co-morbidities such as obesity.15  However, there 

is evidence that even after controlling for factors associated with health disparities, minorities, 

particularly African Americans (AA), are at increased risk for CRC.101  Such findings indicate that 
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there are possible unknown mechanisms that perhaps involve differences in body fat distribution, 

biology and metabolism that increase risk disproportionately for certain race/ethnic groups.   

2.7.1. Race/Ethnic Differences in Body Composition of Cancer-free populations 
 

Barreira et al199 reported race/ethnic body composition differences in cancer-free 

populations and found that AA women have larger WC, waist-to-hip ratio (WHR), higher BMI and 

total fat mass (kg) than NHW women, whereas AA men compared to NHW had lower WC, WHR 

and total fat mass (kg), although in this study, NHW men and women were significantly older.199  

The Pennington Longitudinal Study, examined body composition differences at baseline between 

AA and NHW and showed that AA men and women had significantly lower BMI and WC than 

NHW men and women.200  As in the previous study, AAs were significantly younger than NHW 

counterparts.200  Carroll et al (2008) examined various body composition parameters in a sample 

of AA and NHW men and women and determined that in similarly aged men, NHW men showed 

trend for higher BMI and WC (p<0.10) than AA but no differences in percent of body fat and 

WHR.201  In similarly aged, NHW and AA women, this study found no differences in height, BMI, 

WC, and WHR with the exception of body fat percentage which was significantly higher in AA 

women (43.9±0.8%) compared to NHW women (39.7±1.5%).201  Demerath et al202 studied 

similarly aged men and women and compared body composition measures and found that NHW 

men had similar BMI, total body fat, WC and taller than AA counterparts whereas AA females had 

higher BMI, WC, total body fat and similar height compared to their NHW counterparts.202 Despres 

et al (2000) found that AA and NHW males did not differ in weight, BMI, percent body fat and fat 

mass but AA had smaller WC and WHR than NHW however, in this study, NHW were significantly 

older than AA (36.2 ±14.8 vs. 32.7±11.9, respectively, p <0.05).56  For females, these researchers 

reported significantly higher weight, BMI, percent body fat, fat mass, and WC in AA females 

compared to NHW females of similar age.56  A study evaluating race/ethnic differences in NHW 

and AA postmenopausal women of similar age and stature, weight, BMI, total fat mass (kg) and 
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WC were significantly higher in AA women compared to NHWs.203  In sum, these studies illustrate 

various race/ethnic variations in several different body composition parameters between AA and 

NHWs. Generally, these data suggest that AA females tend to have higher BMI, body fat, and 

WC than NHW women whereas AA men may have lower WC, WHR, and total fat mass than NHW 

men. 

2.7.2. Race/Ethnic Differences in Body Composition of CRC populations 
 

To our knowledge, no studies have explicitly explored race/ethnic differences in body 

composition in patients with CRC.  Only one study, after an extensive literature review, has 

examined race/ethnic differences in body composition related to colorectal adenoma risk which 

is a precursor for CRC.  This study was conducted by Thompson et al (2012) and it was a case-

control study exploring racial differences in obesity and adenoma risk in adenoma cases versus 

adenoma-free controls in AA and NHW men and women.204  This study showed that WHR was 

the only measure of obesity associated with increased adenoma risk in AA whereas BMI, WC, 

waist-to-height ratio, but not WHR were associated with increased risk in NHW cases.204   

2.7.3. Abdominal Adipose Tissues, Hepatic Fat Content and Race/Ethnicity  
 

Ethnicity and genetic ancestry influence adipose accretion and regional fat distribution.  

White men have more VAT than AA men even after controlling for total adipose tissue (TAT), sex 

hormones, age205 and lower extremity fat.206  Liver fat content and body fat percentages are 

significantly higher (p-value <0.001) in Caucasians (12.8 ± 1.7), then Hispanics (10.2 ±1.7) and 

lowest in AA (1.43±1.9)207 with similar SAT.  A study comparing older (between 70-80 yr) White 

and AA men, found that AA men had significantly greater intra-muscular adipose tissue (p 

<0.0001) and lower SAT (p < 0.0001) at all levels of adiposity compared to Caucasians.208  

Interestingly, recent evidence reveals that regional fat distribution appears to track from childhood.  

Children with African ancestry have lower total abdominal adipose tissue (TAT), VAT, SAT after 

adjusting for SES, age, gender, height, race, and pubertal status than children with  European or 
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Hispanic ancestry.209   To date, no studies have explored race/ethnic variation of abdominal 

adipose depots in patients with CRC. 

2.7.3.1. Hepatic Fat Content and Race/Ethnicity 
 

African Americans have less prevalence of NAFLD.210,211  A study out of California of about 

750 people showed that AA had lower prevalence of NAFLD than Hispanics, Asians, and 

Whites.211    Furthermore, the lower prevalence of hepatic adiposity in AA was not explained by 

ethnic differences in BMI, insulin resistance, alcohol consumption, or medication use.210    The 

frequency of NAFLD as seen in this study suggests that Hispanics are at greatest risk, followed 

by Whites, and AA have the lowest risk.  Such findings are paradoxical since AA are at highest 

risk of adenomas and CRC, yet have the lowest risk of insulin resistance, VAT, and hepatic 

steatosis which are strong determinants of disease risk in Hispanics and Whites.  To date, no 

studies have explored race-ethnic variation of hepatic fat in patients with CRC. 

2.8. Summary 
 

Obesity is a risk factor for CRC supported by epidemiological studies and newer emerging 

evidence.  The proposed obesity, pathogenic abdominal fat distribution, hepatic fat infiltration and 

CRC theoretical framework is summarized in Figure I.  Obesity is a heterogeneous condition and 

the pathology it involves is determined by many factors including genetic predisposition, gender, 

age, race/ethnicity, physical activity and other behavioral factors.  Individuals with an increased 

propensity to store fat subcutaneously or who have functional SAT compartments that expands 

via hyperplasia instead of hypertrophy have fewer metabolic disturbances and lower risks.  

Individuals with disturbances of this process progress to an obesity phenotype characterized by 

increased VAT accumulation inflammation, insulin resistance, increased HFC leading to a 

disruption of cellular processes within the colon (increasing inflammation and disruption of normal 

insulin and hormonal signaling pathways) that are pathogenic in nature and eventually 

predisposes the individual to increased risk of CRC. 
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   Figure 1. Theoretical framework for research study 

 

 
 



 

III. PILOT STUDY AND PRELIMINARY FINDINGS 
 

A small pilot study was conducted using data collected by Pusatcioglu et al212 on men 

(n=14) with incident CRC from the Chicago Colorectal Cancer Consortium (CCCC) with a 

preoperative abdominal CT scan, serum (glucose, insulin, CRP, IL-6, TNF-α, Bone Morphogenic 

Protein-2), and colonic tissue (mRNA expression of IL-6, hepcidin, ferroportin, and divalent metal 

transporter-1).   The aims of this study were two-fold:  1) to evaluate the correlations between 

abdominal fat depots in men with incident CRC and serum and colonic tissue biomarkers of 

inflammation and iron regulation and 2) to determine if it was feasible to acquire, retrieve and 

analyze archived CT scans of CCCC study patients.   

3.0. Methods of Pilot Study 
 

A cross-sectional CT slice at mid-point of L3 vertebrae was obtained and analyzed using 

IMAGEJ (NIH) to quantify abdominal circumference (WC, cm) and surface areas (cm2) for TAT, 

SAT, SSAT, DSAT, and VAT.  Median split for WC (98.9 cm) was used to investigate the influence 

of excess weight. Serum and tissue biomarkers examined were previously collected and analyzed 

by Pusatcioglu et al212. 

3.1. Results of Pilot Study 
 

The results showed a mean age (yrs), BMI (kg/m2), and WC (cm) was 58.4, 26.9, and 

103.5, respectfully.  The sample was 50% (7/14) African American, 64% Stages I-II and 34% 

Stages III-IV. TAT and VAT were significantly higher for WC above median-split (p < 0.05); BMI 

correlated with SAT (r=0.81, p<0.001) but not with VAT (r=0.34, p=0.2301); WC was correlated 

with all depots (r ≥0.65, p<0.01). Correlations between TAT (r=0.54, p=0.0451), SAT (r=0.68, 

p=0.006), SSAT (r=0.68, p=0.007), DSAT (r=0.68, p=0.007) and serum TNF-α occurred but not 

with VAT (r=0.02, p=0.9425).  No correlations were observed between adipose depots and colonic 
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tumor tissue biomarkers. Of 15 CRC patients with preoperative CT scans, 14 scans provided 

good quality images that were analyzed for regional fat distribution and included in this study. 

3.2. Conclusions of Pilot Study 
 

Despite our small sample size, significant correlations within adipose depots, BMI and AC 

were found and SAT was highly correlated with serum TNF-α.  VAT was not associated with any 

tissue biomarker.  Overall, it was feasible to acquire, retrieve and analyze scans of CCCC CRC 

patients.  Larger studies assessing this area are needed. 
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IV. RESEARCH DESIGN AND METHODS 

4.0. Study Design  
 
 To efficiently address our specific aims two distinct study designs were employed. To 

achieve specific aims 1 and 2, a case-control design was used to characterize the relationship 

between abdominal adipose distribution and CRC and to assess race/ethnic variations. A total of 

256 NHW and AA (128 cases and 128 controls) men and postmenopausal women were included 

in this case-control study.   Patients with CRC (cases, n=128) were obtained from two sources: 

1) Chicago Colorectal Cancer Consortium (CCCC) Study, (Principal Investigator: Barbara Jung, 

MD) which examines the genetic and environmental risk factors for CRC and 2)  recently 

diagnosed incident CRC cases available retrospectively from electronic medical records (EMR) 

at the CCCC affiliated medical centers.  The CCCC has established a CRC registry and has a 

bio-repository database of patients with and without CRC (adenomas and polyp-free) from 6 

hospitals including University of Illinois Hospital & Health Sciences System (UIHHSS), Rush 

University Medical Center (RUMC) and John H. Stroger (JHS).  Final entry of cases into the study 

depended on the availability and quality of archived abdominal/chest/pelvic CT images.  Patients 

without CRC (Controls, n=128) matched to controls (n=128) were obtained from the radiology and 

medical records databases of two hospitals: UIHHSS and JHS.   

To achieve specific aim 3, a cross-sectional design was used to describe the association 

of abdominal adiposity with biomarkers from serum collected from a subgroup of incident CRC 

cases (N=59; 43 males, 16 females).  The study design overview and statistical plan Figure 2.   

To achieve specific aim 4, a cross-sectional design was used to assess the feasibility of 

two techniques to quantify HFC and to determine the prevalence of hepatic steatosis in our 

sample (cases and controls). 

A case-control design was selected for AIMS 1 and 2 because precise documentation of 

baseline exposure (ie. diagnostic CT images for assessment of abdominal adiposity), major 

outcomes (ie. CRC risk factors, serum & tissue biomarkers), and many vital confounding factors 
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(ie. age, gender, BMI, race/ethnicity, health insurance, education) are available for the population 

selected within the CCCC bio-repository database (cases) and patient electronic medical records 

(additional cases and controls).   A cross-sectional design was selected for AIM 3 because serum 

samples were obtained at initial colonoscopy appointment and available for cases only.  A cross-

sectional design for AIM 4 was used because CT images were used to explore the prevalence of 

hepatic steatosis for each group (cases and controls) separately without further analysis. 
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     Figure 2.  Study design overview and statistical plan 

 

 
 



 

4.1. Study Population 
 

A proportion of cases were identified from the CCCC participants and additional non-CCC 

cases were identified from EMR. All cases had newly diagnosed (incident) CRC.  Controls were 

individuals without CRC matched for age (up to 5 yrs), race (self-reported African American and 

Non-Hispanic White), gender, and BMI (up to 0.5 units) to selected cases.  All participants (cases 

and controls) had an abdominal CT scan. Males less than 40 years were excluded because CRC 

when not hereditary is a disease associated with older age.  Females with age greater than 55 

were included in an attempt to capture postmenopausal status. 

 Controls included patients that had a CT scan for diagnostic evaluation of non-cancer 

medical conditions (eg. abdominal pain, hiatal hernia repair, organ donor or gall bladder surgery).  

These patients were selected as potential controls because virtually all had diagnostic CT scans 

are performed routinely for a variety of medical complaints or for surgical planning. 

4.2. Setting 
 

The CCCC study enrolls patients from UIHHSS, JHS and RUMC. UIHHS is located three 

blocks from JHS and treats patients of similar race/ethnic backgrounds and from similar 

geographic regions.  JHS is a Trauma I Center that treats a racially/ethnically diverse population 

of patients without health insurance from across the City of Chicago, the state of Illinois and 

Indiana.  Similarly, the RUMC is located in the same medical district as UIHHSS and John H. 

Stroger Hospital however most patients at this hospital have medical insurance.    

4.3. Sampling Procedure 

4.3.1. Chicago Colorectal Cancer Study and Colorectal Cases 
 

The study flowchart and sampling procedure is explained in Figure III for cases and Figure 

4 for controls.  Patients screened for CRC were eligible to participate in the CCCC study at 

participating hospitals (UIHHSS, JHS, RUMC). Following consent, questionnaires were 
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completed in designated private areas of the clinics and blood draws were obtained prior to 

colonoscopies or prior to surgery.   

4.3.2. Additional Incident Colorectal Cancer Cases 
 

Additional retrospective incident CRC cases with a CT scan from UIHHSS medical 

records database were obtained using EMR and radiology database review.  Of 128 colorectal 

cancer cases initially obtained from the CCCC study, 38 did not have a CT scan or had a CT 

scan that did not provide good quality cross-sectional images at L3 and T12L1.  Additional 

cases (non-CCCC) were needed to meet the sample size requirements of power analysis.
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Figure 3. Flowchart and sampling procedure for cases

 
 



 

 

 

 

Figure 4. Flowchart and sampling procedure for controls 
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Controls were obtained (Figure IV) from UIHHSS and JHS hospitals and matched on age, 

BMI, race/ethnicity and gender.  For this study, only cases with a high quality abdominal CT image 

were included. To achieve specific aim 3, a subsample of cases with CT scans and serum markers 

of inflammation and insulin resistance were measured from banked blood. 

4.3.3. Selection of Controls 

  
All patients requiring a CT scan for a non-cancer medical condition (eg. abdominal pain, 

hiatal hernia repair or gall bladder surgery) at UIHHSS between 2009 and February 2014 were 

eligible for consideration and screening process.  The radiology databases were reviewed first by 

initial filter of patients requiring abdominal CT scans for the time period of interest (2009-2014). A 

medical record review and screening of patients that were age ≥ 40 for males and ≥ 55 for females 

and exclusion criteria followed (see Appendix C). The final number of qualified sample of controls 

with an abdominal CT image of high quality for body composition analysis were included in the 

study.  A comprehensive medical records review followed for controls selected for the study for 

demographic information and medical history of interest.  

4.3.3.1. Inclusion Criteria for Cases and Controls 
 

Cases:  Male Patients (≥40 yrs old) and female patients (≥55) with newly diagnosed non-

hereditary CRC (Stage 0-III, non-metastatic) obtained from the CCCC bio-repository database at 

UIHHSS, JHS, or RUMC between the years 2009-2013 with a good quality retrospective CT 

image were eligible for inclusion. Additional incident CRC cases were determined using same 

criteria between the years of 2013-2014.   

Controls: Male Patients (≥40 yrs old) and female patients (≥55) with a good quality 

retrospective CT image between 2009-2014 and  for abdominal pain, hiatal hernia repair or gall 

bladder work-up at UIHHSS or JHS were eligible for this study. 
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4.3.3.2. Exclusion Criteria for Cases and Controls 
 

Cases: Patients with hereditary CRC, with a history of inflammatory bowel disease (ie. 

Ulcerative Colitis, Chron’s Disease), diagnosis of Stage V CRC, end stage renal disease, 

abdominal gastric surgery or organ transplant were excluded to reduce the influence of advanced 

disease on inflammation, insulin resistance, and regional fat distribution.      

Controls:  Patients with a history of recent cancer or active cancer, autoimmune disease, 

colitis, any IBD (ie. Chron’s syndrome) end-stage renal disease, abdominal surgery or organ 

transplant were excluded.   

4.4. Patient Privacy and Informed Consent 
 
 The privacy of study participants was protected through the use of assigned research 

identification numbers.  Data was stored in a locked file cabinets to protect the confidentiality of 

obtained information.  This bio-repository information of CCCC study participants and use of CT 

scans was approved by the Institutional Review Board at UIC (CCCC IRB Protocol # 2010-0168).  

Additional UIC (IRB Protocol # 2014-0837), JHS (IRB Protocol #  10-142) and RUMC (IRB 

Protocol # 10031003) approval was obtained under expedited IRB review process at each 

institution for use of retrospective EMR and CT scan data (APPENDIX C).   A waiver of informed 

consent and HIPAA was obtained at each site (for retrospective use of protected health 

information).  CT images were transported in password-protected, encrypted flash drives 

(Sandisk® Secure Access™ by YuuWaa).  Computers containing the CT imaging software, 

SliceOmatic (TomoVision, Magog, Canada) and IMAGEJ (NIH) were password protected and 

encrypted with PGP Whole Disk Encryption (Symantec Corporation, Mountain View, CA).   

4.5. Sample Size Estimation 
 

The sample size for cases in this study was based on the number of incident CRC cases 

in the CCCC bio-repository database with an abdominal CT scan (N=128).  Given this restriction, 

the statistical power it provided for specific aims 1 and 2 were determined to discern if it was 
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sufficient to detect adequate effect size differences between comparison groups.   For AIM 1, 

sample size was determined based on VAT and disease status (cases vs. controls). For AIM 2, 

sample size was determined based on VAT and disease status (cases vs. controls) by 

race/ethnicity. We powered on our primary and secondary aims, the sample size for Aims 3 and 

4 were based on availability. 

Determination of sample size (128 in each group per disease state: cases and controls 

for a total N of 256) for AIM 1 is based on VAT means and SDs from Yamamoto et al1  and Oh 

et al99 case-control studies of VAT areas with early CRC.  The effect size for differences between 

cases (140±42 cm2) and controls (115±54cm2) was 25 cm2 for VAT area for the Yamamoto et al 

study.  A sample size of 59 per group is sufficient for identifying an effect size of this order of 

magnitude or larger with 80% statistical power based on a paired t-test at the 5% level of 

significance.  This sample size estimation was based on a Japanese population.  The effect size 

for determination of differences between cases (124.8±49.8) and controls (99.7±51.6) was 

25.1cm2 for VAT according to results published by Oh et al. A sample size of 64 per group is 

sufficient for identifying an effect size of this order of magnitude or larger with 80% statistical 

power based on paired t-test at the 5% level of significance.  This sample size estimation was 

based on a Korean population.  It was anticipated that AA and NHW patients in this study would 

be more heterogeneous, therefore, to account for this, the entire sample size based on the 

possibly eligible AA and NHW CRC cases (n=128) of the CCCC study were matched to an equal 

number of AA and NHW controls (n=128) to address AIM 1.  

Determination of sample size (27 males and 51 females in each group per 

race/ethnicity within cases and controls) for AIM 2 was based on rates of clinically detected 

differences for means and SDs for the area of VAT reported by Katzmarzyk et al 7 comparing 

NHW males (mean age: 44.9 ± 13.4 years) and AA males (mean age: 38.4±13.9 years) and 

between AA and NHW females (mean age NHW: 48.9±11.0 years; mean age AA: 40.8±11.4 
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years).  Thirteen percent of the AA females and 41% of the NHW females in their study were 

postmenopausal.  Based on a mean VAT area in males of 148.6 ± 73.4 cm2 in NHW and 97.7+ 

63.9 cm2  in AA, 27 men/ethnic group are needed  to detect this difference with a significance 

level of 0.05 and a power of 0.80 within cases and controls. In females based on a mean VAT 

area of 126.8 ± 63.7 cm2 in NHW and 96.7+ 50.7cm2  in AA, 51 women/ethnic group are needed 

to detect this difference with a significance level of 0.05 and a power of 0.80 within cases and 

controls.  The females in this study were more heterogeneous than those included in Katzmarzyk 

et al. due to matching and restriction to postmenopausal status. The initial CCCC sample provided 

32 AA and 12 NHW female CRC patients with a CT scan indicating insufficient sample size to 

explore AIM 2 in females.  Despite insufficient power, results obtained from our investigation 

provide much needed data for sample size determination for future studies with a CRC focus 

conducted in older female populations.  
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V. MEASUREMENT OF VARIABLES 

5.0. Demographic Information, Medical History and Clinical Data 
 

Demographic and medical information including age, marital status, race/ethnicity, level 

of education, employment status, blood pressure, family history of cancer and medical history of 

major chronic diseases (diabetes, cardiovascular disease), history of GI malignancies, medication 

use (anti-inflammatory agents), smoking/alcohol history, self-reported unintentional weight loss 

within the past 6 months (yes/no) and history of physical activity were obtained from the CCCC 

database and hospital EMR (see Appendix A) when available. 

5.1. Height and Weight 
 

Height and weight were obtained from the hospital medical records for controls and for 

additional CRC cases.  For the CCCC cases, height was obtained from medical records and 

weight was measured wearing minimal clothing at bedside to the nearest 0.1kg or obtained from 

medical records and recorded into the CCCC research database.   

5.2. Body Mass Index (BMI) 
 

Body mass index was calculated using the height and weight corresponding to the weight 

and height nearest to CT scan date for cases and controls.  BMI was calculated according to 

Quetelet’s index: weight (kg)/stature (m)2 classified according to the NIH guideline. 213  Body mass 

index was classified according to the guidelines where individuals with a BMI of 18.5-24.9 were 

normal weight, those with BMI 25.0-29.9 were overweight, while those with a BMI of 30.0 or above 

were obese.   

5.3. Tumor Localization/Staging 

Staging of tumors was obtained from the pathology report. Localization was categorized 

as left sided colon (splendic flexure, descending, sigmoid, rectum, recto-sigmoid) or right sided 

(transverse, ascending, hepatic flexure, cecum) whenever possible. Staging was based on the 

TNM guidelines.  
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5.4. Biomarkers in Serum 
 

The following serum biomarkers were analyzed from fasting samples collected from 

incident CRC cases at endoscopy or pre-surgery.  Postulated mechanisms of these biomarkers 

and carcinogenesis were discussed in the literature review, however, additional information and 

rationales for each are included in this section.  Duplicate assay measurements were performed 

for all serum biomarkers. 

5.4.1. Fasting Glucose  
 

Rationale: Elevated fasting glucose levels are associated with increased risk of several 

gastrointestinal cancers including colon cancer in both men and women.214  A subsample taken 

from the longitudinal study, Women’s Health Initiative showed that baseline glucose levels in 

postmenopausal women were positively associated with colorectal cancer risk whereas serum 

insulin and HOMA – IR were not.215 The normal range for fasting glucose is < 100 mg/dL. 

 Technique:  Fasting glucose values was obtained from CCCC bio-repository database 

for cases or from EMR for additional cases enrolled. 

5.4.2. Interleukin-6 
 

Rationale: Interleukin-6 (IL-6) has been identified as independent predictors of CRC risk 

and poor post-surgical outcomes and survival.140 Technique: Interleukin-6 was measured using 

the R&D systems Quantikine® High Sensitivity ELISA kit for human IL-6 (R&D Systems, 

Minneapolis, MN) using 200-300 µl of serum by the Fantuzzi lab in the Department of Kinesiology 

and Nutrition at UIC. The sensitivity of this assay is 0.7pg/m.  The normal range for serum IL-6 in 

healthy populations is 0.48-9.96pg/mL based on ELISA kit reference range. 

5.4.3. Tumor Necrosis Factor – α 
 

Rationale: TNF-α has been identified as independent predictors of CRC risk and poor 

post-surgical outcomes and survival140. Technique: Tumor necrosis factor-α was measured using 
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the R&D systems Quantikine® ELISA kit for human TNF(R&D Systems, Minneapolis, MN) using 

200-300 µl of serum by the Fantuzzi lab in the Department of Kinesiology and Nutrition at UIC. 

The sensitivity of this assay is 0.7pg/mL.  The normal range of circulating TNF-α is 1.6 - 15.6 

pg/mL based on ELISA kit reference range. 

5.4.4. Systemic Estradiol levels 
 

Rationale:  Obesity alters estrogen levels.216  Several large clinical and population-based 

studies observed that estrogen positive females (hormone replacement therapy or oral 

contraceptives) have reduced risk of CRC compared to estrogen negative females (non-users). 

182,183  However, other studies have demonstrated that elevated estradiol concentrations are a risk 

factor for CRC.217,218  Estrogen appears to have a role in CRC but whether that role is protective 

or harmful needs to be determined.   Technique: Estradiol was assessed using Estradiol ELISA 

Kit (Diagnostic Automation/Cortez Diagnostics, Inc. USA) using 25 µl of plasma. The assay was 

done in duplicate by the Fantuzzi lab in the Department of Kinesiology and Nutrition at UIC. The 

sensitivity of the assay is 10 pg/mL.  The normal range for circulating estrogen levels were 15-

100pg/mL for males and 15-90 pg/mL for postmenopausal women based on ELISA kit reference 

range.  

5.4.5. Systemic Testosterone levels 
 

Rationale:  Testosterone concentrations are altered in obesity in both genders.219,220 

Available research suggests that testosterone is protective against CRC in men 191, however, it 

decreases with increasing visceral obesity 192,193 and naturally with increasing age.221 Technique: 

Testosterone will be assessed using Testosterone Elisa Kit (Diagnostic Automation/Cortez 

Diagnostics, Inc. USA) using 25 µl of plasma. The assay was done in duplicate by the Fantuzzi 

lab in the Department of Kinesiology and Nutrition at UIC.  The sensitivity of the assay is 

0.17pg/mL. The reference range for testosterone is 0.01-34.1pg/mL based on ELISA kit reference 

range. 
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5.4.6. Leptin  
 

Rationale: Leptin is elevated in obesity and is positively associated with CRC.222  

Technique: Plasma Leptin was assessed using R&D systems Quantikine® Solid Phase 

Sandwich ELISA kit for human leptin with 10 µl of plasma or serum. The sensitivity for this assay 

is 5.5pg/ml.  The reference interval of leptin is less than 7.8 pg/mL based on ELISA kit reference 

range.  

5.4.7. Adiponectin 
 

Rationale:  Adiponectin is a marker of insulin resistance and inflammation.151,223 Levels 

are low in obesity, diabetes and in patients with CRC.155,224  Technique:  Serum Adiponectin was 

assessed using R&D systems Quantikine® ELISA kit for human adiponectin with 10 µl of plasma 

or 10μL serum by the Fantuzzi Lab. The sensitivity for this assay is less than 0.891ng/mL.  The 

normal range of adiponectin is 0.87-21.42μg/mL based on ELISA kit reference range. 

5.4.8. Glucose Homeostasis  
 

Rationale:  Epidemiologic studies conducted in the US, Europe, and Asia have 

consistently shown T2DM increases the risk for CRC.31,158,159  The individual metabolic 

consequences of T2DM including hyperinsulinemia, insulin resistance and elevated fasting blood 

glucose levels, associate with increased CRC risk 160-162 in both genders however the associations 

are greater in men.159  Similarly, colorectal adenomas, a precursor of CRC, have been associated 

with elevated insulin levels and insulin resistance.100,163  Therefore, we used glucose and insulin 

levels to estimate insulin resistance using the Homeostasis model assessment (HOMA-IR) of 

insulin sensitivity. This calculation is a simple and inexpensive alternative to more sophisticated 

techniques. This method derives an estimate of insulin sensitivity from the mathematical modeling 

of fasting plasma glucose and insulin concentrations.225  The equation is as follows: HOMA-IR= 

Fasting Glucose * Fasting Insulin/405.   Technique:  100μl of serum was used to measure insulin 

using an ELISA by the Fantuzzi Lab in the Department of Kinesiology and Nutrition at UIC. Fasting 
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glucose levels were recorded from the clinical diagnostics before the endoscopy. The sensitivity 

of this assay is 0.5uU/mL and the normal level for insulin is 5-35 uU/mL based on ELISA kit 

reference range. 

5.4.9. Insulin-like-growth factor – 1 (IGF-1) 

  
Rationale:  IGF-1 is a peptide hormone that binds to the IGF-1 receptor and initiates a 

host of intracellular signaling pathways involved in carcinogenic processes like cellular growth 

and proliferation.173 IGF-1 along with insulin inhibit the production of sex hormone binding globulin 

(SHBG) in the liver and stimulates the ovaries to produce sex steroids which are known to promote 

proliferation and decrease apoptosis.170  High levels are associated with tumor growth in cell and 

animal studies.226 Higher circulating levels of IGF-1 are noted in patients with CRC compared to 

cancer-free controls.227  Technique:  Serum IGF-1 was assessed using R&D Systems 

Quantikine® ELISA kit for human IGF-1 with 20μL serum by the Fantuzzi Lab. The sensitivity for 

this assay ranges from 0.007- 0.056ng/mL.  The normal level of IGF-1 is 40-258ng/mL based on 

ELISA kit reference range. 

5.5.0. Insulin-like growth factor-binding protein – 3 (IGFBP-3) 

  
Rationale:  IGFBP-3 is peptide produced in the liver and appears to have a protective 

effect against CRC due to its stimulation of apoptosis in colonic epithelial cells.174 Low levels of 

IGFBP-3 and high levels of IGF-1 have been associated with increased risk of CRC174 but these 

findings are not consistently shown.228 Technique:  Serum IGFPB-3 was assessed using R&D 

Systems Quantikine® ELISA kit for human IGFPB-3 with 10 µl of serum or plasma by the Fantuzzi 

Lab. The sensitivity for this assay ranges from 0.02- 0.14ng/mL.  The normal level of IGFBP-3 is 

0.84 – 3.78 μg/mL based on ELISA kit reference range. 
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5.5. Computed Tomography 

  
 The diagnostic pre-surgical CT scans in cases and controls were exploited for assessment 

of abdominal adipose distribution and hepatic fat content in patients with and without CRC.  Use 

of pre-surgical CT scans archived at three hospitals using different scanners was a limitation of 

this study.  However, adhering to specific anatomical landmarks (ie.T12-L1 for hepatic fat content 

and L3 for abdominal adipose tissue) and standard analysis protocols we ensured reproducibility 

of study measures.  Validated protocols from researchers in this specialty area were followed for 

each body fat depot. It is well documented that enhanced or unenhanced CT scans are 

appropriate to use for abdominal fat quantification, however, for hepatic fat content only 

unenhanced CT scans are recommended.  Cross-sectional slice thicknesses, type of scanner 

(Brand, Model), CT scan protocols (abdominal, abdominal/chest, enhanced, unenhanced) and 

parameters employed, and CT scan dates were recorded for all patients included in the study.  A 

checklist was developed to collect information about CT scans which was completed prior to 

abdominal and hepatic fat analysis to document this important information (see Appendix B).  CT 

scans were anonymized using MIMICS® (Materialise HQ, Leuven, Belgium) software or internally 

by each hospital’s PACS administrator.  

  
5.5.1. Computed Tomography Scanners and Settings 
 
 Imaging data from multiple scanners were used in this study.  A  7-56 HU variation 

between scanners has been reported.229 However, we used a body composition analysis software 

(Slice-O-matic) that allows manual adjustment of tissue thresholds and this software and 

technique will minimize the effects of HU variation between scanners.   CT scanners were 

calibrated daily at each hospital using standard industry phantoms and each hospital complied 

with annual physics and state evaluations. The CT data was obtained using 512X512 matrix 

(100% 256/256), 5mm slice thickness (70%; 179/256, range 1-5mm), 120kvp (90%, 251/256, 

range 100-140kvp), and 80-698 mA. 
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5.5.2. Assessment of Good Quality Images 
 
 Good quality CT images are important for body composition analysis.  Poor images of 

retrospective CT images can occur for various reasons including patient movement, internal or 

external artifacts (bullet fragments or metal clips on hospital robes), or size of patient.  Each CT 

image was evaluated for quality based on the following criteria: 1) Is CT image clear of any 

artifacts? 2) Is complete abdominal perimeter visible? 3) If image has cut-offs, where is it located 

and what depots are affected? 3) Is SAT easily identifiable? 4) Is VAT easily identifiable? 5) Is 

SM easily identifiable?  Positive answers for questions 1, 2, 4 and 5 resulted in good quality 

images and thus included in the study.   Images with cutoffs on either side or both sides were 

documented on and evaluated separately during body composition analysis.  Only images with 

complete abdominal perimeter were included for assessment of WC and SSAT.  

  
5.5.3. Quantification of Abdominal Adiposity 
 
 The L3 region for abdominal depots was isolated by a radiologist and forwarded to our lab 

for abdominal fat distribution analysis with Slice-O-matic v4.3 (TomoVision, Magog, Canada) 

software and IMAGEJ 1.47v (National Institutes of Health, Bethesda, USA) software following 

standard analysis protocols.  These software permits specific tissue demarcation for abdominal 

adipose tissue by using HU thresholds of -150- to -50 for VAT and -190 to -30 for SAT and IMAT 

adipose tissue and -29 to +150 for SM. The imaging software quantifies cross-sectional surface 

areas (cm2) automatically. Quantification of abdominal adipose tissue adhered to established and 

published techniques.61 Trained investigators received formal body composition analysis CT 

training from experienced trained observer at lab of Vickie Baracos, PhD, Division of Palliative 

Care Medicine, Dept. of Oncology, University of Alberta (Canada).  Trained investigators analyzed 

each image and performed data quality checks (up to 3 separate evaluations) per method for 
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Slice-O-matic and two separate evaluations for IMAGEJ and intra-class coefficient of variations 

were calculated.   

 

5.5.3.1. Slice-O-matic Technique for Computed Tomography Body Composition Analysis 
 
 This medical imaging software allows the coloring or ‘tagging’ of abdominal adipose 

tissues on the L3 image based on attenuation thresholds as previously described. Thresholds 

were also adjusted manually to color tissue areas not ‘tagging’ appropriately. Each abdominal 

adipose depot and SM was assigned a different color and cross-sectional surface areas (cm2) for 

each segmented tissues were calculated.  Any abdominal adipose tissue found between the skin 

and abdominal musculature wall of the L3 image was considered SAT and was tagged in 

blue/teal.  The boundary between SAT and the intra-abdominal cavity was the abdominal SM wall 

and this was tagged red.  The fat deposits seen within the SM was identified as IMAT and this 

was tagged green. The intra-abdominal fat (VAT) surrounds the organs and found within the intra-

abdominal cavity and this was tagged yellow.  Once all the abdominal tissues were tagged, the 

software automatically calculated surface areas and these values were exported to Microsoft 

Excel for further manipulation. To calculate TAT, the sum of the surface areas of the major 

abdominal adipose tissues (SAT, VAT and IMAT) of the L3 image were added together (SAT + 

VAT + IMAT).  The L3 image was evaluated three different times as part of the quality assurance 

process.  The intra-individual coefficient of variation for this technique was less than 3%. 

5.5.3.2. NIH IMAGEJ for Superficial and Deep Superficial Subcutaneous Analysis 
 
 The subtypes of SAT, SSAT and DSAT were calculated using IMAGEJ.  This software 

requires manual tracing using a computer and graphics tablet with stylus interface to quantify 

cross-sectional surface areas of the L3 image.  To calculate SSAT and DSAT, the outer abdominal 

perimeter was traced and the measures for surface area (mm2) and perimeter (mm) of this region 

of interest (ROI) was calculated automatically by the software.  Then, a second line was traced 

following the subcutaneous fascia and this ROI was quantified automatically and recorded. Finally 
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a third line around the outer abdominal musculature was drawn and measurement was taken.  

The measures for DSAT and SSAT were then calculated using subtraction process.  To calculate 

SSAT surface area the subcutaneous fascia measurement was subtracted from outer abdominal 

perimeter and divided by 100 to derive cm2 unit.  To calculate DSAT surface area the outer 

abdominal musculature measurement was subtracted from subcutaneous fascia and divided by 

100 to derive the cm2 unit.    This process was repeated twice for each image and the intra-

individual coefficient of variation was less than 2%.   

5.6.3.   Abdominal Adipose Tissue Ratios 
 
 The ratios for various abdominal adipose tissues were determined.  Ratios expressed as 

percentages for VAT, SAT, SSAT and DSAT to TAT were calculated by dividing TAT by these 

depots and multiplying by 100.  The ratio for VAT/SAT was calculated similarly except that SAT 

replaced TAT in the equation.   

5.6.4. Quantification of Hepatic Fat 
  

 The T12-L1 intervertebral space for HFC was isolated by a radiologist and forwarded to 

our lab for quantification of hepatic attenuation with Sliceomatic v4.3 (TomoVision, Magog, 

Canada).  According to Davidson et al, the liver and spleen is visible at T12-L1 intervertebral 

space in 94% (108 of 113) of women and 96% (122 of 130) of men.115   

  
5.6.4.1. Contrast-Enhanced Computed Tomography Image Technique for Quantifying Hepatic 
Fat Content  
 
 Hepatic attenuation in HU using a single cross-sectional slice of T12-L1 region was 

measured adhering to the HFC calculation by Kim et al116 and simplified techniques by 

Monjardim et al230 for CE images.  The HFC calculation for CE images is based on the following 

equation by Kim et al116: [L - 0.3 × (0.75 × P + 0.25 × A)]/0.7 where L represents the liver HU, P 

represents the main portal vein (MPV) HU and abdominal aorta (A) HU.  The approach by 
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Monjardim et al230 indicates one measure each of aorta, main portal vein and liver.  This 

technique was applied using the geometrical mask feature of Slice-O-matic software.  First, a 

circular ROI capturing most the diameter of each vessel but staying within lumen was drawn on 

the aorta and then another on the MPV on the CT image. This was followed by a third circular 

region drawn on the lower lobe of the liver (about 1 cm2 in diameter) taking care not to include 

any vessels.  The HU for each ROI was then calculated automatically by the software and 

incorporated into the Kim et al calculation for determination of HFC.   

  

5.6.4.2. Non-contrast Enhanced Computed Tomography Image Technique for Quantifying 
Hepatic Fat Content 
 
 Hepatic attenuation in HU using a single cross-sectional slice of T12-L1 region was 

measured adhering to protocol as described by Davidson et al 115 for HFC using a NCE CT image.  

Fatty liver infiltration was assessed by two non-contrast enhanced (NCE) CT criteria previously 

published: 1) Hepatic attenuation levels ≤40 HU estimates moderate-to-severe hepatic steatosis 

and 2) liver-to-spleen attenuation ratio ≤ 1.1.117,118  There is no clear reference standard for 

measuring hepatic fat content using CT.  However, the 40-HU threshold has been tested and re-

tested and correlates with a hepatic fat content of ≥30% indicating moderate hepatic steatosis.118  

One trained investigator analyzed each image using the snake and performed data quality checks 

(up to 2 separate evaluations) per recommended protocol.  Radiologists supervised and hepatic 

fat content analysis and performed data quality checks on analyzed slices.  

5.6.5. CT computed Abdominal Circumference  
 

Using IMAGEJ (NIH) software, abdominal circumference was computed using the 

perimeter of the abdominal cavity at the L3 vertebrae of the abdominal/chest/pelvic CT scan each 

study participant. The abdominal circumference unit was measured in centimeters (cm).  This 

abdominal circumference was used as a proxy for waist circumference.  
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VI. STATISTICAL ANALYSIS 
 

The data for CRC cases was entered into Microsoft Excel by CCCC data management 

team.  The data collected at hospitals for the control group was entered in Microsoft Access and 

Microsoft Excel.  Data generated by imaging software was exported to Microsoft Excel.  Data was 

then cleaned and exported for analysis.  Data and statistical analyses were performed by using 

Statistical Analysis System (SAS) 9.3 (SAS Institute Inc., Cary, NC, USA).  Variables were 

examined for presence of outliers and distributions and those that were not normally distributed 

were transformed to achieve normality. Non-parametric tests were used for variables that did not 

transform (Wilcoxon signed rank test, Mann-Whitney U test, Spearman Correlation). 

6.0. Basic Statistics Overview 
 

Standard descriptive statistics were used to summarize distributions for continuous and 

categorical variables.  Means, medians, standard deviations, interquartile ranges, and standard 

errors were calculated for continuous variables (age, height, weight, BMI, abdominal adipose 

tissue surface areas, serum and tissue biomarkers, systolic and diastolic blood pressure). For 

data uniformity, data was presented as medians and interquartile ranges in tables. Frequencies 

and percentages were calculated for categorical variables (race/ethnicity, gender, marital status, 

level of education, history of GI malignancies, medical history, use of anti-inflammatory agents, 

smoking/alcohol history, unintentional weight loss, cancer stage). Descriptive statistics were 

examined based on gender, race/ethnicity, BMI and weight loss status.  Level of significance were 

defined as p-value less than 0.05.  The Bonferroni adjustment for statistical significance based on 

three hypotheses being tested is p<0.017. 

Pearson and/or Spearman correlation (non-parametric) correlation coefficients were used 

to quantify the relationships between continuous and non-parametric variables.  Collinearity was 

determined for variables using a correlation matrix.  Variables with correlation >0.8 were not 

included in the same model.  Variance inflation factors were evaluated for variables in regression 
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models.  A VIF >4 is consistent with severe collinearity231. The highest collinearity encountered 

for any variable in our analysis was 2.5.   

Simple and multiple linear regression and logistic regression were used to determine the 

effect of the exposure variables on the outcome variable with and without controlling for other 

covariates.  In this study, age, race/ethnicity, gender, BMI, smoking/alcohol history and 

unintentional weight loss were potential confounders.  These were controlled for doing analysis 

or with stratification according to potential dichotomous confounders (eg., gender, race/ethnicity, 

unintentional weight loss) evaluating its confounding effect.  Model diagnostics were conducted 

to verify fitted models.   

Variable entrance requirements in regression were based on collinearity, statistical 

significance and influence on the adjusted R-square of the model.  Only variables with collinearity 

less than 0.80 entered into the models.  Variables with statistically significant p-values (<0.05) 

after determination by Stepwise and Forward selection remained in the model.  Variables making 

it into the final model but not statistically significant remained in the model only if their inclusion 

improved model fit (adjusted R-square changed dramatically).  The best subset of variables 

remaining in the models were presented in results. 

6.1. Case-Control Analysis:  Specific Aims 1 & 2 
 

Analysis between cases and controls was limited by the information available in medical 

records for controls and for additional cases.  Matching variables to explore these hypotheses 

were age, gender, race/ethnicity, SAT and VAT. The main exposures were abdominal fat 

distribution: VAT (pre-operative diagnostic CT scan for quantification of abdominal adipose 

tissues) and other abdominal adipose tissues. The main outcome was CRC (yes/no) for logistic 

models. Matching variables, exposures and outcomes for AIM 2 were exactly the same as 

described under AIM 1. Statistical analyses for AIMS 1 and 2 were the same with the exception 

that for AIM 2, the analyses were stratified by race/ethnicity.   
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6.1.1. Statistical Analysis for AIM 1 and AIM 2 
 
 The goal of this aim was to determine if there is a unique abdominal and hepatic fat 

distribution phenotype in patients with CRC.  For comparisons between CASES and CONTROLS, 

paired t-test, Wilcoxon signed rank test (continuous VAT) and McNemar test were conducted for 

comparisons between matched CRC cases to control pairs with McNemar test used for 

dichotomous variables: health insurance (yes/no), current smoker (yes/no), alcohol consumption 

(yes/no),  level of education (≥High school vs <HS), medical history of diabetes (yes/no), medical 

history of hypertension (yes/no), and aspirin use  (yes/no).  Conditional Logistic Regression 

between CASES and CONTROLS was used to determine predictors of CRC.  Forward selection 

method was used to identify significant predictors.  The following variables included in selection 

method were median splits of abdominal adipose tissues, health insurance, smoking/alcohol 

history, level of education, medical history of diabetes and/or hypertension, self-reported 

unintentional weight loss and aspirin use. 

 The goal of AIM 2 was to discern if patients with CRC retain the racial variation in body fat 

depots that exists in healthy populations.  For comparisons between CASES and CONTROLS we 

applied the same statistical strategies as described for AIM 1 stratified by stratified by 

race/ethnicity.   

6.2. Cross-sectional Analysis:  Specific Aim 3 
 
 This cross-sectional analysis was limited to cases only.  Controls did not have serum 

available. 

6.2.1. Statistical Analysis for AIM 3 
 
 The goal of this aim was to discern the associations between abdominal adipose depots 

and HFC on biomarkers of CRC risk in serum and non-tumor tissues and explore if these 

relationships are modified by race/ethnicity.  Independent t-tests were used to examine the 

unadjusted difference of VAT and biomarkers in serum of normally distributed continuous 
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variables stratified by race/ethnicity.  A non-parametric tests were used for variables that did not 

achieve normality following transformation. Simple and multiple linear regression model was used 

to examine the associations between VAT and other abdominal adipose depots with serum 

biomarkers for normally distributed continuous variables controlling for gender, age, and race. 

Stepwise and Forward selection methods were used to identify significant predictors of serum 

biomarkers. Pearson’s product-moment and Spearman correlation analysis was used to explore 

associations between continuous variables and non-parametric variables, respectively.  

6.3. Exploratory Analysis for AIM 4 
 

This analysis is limited to participants (cases and controls) with a cross-sectional slice for liver, 

set at T12L1.  There were a few images available for patients at T11, T10 or T12, however these 

were not included in the analyses.  CT scans for cases were mostly contrast-enhanced (CE).  

Therefore, for hepatic fat analysis there were images with or without contrast enhancement.  Both 

CE and non-contrast enhanced (NCE) techniques for evaluation of hepatic fat content will be 

utilized to explore the extent of hepatic fat content in cases and controls.  The goal of this aim 

was to explore HFC in patients with and without CRC using two methods for evaluation for 

contrast and non-contrast enhanced CT images.  Frequencies (%) of patients with hepatic 

steatosis for each HFC approach were determined.  Descriptive statistics (medians, interquartiles) 

were generated for gender, race/ethnicity, obesity status, cancer stage, current smoker, alcohol 

consumption, medical history of diabetes and hypertension and unintentional weight loss of cases 

included in this analysis.   
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VII. RESULTS 
 

The results for each specific aim and corresponding hypotheses are presented in this section.  

An overview of basic demographics and description of the study population introduces the section 

followed by Specific Aims 1-4, in chronological order.  The appendix section contains 

supplemental analyses, which include additional tables and figures for each of the specific aims.   

This supplemental data provides additional information of results that are not addressed in 

Specific Aims 1-4. 

7.0. Characteristics of Study Population 
 

Approximately 79% (176/256) of our sample was AA and 63% (158/256) were male. Table I 

contains additional data on demographic, anthropometric and abdominal parameters for cases 

and controls.    Briefly, the median age, BMI and WC of cases (62 years, 27 kg/m2, and 103.9cm, 

respectively) and controls, (61 years, 27 kg/m2, and 105cm, respectively) were very similar, as 

designed.   Additionally, 28% of cases and 31% of controls were obese (BMI≥30kg/m2).   Most 

participants were either married (27%, 35/128) or single (44%, 56/128).  Insufficient data on 

education (Table 1) was determined during analysis therefore this variable is incomplete and will 

be excluded from models.  Available data on education suggests that 67% (86/128) of cases and 

33.5% (43/128) completed high school.  Cases and controls were also similar for smoking 

(approximately 27% (35/128), were current smokers.  Overall 29% (37/128) of the cases and 86% 

(110/128) of controls had health insurance, however this variable was collected prior to and during 

the transition of the new health care law, therefore, it may not be an accurate measure of health 

insurance and a proxy for socioeconomic status. Due to the inconsistency, it was not included in 

the models.  Table II shows results the prevalence of medical conditions, specifically diabetes 

and hypertension, as well as self-reported unintentional weight loss (within the last 6 months).  

Approximately 24% (31/128) of cases and 26% (33/128) of controls had medical history of 
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diabetes whereas 64% (82/128) of cases and 64% (85/128) of controls had HTN.   Unintentional 

weight loss was reported in 31% (39/128) of cases and 9% (12/128) of controls.   

7.0.1. Correlation Analysis of Body Composition Variables and Age 
 

Correlation analysis was used to examine the associations of body composition variables with 

each other and with age. As expected, abdominal adipose tissues were highly correlated.  

Collinearity (r>0.80) was apparent between TAT and other abdominal adipose tissues with the 

exception of IMAT (r=0.66).  Waist was highly correlated with TAT(r=0.88), SAT(r=0.76) and VAT 

(r=0.79).  As expected SAT was highly collinear with SSAT(r=0.89) and DSAT(r=0.92).  Only 

IMAT was significantly correlated with age (r=0.28).  BMI was less correlated to VAT (r=0.52) than 

waist but association was still significant. 
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TABLE I 
 

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION OF 
CASES AND CONTROLSa 

 
 

Cases 
(n= 128) 

Controls  
(n= 128) 

 
p- valuec 

Demographics & Anthropometrics Median(IQ) 
or %(n) 

Median(IQ) 
or %(n) 

 

Age (yrs) 62(10) 61(11) 0.1278 
Height (cm) 170(15) 173(15) 0.0087* 
Weight (kg) 79(23) 80(26) 0.0181* 
BMI  (kg/m2) 27(7) 27(6) 0.8582 
WCb (cm) 99.7(17) 105.2(17) 0.0529 
Males, yes 61.7(79) 61.7(79) NSd 
African Americans (AA), %(n) 68.8(88) 68.8(88) NSd 
Non-Hispanic Whites (NHW), %(n) 31.3(40) 31.3(40) NSd 
Normal BMI (18.5-25), %(n) 30.5(39) 29.6(38) NSd 
Overweight BMI (25-30), %(n) 40.6(52) 39.8(51) NSd 
Obese BMI (≥30), %(n) 28.9(37) 30.5(39) NSd 
Cancer Stages 0-I, %(n) 25.6(33) Not Applicable --- 
Cancer Stage 2 (II, IIA, IIB, IIC), %(n) 33.6(43) Not Applicable --- 
Cancer Stage 3 (III,IIIA, IIIB, IIIC),%(n) 33.6(43) Not Applicable --- 
Married, yes,%(n) 27.6(35) 38.5(47) --- 
High School  of higher, yes, %(n) 67.2(86) 33.5(43) 0.6423 
Health Insurance, yes, %(n) 28.9(37) 85.9(110) 0.0001* 
Current Smoker, yes, %(n) 27.3(35) 27.5(35) NSd 
Alcohol consumption, yes, %(n) 36.7(47) 36.7(47) NSd 
Abdominal Depots    
TAT(cm2) 297(250) 339(249) 0.0601 
SAT (cm2) 159(117) 181(154) 0.0105* 
SSAT (cm2)b 95(60) 121(80) 0.0058* 
DSAT (cm2) 76(58) 87(74) 0.0164* 
VAT (cm2) 87(131) 106(129) 0.6009 
IMAT (cm2) 14(14) 15(13) 0.7944 
SM (cm2) 147(55) 157(62) 0.0100* 
VAT/TAT 34(28) 32(26) 0.3181 
VAT/SAT  56(78) 49(66) 0.1471 
SAT/TAT  60(29) 64(23) 0.1916 
SSAT/TATb 43(27) 42(23) 0.5170 
DSAT/TAT 27(13) 28(12) 0.2029 

aPaired t-test & Wilcoxon-rank sum test used for continuous data; McNemar test for categorical data.  

bSample size for WC, SSAT and DSAT =103 per group.  

cSignificant p-value < 0.05.  

dNS = not significant. 
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TABLE II  
 

CLINICAL CHARACTERISTICS AND UNINTENTIONAL WEIGHT LOSSa 

 
 

Cases 
(n= 128) 

%(n) 

Controls 
(n= 128) 

%(n) 
 

p-valueb 

Daily Aspirin Use, yes 36.7(47) 28.9(37) 0.2752 
Diabetes, yes 24.2(31) 25.8(33) 0.8026 
HTN, yes 64.1(82) 66.4(85) 0.8129 
Unintentional Weight Loss, yes 
(within 6 months) 30.5(39) 9.4(12) 0.0001* 

aMcNemar test used to examine differences of categorical variables 

bSignificant p-value < 0.05.   

 
 

 

 
TABLE III 

   
PEARSON CORRELATION MATRIX OF AGE AND ABDOMINAL ADIPOSE TISSUESa 
  AGE BMI WAIST TAT SAT VAT IMAT SSAT DSAT 

AGE 1         
BMI -0.06 1        
WAIST 0.07 0.71** 1       
TAT 0.01 0.76** 0.88** 1      
SAT -0.03 0.76** 0.76** 0.88** 1     
VAT 0.05 0.52 0.79** 0.83** 0.56** 1    
IMAT 0.28** 0.46** 0.61** 0.66** 0.56** 0.59** 1   
SSAT -0.003 0.59** 0.67** 0.71** 0.89** 0.43** 0.46** 1  
DSAT 0.06 0.69** 0.83** 0.86** 0.92** 0.59** 0.60** 0.80** 1 

**Significant p-value <0.01. 

aTransformed variables used in analysis. 
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7.1. Specific Aim 1. Is there a unique body composition phenotype in cases? 
 

We matched cases and controls for age, gender, race/ethnicity and BMI therefore these 

parameters were omitted from multiple regression and conditional logistic models.  Results are 

presented first comparing cases to controls followed by stratification by gender.   

7.1.2. Comparisons of Body Composition between Cases and Controls and Gender 
 

The median surface areas (cm2) for the abdominal adipose tissues and abdominal adipose 

tissue ratios (VAT/TAT, VAT/SAT, SAT/TAT, SSAT/TAT and DSAT/TAT) presented as 

percentages are compared in Table I.  Contrary to our hypothesis, VAT did not differ significantly 

overall between cases and controls (p-value=0.6009).  Abdominal adipose tissue SAT, SSAT & 

DSAT which were significantly lower in cases.  Cases were found to have significantly lower SM 

(p-value = 0.01).  Further stratification by gender, indicated some differences between male cases 

and controls, between male and female cases, and between male and female controls (Table IV).  

Overall, VAT was not statistically different for either gender between cases and controls.  Other 

abdominal parameters were also similar with the exception of SSAT which was statistically 

(p=0.005) lower in male cases (88cm2) compared to controls (112cm2).  Significantly lower SAT 

(p=0.032) and SM (p=0.05) were also observed in male cases compared to controls.  No 

differences between cases and controls for any abdominal adipose parameters occurred in 

women.  As expected statistically significant differences between females and males were 

observed in SAT, SSAT, DSAT (male vs female cases only), VAT, SM and ratios (VAT/TAT, 

VAT/SAT, SAT/TAT, SSAT/TAT and DSAT/TAT) within case and control groups.  Females have 

higher SAT, SSAT, DSAT and less VAT and SM than males.  Female cases had significantly 

higher SAT (228cm2) than male cases (133cm2) but significantly less VAT (68cm2 vs 140cm2).  

Female controls had significantly less VAT (86cm2 vs 149cm2) and significantly higher SAT 

(197cm2 vs 170cm2) than male counterparts. 
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TABLE IV  
 

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION BY GENDER OF CASES AND CONTROLS 
 
 

 
Male 

Cases 
(n=79 ) 

 
Male 

Controls 
(n= 79) 

Males  
Cases 

vs  
Controls 

 
Female 
Cases 
(n=49) 

 
Female 

Controls 
(n=49) 

Females 
Cases 

vs 
Controlsa 

Males 
Cases 

vs 
Casesb 

Males 
Controls 

vs 
Controlsc 

Demographics and 
Anthropometrics 

Median 
(IQ) 

Median 
(IQ) p- value Median 

(IQ) 
Median 

(IQ) p-value p- value p-value 

Age (yrs) 62(11) 61(14) 0.1448 61(9) 60(9) 0.5677 0.8909 0.6349 
Height (cm) 175(10) 178(10) 0.0438* 160(8) 162(8) 0.0996 <.0001* <.0001* 
Weight (kg) 84(18) 87(24) 0.0383* 68(19) 71(19) 0.7600 0.0005* <.0001* 
BMI  (kg/m2) 27(5) 27(6) 0.7237 95(13) 26(7) 0.5618 0.5755 0.9492 
WC (cm)c  101(17) 107(18) 0.1048 95(13) 100(17) 0.2941 0.0480* 0.0609 

Abdominal Depots         
TAT(cm2) 294(294) 347(259) 0.2904 303(193) 328(217) 0.0724 0.5347 0.7841 
SAT (cm2) 133(91) 170(134) 0.0318* 228(133) 197(179) 0.1558 <.0001* 0.0073* 
SSAT (cm2)c 88(39) 112(65) 0.0005* 137(69) 146(87) 0.8345 <.0001* 0.0155* 
DSAT (cm2)c 67(49.8) 176(35) 0.0396* 86(58) 93(76) 0.2099 0.0372* 0.2721 
VAT (cm2) 140(23) 149(152) 0.9316 68(74) 86(70) 0.2063 0.0018* 0.0040* 
IMAT (cm2) 15(14) 12(16) 0.3746 12(12) 18(9) 0.1128 0.5444 0.0813 
SM (cm2) 162(38) 176(35) 0.1035 109(27) 115(24) 0.0356 <.0001* <.0001* 
VAT / TAT (%) 44(23) 40(21) 0.1079 21(16) 22(9) 0.4761 <.0001* <.0001* 
VAT / SAT (%) 90(92) 74(75) 0.0498* 29(31) 31(19) 0.4389 <.0001* <.0001* 
SAT/TAT (%) 50(20) 54(23) 0.0240* 75(17) 71(10) 0.3489 <.0001* <.0001* 
SSAT/TAT (%)** 35(23) 39(24) 0.4501 53(16) 49(19) 0.8388 <.0001* 0.0080* 
DSAT/TAT (%) 25(12) 28(12) 0.2847 29(11) 29(11) 0.0492* 0.0314* 0.4401 

aPaired t-test used for comparisons between cases and controls for continuous data. 

bDependent t-test & Wilcoxon-rank sum test used for within cases or controls based on normality.  

cSample size for WC, SSAT and DSAT was 68 males per group and 35 females per group.  

*Significant p-value < 0.05. 

 

 
 



 

7.1.3. Multiple Regression Analysis of Predictors of Abdominal Adipose Tissues 
 

Tables V highlights the most significant independent variables determined for each abdominal 

adipose tissues and SM using Stepwise selection linear regression. Significant predictors of VAT 

were WC, SSAT, IMAT, CRC (yes/no), current smoker and self-reported history of unintentional 

weight loss.  The model fit improves over WC alone with the addition of each variable.  

Approximately 66% of the variance in VAT, (F = 57.90, p<0.001, R2=0.6793, Adjusted R2=0.6676) 

was predicted with the final model.     Significant predictors of SAT included WC and IMAT.  Weight 

loss history did not enter the model.   This model predicted approximately 62% of the variance in 

SAT, (F=141.90, p<0.0001, R2=0.6282, Adjusted R2=0.6237).  Significant predictors of DSAT 

were waist and IMAT which predicted 73% of the variance in DSAT (F=226.53,p<0.0001, 

R2=0.7295, Adjusted R2= 0.7263).   Significant predictors of IMAT were VAT, SAT, current smoker 

and alcohol use.  This model predicts 46% of the variance in IMAT (F=36.92, p<0.0001, 

R2=0.4708, Adjusted R2 = 0.4581).   Significant predictors of SM were waist, SSAT, IMAT, CRC 

and diabetes which explained 42% of the variance in SM (F=25.90, p<0.0001, R2=0.4397, 

Adjusted R2= 0.4227).  

7.1.4. Unadjusted and Adjusted Conditional Logistic Regression of Body Composition of 
Cases and Controls and by Gender 
 

Unadjusted conditional logistic regression of median splits of abdominal adipose tissues 

(Table VI) and WC showed that the crude OR for median VAT (defined as VAT ≥ or < than 

94.2cm2) was 0.32 (p=0.0083), crude OR for median SAT (defined as  ≥ or < than 172.9cm2) was 

0.51 (p=0.382), crude OR for median SSAT (defined as ≥ or < than 109.9cm2) was 0.29 

(p=0.0025), and crude OR for median DSAT (defined as ≥ or < than 80.7cm2) was 0.53 

(p=0.0423).  Each of these models showed the odds for having lower SAT, SSAT, and DSAT was 

greater in cases compared to controls. 
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TABLE V   
 

PREDICTORS OF BODY COMPOSITION PARAMETERS FOR OVERALL  
CASES AND CONTROLS USING MULTIPLE LINEAR REGRESSION 

 
 Body Composition 

Parameters 
 

 
Variable VAT SAT SSAT DSAT IMAT SM 

Intercept 
-
14.06** -8.09** -220.91** -6.81** 0.85** 5.99** 

WC 0.25** 0.18** 3.45** 0.14**  0.12** 
VAT   -3.79**  0.11**  
SAT     0.12**  

SSAT -0.32**     -
0.34** 

DSAT       

IMAT 0.82** 0.67** 6.87** 0.41**  -
0.47** 

Smoker (yes/no) -1.21**    0.28  
Aspirin (yes/no)       
Alcohol (yes/no)     0.30*  
Hypertension (yes/no)       

Diabetes (yes/no)      -
0.71** 

Unintentional Weight Loss 
(yes/no) -1.15*      

CRC (yes/no)      -0.33 
       
N 171 171 171 171 171 171 

R2 0.6743 0.6282 0.5293 0.7295 0.470
8 

0.439
7 

Adjusted R2 0.6644 0.6237 0.5208 0.7263 0.458
1 

0.422
7 

  
*Significant p-value <0.05.  
  
**Significant p-value <0.01 

 

 

 

 

Unadjusted conditional logistic regression models of demographic variables (independent) 

and CRC (dependent, where Event = 1) variables are shown on Table VI.  This analysis revealed 
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that unintentional weight loss history (Crude OR = 4.1, p=0.0001) and aspirin use (Crude OR = 

3.3, p=0.0009) were statistically significant predictors for disease.   

Adjusted conditional logistic regression using stepwise selection method determined a main 

effects model (Table VII) which included SSAT, aspirin, self-reported unintentional weight loss.  

The odds for taking aspirin for having a history of weight loss and lower SSAT were higher in 

cases compared to controls.    Self-reported unintentional weight loss was a significant confounder 

between abdominal adipose tissues and CRC in cases compared to controls.   

Stratification by gender of adjusted conditional logistic models (Table VII) showed that 

predictors of CRC for males were IMAT (OR: 2.75, CI: 1.08-7.00, p=0.03), SSAT (OR: 0.22, CI: 

0.07-0.70, p=0.01) and unintentional weight loss (OR: 3.92, CI: 1.43-10.74 p = 0.008).   For 

females, the only significant predictor to make it into the model as predictor of CRC was 

unintentional weight loss (OR: 5.33, CI: 1.55 -18.3, p=0.0078. 
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TABLE VI 

 
UNADJUSTED CONDITIONAL LOGISTIC REGRESSION OF ASSOCIATION OF  

MEDIAN SPLITS OF BODY COMPOSITION VARIABLES AND CRC 
 CRC (yes/no) 
Variablesa B OR Lower CI Upper CI p-value 
Median WC -1.15 0.32 0.136 0.745 0.0083 
Median SAT -0.66 0.52 0.277 0.965 0.0382* 
Median SSAT -1.22 0.30 0.135 0.652 0.0025* 
Median DSAT -0.63 0.53 0.291 0.978 0.0423* 
Median VAT -0.29 0.75 0.407 1.382 0.3562 
Median IMAT -0.07 0.93 0.544 1.584 0.7855 
Median VAT/TAT 0.26 1.32 0.725 2.389 0.3672 
Median VAT/SAT 0.27 0.60 0.316 1.138 0.1178 
Median SAT/TAT -0.51 0.76 0.451 1.274 0.2951 
Median SSAT/TAT 0.15 0.76 0.451 1.274 0.2951 
Median DSAT/TAT -0.28 0.32 0.136 0.745 0.0083* 
Smoker -0.04 0.96 0.555 1.665 0.8886 
Aspirin 1.19 3.30 1.626 6.695 0.0009* 
Alcohol -0.12 0.89 0.505 1.550 0.6684 
Hypertension 0.04 1.04 0.589 1.849 0.8840 
Unintentional Weight Loss 1.41 4.11 1.984 8.518 0.0001* 

 
*Significant p-value <0.05. 
 

aMedian splits defined as: WC = 101.4cm; VAT = 94.2cm2; IMAT = 14.5cm2; SAT = 172.9cm2; 
SSAT = 109.9cm2; DSAT = 80.7 cm2; VAT/TAT = 32.5%; VAT/SAT = 52.1%; SAT/TAT = 61.4%; 
DSAT/TAT = 27.8%; SSAT/TAT = 42.2%. 
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TABLE VII  
 

ADJUSTED CONDITIONAL LOGISTIC REGRESSION OF  
PREDICTORS OF CRC OVERALL AND BY GENDER 

   CRC (yes/no) 
 Model B OR Lower  

CI 
Upper  

CI p-value 

Complete Sample Median SSATa -1.66 0.19 0.06 0.65 0.0079 
 Aspirin 1.48 4.39 1.78 10.70 0.0012 
 Unintentional Weight Loss 2.08 8.01 2.65 24.19 0.0002 
Males Only Median IMATa 1.01 2.75 1.08 7.00 0.0335 
 Median SSATa -1.51 0.22 0.07 0.70 0.0102 
 Unintentional Weight Loss 1.37 3.92 1.43 10.74 0.0078 
Females Only Unintentional Weight Loss 1.67 5.33 1.55 18.30 0.0078 

        
       *Significant p-value <0.05. 
 

            aMedian splits defined as: SSAT = 109.9cm2; IMAT = 14.5cm2. 
 
 
 
 

 

7.1.5. Subset Analysis of Body Composition and Anthropometrics for Weight Stable 
Group Overall 
 

Self-reported unintentional weight loss entered the VAT model.  A subset of weight stable 

matched pairs was created to explore possible differences (n=78/group) compared to main study 

sample (N=128/group).  Stratified analysis was performed comparing cases to controls and by 

gender.  Stratified results of the weight stable subset remained virtually identical to findings of the 

main study sample (Table VIII).  Stratified analysis by gender of weight stable group showed 

significant lower IMAT for female cases compared to controls.  The small sample of female cases 

and controls precluded further evaluation. 
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TABLE VIII  
  

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION OF  
SELF-REPORTED WEIGHT STABLE GROUP OF CASES AND CONTROLS 

 Cases 
(n=78) 

Controls  
(n=78) 

Cases  
vs Controls 

Variables Median(IQ) Median(IQ) p-values 
Age (yrs) 62(10) 61(12) 0.1380 
Height (cm) 170(18) 174(13) 0.0020* 
Weight (kg) 81(21) 84(22) 0.0127* 
BMI  (kg/m2) 28(5) 27(6) 0.7124 
WC (cm)** 102(19) 108(16) 0.1596 
TAT(cm2) 334(228) 375(197) 0.1361 
SAT (cm2) 175(126) 192(128) 0.0115* 
SSAT (cm2)** 105(60) 133(66) 0.0011* 
DSAT (cm2) 87(57) 94(64) 0.0356 
VAT (cm2) 140(176) 131(117) 0.8509 
IMAT (cm2) 15(13) 17(15) 0.1675 
SM (cm2) 147(57) 94(64) 0.0078* 
VAT / TAT (%) 41(29) 34(23) 0.2519 
VAT / SAT (%) 76(88) 57(63) 0.1119 
SAT/TAT (%) 55(28) 60(21) 0.2180 
SSAT/TAT (%)** 36(26) 40(18) 0.8643 
DSAT/TAT (%) 26(11) 28(11) 0.3054 

 
*Significant p-value <0.05.  
 

aWaist, SSAT, and SSAT/TAT sample size = 64 per group. 
 
 
 
 
 

7.2. Specific Aim 2.  Do patients with CRC retain the racial variation of abdominal adipose 
tissues observed in healthy populations? 
 
 Cases and controls in this study were matched on age, gender, race/ethnicity and BMI, 

thus these parameters are by design omitted from multiple regression and conditional logistic 

models.  Stratified analysis by race/ethnicity has been conducted to evaluate the predictors of 

selected variables within each of the race/ethnic groups.  For each section the results are 
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presented for the AA group followed by the NHW group and concludes with a comparison of 

similarities and differences between the race/ethnic groups.    

 7.2.1. Comparisons of Body Composition Stratified by Race/Ethnicity 

Results of further stratification by race/ethnicity of median and interquartile(IQ) surface areas 

of abdominal adipose tissues and ratios are presented in Table IX.  In support of our hypothesis, 

VAT was significantly different between AA cases (73cm2) and controls (87cm2) compared to 

NHW cases (162cm2, p-value = 0.0065) and controls (155cm2, p-value = 0.0006).  WC was also 

significantly smaller in AAs cases (98cm2) and controls (101cm2) compared to NHW cases 

(109cm2, p – value = 0.0408) and controls (103cm2, p-value = 0.0220). IMAT was significantly 

lower in AA cases (11cm2) and controls (13cm2) compared to NHW cases (18cm2, p-value = 

0.0008) and controls (19cm2, p-value =0.0189).  Significant differences between the various body 

composition derived ratios were noted between AA cases and controls and NHW counterparts.  

VAT/TAT was significantly lower in AA cases (30%) and controls (28%) compared to NHW cases 

(43%, p-value = 0.0309) and controls (41%, p-value = <.0001).   VAT/SAT was significantly lower 

in AA cases (48%) and controls (40%) and NHW cases (83%, p-value = 0.0249) and controls 

(76%, p-value = <.0001).  

Additional stratification by male gender (Table X) revealed several significant differences of 

TAT, VAT, IMAT, SM and ratios between groups.  Primarily, VAT was statistically different only 

between AA male (114cm2) and NHW male (180cm2) controls (p-value = 0.0014).   VAT was not 

significantly different between AA male cases (98cm2) and AA controls (114cm2, p-value=0.4562) 

nor between NHW male cases (190cm2) and NHW male controls (180cm2, p-value = 0.4206).  

However, AA cases showed a trend for lower VAT than NHW cases (p=0.0617).  NHW cases and 

controls had significantly higher TAT than their race/ethnic counterparts. SSAT was significantly 

lower in AA male cases (88cm2) compared to AA controls (111cm2, p=0.0016).  AA male cases 

had statistically higher VAT/TAT (42% vs 34%, p-value =0.0132), VAT/SAT (81% vs 55%, p-value 
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= 0.0050) and statistically lower SAT/TAT (52% vs 61%, p-value =0.0016) and DSAT/TAT (24% 

vs 30%, p-value = 0.0121) than AA male controls.  IMAT was statistically lower in AA male cases 

(13cm2) and controls (11cm2) compared to NHW cases (19cm2, p-value = 0.0092) and control 

(18cm2, p =0.0078) counterparts.  SM was statistically higher in AA male cases (172.9cm2) 

compared to MHW male controls (150cm2, p-value = 0.0018). 

Comparisons of body composition variables in females by race/ethnic and group assignment 

are provided in table XI. As expected, the subset of NHW females (n=12) is small in comparison 

to AA females (n=37).  Overall, no statistically significant differences between AA female cases 

and controls compared to NHW counterparts nor between race/ethnic group comparisons were 

found.  Trends for lower VAT (p-value = 0.0931) and IMAT (p-value = 0.0569) in AA female cases 

and AA female controls were observed.     
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TABLE IX  
 

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION BY RACE/ETHNICITY OF CASES AND CONTROLS 

 
 

AA 
Cases 
(n=88) 

AA 
Controls 

(n=88) 

AA Cases 
vs AA 

Controls 

NHW 
Cases 
(n=40) 

NHW 
Controls 

(n=40) 

NHW Cases 
vs NHW 
Controls 

AA Cases 
vs NHW 
Cases 

AA 
Controls vs 

NHW 
Controls 

Demographics and 
Anthropometrics 

Median 
(IQ) 

Median 
(IQ) p-valuea Median 

(IQ) 
Median 

(IQ) p-valuea p-valueb p-valueb 

Age (yrs) 62(10) 61(12) 0.0932 62(10) 62(10) 0.8872 0.9263 0.6681 
Height (cm) 169(14) 171(16) 0.0948 175(15) 173(18) 0.0110 0.5620 0.1670 
Weight (kg) 78(23) 81(25) 0.0797 80(22) 81(22) 0.0756 0.4937 0.2600 
BMI  (kg/m2) 27(7) 27(6) 0.8025 27(6) 28(6) 0.3477 0.4953 0.4292 
WC (cm)c 98(15) 101(19) 0.1174 109(17) 103(20) 0.2626 0.0408* 0.0220* 
Abdominal Depots         

TAT (cm2) 284(248) 320(290) 0.0799 354(232) 357(253) 0.4676 0.0317* 0.0479* 
SAT (cm2) 157(120) 179(189) 0.0086* 194(110) 165(121) 0.5751 0.5216 0.5367 
SSAT (cm2)c 97(68) 120(84) 0.0456* 125(69) 94(60) 0.0547 0.6828 0.5343 
DSAT (cm2) 68(49) 83(68) 0.0175* 97(73) 88(61) 0.4767 0.0558 0.0967 
VAT (cm2) 73(122) 87(120) 0.8834 162(186) 155(180) 0.5080 0.0065* 0.0006* 
IMAT (cm2) 11(12) 13(13) 0.5085 18(21) 19(16) 0.6144 0.0008* 0.0189* 
SM (cm2) 150(65) 158(63) 0.0617 148(55) 136(44) 0.0745 0.1905 0.7661 
VAT / TAT (%) 30(28) 28(23) 0.1094 43(25) 41(21) 0.6155 0.0309* <.0001* 
VAT / SAT (%) 48(72) 40(53) 0.0542 83(79) 76(73) 0.9659 0.0249* <.0001* 
SAT/TAT (%) 63(29) 67(22) 0.0745 52(25) 54(22) 0.7984 0.0182* <.0001* 
SSAT/TAT (%)c 48(26) 45(23) 0.3210 33(22) 36(23) 0.7302 0.0532 0.0006* 
DSAT/TAT (%) 27(12) 30(11) 0.0170* 26(9) 28(13) 0.2754 0.7602 0.0294* 

 
*Significant p-value <0.05.  
 

aPaired t-test used for comparisons between cases and controls for continuous data. 
 

bDependent t-test & Wilcoxon-rank sum test used for within cases or controls based on normality. 
 
cSample size for WC, SSAT and SSAT/TAT = 71 for AA and 32 NHW per group.
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TABLE X   
 

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION BY RACE/ETHNICITY OF MALE CASES AND 
CONTROLS 

 
 AA Male 

Cases 
(n=51) 

AA Male 
Controls 

(n=51) 

 
AA Male 

Cases vs AA 
Male 

Controls 

 
NHW 
Male 

Cases 
(n=28) 

NHW 
Male 

Controls 
(n=28) 

 
NHW Male 
Cases vs 

NHW Male 
Controls 

AA Male 
Cases vs 

NHW Male 
Cases 

AA Male 
Controls vs 
NHW Male 
Controls 

Demographics and 
Anthropometrics 

Median 
(IQ) 

Median 
(IQ) 

ap-value Median 
(IQ) 

Median 
(IQ) 

ap- value bp-value bp-value 

Age (yrs) 63(10) 61(14) 0.1209 61(100 62(13) 0.8179 0.4499 0.9226 
Height (cm) 175(10) 177(10) 0.1338 177(10) 179(10) 0.1605 0.5530 0.4493 
Weight (kg) 82(18) 86(26) 0.0642 85(17) 88(25) 0.3649 0.2360 0.2896 
BMI  (kg/m2) 27(7) 27(7) 0.4484 28(5) 28(5) 0.5919 0.3975 0.2685 
WC (cm)c 99(14) 106(19) 0.1627 104(23) 111(17) 0.4082 0.0844 0.0304* 
Abdominal Depots         

TAT (cm2) 263(264) 320(288) 0.4476 366(253) 369(239) 0.4578 0.0453* 0.0229* 
SAT (cm2) 127(72) 165(146) 0.0152* 144(101) 185(107) 0.7090 0.2503 0.1752 
SSAT (cm2)c  88(40) 111(68) 0.0016* 88(41) 112(50) 0.0919 0.8464 0.5444 
DSAT (cm2) 62(50) 71(72) 0.0555 77(65) 96(73) 0.3869 0.1040 0.0623 
VAT (cm2) 98(178) 114(168) 0.4652 190(162) 180(167) 0.4206 0.0617 0.0014* 
IMAT (cm2) 13(13) 11(10) 0.4263 19(17) 18(25) 0.6773 0.0092* 0.0078* 
SM (cm2) 172(39) 178(33) 0.3049 150(31) 172(46) 0.2040 0.0018* 0.1833 
VAT / TAT (%) 42(25) 34(25) 0.0132* 47(21) 48(17) 0.5812 0.2784 0.0005* 
VAT / SAT (%) 81(89) 55(65) 0.0050* 99(84) 103(75) 0.9667 0.2483 0.0004* 
SAT/TAT (%) 52(21) 61(20) 0.0016* 47(20) 46(18) 0.7819 0.2442 0.0002* 
SSAT/TAT (%)c  35(23) 43(25) 0.2048 34(20) 30(8) 0.5828 0.1341 <.0001* 
DSAT/TAT (%) 24(13) 30(12) 0.0121* 25(12) 25(12) 0.1797 0.9471 0.0294* 

 
*Significant p-value <0.05.  
 

aPaired t-test used for comparisons between cases and controls for continuous data.  
 

bDependent t-test & Wilcoxon-rank sum test used for within cases or controls based on normality. 
 
cSample size for WC, SSAT and SSAT/TAT = 45 for AA and 23 NHW per group.

 
 



 

7.2.2. Multiple Regression Analysis Stratified by Race/Ethnicity  

The results for the multiple regression analysis for AA then NHW groups are presented 

followed by highlights of similarities and differences.  As previously noted matching criteria for this 

study (age, gender, BMI and race/ethnicity) are not included in these models.  

7.2.2.1. Predictors of Body Composition for AA 

Significant predictors for each of the body composition variables within AA using multiple 

linear regression are displayed on Tables XII.   Significant predictors of VAT in AA included waist, 

IMAT, reported history of weight loss and CRC (yes/no) and smoker.  Approximately, 63% of the 

variance in VAT (F =42.61, p<0.0001, R2=0.6475, Adjusted R2=0.6323) was predicted by this 

model.  Significant predictors of SAT in AA were waist and IMAT and predicted approximately 

63% of the SAT variance (F =77.03, p<0.0001, R2=0.6534, Adjusted R2=0.6620).  Significant 

predictors of SSAT were waist, VAT and IMAT which predicted 55% of its variance (F =58.79, 

p<0.0001, R2=0.5610, Adjusted R2=0.5515). Significant predictors of IMAT in AA included SAT, 

VAT and current smoker and predicted 45% of the IMAT variance (F = 33.80, p<0.0001, 

R2=0.4622, Adjusted R2=0.4485). Significant predictors of SM in AA were waist, SSAT, IMAT, 

diabetes and alcohol which predicted 48% of the variance (F =23.50, p<0.0001, R2=0.5032, 

Adjusted R2=0.4818).
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TABLE XI 
 

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION BY RACE/ETHNICITY OF FEMALE  
CASES AND CONTROLS 

 
 

AA 
Female 
Cases 
(n=37) 

 

AA 
Female 

Controls 
(n=37) 

 

AA Females 
Cases vs 
Controls 

NHW 
Female 
Cases 
(n=12) 

NHW 
Female 

Controls 
(n=12) 

NHW    
Females 
Cases vs 
Controls 

AA Female 
Cases vs 

NHW Female 
Cases 

AA Female 
Controls vs 

NHW Female 
Controls 

Demographics and 
Anthropometrics 

Median 
(IQ) 

Median 
(IQ) 

ap- value Median 
(IQ) 

Median 
(IQ) 

ap- value bp value bp value 

Age (yrs) 60(9) 60(9) 0.4816 63(11) 62(13) 0.9380 0.2450 0.2989 
Height (cm) 163(10) 162(8) 0.4188 157(6) 164(12) 0.0016* 0.0371* 0.8345 
Weight (kg) 68(29) 70(22) 0.7528 68(16) 72(15) 0.0870 0.4330 0.8896 
BMI  (kg/m2) 27(9) 26(8) 0.7544 27(8) 27(8) 0.3729 0.7725 0.7280 
WC (cm) 95(11) 99(16) 0.4297 102(11) 103(14) 0.3814 0.3616 0.4783 
Abdominal Depots         

TAT (cm2) 298(171) 320(217) 0.0551 353(222) 337(211) 0.9104 0.4264 0.9908 
SAT (cm2) 229(141) 197(182) 0.1888 207(117) 209(117) 0.6114 0.8805 0.7903 
SSAT (cm2)  140(71) 141(86) 0.6153 132(33) 161(43) 0.2794 0.9851 0.4668 
DSAT (cm2) 83(57) 90(77) 0.1593 105(50) 99(66) 0.8644 0.1464 0.7903 
VAT (cm2) 64(48) 85(58) 0.0931 113(125) 90(96) 0.9151 0.1178 0.4961 
IMAT (cm2) 11(10) 17(8) 0.0569 18(16) 18(14) 0.7861 0.0526 0.7029 
SM (cm2) 111(31) 115(16) 0.1037 109(13) 111(30) 0.1609 0.4198 0.7029 
VAT / TAT (%) 21(18) 22(11) 0.4101 30(19) 24(11) 0.9783 0.1030 0.1660 
VAT / SAT (%) 28(18) 29(22) 0.3877 47(39) 34(24) 0.9935 0.0897 0.1231 
SAT/TAT (%) 75(12) 71(10) 0.2893 64(20) 69(10) 0.9822 0.0611 0.1660 
SSAT/TAT (%)  53(12) 48(19) 0.5653 50(21) 49(13) 0.5460 0.2577 0.8077 
DSAT/TAT (%) 28(11) 30(10) 0.5124 32(7) 28(10) 0.8501 0.3395 0.6033 

 
*Significant p-value <0.05.   
 

aPaired t-test used for comparisons between cases and controls for continuous data.  
 

bDependent t-test & Wilcoxon-rank sum test used for within cases or controls based on normality. 
 

cSample size for WC, SSAT and SSAT/TAT = 26 for AA and 9 NHW per group.

 
 



 

TABLE XII 
 

PREDICTORS OF BODY COMPOSITION FOR AA CASES AND CONTROLS 
  Body Composition Variables 

Variable VAT SAT SSAT DSAT IMAT SM 
Intercept -12.65** -8.53** -207.03** -6.40** 0.84** 5.01** 
WC 0.20** 0.18** 3.14**   0.13** 
VAT   -2.93**  0.09**  
SAT     0.14**  
SSAT      -0.42** 
DSAT       
IMAT 0.61** 0.87** 10.58** 0.43**  -0.40** 
Smoker (yes/no) -0.96 -0.72   0.46*  
Aspirin (yes/no)       
Alcohol (yes/no)       
Hypertension (yes/no)      0.46* 
Diabetes (yes/no)      -0.76** 
Reported Weight Loss (yes/no) -1.82**      
CRC (yes/no) 1.19*      
       
N 122 122 122 122 122 122 
R2 0.6475 0.662 0.561 0.7132 0.4622 0.5032 

Adjusted R2 0.6323 0.6534 0.5515 0.709 0.4485 0.4818 

 
*Significant p-value <0.05. 
 
**Significant p-value <0.01. 
 
 
 
 
 

7.2.2.2. Multiple Regression Analysis within NHW 
 

Significant predictors for each of the body composition variables within NHW using multiple 

linear regression are displayed on Table XIII.   Significant predictors of VAT included waist, SSAT, 

IMAT and current smoker and predicted 71% of the VAT variance (F =4, p<0.0001, R2=0.7352, 

Adjusted R2=0.7111).   Both DSAT and SSAT included IMAT and VAT as significant predictors, 

however aspirin was a significant predictor for SSAT whereas WC was a significant predictor of 

DSAT.   The model for DSAT predicted approximately 69% of the variance (F =32.91, p<0.0001, 
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R2=0.6869, Adjusted R2=0.6660); the model for SSAT predicted 52% of the variance (F =16.48, 

p<0.0001, R2=0.5234, Adjusted R2=0.4917).  Significant predictors of IMAT within NHW included 

only VAT and DSAT. This model predicted about 38% of the variance in IMAT (F =15.94, 

p<0.0001, R2=0.4093, Adjusted R2=0.3836). Significant predictors for SM included VAT, IMAT, 

diabetes and aspirin and predicted 41% of the variance in SM (F =42.61, p<0.0001, R2=0.4063, 

Adjusted R2=0.3525). 

 

 

 

TABLE XIII 
  

PREDICTORS OF BODY COMPOSITION FOR NHW CASES AND CONTROLS 
 Body Composition Variables 
Variable VAT SAT SSAT DSAT IMAT SM 
Intercept -17.74** -5.88* -274.85** -9.29** 1.35* 11.03*

* 
WC 0.31** 0.16** 4.55** 0.18**   
VAT   -6.92** -0.15* 0.11** 0.23** 
SAT     0.17*  
SSAT -0.56**      
DSAT       
IMAT 0.58 0.45  0.42*  -0.47* 
Smoker (yes/no) -1.37      
Aspirin (yes/no)   -19.08   0.93* 
Alcohol (yes/no)       
Hypertension (yes/no)       
Diabetes (yes/no)      -1.08* 
Unintentional Weight 
Loss (yes/no) 

      

CRC (yes/no)       
N 49 49 49 49 49 49 
R2 0.7352 0.5485 0.5234 0.6869 0.4093 0.4063 
Adjusted R2 0.7111 0.5289 0.4917 0.666 0.3836 0.3523 

 
*Significant p-value <0.05.  
 
**Significant p-value <0.01. 
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7.2.2.3. Similarities and Differences of Multiple Regression Results:  AA vs. NHW 
 

WC and IMAT were common predictors of VAT for both race/ethnic groups. VAT was a 

significant predictor of SSAT, DSAT, IMAT and SM in NHW, however for AA, VAT only predicted 

SSAT and IMAT.    SM was significantly associated with many variables for both NHW and AA 

groups, however, the only predictors of SM that were common to both were IMAT and diabetes.  

Current smoking was a common predictor for VAT, SAT and IMAT in AA but only for VAT in NHW.  

Reported weight loss did not enter any of the models in the NHW group, however it was a 

significant predictor of VAT in AA.   

7.2.3. Unadjusted and Adjusted Conditional Logistic Regression by Race/Ethnicity 

Unadjusted and adjusted conditional logistic regression models assessing the association 

between selected variables and CRC are presented in this section first for AA then NHW. As will 

multiple linear regression matching variables (age, gender, BMI and race/ethnicity) are excluded 

from the models.  The section concludes with highlights of similarities and differences between 

these two race/ethnic groups. 

7.2.3.1. Unadjusted and Adjusted Conditional Logistic Regression within AA 

Unadjusted conditional logistic regression of median split variables previously defined for 

abdominal adipose tissues are displayed on Table XIV for AA group.   Within AA, only median 

WC and median SSAT had statistically significant OR estimates.  Significant crude OR for median 

WC was 0.35 (p=0.0283) and for median SSAT was 0.37 (p=0.0239).  Trends for significance 

were noted for median VAT/SAT ratio (Crude OR=1.007, p=0.0641) and for median SAT/VAT 

ratio (Crude OR 0.978, p=0.0780). 

 Unadjusted conditional logistic regression models (Table XIV) of demographic variables 

(independent) and group (dependent, where Event = 1) revealed weight loss history (Crude OR 

= 4.5, p=0.0009) and aspirin use (Crude OR = 3.1, p=0.0083) as statistically significant predictors 
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for disease in AA.  A trend for significance was observed for alcohol (Crude OR = 0.50, p = 

0.0605).  In support of previous findings, unintended weight loss was reported in cases and 

suggesting AA cases were at greater odds (4 times more likely) of experiencing weight loss 

compared to AA controls.  

 
 
 
 
 

TABLE XIV 
 

UNADJUSTED CONDITIONAL LOGISTIC REGRESSION FOR MEDIAN SPLITS OF  
BODY COMPOSITION VARIABLES AND CRC IN AA 

  CRC (yes/no) 
Variablesa B OR Lower CI Upper CI p-value 
Median WC -1.04 0.35 0.139 0.895 0.0283* 
Median VAT -0.44 0.65 0.303 1.381 0.2606 
Median IMAT -0.26 0.77 0.410 1.455 0.4246 
Median SAT -0.56 0.57 0.281 1.161 0.1220 
Median SSAT -0.53 0.37 0.155 0.876 0.0239* 
Median DSAT -1 0.59 0.298 1.173 0.1326 
Median VAT/TAT 0.02 1.02 0.996 1.046 0.1069 
Median VAT/SAT 0.01 1.01 1.000 1.015 0.0641 
Median SAT/TAT -0.02 0.98 0.954 1.003 0.0780 
Median SSAT/TAT -0.01 0.99 0.978 1.007 0.2844 
Median DSAT/TAT -0.02 0.98 0.950 1.007 0.1379 
Smoker (yes/no) -0.45 0.64 0.326 1.244 0.1862 
Aspirin (yes/no) 1.15 3.14 1.343 7.357 0.0083* 
Alcohol (yes/no) -0.69 0.50 0.242 1.031 0.0605 
Hypertension (yes/no) -0.05 0.95 0.497 1.805 0.8694 
Diabetes (yes/no) -0.06 0.94 0.464 1.896 0.8575 
Unintentional Weight Loss (yes/no) -0.06 4.50 1.858 10.90 0.0009* 

 
*Significant p-value <0.05. 
 
aMedian splits defined as:   WC = 101.4cm; VAT = 94.2cm2; IMAT = 14.5cm2; SAT = 172.9cm2; 
SSAT = 109.9cm2; DSAT = 80.7 cm2; VAT/TAT = 32.5%; VAT/SAT = 52.1%; SAT/TAT = 61.4%; 
DSAT/TAT = 27.8%; SSAT/TAT = 42.2%. 
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Adjusted conditional logistic regression using stepwise selection methods determined a main 

effects model (Table XV) which included SSAT, aspirin use and history of unintentional weight 

loss within AA.  The odds of reporting daily aspirin use (Adjusted OR = 3.6, p=0.0156) was 4 times 

greater controlling for median SSAT and reported weight loss among AA cases compared to AA 

controls.  Reported unintentional weight loss (Adjusted OR = 5.8, p=0.0156) was almost 6 times 

higher controlling for aspirin use and median SSAT among AA cases compared to AA controls.  

AA cases were more likely to have lower SSAT (Adjusted OR = 0.22, p=0.0236) than AA controls 

which may indicate the consequences of higher weight loss reported within AA cases. 

 

 

TABLE XV 
 

ADJUSTED CONDITIONAL LOGISTIC REGRESSION OF SIGNIFICANT  
PREDICTORS OF CRC IN AA 

 CRC (yes/no) 
Model B OR Lower CI Upper CI p-value 

Median SSATa -1.52 0.24 0.070 0.852 0.0270* 
Aspirin 1.27 4.42 1.782 10.976 0.0013* 
Unintentional Weight Loss 1.76 7.91 2.559 24.438 0.0003* 

 
*p<0.05;  
 

aMedian splits defined as: SSAT = 109.9cm2 
 

 

 

7.2.3.2. Unadjusted and Adjusted Conditional Logistic Regression within NHW 
 
 Unadjusted conditional logistic regression of median split variables previously defined for 

abdominal adipose tissues are displayed on Table XVI for the NHW group.   Among NHW only 
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median SSAT significantly (Crude OR = 0.13, p=0.0499) predicted disease.  Unadjusted 

conditional logistic regression models (Table XVI) of demographic variables (independent) and 

group (dependent, where Event = 1) for NHW revealed that aspirin as the only significant predictor 

of disease (Crude OR = 3.7, p-value = 0.0461).  A trend towards significance was observed for 

weight loss history (Crude OR = 3.3, p=0.0674), current smoker (Crude OR = 2.8, p=0.0832) and 

current use of alcohol (Crude OR = 3.0, p-value = 0.0571). 

Adjusted conditional logistic regression using stepwise selection method determined a 

main effects model (Table XVII) for NHW included only alcohol as a significant predictor of 

disease.  The odds of current alcohol use (Adjusted OR = 5.0, p=0.0377) was 5 times greater 

among NHW cases compared to NHW controls.   
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TABLE XVI 
  

UNADJUSTED CONDITIONAL LOGISTIC REGRESSION FOR MEDIAN SPLITS OF BODY 
COMPOSITION VARIABLES AND CRC IN NHW 

  CRC (yes/no) 
Variablesa B OR Lower CI Upper CI p-value 
Median WC -1.61 0.20 0.023 1.712 0.1418 
Median VAT 1.00 1.20 0.351 2.851 0.9999 
Median IMAT 0.41 1.50 0.534 4.214 0.4417 
Median SAT -0.98 0.38 0.099 1.414 0.1474 
Median SSAT -2.08 0.13 0.016 0.999 0.0499* 
Median DSAT -0.98 0.38 0.099 1.414 0.1474 
Median VAT/TAT -0.01 0.99 0.96 1.025 0.6126 
Median VAT/SAT 0.00 1.00 0.996 1.007 0.6200 
Median SAT/TAT 0.00 1.00 0.971 1.037 0.8371 
Median SSAT/TAT 0.01 1.01 0.984 1.028 0.5797 
Median DSAT/TAT 0.01 1.01 0.968 1.047 0.7244 
Smoker 1.01 2.75 0.876 8.636 0.0832 
Aspirin 1.30 3.67 1.023 13.143 0.0461 
Alcohol 1.10 3.00 0.968 9.302 0.0571 
Hypertension 0.41 1.50 0.423 5.315 0.5299 
Diabetes 0.15 1.17 0.392 3.471 0.7817 
Unintentional Weight Loss 1.20 3.33 0.917 12.112 0.0674 

 
*Significant p-value <0.05.  
 
aMedian splits defined as:   WC = 101.4cm; VAT = 94.2cm2; IMAT = 14.5cm2; SAT = 172.9cm2; 
SSAT = 109.9cm2; DSAT = 80.7 cm2; VAT/TAT = 32.5%; VAT/SAT = 52.1%; SAT/TAT = 61.4%; 
DSAT/TAT = 27.8%; SSAT/TAT = 42.2%. 
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TABLE XVII 
 

ADJUSTED CONDITIONAL LOGISTIC REGRESSION OF SIGNIFICANT 
PREDICTORS OF CRC IN NHW 

  Group Assignment (Case/Control) 
Model B OR Lower CI Upper CI p-value 
Alcohol 1.6094 5.00 1.096 22.82 0.0377* 

    *Significant p-value <0.05. 

 
 
 
 

7.2.3.3. Similarities and Differences of Conditional Logistic Regression:  AA vs. NHW 

Median SSAT was a common predictor of unadjusted conditional logistic models for both 

race/ethnic groups.  Median WC was only significant predictor in AA group.  No other abdominal 

adipose tissue parameters predicted the odds of disease for either race/ethnic group.  Reported 

weight loss was a significant predictor for the AA group trended significant in the NHW group.  

These findings support a higher percentage of AA cases in our sample experienced recent weight 

loss attributable to CRC disease process compared to NHW.  The adjusted main effects model 

for AA included median SSAT, aspirin and reported weight loss.  This is consistent to findings of 

the unadjusted models in AA.  However, for NHW, previously determined significant predictor, 

median SSAT in the unadjusted model did not enter the final adjusted model with alcohol.   

7.2.3.4. Subset Analysis of Weight Stable Group for AA Group 

Reported history of unintentional weight loss entered into the model for AA but not the 

NHW.  A subset analysis of AA with and without weight loss was examined to determine if 

differences in body composition phenotype between cases and controls who reported weight loss 

existed.  Stratified analysis was performed for cases and controls with or without weight loss.  

Table XVIII shows that within AA cases, the positive weight loss group compared to negative for 

weight loss had significantly lower BMI, WC, TAT, SAT, IMAT, SM, DSAT, VAT/TAT and VAT/SAT 
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ratios.  Within controls, AA with weight loss also had significantly less TAT, SAT, SSAT, VAT, 

VAT/TAT, VAT/SAT, SAT/TAT and SSAT/TAT than AA without weight loss.    

Overall, AA cases compared to AA controls in the weight loss positive group were not 

significantly different in any body adipose depot or SM with the exception of trend for difference 

of SSAT(p=0.0524).  Chi-square analysis comparing higher cancer stage (Stage II-III, n=55) 

versus lower cancer stage (Stage 0-II, n=22) with reported weight loss (n = 26) versus no reported 

weight loss (n = 51) also showed no association between higher stage and higher reporting of 

unintentional weight loss (p-value = 0.2867). 
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TABLE XVIII 
 

DEMOGRAPHICS, ANTHROPOMETRICS AND BODY COMPOSITION FOR AA CASES AND CONTROLS  
WITH AND WITHOUT WEIGHT LOSS 

Variablesa 

Weight Loss Positive Weight Loss Negative Cases 
Positive vs 
Negative 

Loss 

Controls 
Positive vs 
Negative 

Loss 
Cases 
(n=29) 

Controls 
(n=79) 

Cases vs 
Controls 

Cases 
(n=59) 

Controls 
(n=79) 

Cases vs 
Controls 

Median 
(IQ) 

Median 
(IQ) p-value 

Median 
(IQ) 

Median 
(IQ) p-value p-valuec p-valuec 

Age (yrs) 62(10) 61(13) 0.3898 60(12) 62(10) 0.3622 0.3572 0.2591 
BMI  (kg/m2) 24(7) 26(4) 0.6991 27(6) 28(8) 0.1309 0.0010* 0.2781 
WC (cm) 94(7) 96(29) 0.8039 102(18) 101(14) 0.7317 0.0012* 0.0613 
TAT (cm2) 173(189) 206(212) 0.6992 329(284) 313(177) 0.7131 0.0019* 0.0175* 
SAT (cm2) 118(132) 140(134) 0.7825 182(190) 168(114) 0.3136 0.0012* 0.0039* 
SSAT (cm2)  78(62) 83(98) 0.0524 121(83) 112(58) 0.7789 0.2506 0.0039* 
DSAT (cm2) 54(68) 71(58) 0.9559 86(81) 78(40) 0.8428 0.0055* 0.1585 
VAT (cm2) 55(43) 72(80) 0.6041 90(129) 105(134) 0.6511 0.1925 0.0469* 
IMAT (cm2) 9(12) 5(11) NSb 15(13) 13(11) 0.8743 0.0056* 0.1319 
SM (cm2) 132(53) 119(51) NSb 162(62) 155(55) 0.7373 0.0189* 0.1659 
VAT / TAT (%) 23(14) 13(16) 0.1999 29(24) 37(31) 0.1137 0.0231* 0.0199* 
VAT / SAT (%) 32(26) 16(28) 0.1647 44(58) 65(87) 0.1285 0.0353* 0.0199* 
SAT/TAT (%) 71(18) 84(19) 0.1089 67(22) 57(33) 0.1720 0.0574 0.0138* 
SSAT/TAT (%)  51(19) 69(61) 0.0772 44(21) 36(28) 0.0325* 0.0066* 0.0019* 
DSAT/TAT (%) 32(16) 42(23) 0.2867 30(11) 25(11) 0.0129* 0.1114 0.1143 

 
*Significant p-value <0.05.   
 
aSample size for WC, SSAT and SSAT/TAT = 46 for AA cases without weight loss;  64 for AA controls without weight loss; 22 for AA cases 
with weight loss and 7 AA controls with weight loss.  
 
bNS=not significant.  
 
cWilcoxon-rank test used for within cases or controls. 

 
 



 

7.3. Specific Aim 3.  What are the associations among cases between abdominal adipose 
depots and serum biomarkers of CRC risk?  Are these associations modified by 
race/ethnicity? 
 

This section presents data on the analysis of the associations between abdominal adipose 

depots and serum biomarkers with CRC for a subset of cases (n=59).   No serum data was 

available for controls.  A brief description of the characteristics and demographic variables 

introduce the section.  Frequencies (%/n) and medians with interquartiles(IQ) as indicated are 

presented in each section that follows for overall sample, then stratification by gender and where 

possible by race/ethnicity.  Further stratifications based on cancer stage, obesity status and 

weight loss status are presented when feasible. Additional stratification tables based on diabetes 

and hypertension are include in the appendix. This section concludes with regression analysis 

exploring associations between the serum biomarkers and abdominal adipose depots. 

7.3.1. Characteristics of Subset Sample (n = 59, cases) 
 

Only a small subset of cases had serum available to address our questions in Specific 

Aim 3.  The major demographics and characteristics of the participants with and without serum 

samples are presented in Table XIX.  Participants with serum were more likely to be males (73%) 

and AA (71%) compared to those without serum; all other variables were not significantly different 

between these groups.  Among the female cases only 16 had serum and all but 2 were AA thus 

further exploration for race/ethnicity difference in this group is uninformative and thus not 

presented. The effect of gender has been included in the regression analysis.  

About 27% (16/59) of the sample had a normal BMI, 42% were overweight (25/59) and 

31% obese (18/59).  Most of the patients (64%) were in Cancer Stage II or III.  Most were non-

smokers (83%), although 68% (40/59) reported regular alcohol use.  Approximately, 27% (16/59) 

of this subsample also self-reported history of unintentional weight loss.   
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TABLE XIX 
 

DEMOGRAPHICS AND CHARACTERISTICS FOR CASES WITH SERUM (N=59) 

Characteristics 
Cases with 

Serum 
(n=59) 
%(n) 

Cases without 
Serum 
(n=69) 
%(n) 

p-valuea 

Male 72.9(43) 52.2(36) 0.0186* 
Female 27.1(16) 47.8(33)  
African Americans 71.2(42) 66.7(46) 0.5824 
Non-Hispanic Whites 28.8(17) 33.3(23)  
Normal weight, BMI (18.5-25) 27.1(16) 33.3(23) 0.7473 
Overweight, BMI (25-30) 42.4(25) 39.1(27)  
Obese, BMI (≥30) 30.5(18) 27.5(19)  
Cancer Stages 0-I 25.4(15) 27.3(18) 0.9923 
Cancer Stage 2 (II, IIA, IIB, IIC) 32.2(19) 36.4(24)  
Cancer Stage 3 (III,IIIA, IIIB, IIIC) 32.219) 36.4(24)  
Married, yes 33.9(20) 21.2(15) 0.1080 
High school  of higher, yes 88.1(52) 49.3(34) 0.2532 
Current smoker, yes 17.0(10) 63.6(42) 0.9693 
Alcohol consumption, yes 67.8(40) 43.5(30) 0.1399 
Diabetes, yes 23.7(14) 24.6(17) 0.8367 
Hypertension, yes 67.8(40) 60.9(42) 0.7085 
Unintentional weight loss, yes  
(within 6 months) 

27.1(16) 33.3(23) 0.3222 

 

*Significant p-value < 0.05.  
 

aChi-Square test used for these categorical variables. 
 

 
 
 

7.3.2. Comparisons of Serum Biomarkers with Reference Values by Gender 
 
 The median values and interquartile (IQ) range for serum biomarkers and the reference 

values for these variables are provided in Table XX.  Among males glucose and insulin variables 

were within the reference range except testosterone (lower), and IGFBP3 (below) while glucose, 

TNF-α, IL-6, leptin and estradiol were above reference ranges as published in respective ELISA 

assays (see Methods section).  For females, TNF-α, IL-6, leptin and testosterone were above 

reference ranges and IGFBP3 and IGF-1 were lower than.  
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7.3.3. Correlation Analysis of Body Composition and Serum Biomarkers for Cases (n=59) 
Correlation analyses was used to examine the relationship between body composition, 

various demographic variables and serum biomarkers.  Tables for these relationships are 

provided in the supplemental tables in the Appendix Section (APPENDIX A).  In brief, APN was 

negatively associated with waist (r=-0.38, p=0.0089, n=47), SM (r=-0.29, p=0.026, n=59) and with 

TAT (r=-0.27, p=0.040, n =59 and positively associated with TNF-α (r=0.35, p=0.007, n=59) and 

testosterone (r=0.33, p=0.013, n=58).  IL-6 was inversely associated with IGF-1 (r=-0.27, 

p=0.039, n=59).  Leptin was highly correlated with many body composition parameters including 

BMI (r=0.69, p=<0.001, n=59), waist (r=0.35, p=0.016, n=47), VAT (r=0.29, p=0.028, n=59), SAT 

(r=0.80, p<0.001, n=59), TAT (r=0.646, p<0.001, n=59) and IL-6(r=0.27, p=0.04, n=59).  Insulin 

was positively related to IMAT (r=0.30, p=0.02, n=59), SAT(r=0.37, p=0.004, n=59), TAT(r=0.32, 

p=0.004, n=59) and leptin (r=0.34, p=0.008, n-59).  IGFBP-3 is positively related with IMAT 

(r=0.29, p=0.026), DSAT (r=0.29, p=0.026, n=59) and IGF-1 (r=0.45, p=0.001, n=59) and 

negatively with race (r=-0.39, p=002, n=59) and SM(r=-0.28, p=0.032, n=59). 
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TABLE XX 
 

COMPARISON OF SERUM BIOMARKERS WITH REFERENCE VALUES OF HEALTHY POPULATION BY GENDER 
 MALESa 

(n=43) 
FEMALESb 

(n=16) 

Serum 
Biomarkers 

Median 
(SD) 

Lower 
95% 
CI 

Upper 
95% 
CI 

Reference 
Standards 

Healthy 
Populationc 

Median 
(SD) 

Lower 
95% CI 

Upper 
95% CI 

Reference 
Standards 

Healthy 
Populationc 

APN (µg/mL) 9.5(9.1) 8.81 14.11 0.87-21.42 
μg/mL 10.9(11.3) 8.27 18.81 0.87-21.42 

μg/mL 
TNF-α (pg/mL) 10.9(13.4) 8.93 14.68 1.6-15.6 pg/mL 7.8(12.4) 4.03 12.53 1.6-15.6 pg/mL 
IL-6 (pg/mL) 3.4(6.2) 4.15 8.23 0.45-9.96 pg/mL 4.4(18.9) 4.16 22.42 0.48-9.96 pg/mL 
LEPTIN 
(pg/mL) 4.7(8.3) 5.30 12.45 2.21-11.2pg/mL 17.6(21.2) 13.60 28.69 3.88-77.27pg/mL 

Estradiol  
(pg/mL) 57.5(31.3) 55.31 74.30 15-100pg/mL 32.9(13.6) 28.16 48.44 

15-90pg/mL 
postmenopausal 

women 
Testosterone 
(pg/mL) 5.12(47.8) 14.32 34.05 0.01-34.1pg/mL 1.20(28.8) 4.05 23.53 0.01-34.1pg/mL 

Insulin 
(uU/mL) 4.9(2.7) 5.25 8.55 5-35μIU/mL 5.6(13.4) 4.96 17.27 5-35μIU/mL 

Glucose 
(mg/dL) 104(26) 99.73 118.7

9 <100mg/dL 88(34) 84.25 113.14 <100mg/dL 

IGFBP-3 
(ng/mL) 2.03(0.77) 1.75 2.12 0.835-

3.778μg/mL 2.19(0.80) 2.03 2.65 0.835-
3.778μg/mL 

IGF-1 (ng/mL) 46.6(21.5) 43.46 55.89 40-258ng/mL 53.2(26.9) 45.41 65.23 40-258ng/mL 
       

    aFor males n = 39 for glucose and n = 42 for testosterone. 
 
   bFor females n = 13 for glucose. 
 
    cReference standards based on assays (ELISA kits) used in study. 
 
 

 
 



 

7.3.4. Predictors of Serum Biomarkers using Multiple Regression Analysis 
 
 The matching requirements that were adhered to for Specific Aims 1 and 2 are not 

necessary for the subset of participants with serum measurements.  Therefore, age, race and 

gender were included in the models.  Additionally, smoking status and self-reported weight loss, 

waist, diabetes, cancer stage and alcohol consumption were covariates included in model building 

process.  In lieu of HTN, diastolic and systolic blood pressure were entered individually.  Stepwise 

selection method determined significant predictors which were then evaluated for biological 

significance.  Variables related at r2 = 0.8 or below were entered into the models with VIF, an 

indicator of multi-collinearity, was calculated for each variable to confirm that collinearity was not 

violated.  A VIF level of 4 was used as a maximum value for allowable level of inclusion for a 

variable in the model.  No value of VIF greater than 3 for any variable was detected.   

 Significant predictors of selected serum biomarkers associated with CRC for are provided 

in Table XXI.  Significant predictors of APN included IMAT, race/ethnicity, TNF-α and diabetes (F 

=10.70, p<0.0001, R2=0.5045, Adjusted R2=0.4577).  Significant predictors of TNF- α were age 

and testosterone only (F =23.33, p<0.0001, R2=0.4590, Adjusted R2=0.4393).  Significant 

predictors of IL-6 were race/ethnicity, TNF-α, leptin, IGF-1 and diastole (F =7.85, p<0.0001, 

R2=0.4254, Adjusted R2=0.3711).  Significant predictors of leptin included SAT, IMAT, gender, 

APN, testosterone and IGF-1 (F =25.25, p<0.0001, R2=0.8048, Adjusted R2=0.7729).    Significant 

predictors of estradiol were age, gender, APN, TNF-α and IGF-1 (F =12.44, p<0.0001, R2=0.4795, 

Adjusted R2=0.4410).   For testosterone, only IMAT, SM and TNF-α were significant predictors (F 

=18.38, p<0.0001, R2=0.5052, Adjusted R2=0.4777).   Predictors of IGFBP-3 included age, 

race/ethnicity, gender, testosterone, IGF-1, smoking status, IMAT and SM (F = 9.85, p<0.0001, 

R2=0.6165, Adjusted R2=0.5539).
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TABLE XXI   
 

PREDICTORS OF SERUM BIOMARKERS FOR CASES WITH SERUM SAMPLES (N=59) 
  Predictors of Serum Biomarkersa 

Variables logAPN TNF-α logIL-6 logLeptin logER logTST Insulin logGlu HOMA-IR IGFBP-3 IGF-1 
Intercept 2.886* -9.48* 15.140* 1.192* 4.14* -0.351* 1.867* 5.914* -0.770* 3556.294* 194.109* 
sqVAT -0.102*           
sqSAT    0.005*        
sqIMAT 0.191*   0.028*  -0.234*    133.808*  
SM      0.012*    -5.514* 0.117* 
Age  0.225*   -0.021*     -21.621* -0.593* 
Race -0.573*  0.497*       -379.367* 12.603* 
Gender    -1.464* 0.427*     -287.116  
logAPN (µg/mL)    -0.424* -0.139*   -0.089*    
TNF-α (pg/mL) 0.018*  0.028*  0.014* 0.119*      
logIL-6 (pg/mL)       1.867*  0.483*  -4.362* 
logLEPTIN (ng/mL)   0.229*    2.186*  0.180*   
logER (pg/mL)        0.186*    
logTST(pg/mL)  3.30*  0.243*      79.431*  
Insulin (uU/mL)            
logGlu (mg/dL)            
HOMA-IR            
IGFBP-3 (ng/mL)        0.0001*   0.016* 
IGF-1 (ng/mL)   -0.019* 0.010*      11.451*  
logSystole (mmHg)            
logDiastole (mmHg)   -3.187*     -0.474*   -36.768* 
Smoker (yes/no)          -301.921*  
Diabetes (yes/no) -0.338*           
            

N 59 58 59 58 59 58 52 52 51 58 59 
R2 0.5045 0.4590 0.4254 0.8048 0.4730 0.5052 0.2201 0.2891 0.2379 0.6165 0.4506 

Adjusted R2 0.4577 0.4393 0.3711 0.7729 0.4340 0.4777 0.1882 0.2286 0.2061 0.5539 0.3872 
 
*Significant p-value <0.05.   
 
aAbbreviations for variables:  sqVAT=square root of VAT; sqSAT = square root of SAT; sqIMAT = square root of IMAT; logAPN =  log of 
adiponectin; logIL-6 = log of IL-6; logLEPTIN = log of leptin; logER = log of estradiol; logTST = log of testosterone; logGlu = log of glucose; 
logSystole = log of systolic blood pressure; logDiastole = log of diastolic blood pressure.         

 
 



 

7.3.5. Correlations of Serum Biomarkers with Body Composition by Male Gender (n=43) 
 
 Correlation analysis was used to examine the associations of serum data with body 

composition and various demographic variables (age, race, weight loss history) in sample of 

males with serum data.  The most significant correlations for various biomarkers will be briefly 

summarized.  APN was inversely correlated with waist (r=-0.34, p=0.04) and VAT/TAT ratio (r=-

0.37, p=0.02).  Leptin was significantly associated with all body composition variables (BMI 

r=0.71, p<0.0001; waist r=0.50, p=0.002; VAT r=0.58, p<0.001; IMAT r=0.44, p=0.003; SAT r = 

0.88, p<0.0001; TAT r=0.81, p<0.0001; DSAT r=0.79 p<0.0001; and SM r=0.38 p=0.01).  Estradiol 

was negatively associated only with age (r=-0.37, p=0.02). Testosterone was only positively 

associated with TNF-α (r=0.73, p<0.0001).  IGFBP-3 was positively associated with various body 

composition depots (VAT r=0.30, p=0.05; IMAT r=0.37, p=0.01; DSAT r=0.30, p=0.05) and 

negatively associated with age (r=-0.48, p=0.001), race (r=-0.58, p<0.0001) and IL-6 (r=-0.27, p= 

0.07).  Weight loss history was negatively associated with SAT (r=-0.38, p=0.01) and SSAT (r=-

0.39, p=0.02).   

 

7.3.6 Correlations of Serum Biomarkers with Body Composition by Race/ethnicity for 
Male Gender 
 
 Tables XXII and XXIII provide the correlation matrices by race/ethnicity for major body 

composition parameters and various serum biomarkers for males.  APN was negatively correlated 

with BMI (r=-0.48, p=0.009), waist (r=-0.68, p=0.0002), VAT (r=-0.55, p=0.002), SAT (r=-0.39, 

p=0.039), DSAT (r=-.47, p=0.020) and TAT (r=-0.51, p=0.005) for AA but not for NHW males.  

Leptin was positively associated with most body composition parameters including WC (r=0.82, 

p<0.0001) and VAT (r=0.63, p=0.0003) in AA but not for NHW (WC r= 0.34, p = 0.272; VAT 

r=0.43, p=0.106
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TABLE XXII 
 

PEARSON CORRELATIONS OF BODY COMPOSITION AND SERUM BIOMARKERS OF CRC RISK IN AA MALESa 
  BMI WAIST TAT SAT VAT IMAT SSAT DSAT SM APN TNFA LEPTIN IGFBP3 IGF1 

BMI 1.00 0.91 0.86 0.86 0.74 0.45 0.71 0.72 0.60 -0.45 -0.03 0.82 -0.10 0.09 
   <.0001 <.0001 <.0001 <.0001 0.02 0.00 <.0001 0.00 0.02 0.88 <.0001 0.60 0.66 

WC 0.91 1.00 0.92 0.81 0.87 0.67 0.74 0.86 0.41 -0.65 0.01 0.83 0.11 0.25 
  <.0001  <.0001 <.0001 <.0001 0.00 <.0001 <.0001 0.05 0.00 0.97 <.0001 0.60 0.25 

TAT 0.86 0.92 1.00 0.90 0.94 0.58 0.74 0.76 0.51 -0.59 -0.11 0.72 0.02 0.13 
  <.0001 <.0001  <.0001 <.0001 0.00 <.0001 <.0001 0.01 0.00 0.56 <.0001 0.91 0.51 

SAT 0.86 0.81 0.90 1.00 0.71 0.54 0.92 0.83 0.54 -0.46 -0.08 0.80 -0.10 0.04 
  <.0001 <.0001 <.0001  <.0001 0.00 <.0001 <.0001 0.00 0.01 0.68 <.0001 0.62 0.85 

VAT 0.74 0.87 0.94 0.71 1.00 0.49 0.53 0.57 0.42 -0.63 -0.14 0.57 0.11 0.18 
  <.0001 <.0001 <.0001 <.0001  0.01 0.01 0.00 0.03 0.00 0.46 0.00 0.59 0.35 

IMAT 0.45 0.67 0.58 0.54 0.49 1.00 0.59 0.74 0.37 -0.23 -0.04 0.39 0.06 -0.04 
  0.02 0.00 0.00 0.00 0.01  0.00 <.0001 0.05 0.25 0.82 0.04 0.76 0.83 

SSAT 0.71 0.74 0.74 0.92 0.53 0.59 1.00 0.88 0.30 -0.51 -0.10 0.63 -0.13 0.05 
  0.00 <.0001 <.0001 <.0001 0.01 0.00  <.0001 0.15 0.01 0.66 0.00 0.53 0.82 

DSAT 0.72 0.86 0.76 0.83 0.57 0.74 0.88 1.00 0.52 -0.40 -0.01 0.66 -0.08 -0.02 
  <.0001 <.0001 <.0001 <.0001 0.00 <.0001 <.0001  0.01 0.03 0.96 0.00 0.68 0.93 

SM 0.60 0.41 0.51 0.54 0.42 0.37 0.30 0.52 1.00 -0.43 -0.21 0.64 -0.01 0.21 
  0.00 0.05 0.01 0.00 0.03 0.05 0.15 0.01  0.02 0.27 0.00 0.96 0.29 

APN -0.45 -0.65 -0.59 -0.46 -0.63 -0.23 -0.51 -0.40 -0.43 1.00 0.20 -0.36 0.06 -0.18 
  0.02 0.00 0.00 0.01 0.00 0.25 0.01 0.03 0.02  0.32 0.06 0.75 0.35 

TNFA -0.03 0.01 -0.11 -0.08 -0.14 -0.04 -0.10 -0.01 -0.21 0.20 1.00 -0.05 -0.16 -0.07 
  0.88 0.97 0.56 0.68 0.46 0.82 0.66 0.96 0.27 0.32  0.81 0.41 0.71 

LEPTIN 0.82 0.83 0.72 0.80 0.57 0.39 0.63 0.66 0.64 -0.36 -0.05 1.00 -0.13 0.04 
  <.0001 <.0001 <.0001 <.0001 0.00 0.04 0.00 0.00 0.00 0.06 0.81  0.52 0.86 

IGFBP3 -0.10 0.11 0.02 -0.10 0.11 0.06 -0.13 -0.08 -0.01 0.06 -0.16 -0.13 1.00 0.57 
  0.60 0.60 0.91 0.62 0.59 0.76 0.53 0.68 0.96 0.75 0.41 0.52  0.00 

IGF1 0.09 0.25 0.13 0.04 0.18 -0.04 0.05 -0.02 0.21 -0.18 -0.07 0.04 0.57 1.00 
 0.66 0.25 0.51 0.85 0.35 0.83 0.82 0.93 0.29 0.35 0.71 0.86 0.00  

  
 *Significant p-value < 0.05. 
         
 aTransformed variables used in analysis. 
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TABLE XXIII 
 

PEARSON CORRELATIONS OF BODY COMPOSITION AND SERUM BIOMARKERS OF CRC RISK IN NHW MALESa 
  BMI WAIST TAT SAT VAT IMAT SSAT DSAT SM APN TNFA LEPTIN IGFBP3 IGF1 

BMI 1.00 0.54 0.51 0.66 0.26 0.33 0.51 0.67 0.70 0.12 -0.06 0.55 0.29 0.47 
   0.07 0.05 0.01 0.35 0.23 0.09 0.01 0.00 0.68 0.83 0.03 0.30 0.07 

WC 0.54 1.00 0.87 0.78 0.82 0.74 0.53 0.78 0.57 -0.32 0.06 0.34 0.04 0.27 
  0.07  0.00 0.00 0.00 0.01 0.08 0.00 0.05 0.32 0.85 0.27 0.91 0.40 

TAT 0.51 0.87 1.00 0.89 0.90 0.76 0.43 0.87 0.52 -0.14 0.14 0.68 0.32 0.09 
  0.05 0.00  <.0001 <.0001 0.00 0.16 <.0001 0.05 0.63 0.63 0.01 0.24 0.76 

SAT 0.66 0.78 0.89 1.00 0.61 0.55 0.62 0.99 0.51 -0.05 0.17 0.81 0.43 0.18 
  0.01 0.00 <.0001  0.01 0.03 0.03 <.0001 0.05 0.85 0.55 0.00 0.11 0.51 

VAT 0.26 0.82 0.90 0.61 1.00 0.74 0.17 0.60 0.45 -0.23 0.10 0.41 0.12 -0.06 
  0.35 0.00 <.0001 0.01  0.00 0.60 0.02 0.09 0.40 0.71 0.13 0.67 0.83 

IMAT 0.33 0.74 0.76 0.55 0.74 1.00 0.36 0.48 0.23 0.22 0.03 0.46 0.19 0.26 
  0.23 0.01 0.00 0.03 0.00  0.25 0.07 0.42 0.42 0.93 0.08 0.49 0.35 

SSAT 0.51 0.53 0.43 0.62 0.17 0.36 1.00 0.56 0.17 -0.03 0.13 0.52 0.46 0.06 
  0.09 0.08 0.16 0.03 0.60 0.25  0.06 0.60 0.92 0.69 0.08 0.14 0.86 

DSAT 0.67 0.78 0.87 0.99 0.60 0.48 0.56 1.00 0.52 -0.12 0.10 0.79 0.41 0.19 
  0.01 0.00 <.0001 <.0001 0.02 0.07 0.06  0.04 0.66 0.72 0.00 0.13 0.50 

SM 0.70 0.57 0.52 0.51 0.45 0.23 0.17 0.52 1.00 0.02 0.30 0.31 0.27 0.29 
  0.00 0.05 0.05 0.05 0.09 0.42 0.60 0.04  0.95 0.27 0.26 0.33 0.30 

APN 0.12 -0.32 -0.14 -0.05 -0.23 0.22 -0.03 -0.12 0.02 1.00 0.50 0.21 0.18 0.12 
  0.68 0.32 0.63 0.85 0.40 0.42 0.92 0.66 0.95  0.06 0.45 0.53 0.68 

TNFA -0.06 0.06 0.14 0.17 0.10 0.03 0.13 0.10 0.30 0.50 1.00 0.26 0.26 -0.20 
  0.83 0.85 0.63 0.55 0.71 0.93 0.69 0.72 0.27 0.06  0.35 0.35 0.47 

LEPTIN 0.55 0.34 0.68 0.81 0.41 0.46 0.52 0.79 0.31 0.21 0.26 1.00 0.70 0.23 
  0.03 0.27 0.01 0.00 0.13 0.08 0.08 0.00 0.26 0.45 0.35  0.00 0.40 

IGFBP3 0.29 0.04 0.32 0.43 0.12 0.19 0.46 0.41 0.27 0.18 0.26 0.70 1.00 0.20 
  0.30 0.91 0.24 0.11 0.67 0.49 0.14 0.13 0.33 0.53 0.35 0.00  0.47 

IGF1 0.47 0.27 0.09 0.18 -0.06 0.26 0.06 0.19 0.29 0.12 -0.20 0.23 0.20 1.00 
  0.07 0.40 0.76 0.51 0.83 0.35 0.86 0.50 0.30 0.68 0.47 0.40 0.47  

  
 *Significant p-value < 0.05. 
          
 aTransformed variables used in analysis. 
 
 

 
 



 

7.3.7. Comparisons of Anthropometric, Body composition and Serum Biomarkers by 
Race/ethnicity and Male Gender 
 
 The anthropometric, body composition and serum biomarker data stratified by race for male 

cases in subset are presented in Table XXIV.  As stated earlier analysis of females was not possible 

due to small sample size for NHW females (n = 2).  AA men with CRC had significantly lower waist, 

VAT, IMAT and trend for lower DSAT than their NHW counterparts. The only serum biomarker that 

varied between race/ethnicity was IGFBP-3 (significantly lower in AA vs NHW).  A trend for lower 

insulin (p-value = 0.0531), lower APN (p-value = 0.0817) and lower HOMA-IR (p-value = 0.0831) was 

noted for men reporting with vs without weight loss. 

The body composition and serum biomarkers of male cases with lower CRC Stage (0-I) are 

compared to those with advanced CRC Stage (II-III) and presented in Table XXV.   Both VAT (p-

value=0.0684) and SM (p=0.0613) trended lower in CRC Stages II-III vs I. Diastolic blood pressure 

was significantly lower in advanced stages compared to lower stages (p-value = 0.0046) and insulin 

and HOMA-IR were significantly higher in lower stages compared to advanced stages.  

 Body composition and serum biomarkers of stratified by obesity status are presented in Table 

XXVI for the subset of males with serum. As expected, obese cases had significantly greater SSAT 

and SAT than their lean counterparts, however no other difference for any other depots were 

observed.  Leptin was higher in obese than non-obese cases (p=0.0433) while trend for slightly higher 

in non-obese cases (p=0.0815) compared to obese cases.   

 The impact of self-reported unintentional weight loss on serum biomarkers are presented in 

Table XXVII for the subset of males with serum samples.  No significant differences were observed in 

cases with and without weight loss of serum biomarkers.  Trends for higher APN (n=0.0817) and lower 

HOMA-IR (p=0.0831) and insulin (p=0.0531) were observed. 
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TABLE XIV 
 

BODY COMPOSITION AND SERUM BIOMARKERS BY RACE/ETHNICITY FOR  
SUBSET OF MALE CASES WITH SERUM 

Variables 
AA Male Cases 

(n=28) 
Median (IQ) 

NHW Male Cases 
(n=15) 

Median(IQ) 
p-value 

BMI (kg/m2) 26(7) 28(5) 0.2328 
WC (cm)a 100.7(17.1) 115(18) 0.0311* 
TAT (cm2) 254(298) 450(228) 0.0162* 
SAT (cm2) 122(76) 166(102) 0.0976 
SSAT (cm2)a 85(46) 87(63) 0.7429 
DSAT (cm2) 59(45) 89(69) 0.0680 
VAT (cm2) 93(199) 241(76) 0.0232* 
IMAT (cm2) 10.7(11.6) 22(24) 0.0049* 
SM (cm2) 170(40) 148(45) 0.0508* 
VAT/TAT(%) 43(38) 53(26) 0.1370 
VAT/SAT(%) 85(129) 119(144) 0.1131 
SAT/TAT(%) 50(33) 40(29) 0.0700 
SSAT/TAT(%)a 35(30) 25(16) 0.0402 
DSAT/TAT(%) 23(21) 24(12) 0.5867 
Systole (mmHg) 137(26) 132(30) 0.5472 
Diastole (mmHg) 78(18) 71(17) 0.7347 
APN (µg/mL) 8(8) 11(12) 0.0684 
TNF-α (pg/mL) 16(5) 18(7) 0.5481 
IL-6 (pg/mL) 4(7) 3(3) 0.4873 
LEPTIN (ng/mL)b 5(6) 8(15) 0.2396 
Estradiol (pg/mL)b 56(13) 51(41) 0.5644 
Testosterone(pg/mL)c 3(3) 3(3) 0.4139 
Insulin (uU/mL) 5(3) 5(3) 0.9990 
Glucose (mg/dL)d 104(26) 104(18) 0.9420 
IGFBP-3 (ng/mL) 1.8(0.7) 2.4(0.7) 0.0001* 
IGF-1 (ng/mL) 45(24) 49(17) 0.9159 
HOMA-IRd 1.2(1.0) 1.5(0.7) 0.4956 

 
*Significant p-value < 0.05.  
 
aSample size for WC, SSAT and SSAT/TAT:  n=28 for AA, n=12 for NHW.  
 
bSample size for leptin and estradiol n = 24 for AA and n = 14 for NHW. 
 
cSample size for testosterone: n=26 for AA, n = 15 NHW.  
 
dSample size for glucose and HOMA-IR: n=25 for AA, n=14 for NHW.  
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TABLE XXV 
 

BODY COMPOSITION AND SERUM BIOMARKERS STRATIFIED BY CRC CANCER STAGES 
FOR SUBSET OF MALE CASES WITH SERUM 

Variables 
Cancer Stages 0-I 

(N=12) 
Median(IQ) 

Cancer Stages II-III 
(N= 28) 

Median(IQ) 
p-value 

BMI (kg/m2) 29(4) 26(6) 0.1329 
WC (cm)a 104(5) 103(23) 0.4007 
TAT (cm2) 421(189) 302(320) 0.1636 
SAT (cm2) 158(93) 122(91) 0.1871 
SSAT (cm2)a 93(38) 85(63) 0.6157 
DSAT (cm2) 63(56) 66(47) 0.5106 
VAT (cm2) 230(83) 129(213) 0.0684 
IMAT (cm2) 17(10) 14(18) 0.4389 
SM (cm2) 178(37) 154(42) 0.0613 
VAT/TAT(%) 53(21) 46(34) 0.0684 
VAT/SAT(%) 126(110) 95(118) 0.0977 
SAT/TAT(%) 42(18) 49(32) 0.1047 
SSAT/TAT(%)a 24(10) 34(28) 0.1114 
DSAT/TAT(%) 20(10) 25(20) 0.1688 
Systole (mmHg) 147(31) 131(25) 0.0552 
Diastole (mmHg) 89(20) 74(12) 0.0046* 
APN (µg/mL) 9(6) 12(10) 0.2195 
TNF-α (pg/mL) 15(3) 19(6) 0.0732 
IL-6 (pg/mL) 5(6) 7(7) 0.3012 
LEPTIN (ng/mL)b 11(11) 10(13) 0.1972 
Estradiol (pg/mL)c 56(15) 60(22) 0.7392 
Testosterone (pg/mL)d 4(3) 3(2) 0.5338 
Insulin (uU/mL) 8(6) 7(5) 0.0387* 
Glucose (mg/dL)e 112(25) 108(33) 0.4267 
IGFBP-3 (ng/mL) 2.06(0.6) 1.9(0.6) 0.4083 
IGF-1 (ng/mL) 52(28) 47(17) 0.5903 
HOMA-IRe 2.6(1.8) 1.8(1.8) 0.0381* 

 
*Significant p-value < 0.05.   
 
aSample size for WC, SSAT, SSAT/TAT: n=24 for Stage II-III, n=9 for Stage 0-I.  
 
bSample for leptin: n=25 for Stage 0-I. 
 
cSample size for estradiol: n=10 for Stage 0-I, n=27 for Stage II-III  
 
dSample for testosterone: n=26 for Stage II-III.   
 
eSample size for glucose, HOMA-IR:  n= 27 for Stage II-III, n=9 for Stage 0-I.  
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TABLE XXVI 
 

BODY COMPOSITION AND SERUM BIOMARKERS BY OBESITY STATUS OF  
MALE CASES WITH SERUM 

Variables 
Obese 
(n=11) 
Median 

(IQ) 

Non-Obese 
(n=32) 
Median 

(IQ) 
p-value 

BMI (kg/m2) 33(3.8) 26(5) <.0001* 
Waist (cm) a 121(11) 102(15) 0.0006* 
TAT (cm2) 503(382) 263(267) 0.0003* 
SAT (cm2) 202(324) 116(76) 0.0067* 
SSAT (cm2) a 125(54) 79(48) 0.0552* 
DSAT (cm2) 100(84) 59(37) 0.0043* 
VAT (cm2) 241(106) 108(223) 0.0136* 
IMAT (cm2) 21(17) 11(12) 0.0029* 
SM (cm2) 192(63) 160(29) 0.0020* 
VAT/TAT(%) 48(24) 49(39) 0.5345 
VAT/SAT(%) 113(115) 109(135) 0.3988 
SAT/TAT(%) 45(25) 45(32) 0.4483 
SSAT/TAT(%)a 27(10) 36(32) 0.1957 
DSAT/TAT(%) 20(15) 24(20) 0.3564 
Systole (mmHg) 140(18) 134(28) 0.8212 
Diastole (mmHg) 78(17) 74(16) 0.4100 
APN (µg/mL) 9(8) 10(10) 0.6287 
TNF-α (pg/mL) 17(4) 18(6) 0.4127 
IL-6 (pg/mL) 3(3) 3(6) 0.4007 
LEPTIN (ng/mL) 10(36) 5(6) 0.0433* 
Estradiol (pg/mL) 44(25) 59(22) 0.0815* 
Testosterone(pg/mL)b 2(3) 3(2) 0.1835 
Insulin (uU/mL) 7(11) 5(2) 0.0285 
Glucose (mg/dL)c 104(25) 104(28) 0.8354 
IGFBP-3 (ng/mL) 1.9(1.5) 2(0.7) 0.8464 
IGF-1 (ng/mL) 53(30) 44(17) 0.8735 
HOMA-IRc 1.6(3.1) 1.2(0.8) 0.1605 

 
*Significant p-value < 0.05.   
 
aSample size for WC, SSAT and SSAT/TAT: n=29 for non-obese, n=7 for obese.  
 
bSample size for testosterone = 30 for non-obese. 
 
cSample size for glucose and HOMA-IR: n= 29 for non-obese, n=10 for obese. 
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TABLE XXVII 
 

BODY COMPOSITION AND SERUM BIOMARKERS STRATIFIED BY SELF-REPORTED 
UNINTENTIONAL WEIGHT LOSS FOR MALE CASES WITH SERUM 

Variables 
Weight Loss 

Positive 
(n=12) 

Median(IQ) 

Weight Loss 
Negative 

(n=31) 
Median(IQ) 

p-value 

BMI (kg/m2) 28(5) 26(7) 0.1548 
WC (cm)a 108(19) 98(20) 0.1054 
TAT (cm2) 353(270) 161(289) 0.2878 
SAT (cm2) 157(88) 97(47) 0.0185* 
SSAT (cm2)a 95(54) 79(28) 0.0096* 
DSAT (cm2) 78(44) 54(19) 0.0790 
VAT (cm2) 198(182) 54(236) 0.2791 
IMAT (cm2) 15(14) 13(22) 0.6381 
SM (cm2) 162(44) 165(42) 0.7101 
VAT/TAT(%) 50(27) 30(44) 0.6381 
VAT/SAT(%) 113(110) 52(168) 0.6966 
SAT/TAT(%) 44(23) 57(43) 0.6053 
SSAT/TAT(%)a 29(20) 51(37) 0.4481 
DSAT/TAT(%) 23(11) 36(33) 0.5457 
Systole (mmHg) 140(34) 133(22) 0.2438 
Diastole (mmHg) 77(19) 74(19) 0.6598 
APN (µg/mL) 13(11) 8(8) 0.0817 
TNF-α(pg/mL) 18(4) 17(5) 0.5955 
IL-6 (pg/mL) 3(10) 3(4) 0.8611 
LEPTIN (ng/mL)b 3(11) 5(6) 0.1206 
Estradiol (pg/mL)b 53(23) 58(27) 0.6252 
Testosterone (pg/mL)c 3(4) 3(3) 0.2660 
Insulin (uU/mL) 4(2) 5(3) 0.0531 
Glucose (mg/dL)d 104(29) 104(26) 0.7057 
IGFBP-3 (ng/mL) 1.8(0.8) 2.1(0.8) 0.8908 
IGF-1 (ng/mL) 44(27) 49(21) 0.9142 
HOMA-IRd 1.0(0.7) 1.5(0.9) 0.0831 

 
*Significant p-value < 0.05.   
 
aSample size for WC, SSAT and SSAT/TAT:  n=27 for no weight loss group, n=9 for weight loss 
group.   
 
bSample size for leptin and estradiol: n=9 for obese group. 
 
cSample size for testosterone: n=29 for no weight loss group.   
 
dSample size for glucose and HOMA-IR: n=27 for no weight loss group.   
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7.4. Specific Aim 4.  What is the feasibility of using two techniques for assessment of 
HFC in cases and controls? How many patients classify as having hepatic steatosis 
according to these two methods? 
 

 The results hereinto include rationale for changes to methodology of HFC assessment, a 

description of the demographics for cases and controls with CE or NCE images, results of the CE 

protocol, results of the NCE protocol and a brief description of cases and controls classifying with 

hepatic steatosis according to NCE CT criterion. 

 Our original intention was to acquire non-contrast enhanced (NCE) CT images for HF 

analysis as this is the preferred method of analysis118.  Unfortunately, we found most CT scans 

performed in a majority of cases were contrast-enhanced (CE) scans, despite the radiology data 

base label of ‘with and without contrast’. The literature was searched for solutions and two 

publications describing methods to use CE CT images for HF analysis were found116,230.  These 

stipulate standardized CE CT scanning procedures required standard injection rate of contrast 

(3ml/s) and CT image acquisition at 75 seconds after contrast injection for estimating HFC116. The 

use of diagnostic CT scans, retrospectively in our investigation prevented CT acquisition 

standardization, however published guidelines for the standardization seemed worth efforts to 

assess if the CE protocol could yield accurate HFC assessment. Exploration of these parameters 

used at each institution revealed very different injection rates (ranging from 2-4mL/s depending 

on needle gauge) and CT acquisition intervals that varied wildly (70 vs 45-60 vs 60 seconds).  

Identification and measurement of the three anatomical features of aorta, main portal vein and 

liver, the protocol for CE images230 with radiologist oversight was applied to evaluated results.  

A total of 177 images were analyzed for HFC of these 119 were analyzed using the CE 

protocol and 58 using the NCE protocol after removal of 4 outliers.  A number of patients (n=75) 

did not have a T12L1 image where aorta, MPV and liver for CE protocol or spleen and liver for 

NCE protocol were visible. Most of the sample eligible for HFC was AA (68%, 120/177) and male 

gender (60%, 107/177) for HFC.  The mean and (SD) for hepatic attenuation (n=119) at CE CT 
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was 85.9HU (27.2) with a range of -5 to 147HU.  The mean and (SD) for hepatic attenuation 

(n=58) at NCE CT was 54.5(11.5) with a range of 20.29 to 70.3 HU and for spleen was 45.7(9.5) 

with a range of 8.3-64.6HU at CE CT. Tables XXVIII shows the basic demographic and clinical 

characteristics of cases and controls with CE images.   

 

 

 

TABLE XXVIII   
 

DEMOGRAPHICS AND CLINICAL CHARACTERISTICS OF CASES AND CONTROLS WITH 
CONTRAST ENHANCED (CE) IMAGES 

 
Characteristics 

Cases with  
CE Images 

(n=87) 
%(n) 

Controls with 
CE Images 

(n=32) 
%(n) 

Male 60.9(53) 59.4(19) 
Female 39.1(34) 40.6(13) 
African Americans 64.4(56) 69.0(22) 
Non-Hispanic Whites 35.6(31) 31.3(10) 
Normal BMI (18.5-25) 25.3(22) 31.3(10) 
Overweight BMI (25-30) 42.5(37) 43.8(14) 
Obese BMI (≥30) 32.2(28) 25.0(8) 
Cancer Stage 0-I 29.5(23) ---- 
Cancer Stage 2 (II, IIA, IIB, IIC) 32.1(25) ---- 
Cancer Stage 3 (III,IIIA, IIIB, IIIC) 38.5(30) ---- 
Current Smoker, yes 28.7(25) 28.1(9) 
Alcohol consumption, yes 42.4(36) 35.5(11) 
Diabetes, yes 20.0(20) 28.1(9) 
Hypertension, yes 64.0(55) 71.9(23) 
Unintentional Weight loss (within 6 months), yes 27.9(24) 12.5(4) 

 

 

 
Using the CE protocol by Monjardim et al230 revealed that 78% (68/87) of cases and 81% 

(26/32) of controls had hepatic steatosis of greater than 5%.  In our study, we found that 88% 

(132/150) CE images met the criteria for hepatic steatosis of greater than 5% (Table XXIX).    
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TABLE XXIX 
   

HEPATIC STEATOSIS IN CASES AND CONTROLS ACCORDING TO  
CONTRAST-ENHANCED CT IMAGE CRITERIA 

Hepatic Fat Content Criteria  
(Kim et al 2010) 

Cases 
(n=87) 
%(n) 

Controls 
(n=32) 
%(n) 

Hepatic Attenuation < 104 HU 78.2(68) 81.3(26) 

 

 

 

 
 Table XXX shows the characteristics of those with and without NCE images.  Results of 

the NCE protocol using two definitions for evaluation of HFC are found in Table XXXI.  The first 

definition uses hepatic attenuation less than or equal to 40HU118 (HFC greater than 30%) as 

indicator of moderate-to-severe hepatic steatosis.  This definition indicated 13% (6/47) of cases 

were categorizes as moderate-to-severe hepatic steatosis; no controls were included in this 

category.  The second definition is a ratio based on the liver to spleen attenuation values less 

than or equal to 1.1 which indicates moderate hepatic steatosis117.  This definition indicated overall 

32% (16/58) of participants had moderate hepatic steatosis representing 30% (3/10) of cases and 

27.1% (13/48) of controls were classified as having a liver to fat ratio consistent with moderate 

hepatic steatosis.  All six participants identified with the first definition were included in the control 

group (Table 25).  A total of 5 patients classified with hepatic steatosis under both definitions; 1 

of 16 classified with liver HU criteria (Definition 1) whereas 11 of 16 classified with liver to spleen 

ratio criteria (Definition 2). 
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TABLE XXX 
   

DEMOGRAPHICS OF CASES AND CONTROLS WITH NON-CONTRAST  
ENHANCED (NCE) CT IMAGES 

Characteristics 
Cases with 

NCE Images 
(n=10) 
%(n) 

Controls with 
NCE Images 

(n=48) 
%(n) 

Male 80.0(8) 56.3(27) 
Female 20.0(2) 43.8(21) 
African Americans 80.0(8) 70.8(34) 
Non-Hispanic Whites 14.3(2) 29.2(14) 
Normal BMI (18.5-25) 50.0(5) 22.9(11) 
Overweight BMI (25-30) 50.0(5) 41.7(20) 
Obese BMI (≥30) 0(0) 35.4(17) 
Cancer Stage 0-I 40.0(4) ---- 
Cancer Stage 2 (II, IIA, IIB, IIC) 30.0(3) ---- 
Cancer Stage 3 (III,IIIA, IIIB, IIIC) 30.0(3) ---- 
Current Smoker, yes 10.0(1) 27.7(13) 
Alcohol consumption, yes 20.0(2) 42.6(20) 
Diabetes, yes 20.0(2) 27.1(13) 
Hypertension, yes 70.0(7) 56.3(27) 
Unintentional Weight loss (within 6 months), yes 30.0(3) 8.3(4) 

 

 
 
 
 

TABLE XXXI 
 

HEPATIC STEATOSIS IN CASES AND CONTROLS ACCORDING TO  
NON-CONTRAST ENHANCED CT IMAGE PROTOCOL 

 
NCE Hepatic Attenuation Criteria 

Overall 
(n=58) 
%(n) 

Cases 
(n=10) 
%(n) 

Controls 
(n=48) 
%(n) 

Hepatic attenuation ≤ 40 (Definition 1) 10.3 (6) 0(0) 12.5(6) 
Liver to Spleen Ratio ≤ 1.1 (Definition 2) 31.6 (16) 30.0(3) 27.1(13) 
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  Characteristics of cases and controls defined with hepatic steatosis according to two 

criteria are described in Table XXXII.  The median and interquartile (IQ) for BMI and VAT of 

participants classified with definition 1 was 31.5 kg/m2 (7kg/m2) and 282 cm2 (107.6cm2), 

respectively.  The median and IQ for BMI and VAT for cases using definition 2 was 25.7 kg/m2 

(4.9kg/m2) and 154.4 cm2 (158.5cm2), respectively.  The median and IQ for BMI and VAT for 

controls using definition 2 was 30.0 kg/m2 (6kg/m2) and 159.6 cm2 (107cm2), respectively. 

 
 
 
 
 

TABLE XXXII 
 

CHARACTERISTICS OF CASES AND CONTROLS CLASSIFIED  
WITH HEPATIC STEATOSIS 

 Hepatic Attenuation Criteria 

 Hepatic attenuation ≤ 40 
(Definition 1) 

Liver to Spleen Ratio ≤ 1.1 
(Definition 2) 

Characteristics Controls (n=6) Cases (n=3) Controls (n=13) 

Age, Median(IQ) 57(7) 81.0(18) 59(5) 
Male Gender, %(n) 50(3) 100(3) 46.2(6) 
African American, %(n) 50(3) 66.7(2) 76.9(10) 
BMI, Median(IQ)a 31.5(7) 25.7(4.9) 30(6) 
VAT*, Median(IQ) 282(107.6) 154.4(158.5) 159.6(107) 

 

aBMI unit = kg/m2. 
 

bVAT unit = cm2. 
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7.5. Summary of Major Findings 
 
 In summary, the major findings for Specific Aim 1 was that no VAT-related CRC phenotype 

was observed in cases such that no significant differences were observed between cases and 

controls.  However, SSAT in particular was significantly higher in controls and adjusted conditional 

logistic regression determined that SSAT reduced the odds of CRC for AA but not for NHW.  The 

major finding for Specific Aim 2 was that AA cases and controls had lower VAT areas compared 

to NHW cases and controls.  These differences in lower VAT remained for AA males compared 

to NHW males.  The major findings for Specific Aim 3 were significant race/ethnic differences in 

serum biomarkers APN and IGFBP-3.  And finally, for Specific Aim 4 both techniques were applied 

for evaluation of HFC and these revealed that the NCE protocol for HFC showed lower prevalence 

of hepatic steatosis compared to the CE protocol for overall sample.   
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VIII. Discussion  
 

This chapter is divided into five main sections.  The first four present the significance and 

implications of major finding for each of the Specific Aims. Section five presents the limitations 

and strengths of our investigation and the overall findings. 

8.0. Specific Aim 1:  Hypothesis - Is there a CRC body composition phenotype? 
 

8.0.1. Visceral Adipose Tissue and Colorectal Cancer 
 

Counter to our hypothesis we did not find excess VAT impacted the risk for CRC in our 

participants.  Only six studies using CT image data have been reported in this area; two102,232,233 

found no association and three reported positive relationship between greater VAT area and CRC 

risks1,99,234.  Our findings support and extend the case control study by Choe et al232 and two cross 

sectional studies by Erarslan et al.102,233    Choe et al232 compared age and gender matched 

healthy Korean participants (N=557), with patients with adenomas (n=554) matched and to early 

stage (Stage 0-I) CRC (N=153) group that were not matched for age and gender and found similar 

VAT areas between these groups.  Measures of adiposity (i.e. BMI or WC) between groups were 

significantly different (23.8±2.5 for controls vs. 24.3±2.6 for adenomas vs. 24.3±2.5kg/m2 for 

cases, p=0.01) and were not controlled.  Erarslan et al233 conducted a cross-sectional study of 

VAT volume (cm3) in Turkish patients with incident CRC (N=21), adenoma (N=27) and controls 

(N=30) and found lower VAT in adenoma group but similar amounts in CRC group and controls.  

An earlier smaller study by this group in healthy Turkish adults (N= 54) vs. patients with incident 

CRC with (N=23) and patients with adenomas (N=31) also found similar VAT volume (cm3) 

between the groups, however participants were not matched for any parameters and included 

82% fewer cases than our investigation.   Further, body composition of healthy Asian Americans 

and East Asians (China, Korea, Japan) differ from healthy NHW, Europeans and AA235-238 and 

are more similar to those reported by Chou et al.  Additionally, the variation of obesity status 
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(reported mean BMI for Korean study: 23-25kg/m2, Turkish study: 24-29kg/m2, current study:  

27kg/m2) between these studies further limits generalizability.   

Three other investigations, all conducted in Asian populations, have reported greater VAT 

area in participants with CRC compared to their healthy counterparts.   Lee et al234 found 

increasing VAT (tertiles) was positively associated with CRC in Korean postmenopausal female 

pairs (N=191) with and without prevalent CRC that were propensity score matched for age, BMI, 

smoking status, alcohol consumption and exercise habits234.   As participants were Korean women 

comparisons with our predominantly male, AA and NHW participants from the United States are 

limited. Yamamoto et al1 compared Japanese patients enrolled over a 4-yr interval with (N=22) 

and without CRC (N=66) matched on age, sex and  year of examination and found VAT was 

significantly higher in CRC patients.  Results from logistic models adjusting for BMI indicated VAT 

remained a significant predictor of CRC, supporting suggesting a direct relationship with CRC, 

independent of BMI. Oh et al99  also reported higher VAT in unmatched Korean patients with CRC 

(N=53) and greater odds of CRC risk for VAT greater than 136.61cm2 compared to controls (N= 

147) selected from a pool of patients (N=200) undergoing colonoscopies and routine CT scans.  

The multivariable analysis were adjusted for age, gender, smoking status and family history; BMI 

and WC were not significant predictors.   There is a steeper increase in VAT for every 1kg/m2 

increase in BMI among Asians compared to AA and NHW237.  Additionally, AA have lower VAT 

for a given BMI or WC than NHW as well as Asian’s while their risks for CRC are higher. To our 

knowledge the current study is the only investigation that has controlled for BMI at recruitment, 

enabling robust comparisons based on estimates of adiposity between groups.   

Variations in findings of the studies in cited above may reflect overestimations of VAT due to 

failure to eliminate all fat within the kidneys and intestines and the location of the CT scans (i.e. 

L3, vs L4 vs L4-5 etc.). Quantifying VAT using suggested threshold (-150, -50 HU) captures fat 

within the intra-abdominal cavity (VAT) and within the kidneys and intestines.  Improper imaging 

analysis produces unreliable, overestimated VAT data.  Removing the fat within the kidneys and 
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intestines from the VAT area is possible with the Slice-O-matic software, but not with NIH ImageJ.  

The VAT area reported in this study reflects CT body composition imaging analysis training 

provided by Dr. Vickie Baracos and her lab at the University of Alberta (Canada) using their Slice-

O-matic training manual. Among the six VAT-CRC studies1,99,102,232-234 none mentioned removal 

of extra fat from their VAT estimates.  Anatomical features within the intra-abdominal cavity on a 

CT image vary between individuals at the same anatomical landmark (L3, L4, L4-L5). Therefore 

a CT image will not always show fat within the kidneys and intestines at the same anatomical 

landmark.  Our rigorous design coupled with accurate body composition analysis indicates the 

adipose depots of individuals with CRC do not differ from cancer-free controls of similar age, BMI 

and gender.  

 

8.0.1.0. Implications of finding no association between VAT and CRC 

We believe there are at least three major reasons the association between larger VAT depots 

and CRC was not observed.  First, it may be that VAT is not related to CRC, despite its established 

heightened risks from inflammation and IR. Second, it may be that VAT impacts CRC risks earlier 

in the carcinogenic pathway.   Finally, bias from various aspects of our study design may have 

limited our ability to detect this relationship.    

The VAT areas of cases were similar to that of controls. As described in the background 

section greater VAT area has been significantly related to various insulin resistant, pro-

inflammatory conditions, including metabolic syndrome, diabetes, CVD and certain obesity-

related cancers, including CRC.239  Further, chronic inflammation (elevated CRP, IL-6) and up-

regulation of insulin resistance pathways have been associated directly with increased VAT and 

CRC.55,57,240 Despite this established relationship the exact mechanisms underlying the 

association are not known. It is speculated that inflammation within the adipocyte and adipose 

tissue, and systemically, is upregulated by expanding SAT depots eventually becoming 

dysfunctional (i.e. unable to expand by hyperplasia).  This results in ectopic fat accumulation intra-
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abdominally (VAT) and within other tissues, including the liver (which under normal conditions are 

devoid of fat) creating an environment conducive to CRC (upregulation of PIK3/AKT, IGF 

axis).109,241   

The lack of an independent role for greater VAT assessed at CRC diagnosis in increasing 

disease risks, coupled with the large body of data supporting the impact of VAT on IR and 

inflammation which are established risk factors suggests VAT may exert its impact earlier in the 

pathogenic process.  It may be that exposure to greater VAT area, between the normal colonic 

environment and increases the development of adenomas and this relationship dissipates with 

disease progression. In contrast to the sparse and inconsistent data for enhanced risks for CRC 

from greater VAT, there is strong, consistent evidence supporting heightened risks for 

adenomatous polyps from larger VAT depots. CR adenomas (adenomatous polyps) are 

precursors for CRC11 and if left untreated have a 70-90% chance of converting to CRC.242  Excess 

VAT is a strong independent predictor of CR adenomas and both the size and number of 

adenomas increase with increasing VAT.37,109,243-246  Various meta-analyses provide strong 

evidence for the association between VAT and adenoma risk.  The meta-analysis by Keum et 

al243 reported a 13% increase in adenoma risk for every 25cm2 increase in VAT (OR 1.13, CI 1.04-

5-1.21).  In another meta-analysis, Hu et al245 reported a 67% increase in adenoma risk when 

comparing lowest to highest VAT tertiles (OR: 1.67, CI 1.29-2.16).  Thus, It is likely the time 

interval between having CRC and being diagnosed with this disease ranges from months to years, 

particularly in uninsured populations that are not routinely screened or in patients that are 

asymptomatic.  It may be that excess VAT stimulates the progression of adenomas to CRC and 

once cancer has developed changes in metabolism and overall adipose depots occur.  If this is 

the situation, CRC case-control studies would not detect associations between the disease and 

these depots measured at CRC diagnosis.  Detection would require a prospective design with 

baseline colonoscopies and CT scans of cancer free status at enrollment followed by sequential 
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colonoscopies (every 10 years) and body composition analysis.  This study would require a large 

population monitored over a long time interval and would be very expensive.    

Weight loss is a common symptom of many malignant conditions, including CRC.  Loss of 

appetite and dramatic weight change are red flags for this complication15 and unplanned weight 

loss contributes to body compositional changes.35,247  Adjustment for weight loss is needed when 

evaluating abdominal adipose tissues in cross sectional studies, particularly VAT in males as it is 

very sensitive to weight change.247 To address the impact of weight loss participants (both cases 

and controls) with self-reported unintentional weight loss history within 6 months of their CT scan 

were removed from this analysis.  No association between VAT and CRC was found, however 

this weight stable group included only 78 cases and 78 controls and was inadequately powered 

(β=0.63). Further, as “weight loss” was obtained from self-reported information recorded in the 

medical records it may have reflected biased data collection.  If random misclassification of weight 

loss was present the impact on our overall associations would likely have been small.  However, 

if this bias was systematic (e.g. if one facility probed less frequently or differently or if probing 

rates varied by insurance or race/ethnicity status) it would have biased our findings toward the 

null.   Although our design precludes discerning if this occurred, as weight loss was obtained 

identically in both cases and controls it is unlikely this resulted in significant bias of our findings 

concerned.   

There is sustained interest in detailing the mechanisms by which VAT acts as a mediator 

between generalized obesity and metabolic disease. Hypothesized models have conceptualized 

VAT (an ectopic fat) as an intermediary in the metabolic pathway between obesity and CRC via 

its suggested pro-inflammatory and pro-insulin resistant capabilities.239   Due to limitations in ours 

and other studies in this area coupled with the potential to tailor interventions and/or medications 

to modify/change these ectopic adipose depots supports further exploration.  

 

109 
 



 

8.0.2. Subcutaneous Adipose Tissue Subtypes and CRC 
 

Having a higher SAT to VAT body fat distribution is considered less pathogenic.57,248,249  It is 

postulated that insulin-sensitive ‘healthy’ functioning SAT (functional adipogenesis) provides a 

depot where excess fat can be safely stored without inducing inflammation and IR.55,250   

Individuals with greater SAT than VAT have lower risks for IR and inflammation55,65 however 

contradictory findings have been reported in males and patients with T2DM.251,252  Emerging 

evidence on subtypes of SAT in diabetes and cardiovascular research implicates DSAT as more 

‘pathogenic’ than SSAT due to its metabolic resemblance to VAT.253   Among male participants, 

the adjusted logistic regression predictors of CRC included IMAT (OR=2.8, 95%CI 1.1-7.0), SSAT 

(OR=0.2, 95%CI 0.1-0.7) and weight loss history (OR=3.9, 1.4-10.7).    For the complete sample, 

we found SSAT but not SAT reduced the odds for CRC (Adjusted OR: 0.19, CI 0.06-0.64) and 

was the only depot that significantly predicted CRC (adjusting for aspirin and reported weight 

loss).  No previous data exploring a role of DSAT or SSAT in CRC is available for comparison. 

Higher SSAT has been associated with protective metabolic effects such as better glycemic 

control and cardiovascular parameters (better blood pressure and heart rates) in patients with 

T2DM.249  Furthermore, biopsy studies have determined that SSAT has a lower saturated fatty 

acid to monounsaturated fatty acid content248 and higher expression of pro-inflammatory genes254  

than DSAT.  Additionally, SSAT has been described as ‘protective storage’, ‘a sink’ or ‘a buffer’ 

due to its affinity for accumulating and storing fatty acids.248 This protective relationship between 

SSAT and CRC was not apparent when SAT rather than its two components (superficial and deep 

SAT) was analyzed.  Our findings provide the first quantification of these depots controlling for 

BMIin a CRC population and provide intriguing hypothesis generation for future areas of 

investigation. 
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8.0.3. Intermuscular Adipose Tissue and Colorectal Cancer 
 

The connection between IMAT and CRC has not been previously described.  Our linear 

regression models indicated IMAT significantly predicted other abdominal adipose depots:  VAT, 

SAT, SSAT and DSAT, confirming the interrelationships that has been reported in healthy 

populations, but it was not associated with CRC.  Unadjusted logistic analysis indicated IMAT was 

significantly related to CRC but this disappeared when other variables were added to the models.  

The discrepancies between these two multivariable techniques likely reflects the loss of power 

from dichotomizing IMAT in the logistic models. Although excess IMAT has been closely 

associated with IR 255-257 and inflammatory markers (C-reactive protein),255,258 our results suggests 

it is not related to CRC risk.   Excess abdominal IMAT has been associated with muscle 

dysfunction259 and aging255,260 and mid-thigh IMAT has been associated with T2DM.251  Aging and 

T2DM are both risk factors for CRC.  It is possible the contribution of IMAT to the pathogenesis 

of CRC is via similar inflammatory and insulin resistance pathways.  Abdominal IMAT remains a 

vastly understudied adipose tissue, particularly in chronic disease conditions such as CVD and 

CRC. This emerging area of research holds promise for clarifying the link between ectopic fat and 

CRC.  

 

8.0.4. Gender differences of Body Composition Parameters 
 

 Gender differences of body composition parameters have been established55,78,82 however, 

little information has been reported on gender specific body composition in patients with CRC.  In 

agreement with established literature for the age of our participants, female cases and controls 

(median age 62.5, n=98) retained a lower VAT and higher SAT body composition phenotype than 

males.  Although we could not generate gender specific incidence rates of CRC the participant 

inclusion reflected the availability of cases accrued between 2009 and 2014 and, not surprisingly,  

also reflected the gender specific national incidence rates in the United States (57.2% men, 42.1% 
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women) for CRC.24   Our SAT and VAT estimates for cases and controls were similar to those 

reported for gender-specific healthy populations55,78 further corroborating our earlier findings for a 

lack of relationship.  

Body composition in women change from low VAT and high SAT prior to menopause to higher 

VAT and lower SAT after menopause.52,55,81 The average age of menopause is 51 years of age261 

and the average age women are diagnosis with CRC is 73.24  Our female cases and controls were 

63 years old and their VAT and SAT depots reflected those of pre-menopausal rather than 

postmenopausal women. These findings suggest we may not have captured the age range 

consistent with the expected postmenopausal body composition phenotype associated with 

increased CRC risk in women.   This further suggests that other factors associated with obesity 

may be increasing CRC risk in mid-age women such as estrogen and its interaction with the 

estrogen receptor-α which has been implicated in CRC216 but remains inconclusive.  

 

8.1. Specific Aim 2:  Hypothesis – Is there a race/ethnic influence on body composition 
that impacts colorectal cancer risks? 

 
 In agreement with our hypothesis, we found the same race/ethnic variations in body 

composition reported in the literature within and between our AA and NHW cases and controls, 

with the exception of IMAT.  Unadjusted stratified analysis showed AA cases and controls had 

significantly lower VAT and similar SAT areas as their NHW counterparts. The race/ethnic 

variation of VAT between NHW and AA is well established for males7,200-202,262,263 but less 

conclusive for females.81,205,263   

Race/ethnic differences in abdominal IMAT is less studied and we are the first to identify 

a difference between AA and NHW cases and controls in unadjusted stratified analysis.    The 

few available studies in this arear have assessed mid-thigh rather than abdominal IMAT in healthy 

populations.   We found significantly lower abdominal IMAT in AA cases/controls compared to 

NHW cases/controls which is contrary to the literature.  Beasley et al examined inter and 
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intramuscular mid-thigh fat in AA and NHW older men and women (>70 years of age) and 

determined that AA (males and females) had higher thigh-IMAT than NHW counterparts.258 

Similarly Ryan et al found higher mid-thigh IMAT in AA vs NHW postmenopausal women.264  

Collectively these results suggest AA have less abdominal IMAT and more mid-thigh IMAT 

accumulation compared to NHW and may reflect their tendency for peripherally driven insulin 

resistance.257,264 There may be other factors influencing deposition of IMAT preferentially in mid-

thigh for AA but this remains speculative.  More research disentangling the relationships between 

mid-thigh and abdominal IMAT are needed with specific emphasis on race/ethnicity. 

It is possible that the race/ethnic differences we observed were due to weight loss in our 

AA group however several findings suggest it was not responsible for the differences observed. 

First, IMAT was not statistically different between cases and controls within each of the race ethnic 

groups.  Additionally, weight loss history was not a significant predictor of IMAT for either 

race/ethnic group.     

Our unadjusted stratified analysis indicated AA cases and controls had significantly lower 

VAT and similar SAT area than their NHW counterparts, however in adjusted logistic regression 

the only remaining significant predictor for CRC was SSAT (adjusting for aspirin and weight loss 

history).  Results of Specific Aim 1 indicated SSAT was the only abdominal adipose depot that 

predicted CRC (adjusted logistic regression, OR: 0.19,  95% CI 0.06-0.65).  Additionally, stratified 

tables for AIM 2 showed that AA cases and NHW cases had significantly lower SSAT compared 

to controls and the only depot that was statistically significant for AA (adjusting for aspirin and 

weight loss history) but not for NHW.  No other investigations exploring race/ethnicity and SSAT 

in CRC have been reported and only one study in healthy postmenopausal women has explored 

the race/ethnic differences of SSAT in AA and NHW.  They found SSAT was significantly higher 

in AA compared to NHW after adjusting for total body fat and age.265  Our findings indicate that 

higher SSAT is protective in relation to CRC for AA.   It may be AA with lower VAT and SSAT 

have a body composition that is particularly protective for CRC. These findings are provocative 
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and require further study with larger samples of both race/ethnic groups to make conclusive 

statements. 

 

8.2. Specific Aim 3.  Hypothesis - What are the associations between abdominal 
adipose depots and serum biomarkers of colorectal cancer risk?  Are these 
associations modified by race/ethnicity? 

 
This discussion for Specific Aim 3 is divided into two sections.  First the implications of our 

significant results in the subgroup of male cases with serum biomarker data will be discussed. 

The second section describes the significant major findings using the complete sample (males 

and females) with serum data.  

8.2.1. Significant Findings between Body Composition and Serum Biomarkers in Male 
Cases with Serum Samples 
 

 We found race/ethnicity, VAT, diabetes, TNF-α, and IMAT were independent predictors of 

APN. Inverse associations with VAT and diabetes and positive associations with TNF-α and IMAT 

were observed.  The inverse associations with VAT and diabetes are expected since the 

protective role of APN diminishes as these conditions manifest.223,266 The positive association 

between APN and TNF-α and IMAT possibly indicates its potential dual role as a pro-inflammatory 

cytokine as has been described in several cancers including CRC.148,155,223 The race/ethnic 

differences of APN are well established267-269 and our findings confirm this association in men with 

CRC.  VAT is negatively related with APN270 however this association is not as pronounced for 

AA males who have low levels of VAT and low APN levels compared to other race groups.271 Our 

findings of diabetes as an independent predictor of APN in cases is consistent with its role as 

insulin-sensitizing adipokine and in diabetes circulating levels are lower.151,266,272  It is also well 

established that TNF-α inhibits APN.  It is reported that TNF-α is a major regulator of many 

metabolic pathways including insulin signaling pathways, adipocyte metabolism and APN 

synthesis147,151 and with increased adipose tissue (especially VAT origin) secretion of TNF-α is 

increased.147  Increased TNF-α secretion represses APN synthesis.147  Also, TNF-α is a potent 
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pro-inflammatory cytokine associated mechanistically to CRC via activation of oncogenic 

transcription factors nuclear factor kappa-B (NFkB) and signal transducer and activator of 

transcriptor 3 (STAT3).273-275  In turn activation of NFkB and STAT3 reduces apoptosis of pre-

tumor and tumor cells and increases proliferation.142,275  Therefore, TNF-α is implicated in every 

stage of tumor development from initiation to metastasis.275  High levels of circulating TNF-α  are 

observed in patients with CR adenomas276 and mRNA expression is elevated in VAT biopsies of 

CRC patients277   

We found that IMAT predicted APN in our men with CRC. The relationship between IMAT, 

APN and CRC has not previously been reported. This is supported by the findings by Register et 

al278 in AA patients with T2DM where APN was positively associated with IMAT. Previous studies 

have found AA populations have low VAT and high thigh IMAT and greater IR.208,264  These 

findings may indicate that thigh IMAT is involved with IR whereas abdominal IMAT may not.208  

We assessed IMAT at the L3 region rather than mid-thigh and found AA men had low IMAT and 

VAT and low APN.  This suggests that abdominal IMAT at L3 may not impact insulin sensitivity 

similarly as mid-thigh IMAT particularly in males.  Further studies quantifying simultaneous 

measures of IMAT in both of these regions are needed to clarify these relationships.   

Stratified analysis indicated only APN and IGFBP-3 varied between AA and NHW male cases, 

despite the AA men having significant lower VAT. Race/ethnic differences in APN have been 

reported but not specifically for CRC limiting the ability to directly compare our findings with others.  

An et al154  reported CRC cases had lower APN levels than CR adenomas or healthy controls.   

While we could not compare serum level in our cases to controls we did find significantly lower 

APN levels in our AA males compared to NHW males which has been previously reported in 

healthy populations.266-268  Lower levels of APN have also been associated with increased CRC 

risk in males in the Health Professionals Study.279  Our findings are consistent with race/ethnic 

variations observed in healthy populations, even within our limited sample size for NHW (N=15). 

These findings suggest although AA have lower VAT compared to NHW, their lower circulating 
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levels of APN may override the “low VAT benefits” and contribute to their increased CRC risk.  

More studies exploring the race/ethnic variations of APN are needed to determine which 

mechanisms are involved.  

Mean IGFBP-3 levels for AA were significantly lower than for NHW males while IGF-1 did 

not differ between the groups.  This finding is consistent with a healthy representative sample of 

the US population which found that AA had lower serum levels of IGFBP-3 than NHW but IGF-1 

was similar between race/ethnic groups.280   The role of IGFBP-3 and IGF-1 in CRC is not fully 

understood and there is conflicting evidence on their importance. A nested case-control study of 

CRC in a large European cohort compared did not find any associations between IGFBP-3 and 

CRC risk, while a moderate association for IGF-1 with CRC was found.228   The role of IGFBP-3 

in CRC remains inconclusive and whether race/ethnic differences of IGFBP-3 observed between 

AA and NHW are biologically important need to be determined.   

 Although our serum biomarker analysis was restricted to a small sample of cases, 

significant race/ethnic differences of known biomarkers associated with CRC risk were found, 

particularly APN and IGFBP-3. We were also able to describe associations between serum 

biomarkers of CRC risk and body composition in AA and NHW in patients with non-metastatic 

CRC. Our male AA cases had significantly less APN and IGFBP-3 than NHW cases.  Furthermore 

we postulate a connection between VAT, abdominal IMAT and mid-thigh IMAT with APN in AA 

that needs further examination. Our findings indicate that certain serum biomarkers in our cases 

(APN) resembled levels associated with chronic conditions (T2DM) while others resembled levels 

observed in healthy populations.  We observed similar race/ethnic differences in APN and IGFBP-

3 in our participants as previously reported in healthy populations. 
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8.3.      Specific Aim 4.  Hypothesis - What is the feasibility of using two techniques for 
assessment of hepatic fat contents in patients with and without colorectal cancer and 
how many patients classify as having hepatic steatosis according to these two methods? 
 

The discussion presented in this section briefly summarizes the feasibility of using a CE 

and NCE techniques for HFC in our study.  This is followed with the implications of our results of 

the CE and NCE protocols and future directions.   

We found an unexpectedly high number of patients with CE CT images, despite scans 

being labeled as ‘with and without contrast’.  In an effort meet the aims proposed of HFC analysis, 

the literature was explored and two studies were identified116,230 that described techniques for 

calculating HFC from CE images.  The first method was developed by Kim et al116 and required 

the average of multiple circular regions of liver (8 measurements), spleen (3 measurements), 

aorta (3 measurements) and main portal vein (3 measurements).  Monjardim et al230 simplified 

this approach to three circular measurements (1 measurement each for aorta, main portal vein 

and liver).  They compared this approach to those obtained with the Kim et al116  protocol found 

good agreement between the two methods (kappa =0.84, p=0.001).  

The CE technique by Monjardim et al230  was applied for the HFC calculation. As presented 

in Specific Aim 4 results, 78%(68/87) of cases and 81%(26/32) of controls  were classified as 

having hepatic steatosis.  These findings are similar to those reported by Monjardim et al230 (88%; 

132/150) in their  retrospective study of cancer-free patients 18 years.  Although our findings are 

consistent with Monjardim et al caution is warranted in accepting their validity.  Variations in 

techniques between the three hospitals in our study likely influenced the calculations. 

Furthermore, we are the first to apply these techniques in a non-validation format for hepatic 

steatosis diagnosis.  The use of these techniques is in its infancy and this is an exciting and 

emerging area for future studies especially in CRC where CE CT scans are a norm.   

Our NCE CT image criterion of HFC yielded prevalence rates closer to what has been 

reported by other studies in healthy populations.  Lawrence et al281 reported 7.6% (38/500) of 

patients 18 years and older with CT scans completed between 2007 - 2010 completed for multiple 
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health reasons (hepatocellular carcinoma screening, abnormal liver tests, pancreatic cancer 

metastatic evaluation) had hepatic steatosis.  Differences of HFC by race/ethnic in healthy 

populations has been reported by two publications derived from the prospective cohort Dallas 

Heart Study.206,210  Browning et al210 reported (n=2,287, 24% AA vs 33% NHW vs 45% 

Hispanics)210 significantly lower HFC in AA males compared to NHW males (23 vs 42%, p<0.05).  

Guerrero et al206 found in 22% AA (474/1007) of and 41% NHW (364/1007) men had hepatic 

steatosis (p<0.05).  Among women 23% of AA (584/1136) and 24% of NHW (355/1136) had 

hepatic steatosis.206  Overall 10 % of our patients with available scans were categorized has 

having HCF defined as hepatic attenuation less than or equal to 40HU.  This rate is very similar 

to than those reported by Lawrence et al but much lower than Browning et al and Guerrero et al.   

Unfortunately, our small sample prohibited race/ethnic exploration of HFC.  Interestingly we found 

that 100% of the patients that classified with hepatic steatosis were controls using the 40HU.  This 

finding is paradoxical considering hepatic steatosis is a risk factor for CRC.123  Our findings 

suggest the HFC of cases is not greater than controls, however due to the tiny numbers explored 

further studies are needed before conclusions can be made. 

In depth analysis of hepatic steatosis was not possible in this study due to small sample 

size, problems with CT acquisition and common use of CE scans for CRC metastatic evaluation.  

Additionally, our study demonstrated that using one landmark (T12L1) for HFC excludes a large 

number of possible participants.  Hepatic steatosis is a risk factor for CRC and other factors 

related to CRC such as MetS and T2DM.126,282,283 However, exact mechanisms are not well 

understood and require further investigations especially in minority populations.  We suggest that 

future studies apply standardized CT techniques especially if using CE scans (injection rate and 

image acquisition), use flexible landmarks to ensure that important anatomical features are visible 

and whenever possible implement the NCE technique for HFC analysis which is more accurate 

than the CE technique.  The CE techniques initially proposed by Kim et al116 and modified by 
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Monjardim et al230 hold great promise for analyzing CE images in clinical settings when these are 

more readily available than NCE CT images.   

8.4. Limitations and Strengths 
 

Our study, though rigorous in design has several limitations that should be considered.  First 

resources were extremely limited.  Cases were selected from medical records of individuals with 

good quality CT images that included the L3 region of newly diagnosed CRC at three urban 

medical centers. Controls were selected from patients hospitalized with good quality CT images 

of L3 region at the same medical centers and during the same time interval (2009 - 2014) as the 

cases.  A superior design would have selected both cases and controls from the pool of individuals 

seeking colonoscopies at the same centers.  Unfortunately CT imaging is not the standard of care 

for disease free patients seeking CRC screening colonoscopies in the US.  Selecting controls as 

described would require payment for the subsequent CT rather than exploitation of their 

diagnostic images. Additional limitations of our controls include the lack of serum biomarker data 

thus their inflammatory status was not known.   

Because our controls were hospitalized patients with various chronic and acute illnesses they 

may have greater VAT and had higher inflammatory status than our cases.  Individuals with 

medical histories of obesity-related diseases (diabetes, HTN) were included in our cohort.  

Hypertension was present in ~65% of our subjects (64 % of cases and 66 % of controls) and 

larger VAT depots occur in patients with HTN, especially in AA males.240,284,285  VAT is postulated 

to increase blood pressure by activation of the sympathetic nervous system or by increasing the 

free fatty acids delivery into the portal circulation which increases insulin resistance or by 

stimulating the renin-angiotensin system240. Thus, HTN is in the causal pathway between VAT 

and CRC.  In our study, the prevalence of diabetes and HTN was not statistically different between 

cases and controls and our VAT areas reflected those reported in healthy populations, thus it is 

unlikely that these clinical conditions impacted VAT estimates.   
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Although we excluded controls with CRC, patients with undiagnosed CRC may have been 

unintentionally included.  Adenomas CRC develops over 10-20 years24 and patients may have 

polyps or undiagnosed disease for months or years, particularly in underserved populations not 

routinely screened with various health access disparities and not receiving regular medical 

evaluations. Thus exposure to the effects of the VAT-inflammation-IR pathways may be present 

months or years prior to manifestation of the disease.   

 Overmatching was a significant concern however, ultimately matching on BMI, age and 

race was employed to ensure adequate numbers within each category to enable comparisons.  

This did result in small numbers for some categories but it provided preliminary data for 

assessment of variability and power analysis for sample size requirements in future investigations.  

We also did not have information on dietary and exercise habits of subjects in our study and these 

are important risk factors that have been associated with CRC. Our participants represented a 

diverse race/ethnically recruited from an urban city with and without CRC and therefore are not 

generalizable to other populations.  Finally, median splits rather than lower and upper quartiles 

were used in our logistic models, potentially limiting the ability to detect differences between 

groups.  

Our study has several important strengths.  First, it is the first study to explore the 

relationship between CRC and race/ethnicity and body composition of a US population.  Our 

findings contribute important, much needed data on body composition in AA and NHW adults with 

and without CRC.  Additionally, we are the first to rigorously match on age, BMI, gender and 

race/ethnicity to explore the relationship between VAT and CRC.  We explored abdominal adipose 

depots including SSAT and DSAT which are depots that have received less attention in the 

literature.  We analyzed the CT images using detailed, standardized body composition analysis 

protocols, including accurate measurements of VAT.  We obtained information about weight loss 

in both our cases and controls identically, thus likely controlling for this potential confounder. We 

explored the relationship of nine biomarkers associated with CRC in some of our patients and 

120 
 



 

examined the race/ethnic differences in this sample.  And finally, both the NCE and CE CT 

imaging protocol were used for HFC analysis in our sample enabling their feasibility, however in 

depth analysis was not possible due to small sample size and differences in CT acquisition.  

Therefore results of HFC interpreted cautiously and recommendations for future studies based 

on our findings were provided.   
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IX. CONCLUSIONS  
 

 Our findings indicate cases and controls had similar amounts of VAT and excess VAT did 

not increase risks for CRC. Additionally, race/ethnic differences in body composition between 

cases and controls were not found other than from those established in the literature in healthy 

populations.  The AA group (cases and controls) had significantly lower VAT stores than their 

NHW countertops and these differences remained after exploring a weight stable contingent.  The 

SAT subtype, SSAT was protective particularly for AA males.  This depot has been studied much 

less than VAT and our findings support exploration of its contribution to CRC, particularly as it is 

a readily accessible for tissue acquisition. Our study also confirmed that AA males tended to have 

lower levels of APN compared to NHW males.  This association warrants further study as lowered 

APN levels are associated with increased CRC risks and AA males in particular even in healthy 

populations have a tendency for lower APN this may be a contributing factor to their increased 

CRC risk.  Our serum data results also supports the theory that APN plays a significant role.  

 

 

 

 

 

 

 
 
 
 

122 
 



 

X. APPENDICES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

123 
 



 

124 

1. APPENDIX A 

PEARSON CORRELATION MATRIX OF BODY COMPOSITION DEPOTS AND SERUM BIOMARKERS IN MALES 
  BMI WC TAT SAT SSAT DSAT VAT IMAT APN TNFα IL6 LEPTIN IGFBP3 IGF1 
BMI 1.00 0.79 0.72 0.68 0.55 0.59 0.66 0.46 -0.31 -0.06 -0.11 0.62 0.15 0.25 
   <.0001 <.0001 <.0001 0.00 <.0001 <.0001 0.00 0.04 0.73 0.50 <.0001 0.34 0.11 
WC 0.79 1.00 0.92 0.81 0.61 0.84 0.85 0.72 -0.36 0.05 -0.08 0.72 0.23 0.21 
  <.0001  <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.03 0.77 0.63 <.0001 0.17 0.21 
TAT 0.72 0.92 1.00 0.85 0.55 0.75 0.93 0.74 -0.28 -0.04 -0.03 0.80 0.35 0.11 
  <.0001 <.0001  <.0001 0.00 <.0001 <.0001 <.0001 0.07 0.79 0.83 <.0001 0.02 0.47 
SAT 0.68 0.81 0.85 1.00 0.74 0.87 0.69 0.59 -0.29 0.02 -0.05 0.73 0.23 0.10 
  <.0001 <.0001 <.0001  <.0001 <.0001 <.0001 <.0001 0.06 0.90 0.73 <.0001 0.14 0.53 
SSAT 0.55 0.61 0.55 0.74 1.00 0.66 0.34 0.40 -0.28 0.11 -0.06 0.50 0.08 0.06 
  0.00 <.0001 0.00 <.0001  <.0001 0.04 0.02 0.10 0.52 0.73 0.00 0.66 0.72 
DSAT 0.59 0.84 0.75 0.87 0.66 1.00 0.59 0.67 -0.21 0.05 0.11 0.69 0.17 -0.06 
  <.0001 <.0001 <.0001 <.0001 <.0001  <.0001 <.0001 0.17 0.75 0.47 <.0001 0.26 0.72 
VAT 0.66 0.85 0.93 0.69 0.34 0.59 1.00 0.64 -0.37 -0.08 -0.04 0.73 0.29 0.10 
  <.0001 <.0001 <.0001 <.0001 0.04 <.0001  <.0001 0.02 0.63 0.79 <.0001 0.06 0.51 
IMAT 0.46 0.72 0.74 0.59 0.40 0.67 0.64 1.00 0.06 0.04 -0.06 0.62 0.33 -0.04 
  0.00 <.0001 <.0001 <.0001 0.02 <.0001 <.0001  0.72 0.79 0.70 <.0001 0.03 0.79 
APN -0.31 -0.36 -0.28 -0.29 -0.28 -0.21 -0.37 0.06 1.00 0.22 -0.19 -0.33 0.23 -0.09 
  0.04 0.03 0.07 0.06 0.10 0.17 0.02 0.72  0.16 0.21 0.03 0.14 0.56 
TNFα -0.06 0.05 -0.04 0.02 0.11 0.05 -0.08 0.04 0.22 1.00 0.32 0.24 0.07 -0.14 
  0.73 0.77 0.79 0.90 0.52 0.75 0.63 0.79 0.16  0.03 0.12 0.66 0.39 
IL6 -0.11 -0.08 -0.03 -0.05 -0.06 0.11 -0.04 -0.06 -0.19 0.32 1.00 0.16 -0.24 -0.34 
  0.50 0.63 0.83 0.73 0.73 0.47 0.79 0.70 0.21 0.03  0.31 0.12 0.03 
LEPTIN 0.62 0.72 0.80 0.73 0.50 0.69 0.73 0.62 -0.33 0.24 0.16 1.00 0.35 0.12 
  <.0001 <.0001 <.0001 <.0001 0.00 <.0001 <.0001 <.0001 0.03 0.12 0.31  0.02 0.43 
IGFBP3 0.15 0.23 0.35 0.23 0.08 0.17 0.29 0.33 0.23 0.07 -0.24 0.35 1.00 0.42 
  0.34 0.17 0.02 0.14 0.66 0.26 0.06 0.03 0.14 0.66 0.12 0.02  0.01 
IGF1 0.25 0.21 0.11 0.10 0.06 -0.06 0.10 -0.04 -0.09 -0.14 -0.34 0.12 0.42 1.00 
 0.11 0.21 0.47 0.53 0.72 0.72 0.51 0.79 0.56 0.39 0.03 0.43 0.01  

 
 



 
 

2. APPENDIX B 

CT SCAN Checklist 

Subject ID: 
 

CT Scan Date: 

Date of Procedure: 
 

Landmarks:    L3    T12L1     Other: 

Good Quality Image:    YES     NO 
If no, explain: 
 

Scanner Location:     UIHHSS     JHS    RUMC 

Slice Format: 
 

Scanner Manufacturer:                           Model: 

Type of Scanner:  Conventional    Helical    Other 
 

CT Scan Protocol: 

IV Contrast:  YES    NO 
 

Scan Time (s): 

Image Resolution Matrix:   512X512    
Other:  

Slice Thickness (mm):  3mm   5mm    
Other: 

Table Position (mm): 
 

Table Height (mm): 

Gantry/Tilt: 
 

Tube Voltage (kV): 

Tube Current (mA): 
 

Field of View (FOV, mm): 

Review all scans and answer questions for each. 
 
1. Is L3 or L4-L5 identifiable?  YES    NO     
If no, explain: 

2. Is T12-L1 identifiable?   YES    NO 
If no, explain: 

3. Is visceral cavity identifiable?    YES    NO     
If no, explain: 

4.  Is subcutaneous cavity identifiable?   YES  NO 
If no, explain: 

5.  Is there any other problem with scan? 
 

Standard Hounsfield Unit Ranges for use during analysis: 
 Adipose Tissue -190 to -30 HU 
 Visceral Adipose Tissue -150 to -50 HU 
 Muscle -29 to 150 HU 

Reviewer Initials:_________________ 

Date when CT Scan Checklist collected:____________ 
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