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ABSTRACT 

 

Objective: 

To determine the clinical validity of family history (FH) in colorectal cancer (CRC) risk classification. 

Methods: 

The Assessment of Risk of Colon Tumors In Canada case-control dataset was used to develop 

regression models associating risk factors with CRC in Ontario adults. Two regression models 

(‘clinically-driven’ based on a previously published tool, and data-driven) examined discrimination 

between CRC cases and controls, with and without the inclusion of FH as a risk variable. 

Discrimination was assessed using the area under the receiver operator characteristics curve.  

Results: 

For males, with the addition of FH, there were statistically significant yet quantitatively modest 

improvements in both models (3.7% clinically-driven, 6.8% data-driven). For females, while FH was 

a statistically significant predictor of CRC status in the data-driven model, the improvement in 

discrimination was not significant in either model. 

Conclusion: 

FH provides very small improvement in model discrimination beyond other standard CRC risk 

factors. 
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EXECUTIVE SUMMARY 

 

Introduction 

Having a family history (FH) of a disease is strongly associated with an individual’s risk for 

many common complex diseases, such as colorectal cancer (CRC). For that reason, it is argued that 

because FH is associated with elevated risk of so many conditions, it could be a useful screening 

tool for general populations. While there is strong evidence available regarding disease risk 

associated with a positive FH and many cases of its inclusion in clinical practice guidelines, there is a 

lack of empirical evidence regarding its use in primary care and regarding its usefulness as a 

screening tool. For it to be used in such a manner, there is a need for evidence regarding its 

predictive accuracy.  

Objectives 

1) To assess the predictive accuracy of FH, measured through the improvements in risk 

classification gained with the inclusion of FH definitions into CRC risk models. 

2) To identify an optimal performing definition of FH available from the dataset. 
 

Methods 

 To address objective 1, two sets of risk classification models for males and females were 

developed using the Assessment of Risk of Colon Tumors In Canada (ARCTIC) case-control dataset. 

A clinically-structured risk model was developed based on an existing risk assessment model used 

by the National Cancer Institutes as the basis of their colorectal cancer risk tool. The second set of 

models was developed in an empirical data-driven manner, evaluating a broader range of risk 

factors available in the dataset. The improvements in risk prediction with the inclusion of FH were 

measured through changes in the area under the receiver operator characteristics (ROC) curve.   
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 To address the second objective, four definitions of FH were developed from the available 

data, and assessed through area under the ROC curve (AUC). The definition identified with optimal 

performance in terms of risk prediction was incorporated into the data-driven model as the 

definition of FH. 

Results 

 For males, the addition of FH created statistically significant, yet quantitatively modest 

improvements in risk model discrimination in both the clinically-driven and data-driven models 

(3.7% and 6.8%, respectively). For females, while FH was a significant predictor of FH in the data-

driven model, the modest improvements in model discrimination did not reach statistical 

significance.   

 Of the four developed definitions of FH, ‘Having a FH of CRC in at least a second-degree 

relative’ had the greatest model discrimination (AUC 0.773 (male), and 0.644 (female)). 

Conclusion 

 While FH is strongly associated with CRC risk, its added discriminatory ability in risk 

modeling is modest, even if statistically significant in males. The true value of any gain in 

discrimination lies in its clinical relevance, which in this case would require investigation of clinical 

utility, using, for example, risk re-classification analyses and decision analytic modelling. Risk re-

classification modeling would permit the quantification of the changes in false positives and 

negatives that occur with the inclusion of FH. It is these changes that determine the clinical 

importance of improved model discrimination.  

 

  



1 
 

CHAPTER I - INTRODUCTION 

 

Personalized Medicine 

The idea of personalized medicine is the tailoring of preventive and treatment interventions 

according to individual risk or probability of response.1 In effect, this is a version of stratified medicine,2  

using risk algorithms, molecular diagnostics, and/or patients’ clinical profiles.3 In principle, more 

accurate stratification should lead to higher rates of intervention effectiveness, lower incidence of 

preventable disease, reduction in or avoidance of adverse effects, and more effective use of health care 

resources.  Although personalized medicine is most closely associated with genetics and the ‘omics’ 

sciences, the goal of improving risk or response stratification may be achievable through other biological 

markers and also family history. 

Family History 

Although family history (FH) is frequently conceived of as reflecting genetic risk, in fact it offers 

insight into a family’s shared genetic, environmental, and cultural factors which may alter members’ 

susceptibility or resilience to any number of medical conditions.4 FH is known to be a risk factor for 

many chronic diseases such as cardiovascular disease, cancer, diabetes, and stroke (See Table 1).6 In 

genetics terms, these are referred to as ‘complex disorders’, indicating a lack of simple inheritance 

patterns that suggest single gene etiologies.  

There are multiple methods for defining FH, with varying levels of detail and complexity.  

Differing definitions could include the closeness of family (first-degree relative, second-degree relative), 

the number of affected relatives, age of diagnosis of affected family members, history of a specific 

cancer, such as CRC, or cancer in general, as well as other diseases that may be related. 
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Some have argued that, because FH is associated with elevated risk of so many conditions, it 

would be useful as a screening tool for general populations, to identify people at elevated risk who 

would benefit from targeted preventive interventions.7 Following through on this idea, Yoon, Scheuner 

and colleagues8  proposed a classification system to stratify risk (Figure 1), using FH, into three levels: 

high, moderate, and average (general population).  

Table 1 - Summary of meta-analysis pooled relative risk estimates and 95% 
confidence intervals for different diseases and types of family history. 

6
 

Disease N At least 1 FDR N At least 2 FDR N 

Colorectal Cancer 58 
2.24 

(2.06, 2.43) 
47 

3.97 
(2.60, 6.06) 

10 

Prostate Cancer 59 
2.42 

(2.25, 2.60) 
50 

4.27 
(3.13, 5.84) 

8 

Breast Cancer - 
1.80 

(1.70, 1.91) 
52  - 

Lung Cancer 29 
1.83 

(1.65, 2.03) 
25 

2.54 
(1.78, 3.63) 

7 

Ovarian Cancer 33 
2.85 

(2.41, 3.37) 
26 

14.74 
(5.78, 37.60) 

3 

Stroke 63 
1.73 

(1.52, 1.97) 
36 

1.69 
(1.16, 2.46) 

2 

Multiple Sclerosis 32 
14.63 

(11.1, 19.4) 
20 

43.4 
(5.4, 81.4) 

1 

FDR, first-degree relative 
N= number of studies providing data on each subgroup. 

 

This approach to classifying risk is attractive, but it requires valid definitions of the thresholds 

between risk strata.  The authors went on to operationalize this classification system for a number of 

conditions,8  but it has not been validated in general clinical populations.  While FH has been 

represented in many risk prediction systems and clinical practice guidelines, the underpinning evidence 

base appears to be sparse.  One tendency is for estimates of relative risk (RR) to be used to guide risk 

stratification. This (and similar metrics such as the odds ratio (OR) and hazard ratio (HR)) measures 

strength of association,9 but does not provide an estimate of individual probability of disease.  For the 

latter, FH needs to be approached as a ‘test’, and predictive accuracy metrics (sensitivity, specificity, 

predictive values, etc.) used to formally evaluate its performance.9 
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Figure 1 - Proposed scheme for using FH to guide and inform prevention activities
8
 

In addition, for (genetically) complex disorders, FH by itself will carry only weak predictive 

information for individual disease risk:10  if FH alone were strongly predictive of the risk of a disease, 

then the condition would not be ‘complex’, rather pedigree analysis would follow the pattern for highly 

penetrant single gene etiology (sometimes referred to as ‘Mendelian’).  Thus, for complex conditions, it 

is necessary to consider the ‘added value’ that FH information provides for disease prediction beyond 

standard risk factor assessment.4   There remains little published information regarding the ‘added 

value’ of FH to standard risk factor assessment for many complex diseases.11  

In 2009, the National Institutes of Health (NIH) held a State-of-the-Science panel on Family 

History and Improving Health and published recommendations12 regarding further research relating to 

FH (Table 2). The NIH panel also concluded that for FH to be used as an evidence-based tool, its 

performance in terms of predictive ability and prognostic value needs evaluation.12   



4 
 

Table 2 - Research Recommendations – 2009 NIH State of the Science Panel 
12

 

1. Structure or characteristics of FH 
What is a parsimonious series of questions (key elements) for use as a FH screening tool in primary care practice? 
What are the environmental and lifestyle elements of an FH that are most useful in helping patients make positive 

changes in health-related behaviours? 
What are the best methods and key elements to collect FH across several common disease entities? 
How does the accuracy and completeness of FH information vary according to the setting in which it is collected (e.g. 

specialty care, primary care, community outreach, or the Internet)? 
What is the optimal frequency for ascertaining and updating FH? 
What are the best tools and methods for FH collection and interpretation? 
What personnel and information technology resources and settings facilitate the collection of FHs that meet 

individual, community, and clinical goals? 
What are the best statistical approaches to ascertain the benefit of 1 key element of FH relative to another element? 
How does the definition of family in diverse racial, ethnic, religious, social, cultural, and economic population groups 

influence the collection and use of FH? 
Do key elements of FH vary by race, ethnicity, religious belief, life stage, socioeconomic status, and culture? 
How do family dynamics and health disorders affect and individual’s awareness and ability to report on FH? 

2. Process of acquiring a FH 
Who is the best family informant to convey a FH? 
To what extent do demographic factors modify an informant’s ability to provide an accurate FH? 
How might individuals, their families, and communities be best engaged in the collection of FH over time? 
What are methods to minimize the time for collecting FH? Are there approaches to the assessment of FH across 

several office visits, self-administered questionnaires, ancillary personnel, or record linkage that are effective? 
How do the clinician’s knowledge, attitudes, beliefs, training, and skills influence the ability to collect, interpret, and 

use FH? 
How might FH, including environmental and behavioural risk factors, be improved by a systematic, technology-

supported approach? 
What are optimal ways to use FH in a primary care setting to identify persons who can benefit from enhanced 

surveillance or referral to genetic services? 
What are the key facilitators, incentives, and barriers for clinicians, individuals, families, and organizations for the 

collection of FH in primary care practice? 
3. Expected outcomes of a FH interpretation 

Besides disease risk assessment, what are the additional potential benefits in taking a thorough FH? 
How and why does FH information change the behaviour of the clinician? 
How are FH interpretation and findings best communicated to the individual/family to change health and disease 

prevention and detection behaviours over time? What strategies minimize potential harms? 
What are the short- and long-term effects of inaccurate, misinterpreted, or unavailable FH information? 
Can FH information be linked to genomic information or to important intermediate markers of common chronic 

diseases to predict change in outcome? 
What are the short- and long-term effects on family dynamics of systematic FH taking in diverse populations and 

cultural settings? 

 

 

 

“ACCE Framework” 

The evaluative approach to personalized medicine applications, including FH, fits well within 

what is termed the ACCE framework – analytic validity, clinical validity, clinical utility, and ethical, legal 

and social implications (Table 3).13 This was designed to clarify the evidence required in genetic test 

evaluation.  
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Table 3 - Elements and key components of evaluation framework for family history as a screening tool.
13

 

Elements Definition Components 

Analytic validity An indicator of how well a test or tool measures the 
property or characteristic (disease status among relatives) 
that it is intended to measure. 

Analytical sensitivity 
Analytical specificity 

Clinical validity A measurement of the accuracy with which a test or tool 
identifies or predicts a clinical condition. 

Clinical sensitivity 
Clinical specificity 

Clinical utility Degree to which benefits are provided by positive and 
negative test results (presence and absence of FH for 
disease). 

Availability of effective 
interventions 

Health risks and benefits 
Economic assessment 

Ethical, legal, 
and social 
implications 

Issues affecting data collection and interpretation that 
might negatively impact individuals, families, and society. 

Stigmatization 
Discrimination 
Psychological harm 
Risks to privacy and 
confidentiality 

 
 

Analytic validity refers to whether a test measures what it is supposed to measure, in this case 

the accuracy of FH information actually captured by a FH tool.  The metrics of interest are analytical 

sensitivity, how well the FH tool identifies family members that do have the disease, and analytical 

specificity, how well the FH tool identifies family members without the disease.7  

Clinical validity refers to how well a test actually differentiates between individuals and groups 

with or without the attribute of interest, e.g. presence or absence of disease.  In the current context, 

this means how accurately FH information stratifies patients according to actual disease risk.   The key 

elements of clinical validity are clinical sensitivity and specificity, as well as positive and negative 

predictive values.7  Ideally, these should be estimated from prospective studies in representative 

populations. 

Clinical utility is the assessment of the likely usefulness of a clinically valid test in patient 

management – the degree to which health outcomes and/or resource use are improved when the test is 

integrated into practice.  In the current context, this would examine whether using a FH tool under 

defined clinical circumstances leads to a higher proportion of people (those at higher risk of disease) 

actually receiving effective clinical or preventive interventions than they would otherwise have done 
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(fewer false negatives), and/or a lower proportion of people (those at lower risk) avoiding unnecessary 

interventions (fewer false positives).  Full evaluation of clinical utility of FH information requires 

approaches such as randomized controlled trials comparing FH based stratification versus current 

practice (following through with altered clinical recommendations and interventions), or decision 

analysis to model the impact. Ideally, clinical utility evaluation should include examining risks of harm 

from a test (e.g. adverse psychological impact) and formal economic evaluation. 

The final component of the ACCE framework is the consideration of ethical, legal and social 

implications which encompass broader issues surrounding the use of the tool or test. This commonly 

includes exploring issues such as stigmatisation, labelling, and discrimination, identifying ethical issues 

specific to the use of the test, clarifying legal and regulatory issues which may need to be addressed, and 

so forth.    

This thesis focuses on applying the clinical validity component of the ACCE framework to FH 

information in prediction of risk of colorectal cancer (CRC).  

Colorectal Cancer 

CRC is the third most common cancer in Canada, with an estimated 23,300 new cases in 2012, 

and 9,200 deaths.14 CRC is a complex disease where both environmental and genetic factors play an 

etiological role, with environmental factors and lifestyle being dominant.15   It has been suggested that 

70% of CRC deaths in the United States are potentially avoidable through modification of diet alone.16   

Of the evaluated risk factors for CRC, those supported by evidence are age (50 years or greater), being 

overweight or obese, diet (low in fiber, high in fats and red meat consumption), personal medical history 

(such as inflammatory bowel disease, diabetes, or previous history of colorectal polyps), use of aspirin 

and other non-steroidal anti-inflammatory drugs (NSAID), estrogen status and use of hormone 

replacement therapy, smoking, excess alcohol use and limited physical activity.16–19  
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Multiple genes have also been found to be associated with CRC, but in most cases they are not 

sufficient for CRC development, rather they interact with other genetic and environmental factors to 

increase or decrease CRC risk, or susceptibility to other etiological agents. The known genetic syndromes 

such as Lynch syndrome (previously known as hereditary non-polyposis colorectal cancer, HNPCC) and 

familial adenomatous polyposis (FAP) account for only about 5% of CRC cases, and these present with 

highly recognizable inheritance patterns. However, although most CRC cases are considered ‘sporadic’, 

there is undoubtedly familial clustering of the condition, the RR of even one affected first degree 

relative being estimated at 2.24 (95% Confidence Interval: 2.06-2.43).6  

A review of longitudinal studies suggested that the sensitivity of FH alone in CRC risk prediction 

is around 13-14%, with a specificity of 92%.9 There appear to be no evaluations of the clinical utility of 

using FH for CRC risk prediction. 

Colorectal Cancer Risk Assessment  

 Deaths resulting from CRC are believed to be largely preventable. With regular screening, 

detection can occur at an initial stage, when symptoms are not present, but when treatment is most 

effective.20,21 CRC screening can be thought of as a multi-stage process: age being the first phase, and 

fecal occult blood testing (FOBT) the second. FH fits into this process as an indicator of high risk, which 

might prompt alterations in the timing or nature of screening. In Ontario, the CRC screening guidelines, 

developed through Cancer Care Ontario (CCO), use age as the primary criterion for screening. In 

Ontario’s Colon Cancer Check, the CRC screening program (Figure 2), individuals of 50 years of age or 

older are eligible to be screened through FOBT every 2 years.22 Those at increased risk, defined as having 

one or more family members with CRC, begin screening through colonoscopy (rather than FOBT) at age 

50, or 10 years earlier than the family member’s age of diagnosis.22    
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The probability of survival is strongly associated with stage of detection - if caught early, there is 

a 90% chance of cure, whereas these chances decrease when detected at an advanced stage.20 A 

systematic review of randomized control trials (RCTs) of screening using FOBT indicated a reduction in 

the relative risk of mortality of up to 25%.23 Most screening programs are based on regular FOBT 

screening, applied after a threshold age (50 years in Ontario). This screening threshold shifts to an 

earlier point when the person is identified as high risk, through the presence of a FH of CRC.  While 

population-based screening programs are evidence-based and effective in reducing mortality due to 

CRC, no program is perfect: some CRC cases are diagnosed clinically at a younger age than the screening 

thresholds, and some cases arise in the interval between screenings among those who participate in the 

screening program.  Recently, there has been concern regarding the reduced effectiveness of 

colonoscopy screening in decreasing incidence and mortality of right-sided CRC;24,25 FH may have the  

potential to act as a ‘safety net’ system that might catch these cases missed by colonoscopy. 
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Figure 2 - Overview of CCO’s Colon Cancer Check program.
22

 
FOBT, fecal occult blood test. 

 

Colorectal Cancer Risk Assessment Tools 

 Risk assessment tools, including tools that rely upon or incorporate FH, are often used to predict 

individual risk for common complex diseases within broad categories (risk strata), in order to tailor 

prevention strategies or guidance about screening.7 For some diseases, there is a well-established 

standard risk assessment tool or system.  For example, in cardiovascular disease (CVD), approaches 

derived from the Framingham cardiovascular risk profile are standard in North America.26   The 

Framingham profile is used in clinical practice to determine an individual’s risk of cardiac events, using 

the defined risk factors of age, sex, total cholesterol, high density lipoprotein (HDL) cholesterol, systolic 

blood pressure, blood pressure medication use, smoking, diabetes, and history of cardiovascular 



10 
 

events.26 For CRC, there is no established equivalent.  While there are knowledge syntheses that 

summarize evidence regarding risk factors consistently associated with CRC16,27,28  no one model or set 

of predictors has become a standard for use in clinical practice.    

 A candidate model for CRC risk classification has recently been developed and is used as the 

basis for the National Cancer Institute’s colorectal cancer risk evaluation tool.29 Specifically, Freedman 

and colleagues developed colorectal cancer risk models for white men and women over the age of 50, 

using data from two United States case-control studies, and age-specific CRC incidence rates from 

Surveillance, Epidemiology, and End Results (SEER) data.30,31 Freedman’s model was validated in another 

dataset; a similar modest performance was found in the replication dataset.31 This validated model 

could be useful as framework for model development in a Canadian population.  

Colorectal Cancer Risk Classification 

A better understanding of the value that FH adds to CRC risk assessment, beyond the standard 

risk factors (personal history, behavioural, and environmental), could help to advise existing screening 

guidelines.  Small improvements in risk assessment could translate into better targeting of preventive 

interventions (such as screening) to those most likely to benefit, with intensity of intervention targeted 

to those at higher risk – potentially leading to important gains in population health.4 

Risk assessment tools for CRC, as for any disease, must achieve useful levels of clinical validity – 

i.e., must be able to correctly stratify a patient’s risk level.4 Thus, to determine the independent value of 

FH in risk assessment, careful examination is required of relevant test metrics such as sensitivity, 

specificity, and the area under the receiver operator characteristics (ROC) curve (AUC).4   Any research 

on the health impact of FH in CRC risk stratification (clinical utility) requires first determining that 

including FH in risk models indeed adds meaningfully to risk stratification.  
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Summary of Rationale 

FH information may make an important contribution to risk stratification for CRC, and therefore 

could be seen as a relatively low cost tool for personalizing risk advice.  However, using FH in this way 

requires evidence of its clinical validity.  Currently, there is considerable evidence to support FH as a risk 

factor for many complex disorders, but very few empirical analyses of its value in individual disease risk 

stratification.  This project makes use of a large, established dataset to add to this knowledge base. 

 

Objectives 

The overall goal of this project is to determine the clinical validity of FH in colorectal cancer risk 

classification. The specific objectives are as follows: 

1. Informed by established risk factors, excluding FH, to develop multivariate models of CRC risk in a 

large dataset. 

2. To assess the incremental improvements in risk classification gained when FH information is 

incorporated in the model developed in objective 1.  

3. To identify the specific definition of positive FH that produces the most gain in risk classification. 
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CHAPTER II – METHODS  

 

The project involved three parts: 

I. Identification/development of a clinically driven risk-prediction model using standard risk 

factors and comparison of model discrimination estimates with and without FH information. 

II. Modeling of FH definitions to identify the definition with the best performance in terms of risk 

discrimination. 

III. Development of a best-fit data-driven model of risk with and without FH information and 

comparison of model discrimination estimates. 

 

DATASET 

This study used the Assessment of Risk of Colon Tumors in Canada (ARCTIC) case-control 

dataset, collected through the Ontario Family Colon Cancer Registry (OFCCR).32,33 This is a region-specific 

subset of the international Colorectal Cancer Family Registry (Colon CFR), a collaboration of six centres 

from North America and Australia united as a single resource to support the study of the etiology, 

prevention, and the clinical management of CRC.32   

Access to OFCCR data is managed through the National Cancer Institute’s (NCI’s) Informatics 

Support Center, which provided permission for its use in this project (Appendix A).  REB approval for the 

secondary analysis of this existing dataset was obtained from the Ottawa Hospital Research Ethics board 

(OHREB) (Appendix B). 
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PARTICIPANTS AND RECRUITMENT STRATEGY 

OFCCR 

The OFCCR used two case recruitment strategies (termed in the original study “population 

based” and “clinic based”). For the current project, data pertaining only to participants recruited 

through the population-based strategy were included.32 Because of a particular interest in genetic 

studies, the OFCCR sampling strategy targeted recruitment of individuals from families which appeared 

at higher risk of CRC.   Potentially eligible cases were individuals aged 20-74 with CRC diagnosed 

between 1997 and 2007, identified through pathology reports (Table 4).32,33 Permission to contact each 

potentially eligible case was sought from the primary care practitioner.33 Where consent was received, 

the participant was sent the Family History Questionnaire (Appendix C) to collect information about 

first-degree relatives (FDRs), including cancer history.33 This information was used to develop a pedigree, 

which was used to classify the case risk into one of three groups established by the OFCCR (see Table 5).  

Reflecting the OFCCR interest in higher risk families, 100% of individuals from the high and intermediate 

risk categories were selected to participate further in the study, compared with a 25% random sample of 

those in the low risk ‘sporadic’ category. 33 These sampled cases completed the Personal History 

Questionnaire and those who did so comprised the study sample of cases for OFCCR.  

The Personal History Questionnaire (Appendix D) collected additional information on personal 

medical and health history, exposure to multiple risk factors, and family history information extended to 

second-degree relatives (SDRs).33   

Controls were randomly selected from the general population using telephone subscribers’ lists 

and frequency-matched by age (5 year age groups) and sex with the OFCCR case distribution.33 Controls 

completed both the Family History and Personal History questionnaires. 
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Table 4 – CFR eligibility specifications by centre 
32

 

Population-based recruitment 

CFR site/ascertainment source   

Cancer Care Ontario/ Ontario 
Cancer Registry 

Diagnosed in Ontario with incident CRC between the ages of 20-74 years. 
AND; 

100% of cases in Amsterdam I and intermediate-risk families and their 
FDR, half-siblings (at risk side), and blood relatives with HNPCC cancer (at-
risk side) were recruited.  

100% of cases in multiple-case families (proband + with 2+ FDR or SDR 
<36y with an HNPCC

*
 or other cancer) and all FDRs, half-siblings (at risk 

side) and blood relatives with HNPCC (at-risk side) with their adult FDR 
were recruited.  

25% of cases in single-case families, and for 25% of these cases, all FDR, 
half-siblings, and blood relatives with HNPCC with their adult FDR were 
recruited 

All Cases with FAP were excluded. 
*HNPCC (Lynch syndrome) – includes colorectal, endometrial, stomach, small bowel, gastroesophageal, pancreatic, biliary duct,
liver, ovary, kidney, ureter, brain, and lymphoma cancer. 

Table 5 – Criteria used to classify CRC risk of cases in the OFCCR
33

 

High familial risk/Lynch Syndrome (Amsterdam Criteria)
34

 

1. At least three relatives with colorectal cancer, one a first-degree relative to the other two, and
2. At least two successive generations affected with colorectal cancer, and
3. Colorectal cancer diagnosed under 50 years of age in at least one affected member, and
4. No Familial Adenomatous Polyposis (FAP)

Intermediate familial risk/Other risk 

1. Proband has two relatives with any of the HNPCC cancers and two of the three are first-degree relatives, or
2. Any family member with an HNPCC cancer

b
 ≤35 years of age, or

3. Proband <50 and relative with colon cancer <50 (first- or second-degree relative only), or
4. Proband ≤35 years of age, or
5. Proband with multiple primary colon cancers, or
6. Proband with other primary HNPCC cancer(s)

a
, or

7. Proband has multiple polyps, or
8. Peutz-Jeghers or hamartomatous polyp, or
9. Juvenile polyp, or
10. Inflammatory bowel disease, or
11. Unusual colorectal cancer histologies

b
, or

12. Proband is Ashkenazi Jewish

Low/Sporadic risk 

1. All other colorectal cancer cases (probands) not classified as high or intermediate risk
a Colorectal, endometrial, gastric, small bowel, gastroesophageal, liver, pancreas, biliary tract, ovarian, kidney, ureter, brain, lymphoma. 
b Carcinosarcoma, adenosquamous, spindle cell, metaplastic, choriocarcinoma, signet ring, undifferentiated, trophoblastic differentiation, small 
cell neuroendocrine carcinoma 
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ARCTIC 

The ARCTIC dataset was comprised of Cases and Controls from the OFCCR, with the further 

inclusion criteria of completion of the Family History and the Personal History questionnaires.  

The OFCCR sampling design allowed for complete recruitment of participants aged 20-69. 

However, in practice, recruitment of participants 70-74 did not reach target. Only 575 of an estimated 

1175 (49%) were actually recruited (Appendix E). In response, statisticians at the OFCCR altered the 

sampling weight for this group. In order to avoid complications for the current study, participants aged 

70-74 were excluded.   

 

SAMPLE STRUCTURE 

The original dataset comprised 9035 participants who had completed the epidemiological 

questionnaire.  The analysis sample was reduced to limit the impact of unequal probabilities of selection 

based on participant recruitment in the OFCCR.33 A strategy to identify appropriate cases for inclusion, 

and to help mitigate possible selection bias, was developed through discussion with the thesis advisory 

committee (TAC) and via communication with experienced researchers.  

Participants were limited to those who were recruited in the population-based recruitment step for 

the OFCCR recruitment strategy, excluding those in the clinic based sampling, as clinic-based sampling 

aimed to recruit cases and families meeting Amsterdam criteria for Lynch syndrome.34 The sample was 

then limited to only the first identified case, and not those subsequently identified through the initial 

case’s family. Participants ≥70 years of age were removed from the sample, due to the incomplete 

recruitment of this age group (as above). Of the remaining potential participants, 12 were misclassified 

(as case with no CRC, and control with CRC) and were removed.  
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Participants sampled in Ontario encompass a broad range of racial backgrounds.  Unlike the 

participant sample used by the Freedman model, our sample was not limited to Caucasians, or those of 

European descent.  

Any participants who had Familial Adenomatous Polyposis (FAP) and those who met Amsterdam I/II 

criteria (Table 6) were excluded. Lynch syndrome, identified using the Amsterdam criteria, and FAP are 

known genetic syndromes that present as highly recognizable inheritance patterns. Participants with 

these syndromes were excluded from analysis as the analysis aimed to investigate CRC in the average 

risk population. 

Table 6 - Amsterdam I/II Criteria for Lynch Syndrome34 

Amsterdam I criteria 
There should be at least 3 relatives with CRC and all following criteria should be present: 

o One should be an FDR of the other two 
o At least 2 successive generations affected 
o At least 1 diagnosis of CRC before age 50 
o FAP cases excluded 
o Tumors should be verified through pathological examination 

Amsterdam II criteria 
There should be at least 3 relatives with a Lynch syndrome-associated cancer (CRC, cancer of the endometrium, 
small bowel, ureter, or renal pelvis) 

o One should be an FDR of the other 2 
o At least 2 successive generations should be affected 
o At least 1 diagnosis before age 50 
o FAP cases excluded 
o Tumors should be verified through pathological examination 

FDR, first-degree relative; CRC, colorectal cancer; FAP, familial adenomatous polyposis. 

 

 

VARIABLES 

 

 

Main Outcome 

The main outcome was colorectal cancer.  The dataset included a dichotomous CRC status 

variable: affected and unaffected. Affected cases were ascertained and confirmed by the OFCCR through 

pathology reports and histology samples. 
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Independent Variables 

As three sets of models were developed for the three sections of the analysis (Table 7), the 

independent variables are identified separately for each. 

Table 7 – Analysis models 

Name Model structure 

Clinical Model Model based on an existing, clinically-structured CRC risk assessment 
model,

30
 using available variables from the ARCTIC dataset. 

Family History Model Investigation of varying definitions of FH available in the dataset to assess 
which definition has superior performance in terms of risk discrimination. 

Data-Driven Model Risk model developed with only variables identified as significant predictors 
from a data-driven model selection.  

 

 

 

1) Clinical Model 

For this analysis, we used the existing National Cancer Institute CRC risk assessment tool 

(hereafter referred to as the “Freedman model”)30 to select variables for the regression analysis. The 

Freedman model comprised separate risk models with different variables for men and women.  Existing 

variables in the ARCTIC dataset were operationalized and coded to match the Freedman definition as 

closely as possible (Tables 8a,b).
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Table 8a – Male – Freedman and Clinical model  

Risk Factor Freedman Definition Categories Clinical model Definition Categories 

Polyp and 
Screening History   

Sigmoidoscopy and/or 
colonoscopy and polyp 
history 

Sigmoidoscopy and/or colonoscopy in last 10 years, 
and no history of polyps. 

No sigmoidoscopy and/or colonoscopy in last 10 
years. 

Sigmoidoscopy and/or colonoscopy in last 10 years 
and history of polyps. 

Sigmoidoscopy and/or colonoscopy and polyps 
unknown. 

Not included N/A 

Physical Activity  current leisure-time 
activity, hours/week 

0  
> 0 and ≤ 2    
> 2 and ≤ 4  
4   

current leisure-time 
activity, hours/week 

0 (REF) 
> 0 and ≤ 2    
> 2 and ≤ 4  
4 

NSAID use   Non-user 
Regular user* 

 Non-user  (REF) 
Regular user** 

Smoking  cigarettes/day Never smoker 
> 0 and < 11 
≥ 11 and ≤ 20 
> 20 

Pack Years 

Never Smoker (REF) 
>0 and <20  
20-29  
≥ 30 

Smoking   years of smoking Never smoker 
> 0 and < 15 
≥ 15 and < 35 
≥ 35 

Vegetable 
Consumption    

Servings/day < 5 
≥ 5 

Servings/day < 5 (REF) 
≥ 5 

Body Mass Index  kg/m
2
 ≤ 24.9 (under/normal) 

25.0 to ≤ 30 (overweight) 
≥ 30 (obese) 

kg/m
2
 ≤ 24.9 (REF) 

25.0 to ≤ 30  
≥ 30  

Family History   Number of FDRs with CRC 0 
1 
≥ 2 

Number of FDRs with CRC 0 (REF) 
1 
≥ 2 

(REF) Indicates reference group. 
* at least 3x/week for at least 1 month in previous year 
**2x/week for at least 1 month at any point in the past 
NSAID, non-steroidal anti-inflammatory. 
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Table 8b – Female – Freedman and Clinical model  

Risk Factor Freedman Definition Categories Clinical model Definition Categories 

Polyp and 
Screening History 

Sigmoidoscopy and/or 
colonoscopy and polyp 
history 

Sigmoidoscopy and/or colonoscopy in last 10 years, 
and no history of polyps. 

No sigmoidoscopy and/or colonoscopy in last 10 
years. 

Sigmoidoscopy and/or colonoscopy in last 10 years 
and history of polyps. 

Sigmoidoscopy and/or colonoscopy and polyps 
unknown. 

Not included N/A 

Physical Activity  current leisure-time 
activity, hours/week 

0  
> 0 and ≤ 2    
> 2 and ≤ 4  
4   

current leisure-time 
activity, hours/week 

0 (REF) 
> 0 and ≤ 2    
> 2 and ≤ 4  
4 

NSAID use   Non-user 
Regular user* 

 Non-user  (REF) 
Regular user** 

Estrogen Status Within last 2 years Positive 
Negative 

Current estrogen status Positive 
Negative 

Vegetable 
Consumption    

Servings/day < 5 
≥ 5 

Servings/day < 5 (REF) 
≥ 5 

Body Mass Index  kg/m
2
 ≤ 24.9 (under/normal) 

25.0 to ≤ 30 (overweight) 
≥ 30 (obese) 

kg/m
2
 ≤ 24.9 (REF) 

25.0 to ≤ 30  
≥ 30  

BMI-Estrogen 
Interaction 

 N/A Not Included N/A 

Family History   Number of FDRs with CRC 0 
1 
≥ 2 

Number of FDRs with CRC 0 (REF) 
1 
≥ 2 

 (REF) Indicates reference group. 
* at least 3x/week for at least 1 month in previous year 
**2x/week for at least 1 month at any point in the past 
NSAID, non-steroidal anti-inflammatory; BMI, body mass index. 
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Age 

As cases and controls were age matched within 5-year age groups (by frequency matching), 

age, in five-year intervals, was included in all models to control for any effect of inexact matching 

during recruitment. The age variable was derived from self-reported date of birth in the Family 

History Questionnaire (Appendix C). The 5-year age groups were created using participant age (at 

time of questionnaire) and correspond to the age groups used for control selection. Participants 

under 40 were grouped in one category because of small numbers. 

Since age was included in the model to control for the unequal age distributions in cases 

versus controls, and since sampling was carried out based on age, the results for this variable are 

not meaningful as a potential risk factor. 

Body mass index (BMI) 

This variable was derived from the self-reported height and weight question (in the 

Personal History Questionnaire (Appendix D)) using the formula BMI= weight (kg)/height2 (m2).35 

Polyp and Screening History 

This variable was excluded from the analysis. In the Freedman model, this variable 

indicated a history of colorectal polyp in the preceding 10 years, which necessarily included 

differentiation between respondents who had, and had not, had a screening test (fecal occult blood 

test (FOBT), sigmoidoscopy and/or colonoscopy).  Although this variable could have been derived 

from items in the Personal History Questionnaire, we concluded that, in the Canadian context, it 

would have acted as a marker of cancer detection rather than as a risk factor.  The screening 

practices between the United States, where the Polyp and Screening History variable was 

developed (in the Freedman model), differ to those in Ontario. In the United States colonoscopy is 
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used as a primary screening method, whereas in Ontario colonoscopy is a secondary step in CRC 

screening, following positive FOBT, and would be indicative of a higher probability of disease. This 

assumption was explored in a sensitivity analysis (see Results). 

Physical activity 

This variable was derived from items in the Personal History Questionnaire (Appendix D, 

page 109). It was not possible to match the Freedman approach to defining and classifying this 

variable directly. Instead, a new composite physical activity variable was created, based on self-

reported activity in the respondent’s most recent age decade (determined from participant’s age at 

time of questionnaire completion). In doing so, we had to take account of a large amount of missing 

data.  

To assign a summary value of hours/week of physical activity, we combined responses to 

participation in an activity (yes/no), with the weekly duration (Figure 3).  These were summed 

across activities. A response of ‘No’ for participation in an activity was assigned a value of 0 

hours/week. A response of ‘Yes’ for participation in an activity accompanied by missing data for 

duration was assigned as ‘missing’. 

While this process helped to minimize the amount of missing data, there were still a large 

proportion of participants with missing values for the ‘nearest decade’ (16.9%).  For participants 

with missing values for the most recent age decade, we imputed the level of physical activity using 

the responses for the next most recent age decade, where this was available. With imputation in 

this manner, the proportion of participants with missing data was reduced to 8.6%. 
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Figure 3 – Process for composition of physical activity variable (hours/week). 

 

  
Non-steroidal anti-inflammatory medication (NSAID) use 

This variable was derived from items in the Personal History Questionnaire. The Freedman 

model defined “regular use” as at least 3 times a week for at least one month in the previous year. 

30  For the Clinical model, ‘regular users’ were defined as those who reported use of Aspirin and/or 
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Ibuprofen for at least twice a week for at least a month at any point in the past, all others being 

classed as ‘non-regular users’.  

Vegetable consumption 

This variable was derived from items in the Personal History Questionnaire and was 

converted into servings/day to match the Freedman model.30,36  

Smoking 

This variable was derived from items in the Personal History Questionnaire. While the 

Freedman model contained two smoking variables, based on number of cigarettes smoked, and on 

years of smoking, these could not be separated in the ARCTIC dataset. A single variable of pack 

years was created which incorporated the length (years) and intensity (cigarettes smoked/day) 

components.  Pack-years (PY) was calculated based on the definition from the National Cancer 

Institute37: 

PY = (# cigarettes/day x years smoked) 
20 

 
 

Thresholds for categories of pack-years were obtained from another study modeling CRC 

risk using Canadian data.38 Smoking, in pack-years was divided into 4 categories: never smoker, >0-

<20, 20-29, and ≥30. 

Estrogen status 

This variable (applicable to females only) was derived from an item in the Personal History 

Questionnaire. While use of hormone replacement therapy (HRT) was available, menstrual status 

was not available and could not be calculated. Therefore, based on the average age of menopause 
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in Canada, 51 years,39,40 we assumed that respondents under 51 years were estrogen positive, and 

those 51 and over were estrogen negative, with the exception of those taking HRT, who were 

recorded as estrogen positive. We conducted a sensitivity analysis to test the effect of this 

assumption. 

BMI-Estrogen interaction 

A BMI-Estrogen interaction variable was planned, as it was included in the Freedman 

model, based on the BMI and estrogen variables defined above.  

Family history 

 This variable was derived from items in the Family History Questionnaire. The coding used 

in the Freedman model was matched, i.e., number of FDRs with CRC. 

 

 

2) Family History Model 

 

 This model was developed to examine the performance of different criteria for defining a 

person as having a positive FH of CRC, with the intention of using the definition with the highest 

AUC in the data-driven model to follow. Four possible definitions (Table 9) were created.  

Table 9 - Different minimum criteria applied for classification as 
having ‘positive’ family history 

Definition Required degree of 
relationship 

Required number of 
relatives with CRC 

1 First ≥2 

2 First or second ≥2 

3 First  ≥1 

4 First or second ≥1 
 CRC, colorectal cancer. 
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These four definitions are somewhat nested, in that an individual meeting definition 1 (for 

example) would also meet definitions 2, 3, and 4. The regression models of the FH definitions were 

controlled for age, using the established 5-year age categories (<40, 40-44, 45-49, 50-54, 55-59, 60-

64, and 65-69 years). 

 

 

3)  Data-driven model  

The last set of models was developed in a data-driven manner.  Risk factors for CRC were 

identified through literature review, and models (stratified by sex) best fitting the dataset were 

developed.  The candidate variables (Table 10) were operationalized based on Freedman model 

definitions and other existing definitions of the risk factors. Variables included in the final model 

were selected, through backward elimination, as significant at p<0.05. 

 The following variables were examined, in addition to those already developed for the Clinical 

model.  Each was selected because of evidence of association with CRC risk, on the basis of the 

literature review.  

Diabetes 

 This variable was derived from an item in the Personal History Questionnaire. Diabetes has 

been indicated as a medical condition that can increase the likelihood of CRC.27,41  

Inflammatory bowel diseases 

 This variable was derived from items in the Personal History Questionnaire, and was coded 

‘yes’ if a respondent indicated having at least one of Crohn’s disease or ulcerative colitis, conditions 

associated with an increased risk of CRC.27,28 
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Red meat consumption 

 This variable was derived from an item in the Personal History Questionnaire. Servings per 

week were calculated, and categorized into four classes similar to those used in analysis of CRC risk 

using Canadian data.42 

Alcohol consumption 

This variable was derived from items in the Personal History Questionnaire (Appendix D, 

page 115), using a process similar to that for creating the physical activity variable. A composite 

variable was created, based on self-reported consumption in the respondent’s most recent age 

decade, accounting for the large amount of missing data.  

 The questionnaire collected information regarding consumption of beer, cider, wine, sake, 

sherry, port, spirits and liquor mixed drinks.  To assign a summary value of drinks/week, responses 

of consumption (yes/no) and quantity (number of drinks consumed per week) were combined. If a 

participant had indicated ‘No’ for consumption of that alcohol type, a value of 0 drinks/week was 

added. If the participant indicated ‘Yes’ and the number of drinks was missing, then the 

consumption of that alcohol type was set to missing. A sum of drinks/week was created for each 

participant with valid data (i.e., no missing data on the variables making up the composite) – this 

sum was assumed to be representative of the participant’s true alcohol consumption during the 

most recent decade. This method, while providing useful values of drinks/week for each 

participant, still resulted in a large amount of missing data.  

To minimize the amount of missing data, imputation, in the same manner as for the 

physical activity variable, was used to estimate some participants’ levels of alcohol consumption; 

i.e., we used values for previous decades when information was missing for the most recent 
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decade. With this imputation process, the proportion of participants with missing data was reduced 

from 21.3% to 6.2%. 

Alcohol consumption, in drinks/week, was categorized to correspond with categories used 

in previous analysis of OFCCR data.43    

Education 

This variable was derived from an item in the Personal History Questionnaire, and was 

included as a marker of socio-economic status. 

Family history 

In contrast to the definition used in the Clinical model, the Data-driven model used as its FH 

variable the one determined to have the highest AUC in the FH model above. 

Table 10 – Additional candidate variable definitions for 
data-driven analysis 

Variable Division 

Diabetes No 
Yes 

Inflammatory Bowel Disease No 
Yes 

Red Meat Consumption <1 servings/wk 
1-3 servings/wk 
4-6 servings/wk 
≥7 servings/wk 

Alcohol Consumption 0 drinks/wk 
1-2 drinks/wk 
3-7 drinks/wk 
>7 drinks/wk 

Education < High School 
High School Grad 

Some Post-Secondary 
Post-Secondary Grad 

FH  - Any FDRs or SDRs with CRC No 
Yes 

FH, family history; FDR, first-degree relative; SDR, second-degree 

relative; CRC, colorectal cancer 



28 
 

STATISTICAL ANALYSIS 

 

SAS software (version 9.3) was used for all analyses. 

 

Weighting 

All analyses were weighted using the sampling weights derived by the primary OCCFR 

investigators, to account for the unequal probability of selection in the sampling design: for cases, 

sampling weights were either set as 1.0 or 4.0 to account for undersampling of lower risk cases; and 

for controls, all weights were 1.0 because there was no undersampling (Appendix E). Analysis 

weights were calculated from the sampling weights so that the sum of the sampling weights in each 

analysis was equal to the sample size:  

Analysis weight = Sampling weight 
   Mean sampling weight 

 

 

Univariate Analysis 

Descriptive statistics of the dependent variable and the predictor variables considered for 

all analyses were calculated according CRC status, stratified by sex. Chi-square tests were used to 

assess the differences between cases and controls. 

 

Multivariable Logistic Regression 

Three sets of models were developed: 

1) For the Freedman-based clinical model, base models without FH, for both sexes, were 

created. The enhanced clinical model then incorporated Freedman’s definition of FH.   
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2) The second set of regression models (stratified by sex) was created to determine the 

performance of four definitions of FH, available from the dataset.  

3) The last set of regression models (stratified by sex) was data-driven: we created an “ideal” 

model, to which FH was then incorporated.  The ideal model was considered to be that 

with the best model discrimination. 

Model performance (for the clinical and data-driven model sets) was assessed using 1) likelihood 

ratio tests and 2) comparison of areas under the ROC curve (AUC). 

 

Sub-analysis and Sensitivity Analyses 

Sub-analyses were planned to examine the performance of the base models and base+FH 

models when the population was stratified by age (<40 and ≥40). 

Sensitivity analyses were planned to examine effects of excluding participants meeting 

definite or probable ‘Amsterdam’ criteria for Lynch syndrome (see Table 6), and for the effects of 

including the ‘Polyp and Screening History’ variable. We also planned a sensitivity analysis to 

examine the potential misclassification of estrogen status for women near the average age of 

menopause. 

 

Risk re-classification analyses  

 

In the original proposal, we planned to construct risk re-classification tables and calculate 

the Net Reclassification Index (NRI) to evaluate the effect of FH on risk stratification. However, the 

difficulty of this approach in case control data became apparent, because the reclassification 

analysis uses the regression to calculate each participant’s probability of disease as a basis for 

comparison of different models.    The probability of CRC in the ARCTIC dataset was set by the study 
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design (essentially 50%), and this is reflected in the regression equation. In all models, all 

participants have a higher estimated probability of disease than would be expected for a sample 

truly representative of the population. This impacts the “screening test” comparison of the models. 

While the NRI and risk re-classification tables can be calculated, this calculation in a case-control 

population would not be meaningful.  Difficulties arise with the NRI when there is matching 

between cases and controls, such as the age and sex matching in our data – because of this 

matching, we would observe overweighting in NRI method.44 
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CHAPTER III - RESULTS 

 

The sample for analyses included 3328 participants. Figure 4 summarizes the sample 

reduction process detailed in the methods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 –Sample selection process 
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Analyses were stratified by sex (Figure 5). Missing observations were excluded from 

univariate analyses. The ‘Final Sample’ for regression analysis excluded participants with missing 

observations for any of the included model variables.  

 

 
 

Figure 5 – Sample details for Clinical and Data-driven modeling. 
*Final sample after excluding participants with missing data on included variables.   

 

 

 

1) CLINICAL MODEL 

 

Among males (Table 11a), cases compared to controls were more likely to be younger (30.1% vs. 

10.1%) and to be overweight or obese (75.4% vs. 64.7%). Cases were more likely to have a FH of CRC, 

defined as one or two and greater affected FDRs, (20.9%) than controls (9.2%). 
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Table 11a - MALE – Comparison of Clinical model by cases and controls 

Variable Division Cases (N=816) Controls (N=783) X
2
 Test 

p-value Un-weighted 
N (%) 

Weighted  
%* 

Un-weighted 
N (%) 

Weighted 
%* 

BMI Under/Normal  
Overweight  

Obese  

207 (25.91) 
408 (51.06) 
184 (23.03) 

24.58 
53.03 
22.38 

275 (35.35) 
376 (48.33) 
127 (16.32) 

35.35 
48.33 
16.32 

<0.0001 

Physical 
Activity 

0 hrs/wk  
>0 and ≤2 hrs/wk  
>2 and ≤4 hrs/wk  

>4 hrs/wk  

64 (8.83) 
97 (13.38) 
78 (10.76) 

486 (67.03) 

9.07 
13.81 
10.48 
66.64 

74 (9.95) 
102 (13.71) 
91 (12.23) 

477 (64.11) 

9.95 
13.71 
12.23 
64.11 

0.6650 

NSAID use Yes  
No  

32 (3.93) 
782 (96.07) 

4.40 
95.60 

48 (6.13) 
735 (93.87) 

6.13 
93.87 

0.1264 

Vegetables <5 Servings/day  
≥5 Servings/day  

776 (97.98) 
16 (2.02) 

98.08 
1.92 

759 (98.70) 
10 (1.30) 

98.70 
1.30 

0.3620 

Smoking Never Smoker  
>0 and <20 PY  

20-29 PY  
≥ 30 PY  

312 (40.47) 
223 (28.92) 
82 (10.64) 

154 (19.97) 

37.21 
29.61 
10.78 
22.40 

280 (36.99) 
226 (29.85) 
80 (10.57) 

171 (22.59) 

36.99 
29.85 
10.57 
22.59 

0.9985 

Age <40 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

72 (8.82) 
100 (12.25) 
200 (24.51) 
84 (10.29) 
90 (11.03) 

118 (14.46) 
152 (18.63) 

5.58 
7.89 

16.67 
11.16 
13.84 
20.39 
24.48 

13 (1.66) 
30 (3.83) 
36 (4.60) 

113 (14.43) 
170 (21.71) 
197 (25.16) 
224 (28.61) 

1.66 
3.83 
4.60 

14.43 
21.71 
25.16 
28.61 

<0.0001 

FH   0 FDRs with CRC 
1 FDRs with CRC 

2+ FDRs with CRC 

619 (75.86) 
163 (19.98) 

34 (4.17) 

79.09 
17.93 
2.98 

711 (90.80) 
67 (8.56) 
5 (0.64) 

90.80 
8.56 
0.64 

<0.0001 

*Weighted proportion to account for sampling design 
Counts may not add up to total sample as missing data were excluded. 
BMI, body mass index; NSAID, non-steroidal anti-inflammatory; PY, pack years; FH, family history; FDR, first-degree relative; 
CRC, colorectal cancer. 
 

 

 

Among females (Table 11b), cases were more likely to be younger than controls (30.4% vs. 

17.7% under 50 years), and less likely to use NSAID medication regularly (4.6% vs. 8.8%). There were no 

statistically significant differences between female cases and controls in BMI, levels of physical activity, 

vegetable consumption, estrogen status, or FH. 
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Table 11b - FEMALE – Comparison of Clinical model by cases and controls 

Variable Division Cases (N=1009) Controls (N=720) X
2
 Test 

p-value Un-weighted 
N (%) 

Weighted  
%* 

Un-weighted 
N (%) 

Weighted 
%* 

BMI Under/Normal  
Overweight  

Obese  

493 (50.67) 
302 (31.04) 
178 (18.29) 

49.59 
31.90 
18.50 

367 (52.13) 
213 (30.26) 
124 (17.61) 

52.13 
30.26 
17.61 

0.6146 

Physical 
Activity 

0 hrs/wk  
>0 and ≤2 hrs/wk  
>2 and ≤4 hrs/wk  

>4 hrs/wk  

81 (9.00) 
112 (12.44) 
146 (16.22) 
561 (62.33) 

9.59 
13.27 
15.27 
61.87 

77 (11.37) 
89 (13.15) 

111 (16.40) 
400 (59.08) 

11.37 
13.15 
16.40 
59.08 

0.5998 

NSAID use Yes 
No 

46 (4.58) 
959 (95.42) 

4.59 
95.41 

63 (8.75) 
657 (91.25) 

8.75 
91.25 

0.0006 

Vegetables <5 Servings/day  
≥5 Servings/day  

927 (95.17) 
47 (4.83) 

95.39 
4.61 

671 (93.72) 
45 (6.28) 

93.72 
6.28 

0.1385 

Estrogen 
Status 

Negative  
Positive  

294 (29.46) 
704 (70.54) 

33.21 
66.79 

255 (35.71) 
459 (64.29) 

35.71 
64.29 

0.3006 

Age <40 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

79 (7.83) 
98 (9.71) 

194 (19.23) 
119 (11.79) 
124 (12.29) 
175 (17.34) 
220 (21.80) 

5.86 
8.51 

16.01 
12.37 
12.72 
19.16 
25.38 

30 (4.17) 
49 (6.81) 
48 (6.67) 

114 (15.83) 
125 (17.36) 
174 (24.17) 
180 (25.00) 

4.17 
6.81 
6.67 

15.83 
17.36 
24.17 
25.00 

<0.0001 

FH  - 
Freedman  

0 FDRs with CRC 
1 FDRs with CRC 

2+ FDRs with CRC 

799 (79.19) 
177 (17.54) 

33 (3.27) 

82.20 
15.23 
2.57 

620 (86.11) 
88 (12.22) 
12 (1.67) 

86.11 
12.22 
1.67 

0.1013 

*Weighted proportion to account for sampling design 
Counts may not add up to total sample as missing data were excluded. 
BMI, body mass index; NSAID, non-steroidal anti-inflammatory; FH, family history; FDR, first-degree relative; CRC, colorectal 

cancer. 

 

REGRESSION MODELING  

Age-adjusted ORs are presented, to account for age differences that were apparent from the 

sampling design, and multivariate-adjusted ORs are presented for each variable included in the model. 

 

Males 

  The results of the multivariate model show that of the six covariates (+ FH) included in the base 

model, only three (BMI, NSAID use, and Age) and FH were significantly associated with CRC.  
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For the male population, Table 12a shows that the odds of having CRC were statistically 

significantly elevated for those who were ‘overweight’ (OR=1.89) or ‘obese’ (OR=2.27) compared to 

those of ‘normal/underweight’. The odds were statistically significantly reduced for those regularly using 

NSAID medication (OR=0.55). Participants with a positive FH of CRC had significantly elevated odds of 

disease (OR= 2.42 for one affected FDR, 5.51 for ≥2 affected FDRs).  

Table 12a – Male Clinical model – age and multivariate adjusted ORs 

Variable Age-Adjusted OR
a
 Multivariate-Adjusted OR

b
 

OR 95% CI OR 95% CI 

BMI  
Under/Normal  

Overweight  
Obese 

 
1.00 

1.859  
2.205  

 
- 

1.431, 2.415 
1.577, 3.082 

 
1.00 

1.894 
2.266 

 
- 

1.450, 2.475 
1.608, 3.192 

Physical Activity  
0 hrs/wk  

>0 and ≤2 hrs/wk  
>2 and ≤4 hrs/wk  

>4 hrs/wk 

 
1.00 

1.171 
0.913 
1.080 

 
- 

0.727, 1.887 
0.555, 1.502 
0.726, 1.606 

 
1.00 

1.363 
0.980 
1.135 

 
- 

0.833, 2.229 
0.584, 1.644 
0.751, 1.713 

NSAID Use  
No 
Yes 

 
1.00 

0.598 

 
- 

0.361, 0.990 

 
1.00 

0.553 

 
- 

0.328, 0.931 

Vegetables 
< 5 Servings/day 
≥5 Servings/day 

 
1.00 

1.392 

 
- 

0.487, 3.977 

 
1.00 

1.548 

 
- 

0.519, 4.617 

Smoking  
Never Smoker  

>0 and <20 PYs  
20-29 PYs  

≥ 30 PYs 

 
1.00 

1.229 
1.362 
1.274 

 
- 

0.929, 1.625 
0.926, 2.002 
0.940, 1.727 

 
1.00 

1.218 
1.378 
1.226 

 
- 

0.914, 1.624 
0.925, 2.054 
0.894, 1.681 

Age  
<40 

40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

 
1.00* 
0.567 
1.089 
0.239 
0.194 
0.271 
0.258 

 
- 

0.240, 1.344 
0.473, 2.506 
0.110, 0.518 
0.091, 0.413 
0.128, 0.570 
0.123, 0.543 

 
1.00 

0.577 
1.015 
0.207 
0.154 
0.226 
0.219 

 
- 

0.240, 1.388 
0.435, 2.368 
0.094, 0.456 
0.071, 0.335 
0.105, 0.485 
0.102, 0.468 

FH   
0 FDRs with CRC 
1 FDRs with CRC 

2+ FDRs with CRC 

 
1.00 

2.366 
5.199 

 
- 

1.645, 3.404 
1.729, 15.631 

 
1.00 

2.415 
5.508 

 
- 

1.663, 3.506 
1.814, 16.718 

a - Adjusted for age, due to important differences in the age distributions of cases and controls that 
may reflect the sampling design 

b - Adjusted for all covariates. 
* Unadjusted results for age. 
OR, odds ratio; CI, confidence interval; BMI, body mass index; NSAID, non-steroidal anti-inflammatory; PYs, 
pack years; FH, family history; FDR, first-degree relative; CRC, colorectal cancer. 



36 
 

Females   

The results of the multivariate model show that of the six covariates (+ FH) included in the base 

model, only three (physical activity, NSAID use and Age) were significantly associated with CRC, while FH 

was not significant. Table 12b shows that the odds of having CRC were statistically significantly elevated 

for those women who engaged in the highest levels of physical activity (OR=1.46).  The effect of the 

highest level of physical activity was noted in the multivariate adjusted analysis, but there was no effect 

in the age-adjusted analysis. The odds were significantly reduced for those who regularly used NSAID 

medication (OR=0.48). There was no significant effect of BMI, vegetable consumption, estrogen status, 

or FH. 

Interaction term 

The BMI*Estrogen interaction was tested in the clinical model for females. The interaction term 

was neither significant in the model that excluded FH (p=0.5172) nor in the FH-inclusive model 

(p=0.5223). The interaction was removed as it did not contribute significantly to the model. 
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Table 12b – Female Clinical model – age and multivariate adjusted ORs 

Variable Age-Adjusted OR
a
 Multivariate-Adjusted OR

b
 

OR 95% CI OR 95% CI 

BMI  
Under/Normal  

Overweight  
Obese 

 
1.00 

1.105 
1.024 

 
- 

0.864, 1.413 
0.763, 1.375 

 
1.00 

1.121 
1.057 

 
- 

0.873, 1.438 
0.783, 1.426 

Physical Activity  
0 hrs/wk  

>0 and ≤2 hrs/wk  
>2 and ≤4 hrs/wk  

>4 hrs/wk 

 
1.00 

1.350 
1.309 
1.401 

 
- 

0.863, 2.113 
0.854, 2.007 
0.976, 2.011 

 
1.00 

1.384 
1.359 
1.457 

 
- 

0.881, 2.175 
0.882, 2.094 
1.009, 2.104 

NSAID Use  
No 
Yes 

 
1.00 

0.482 

 
- 

0.311, 0.748 

 
1.00 

0.478 

 
- 

0.307, 0.745 

Vegetables 
< 5 Servings/day 
≥5 Servings/day 

 
1.00 

0.812 

  
- 

0.516, 1.278 

 
1.00 

0.812 

 
- 

0.511, 1.288 

Estrogen Status 
Negative 
Positive 

 
1.00 

0.950 

 
- 

0.743, 1.214 

 
1.00 

0.969 

 
- 

0.755, 1.244 

Age  
<40 

40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

 
1.00* 
0.868 
1.820 
0.648 
0.624 
0.660 
0.792 

 
- 

0.471, 1.597 
1.008, 3.284 
0.375, 1.121 
0.362, 1.078 
0.391, 1.115 
0.470, 1.334 

 
1.00 

0.852 
1.815 
0.672 
0.619 
0.655 
0.788 

 
- 

0.461, 1.576 
1.001, 3.293 
0.382, 1.184 
0.354, 1.085 
0.383, 1.121 
0.458, 1.357 

FH   
0 FDRs with CRC 
1 FDRs with CRC 

2+ FDRs with CRC 

 
1.00 

1.208 
1.754 

 
- 

0.882, 1.655 
0.784, 3.925 

 
1.00 

1.206 
1.669 

 
- 

0.879, 1.656 
0.741, 3.757 

a - Adjusted for age, due to important differences in the age distributions of cases and controls 
that may reflect the sampling design 

b - Adjusted for all covariates. 
* Unadjusted results for age. 
OR, odds ratio; CI, confidence interval; NSAID, non-steroidal anti-inflammatory; BMI, body mass 

index; FH, family history; FDR, first-degree relative; CRC, colorectal cancer. 
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ASSESSMENT OF MODEL PERFORMANCE 

Likelihood Ratio Tests 

With the addition of FH to the model, a statistically significant contribution to the model was 

observed for the males. For the females, there was no significant contribution observed (Table 13). 

TABLE 13 – Likelihood ratio tests for Clinical models 

Model Likelihood Ratio Δ df Δdf p-value 

Male 

Base model 1717.329 17 - - 

With FH 1682.889 34.439 19 2 3.32E
-8

 

Female 

Base model 1910.829 15 - - 

With FH 1907.990 2.839 17 2 0.24183 
df, degrees of freedom; FH, family history. 

Area under the receiver operator characteristics (ROC) curve (AUC) 

The AUC values, percentage change in AUC, and significance of change in AUC are presented in 

Table 14, and ROC graphs comparing models with and without FH in Figures 6a (males) and 6b (females). 

While there is no standard categorizations of strength of discrimination, the observed AUCs would be 

considered ‘no more than modest’ on the basis of Hosmer and Lemeshow’s categories .45  
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 Figure 6a – Male Clinical model comparison 

 

 

 
Figure 6b – Female Clinical model comparison 
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Table 14 – Change in AUCs for base and FH-inclusive Clinical models 

Model AUC Δ AUC p-value  

Male 

Base model 0.7246 - - 

With FH 0.7623 + 0.0037 0.0443 

Female 

Base model 0.6214 - - 

With FH 0.6275 + 0.0061 0.7632 
FH, family history; AUC, area under the curve. 

 

The base model of the male sample indicates moderate (acceptable)45 discriminatory ability. The 

change in AUCs shows a statistically significant increase in discrimination of + 0.0037 with the addition 

of FH to the model.  The discriminatory ability of the base model for the female sample was marginal, 

and the addition of FH to the model did not statistically significantly improve discrimination.  

 

2) FAMILY HISTORY MODEL 

We compared the age-adjusted ORs and AUCs for FH, stratified by sex, with different definitions 

of FH (Tables 15a and 15b, Figures 7a and 7b).  

 

Table 15a – Male - OR and AUC when different minimum criteria applied for classification as having ‘positive’ 
FH 

Required degree 
of relationship 

Required number of 
relatives with CRC 

OR (95% CI) AUC (95% CI) 

First ≥2 5.451 (1.463, 4.900) 0.7013 (0.6761, 0.7266) 

First or second ≥2 6.488 (3.593, 11.714) 0.7415 (0.7174, 0.7656) 

First  ≥1 2.909 (2.102, 4.025) 0.7443 (0.7204, 0.7682) 

First or second ≥1 3.888 (2.948, 5.128) 0.7731 (0.7502, 0.7960) 
OR, odds ratio; AUC, area under the curve; FH, family history; CI, confidence interval; CRC, colorectal cancer. 
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Table 15b – Female - OR and AUC when different minimum criteria applied for classification as having ‘positive’ 
FH 

Required degree 
of relationship 

Required number of 
relatives with CRC 

OR (95% CI) AUC (95% CI) 

First ≥2 1.592 (0.760, 3.335) 0.6165 (0.5906, 0.6425) 

First or second ≥2 2.619 (1.748, 3.925) 0.6477 (0.6222, 0.6731) 

First  ≥1 1.300 (0.980, 1.724) 0.6248 (0.5989, 0.6508) 

First or second ≥1 1.555 (1.239, 1.952) 0.6442 (0.6185, 0.6699) 
OR, odds ratio; AUC, area under the curve; FH, family history; CI, confidence interval; CRC, colorectal cancer. 

 

The highest AUC was used to select the ‘best’ definition of FH. In men, this was having at least 

one first or second-degree relative with CRC (AUC=0.773), and, in women, this was having at least two 

first or second-degree relatives with CRC (AUC=0.6477).   

For consistency between male and female models, the definition of ‘Having a FH of CRC in at 

least a second-degree relative’ was chosen for the ‘best’ definition. While it was not the highest 

performing AUC for women, the difference in model performance (AUC) from the superior model is only 

0.0035 less.  
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Figure 7a – Male - FH Model performance  

 

 
Figure 7b – Female - FH Model performance 
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3) DATA-DRIVEN (EMPIRICAL) MODEL 

 

In addition to the previously reported findings from the Clinical model (Tables 11a and 11b), 

results for the variables included only in the Data-driven model are presented in Tables 16a and 16b. 

For the males (Table 16a), cases were more likely to have inflammatory bowel disease (4.3% vs. 

1.7%), more likely to consume red meat, and less likely to have had post-secondary education (57.9% vs 

62.2%) than controls. Cases were more likely to have a positive FH of CRC (36.5%) than controls (13.3%). 

There were no statistically significant differences between male cases and controls in diabetes or in 

alcohol consumption.  

For the females (Table 16b), cases were more likely to have inflammatory bowel disease (4.3% 

vs. 2.2%), less likely to be smokers (46.0% vs. 49.4%), and less likely to have post-secondary education 

(52.5% vs. 60.2%) than controls. Cases were more likely to have a positive FH of CRC (34.7%) than 

controls (24.6%). There were no statistically significant differences between female cases and controls in 

diabetes, red meat consumption, or alcohol consumption.  
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Table 16a - MALE – Comparison of Data-driven model by cases and controls 

Variable Division Cases (N=614) Controls (N=664) X
2
 Test 

P-value Un-weighted 
N (%) 

Weighted  
%* 

Un-weighted 
N (%) 

Weighted 
%* 

Diabetes Yes 
No 

72 (8.93) 
734 (91.07) 

8.60 
91.40 

68 (8.71) 
713 (91.29) 

8.71 
91.29 

0.9438 

Inflammatory 
Bowel Diseases 

Yes 
No 

36 (4.49) 
766 (95.51) 

4.30 
95.70 

13 (1.66) 
768 (98.34) 

1.66 
98.34 

0.0048 

Red Meat 
Consumption 

<1 Serving/wk 
1-3 Servings/wk 
4-6 Servings/wk 
≥7 Servings/wk 

21 (2.66) 
309 (39.11) 
244 (30.89) 
216 (27.34) 

2.30 
40.66 
29.25 
27.79 

35 (4.68) 
367 (49.06) 
196 (26.20) 
150 (20.05) 

4.68 
49.06 
26.20 
20.05 

<0.0001 

Alcohol 
Consumption 

0 Drinks/wk 
1-2 Drinks/wk 
3-7 Drinks/wk 
>7 Drinks/wk 

188 (24.48) 
49 (6.38) 

167 (21.74) 
364 (47.40) 

23.85 
5.06 

22.43 
48.66 

196 (26.06) 
60 (7.98) 

162 (21.54) 
334 (44.41) 

26.06 
7.98 

21.54 
44.41 

0.0678 

Education < High School 
High School Grad 

Some Post-Secondary 
Post-Secondary Grad 

184 (22.80) 
136 (16.85) 
270 (33.46) 
217 (26.89) 

25.36 
16.78 
33.41 
24.45 

191 (24.46) 
104 (13.32) 
249 (31.88) 
237 (30.35) 

24.46 
13.32 
31.88 
30.35 

0.0445 

FH  - Any FDRs 
or SDRs  

No 
Yes 

466 (57.11) 
350 (42.89) 

63.47 
36.53 

679 (86.72) 
104 (13.28) 

86.72 
13.28 

<0.0001 

*Weighted proportion to account for sampling design 
Counts may not add up to total sample as missing data were excluded. 
FH, family history; FDR, first-degree relative; SDR, second-degree relative. 
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Table 16b - FEMALE – Comparison of Data-driven model by cases and controls 

Variable Division Cases (N=706) Controls (N=553) X
2
 Test 

P-value Un-weighted 
N (%) 

Weighted  
%* 

Un-weighted 
N (%) 

Weighted 
%* 

Diabetes Yes 
No 

61 (6.12) 
936 (93.88) 

6.79 
93.21 

37 (5.17) 
679 (94.83) 

5.17 
94.83 

0.1876 

Inflammatory 
Bowel Diseases 

Yes 
No 

47 (4.72) 
949 (95.28) 

4.28 
95.72 

16 (2.23) 
702 (97.77) 

2.23 
97.77 

0.0303 

Red Meat 
Consumption 

<1 Serving/wk 
1-3 Servings/wk 
4-6 Servings/wk 
≥7 Servings/wk 

50 (5.34) 
461 (49.20) 
243 (25.93) 
183 (19.53) 

5.68 
48.73 
25.10 
20.49 

48 (7.05) 
344 (50.51) 
170 (24.96) 
119 (17.47) 

7.05 
50.51 
24.96 
17.47 

0.3832 

Smoking Never Smoker  
>0 and <20 PYs 

20-29 PYs 
≥ 30 PYs 

513 (53.00) 
301 (31.10) 

58 (5.99) 
96 (9.92) 

53.96 
29.85 
6.12 

10.07 

347 (50.58) 
188 (27.41) 

44 (6.41) 
107 (15.60) 

50.58 
27.41 
6.41 

15.60 

0.0113 

Alcohol 
Consumption 

0 Drinks/wk 
1-2 Drinks/wk 
3-7 Drinks/wk 
>7 Drinks/wk 

529 (57.13) 
96 (10.37) 

156 (16.85) 
145 (15.66) 

57.82 
10.12 
17.02 
15.03 

381 (56.44) 
59 (8.74) 

134 (19.85) 
101 (14.96) 

56.44 
8.74 

19.85 
14.96 

0.4879 

Education < High School 
High School Grad 

Some Post-Secondary 
Post-Secondary Grad 

218 (21.87) 
224 (22.47) 
345 (34.60) 
210 (21.06) 

23.44 
24.09 
32.66 
19.81 

129 (18.07) 
155 (21.71) 
269 (37.68) 
161 (22.55) 

18.07 
21.71 
37.68 
22.55 

0.0163 

FH  - Any FDRs 
or SDRs  

No 
Yes 

610 (60.46) 
399 (39.54) 

65.26 
34.74 

543 (75.42) 
177 (24.58) 

75.42 
24.58 

<0.0001 

*Weighted proportion to account for sampling design 
Counts may not add up to total sample as missing data were excluded. 
PYs, pack years; FH, family history; FDR, first-degree relative; SDR, second-degree relative. 
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REGRESSION MODELING 

 

Model Selection  

Two pairs of models (Tables 17a, 17b) were run in a data-driven manner. For both males and 

females, base models were created without FH. All candidate variables were entered into the regression 

analysis, and final models include only significant (at p<0.05) predictor variables determined through 

backward elimination method for stepwise regression.  

Candidate Models 

Table 17a – MALE – Data-driven model 
eliminated and significant variables 

Variable P-value 

Eliminated Variables 

Diabetes 0.7406 

Smoking 0.6671 

Physical Activity 0.6007 

Vegetable Consumption 0.5728 

Education 0.3773 

Alcohol Consumption 0.1512 

Inflammatory Bowel Disease 0.0996 

Significant Predictors 

Age <0.0001 

BMI 0.0001 

NSAID Use 0.0450 

Red Meat Consumption 0.039 
NSAID, Non-steroidal anti-inflammatory; BMI, body mass 
index. 

Table 17b – FEMALE – Data-driven model 
eliminated and significant variables 

Variable P-value 

Eliminated Variables 

Vegetable Consumption 0.9701 

BMI 0.9471 

Diabetes 0.8111 

Red Meat Consumption 0.6830 

Estrogen Status 0.6061 

Alcohol Consumption 0.3719 

Physical Activity 0.2784 

Smoking  0.0544 

Significant Predictors 

Age 0.0055 

Inflammatory Bowel Diseases 0.0485 

NSAID Use 0.0008 

Education 0.0335 

 

The results of the multivariate models, including FH, are presented in Tables 18a and 18b. Age-

adjusted ORs are presented, to account for age differences that were apparent from the sampling 

design, and multivariate-adjusted ORs are presented for each variable included in the model. 

Males 

For the male population (Table 18a), the odds of CRC are statistically significantly increased for 

those in the ‘overweight’ and ‘obese’ categories, and for those who consume greater quantities of red 
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meat. Odds were significantly reduced for those who regularly used NSAID medication. As compared to 

those with no FH of CRC, the odds are significantly increased for those with a positive FH (OR=4.03).  

Table 18a – Male – Age and Multivariate adjusted ORs for Data-driven model 

Variable Division Age-Adjusted OR
a 

Multivariate-Adjusted OR
b 

OR 95% CI OR 95% CI 

BMI Under/Normal  
Overweight  

Obese  

1.00 
1.713 
1.935 

- 
1.308, 2.243 
1.371, 2.732 

1.00 
1.746 
1.850 

- 
1.316, 2.317 
1.289, 2.655 

Red Meat 
Consumption 

<1 Serving/wk 
1-3 Servings/wk 
4-6 Servings/wk 
≥7 Servings/wk 

1.00 
1.865 
2.593 
2.785 

- 
0.984, 2.533 
1.349, 4.983 
1.438, 5.392 

1.00 
1.754 
2.239 
2.567 

- 
0.909, 3.385 
1.142, 4.389 
1.298, 5.074 

NSAID use No 
Yes  

1.00 
0.598 

- 
0.354, 1.010 

1.00 
0.470 

- 
0.270, 0.816 

Age <40 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

1.00* 
0.556 
1.164 
0.238 
0.189 
0.272 
0.261 

- 
0.232, 1.330 
0.499, 2.718 
0.110, 0.516 
0.088, 0.404 
0.129, 0.575 
0.124, 0.550 

1.00 
0.592 
1.365 
0.255 
0.184 
0.298 
0.284 

- 
0.239, 1.468 
0.569, 3.276 
0.114, 0.569 
0.084, 0.406 
0.137, 0.646 
0.131, 0.616 

FH  - Any FDRs 
or SDRs 

No 
Yes 

1.00 
3.895 

- 
2.878, 5.271 

1.00 
4.034 

- 
2.957, 5.502 

a - Adjusted for age, due to important differences in the age distributions of cases and controls that may reflect the 
sampling design 

b - Adjusted for all covariates. 
* Unadjusted results for age. 

OR, odds ratio; CI, confidence interval; NSAID, non-steroidal anti-inflammatory; BMI, body mass index; FH, family history; FDR, 

first-degree relative; CRC, colorectal cancer. 

 

 

 

 

Females 

 

For the female population (Table 18b), the odds are significantly increased for those with 

inflammatory bowel diseases, and significantly decreased for those who regularly use NSAID medication 

and those who have a post-secondary education. As compared to those with no FH of CRC, there is a 

significant increase in odds for those with any affected first- or second-degree family members 

(OR=1.77).  
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Table 18b – Female – Age and Multivariate adjusted ORs for Data-driven model 

Variable Division Age-Adjusted OR
a 

Multivariate-Adjusted OR
b 

OR 95% CI OR 95% CI 

NSAID use No 
Yes  

1.00 
0.447 

- 
0.279, 0.718 

1.00 
0.478 

- 
0.307, 0.745 

Inflammatory 
Bowel Diseases 

No 
Yes 

1.00 
2.003 

- 
0.996, 4.030 

1.00 
2.089 

- 
1.023, 4.264 

Education < High School 
High School Grad 

Some Post-Secondary 
Post-Secondary Grad 

1.00 
0.794 
0.609 
0.617 

- 
0.545, 1.156 
0.434, 0.853 
0.420, 0.906 

1.00 
0.767 
0.590 
0.609 

- 
0.523, 1.123 
0.418, 0.832 
0.412, 0.901 

Age <40 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

1.00* 
1.027 
1.705 
0.681 
0.731 
0.792 
0.938 

- 
0.532, 1.983 
0.919, 3.163 
0.383, 1.210 
0.411, 1.299 
0.457, 1.374 
0.542, 1.621 

1.00 
1.114 
1.600 
0.662 
0.731 
0.794 
0.892 

- 
0.572, 2.172 
0.852, 3.005 
0.368, 1.190 
0.406, 1.319 
0.450, 1.400 
0.505, 1.575 

FH – Any FDRs or 
SDRs 

No 
Yes 

1.00 
1.706 

- 
1.313, 2.217 

1.00 
1.767 

- 
1.354, 2.304 

a - Adjusted for age, due to important differences in the age distributions of cases and controls that may reflect the 
sampling design 

b - Adjusted for all covariates. 
* Unadjusted results for age. 

OR, odds ratio; CI, confidence interval; NSAID, non-steroidal anti-inflammatory; BMI, body mass index; FH, family history; FDR, 

first-degree relative; CRC, colorectal cancer. 

 

ASSESSMENT OF DATA-DRIVEN MODEL PERFORMANCE 

 

Likelihood Ratio Tests 

With the addition of FH to the model, a statistically significant contribution to the model was 

observed for both models (Table 19). 

Table 19 – Likelihood ratio tests for Data-driven models 

Model Likelihood Ratio Δ df Δdf p-value  

Male 

Base model 1595.890  13 - - 

With FH 1506.560 89.33 14 1 <0.0001 

Female 

Base model 1598.070  12 - - 

With FH 1579.833 18.237 13 1 <0.0001 
df, degrees of freedom; FH, family history. 



49 
 

AUC comparison of Data-driven models 

 

The discriminatory ability of the models was assessed using the AUC.  AUC values, percentage 

change, significance of change are presented in Table 20, and ROC graphs comparing models with and 

without FH are presented in figures 8a (males) and 8b (females).  

 

Table 20 – Change in AUCs for base and FH-inclusive Data-driven models 

Model AUC Δ AUC p-value  

Male 

Base model 0.7250 - - 

With FH 0.7931 + 0.0681 0.0003 

Female 

Base model 0.6165 - - 

With FH 0.6475  + 0.0310 0.1605 
FH, family history; AUC, area under the curve. 

 

The base model of the male sample indicates moderate (acceptable)45 discriminatory ability. The 

change in AUCs shows a statistically significant increase in discrimination of + 0.0681 with the addition 

of FH to the model.  The discriminatory ability of the base model for the female sample was marginal, 

and an increase in AUC of +0.0310 is not statistically significant.  
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Figure 8a – Male - Data-driven model comparison 

Figure 8b – Female - Data-driven model comparison
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4)  STRATIFIED AND SENSITIVITY ANALYSES 

 

STRATIFIED SUB-ANALYSIS  

 

Due to lack of sufficient data in the <40 age group, the intended age-stratified analysis was not 

undertaken for the Clinical model due to a small sample size in the <40 age group.  The analysis was 

restricted to the ≥40 group. Frequency tables for the <40 age group, multivariate-adjusted ORs for the 

≥40 group, and comparison of AUCs of the ≥40 and the all ages groups are provided in Appendix F.  

Results for the ≥40s group were similar to those of the full sample. 

 

 

SENSITIVITY ANALYSES 

 

Polyp and Screening History 

The ‘Polyp and Screening History’ variable was removed from the model because we were 

concerned that its inclusion would conflate its status as a risk factor with its status as a marker of cancer 

detection. An analysis was run with the variable re-introduced to test the change in model performance 

with its inclusion. Results of the re-inclusion of the Freedman’s polyp/screening variable are shown in 

Tables 21a, 21b and 22.  

The inclusion of the Polyp and Screening History variable into the model had a very large effect 

on the model. Its inclusion controlled the model, with FH becoming statistically non-significant (Tables 

21a and 21b). The change in AUC with the addition of FH was +0.0034 in males and +0.0007 in females 

(Table 22).  
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Table 21a – MALE – Clinical model multivariate-adjusted ORs – Models with and without Polyp and 
Screening History 

 With Polyp/Screening 
OR  (95% CI) 

Without 
Polyp/Screening 

OR (95% CI) 

BMI  
Under/Normal  

Overweight  
  Obese 

 
1.00 

1.85 (1.31, 2.63) 
2.42 (1.52, 3.86) 

 
1.00 

1.89 (1.45, 2.48) 
2.27 (1.61, 3.19) 

Physical Activity  
0 hrs/week  

>0 and ≤2 hrs/week  
>2 and ≤4 hrs/week  

>4 hrs/week 

 
1.00 

1.21 (0.64, 2.31) 
0.85 (0.44, 1.64) 
1.34 (0.78, 2.29) 

 
1.00 

1.36 (0.83, 2.23) 
0.98 (0.58, 1.64) 
1.14 (0.75, 1.71) 

NSAID Use  
  No 

Yes 

 
1.00 

0.46 (0.23, 0.90) 

 
1.00 

0.55 (0.33, 0.93) 

Vegetables 
< 5 Servings/day 
≥5 Servings/day 

 
1.00 

1.72 (0.46, 6.44) 

 
1.00 

1.55 (0.52, 4.62) 

Smoking  
Never Smoker  

>0 and <20 PYs  
20-29 PYs  

≥ 30 PYs 

 
1.00 

1.08 (0.74, 1.59) 
0.93 (0.56, 1.56) 
0.95 (0.62, 1.46) 

 
1.00 

1.22 (0.91, 1.62) 
1.38 (0.93, 2.05) 
1.23 (0.89, 1.68) 

Age  
<40 

40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

 
1.00 

0.44 (0.13, 1.46) 
1.11 (0.36, 3.41) 
0.14 (0.05, 0.40) 
0.09 (0.03, 0.26) 
0.11 (0.04, 0.32) 
0.09 (0.03, 0.24) 

 
1.00 

0.58 (0.24, 1.39) 
1.02 (0.44, 2.37) 
0.21 (0.09, 0.46) 
0.15 (0.07, 0.34) 
0.23 (0.11, 0.49) 
0.22 (0.10. 0.47) 

FH  
0 FDRs with CRC 
1 FDR with CRC 

≥2 FDRs with CRC 

 
1.00 

1.31 (0.83, 2.07) 
2.89 (0.83, 10.04) 

 
1.00 

2.42 (1.66, 3.51) 
5.51 (1.81, 16.72) 

Polyp/Screening 
No Sigmoidoscopy/Colonoscopy   

Sigmoidoscopy/Colonoscopy and no HX Polyps 
Sigmoidoscopy/Colonoscopy and HX of Polyps 

Sigmoidoscopy/Colonoscopy and HX Polyps 
Unknown 

 
1.00 

39.71 (25.05, 62.94) 
108.54 (63.98, 184.15) 

20.87 (10.32, 42.21) 

 
- 

OR, odds ratio; CI, confidence interval; BMI, body mass index; PYs, pack years; FH, family history; FDR, first-degree 

relative; SDR, second-degree relative; HX, history. 
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Table 21b– FEMALE – Clinical model multivariate-adjusted ORs – Models with and without Polyp and 
Screening History 

With Polyp/Screening 
OR  (95% CI) 

Without 
Polyp/Screening 

OR (95% CI) 

BMI 
Under/Normal 

Overweight 
Obese 

1.00 
1.02 (0.72, 1.46) 
0.78 (0.51, 1.18) 

1.00 
1.12 (0.87, 1.44) 
1.06 (0.78, 1.43) 

Physical Activity 
0 hours/week 

>0 and ≤2 hours/week 
>2 and ≤4 hours/week 

>4 hours/week 

1.00 
0.73 (0.38, 1.42) 
0.86 (0.44, 1.64) 
0.86 (0.50, 1.48) 

1.00 
1.38 (0.88, 2.18) 
1.36 (0.88, 2.09) 
1.46 (1.01, 2.10) 

NSAID Use 
Yes 
No 

0.51 (0.28, 0.91) 
1.00 

0.48 (0.31, 0.75) 
1.00 

Vegetables 
< 5 Servings/day 
≥5 Servings/day 

1.00 
0.80 (0.43, 1.49) 

1.00 
0.81 (0.51, 1.29) 

Estrogen Status 
Negative 
Positive 

1.00 
0.78 (0.55, 1.11) 

1.00 
0.97 (0.76, 1.24) 

Age 
<40 

40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

1.00 
0.90 (0.36, 2.27) 
1.59 (0.66, 3.84) 
0.47 (0.20, 1.10) 
0.31 (0.13, 0.70) 
0.30 (0.14, 0.68) 
0.30 (0.14, 0.68) 

1.00 
0.58 (0.24, 1.39) 
1.02 (0.44, 2.37) 
0.21 (0.09, 0.46) 
0.15 (0.07, 0.34) 
0.27 (0.11, 0.49) 
0.22 (0.10, 0.47) 

FH - FDRs with CRC 
0 FDRs with CRC 
1 FDR with CRC 

≥2 FDRs with CRC 

1.00 
0.69 (0.45, 1.06) 
1.05 (0.37, 2.99) 

1.00 
1.21 (0.88, 1.66) 
1.67 (0.74, 3.76) 

Polyp/Screening 
No Sigmoidoscopy/Colonoscopy  

Sigmoidoscopy/Colonoscopy and no HX Polyps 
Sigmoidoscopy/Colonoscopy and HX of Polyps 

Sigmoidoscopy/Colonoscopy and HX Polyps 
Unknown 

1.00 
44.86 (29.25, 68.82) 

187.77 (110.57, 
318.85) 

22.24 (11.36, 43.56) 

- 

OR, odds ratio; CI, confidence interval; BMI, body mass index; FH, family history; FDR, first-degree relative; SDR, 

second-degree relative; HX, history. 
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Table 22 –Comparison of AUCs for models with and without Polyp and 
Screening History variable 

Model AUCs 
Without Polyp/Screening  

AUCs  
With Polyp/Screening 

Male 

Base  
FH - Included 

0.7246 
0.7623 

0.9004 
0.9038 

Δ AUC + 0.0377 + 0.0034 

P-value 0.0443 0.7619 

Female 

Base  
FH - Included 

0.6214 
0.6275 

0.8973 
0.8980 

Δ AUC + 0.0061 +0.0007 

P-value 0.7632 0.9508 

FH, family history; AUC, area under the curve. 

 

Estrogen Status 

In order to examine our coding of the estrogen status variable, we re-ran the multivariable 

analysis excluding female participants +/- 3 years of the average menopause age in Canada (51 years), 

since participants in this age group were the most likely to have been misclassified with respect to 

estrogen status. Differences in ORs for estrogen status as well as changes in AUC are presented in Table 

23. 

Table 23– Changes in model performance based on Estrogen Status 
definition 

 Clinical model  
(original) definition 

Excluding 
participants aged 

48-54 years 

OR - Estrogen Status 0.969 (0.755, 1.244) 1.076 (0.814, 1.422) 

 

AUC 
Base 

FH-Included 

 
0.6214 
0.6275 

 
0.6118 
0.6206 

Δ AUC + 0.0061 + 0.0088 

P-value 0.1605 0.6954 
OR, odds ratio; FH, family history; AUC, area under the curve. 

 

With the exclusion of participants 48-54 years of age, very little change in AUC with FH was 

observed compared with the primary analysis.  
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Identification of Participants with Lynch syndrome 

Participants who were coded as definitely fulfilling the Amsterdam criteria for Lynch syndrome 

were excluded prior to analysis. Participants coded as probably fulfilling the Amsterdam criteria (n=29) 

were further excluded to determine whether FH appeared to have an effect on the AUC for sporadic 

forms of CRC.  Changes for FH ORs and changes in the AUC are presented in Tables 24a and 24b. 

For both males and females, excluding such participants had little effect on the absolute change 

in the AUC when FH was added to the base model, however the change in AUC for males no longer 

remained significant (p=0.1292). 

Table 24a – MALE – Changes in model performance based on Amsterdam definition 

 Clinical model  
(original) definition 

Excluding participants fulfilling 
definite or probable Amsterdam 

criteria 

OR – FH 
1 FDR with CRC 

2+ FDR with CRC 

 
2.42 (1.66, 3.51) 

5.51 (1.81, 16.72) 

 
2.27  (1.56, 3.31) 
3.64 (1.15, 11.51) 

 

AUC 
Base 

FH-Included 

 
0.7246 
0.7623 

 
0.7248 
0.7539 

Δ AUC + 0.0377 + 0.0291  

P-value 0.0443 0.1292 
OR, odds ratio; FH, family history; CRC, colorectal cancer; AUC, area under the curve. 

 

Table 24b – FEMALE – Changes in model performance based on Amsterdam definition 

 Clinical model  
(original) definition  

 

Excluding participants fulfilling 
definite or probable Amsterdam 

criteria 

OR – FH 
1 FDR with CRC 

2+ FDR with CRC 

 
1.21 (0.88, 1.66) 
1.67 (0.74, 3.76) 

 
1.01  (0.73, 1.39) 
1.31 (0.56, 3.06) 

 

AUC 
Base 

FH-Included 

 
0.6214 
0.6275 

 
0.6107 
0.6116 

Δ AUC + 0.0061 + 0.0009 

P-value 0.7632 0.9628 
OR, odds ratio; FH, family history; CRC, colorectal cancer; AUC, area under the curve. 
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CHAPTER IV - DISCUSSION 

 

The 2009 NIH State-of-the-science panel established the need for evidence to support the use of 

FH information for common complex diseases such as CRC.12 The purpose of this project was to improve 

the underlying evidence base regarding the clinical validity of FH in CRC, specifically its value in risk 

classification. This project investigated whether the addition of a FH variable to regression models 

designed to classify CRC risk improved their performance. Additionally, differing definitions of FH of CRC 

were investigated to identify the definition with the best performance.  Evidence regarding clinical 

validity of FH will aid in informing clinical utility analyses.   

We developed two models, one based on the existing NCI (“Freedman”) tool 30 (the ‘clinical 

model’) and one which used all the variables available to us in the ARCTIC dataset (the ‘data driven 

model’). Clinical model analyses indicated that BMI, NSAID use, and FH were independent predictors of 

CRC for males, and that age and NSAID use were independent predictors of CRC for females.  

Overall, the core clinical models (without FH) were able to correctly classify about two-thirds to 

three-quarters of cases and controls to their correct status (true positives and true negatives). Even 

though the association between FH and case/control status was large, as judged by the odds ratios, the 

change in accuracy of risk classification was very slight (with absolute gains of less than 5% for males and 

1% for females), even if statistically significant for males.  Our data-driven model analysis indicated that 

age, BMI, NSAID use, consumption of red meat, and FH were independent predictors of CRC for males, 

and that age, NSAID use, inflammatory bowel disease, education, and FH were significant predictors for 

females.  

Similarly to the clinical models, the data-driven models were able to correctly classify two-thirds 

to three quarters of the participants to their correct disease status. The addition of FH to the base 
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models created larger changes in risk classification (6.8% males, 3.1% females) compared with the 

clinical models, however, this change remained statistically significant for males only. The ORs for FH 

were significant for both men and women, with values of 4.0 and 1.8 respectively. 

 The lack of statistically significant change in model discrimination for females, with the inclusion 

of FH, is surprising.  In the clinical model, there was no difference between cases and controls in terms 

of having a positive family history; in that case, FH was not a significant predictor of CRC risk. In the 

data-driven model, there was a significant difference between cases and controls in having a positive FH 

of CRC, however, the magnitude of the association (ORs) was not great (as compared to the males). It is 

possible that the magnitude of the effect of FH was not sufficient to significantly improve model 

discrimination.   

Thus, while the addition of FH to the models adds little to disease prediction for women, there 

is significant improvement in risk prediction for males in both the clinical and data-driven models. While 

the improvements to model performance were slight, FH remained an independent risk predictor of 

CRC. The minimal increase in model discrimination may indicate that FH may not be a useful risk factor 

for improving CRC risk models in this dataset.   

 From the FH modeling analyses, the “best” definition of FH was having at least one first- or 

second-degree relative with CRC. This is the broadest of the tested definitions, and the one for which 

most participants are likely to have a positive history. 

The model discrimination and improvements in risk classification determined through the 

clinical and data-driven modeling are consistent with findings from other assessments of FH in complex 

disease. Our model discrimination (AUCs) were comparable, if not slightly better (for males) to what has 

been achieved in a recently published CRC risk model replication study (which includes FH), which 

reported an AUC of 61 percent for men and women.31 It is also comparable to risk models in other 
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cancers (breast, lung, ovarian, melanoma)31 and cardiovascular disease,46 which generated AUCs ranging 

from 60 to 69 percent. The improvements in model discrimination, with the inclusion of FH, that were 

found are comparable in magnitude to those found in an assessment of the added values of FH in 

cardiovascular disease and coronary heart disease.46–48 

Other than FH, there was another exposure that had a statistically significant effect in all 

models. Regular NSAID use had a statistically significant protective effect. This finding is consistent with 

published evidence regarding the effect of NSAID medication in CRC risk.27,30,43,49,50 While the mechanism 

of this protective effect is not entirely understood, the main arguments currently suggest that NSAIDs 

reduce cell growth or inhibit tumor growth through altering insulin resistance.50,51  

 

Strengths and Limitations 

This study had both strengths and limitations. ARCTIC is a large dataset derived from the OFCCR 

32,33  with a broad range of risk factor data and the necessary FH information.  The OFCCR has been 

frequently used for investigation of various risk factors as well as genome-based studies.43,52–55 There 

were three major strengths in using this dataset. The first was the availability of a large dataset for the 

planned analyses. 

Secondly, the ARCTIC dataset questionnaires had detailed assessment of FH. This detailed 

information permitted the potential creation of multiple definitions of FH, which we were able to create 

and compare through regression analyses to identify the top performing FH definition for this dataset.  

The third major advantage was the careful ascertainment of cases in the original study through 

pathology records, meaning that misclassification of case status was unlikely.   

 However, working with a pre-existing dataset presented many challenges. The first was related 

to the unequal probability of sampling cases to participate in the OFCCR dataset. The oversampling of 

higher risk individuals meant that cases with a FH of CRC were more likely to be selected to participate 
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in the OFCCR than cases without a FH. This had the potential to create serious bias for our analysis of 

the association between FH and CRC (see Methods, Table 1). A mitigating factor was that all cases were 

sampled with a known probability so that the original study investigators were able to generate 

sampling weights to account for the unequal probability of selection of cases. Given the objectives of 

this thesis, this issue was discussed extensively within the Thesis Advisory Committee, and with 

biostatisticians familiar with the OFCCR data. The conclusion was that applying the appropriate sampling 

weights would limit any effect of the unequal probability of selection of cases related to FH.  

A second challenge, common to secondary analysis studies, was that our analysis was 

constrained by the variables and measurements used by the OFCCR. While a broad range of variables 

were available, some characteristics that we would have preferred to include in the clinical model (for 

comparability with Freedman’s work)30 were not available, not complete, or defined in a way quite 

different from the definitions used by Freedman and colleagues. This required the re-construction of 

variables based on the information available in the dataset, particularly relating to physical activity and 

alcohol consumption. For example, in the ARCTIC study, participants were asked to recall their physical 

activity levels and alcohol consumption from previous decades in lengthy series’ of questions and item 

non-response resulted in summary variables with high levels of missing data.  

All methods of dealing with missing data have limitations and may introduce bias. The potential 

for bias increases as the proportion of participants with missing data increases. In our dataset, we were 

most concerned about missing data for physical activity and alcohol consumption, which, upon initial 

creation, were missing in 16-22% of participants. The participant exclusion (also known as casewise 

deletion) approach would likely have introduced selection bias had we relied exclusively on this method 

for alcohol consumption and physical activity because those who had complete data may have differed 

from those with missing data; this method would also have substantially reduced our sample size for 

analysis.56,57  The variable deletion approach was not an option because it would have removed an 
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important predictor variable. We therefore chose to use a form of imputation based on making logical 

assumptions about the consistency of lifestyle habits over time, carrying forward values from an earlier 

decade when recent values were missing. Our imputation method assumed that the respondent’s report 

of the previous decade’s physical activity or alcohol consumption was representative of current use. If 

this assumption was incorrect for some participants, it would have led to some degree of exposure 

misclassification. We also appreciate that this method still carried the risk of differential missingness 

between cases and controls, given that the reasons for missingness were not known.56,57  

 The risk factor data (including FH) were collected through questionnaires. Self-report data have 

reported accuracy rates between 65-85%,58 dependent on both the population and the constructs 

measured.  Reviews of the accuracy of FH reporting indicate generally high specificity (correctly 

reporting absence of disease in relatives) but more modest sensitivity (correctly reporting affected 

relatives).59  Using self-report data carries the risk of introducing bias. For example, self-report data 

regarding BMI (measures of weight and height) are shown to be biased, as compared to direct measures 

of weight and height – prevalence of obesity was lower when calculations were based on self-report 

data.60 All self-report data carries the risk of inaccuracy of recall, particularly for variables that require 

recall of activities in previous decades, such as alcohol consumption and physical activity.   

More likely to have an effect on the validity of our results is the potential for recall bias 

(differential recall) of exposures between cases and controls.  It has been noted that cases are suspected 

of providing a more complete report of their true exposure to a risk factor, such as FH, 61 because of the 

personal experience of a serious illness. If cases were more likely to recall a positive FH when present, 

relative to controls, this would bias the estimate of the odds ratio for FH as a risk factor for CRC upward, 

i.e., it would inflate the estimated positive association between FH and CRC. 61 However, in our study, 

the odds ratios for FH as a risk factor for CRC were comparable to those found in a systematic review of 
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effect of FH in CRC, which diminishes our concern about the potential for recall bias to account for the 

observed association. 6 

While there was frequency matching by age (5-year age categories) and sex for cases and 

controls, there was still mismatch in age distribution between the two groups.  All models included age 

to control for this. However the estimates of the association of age with CRC cannot easily be 

interpreted as an exposure variable as age was part of participant selection criteria.  This mismatch in 

age-distribution could be due to differential response rates of participants -the frequency matching 

could have occurred at the sampling stage, and then older controls were those who were more likely to 

participate. The mismatch may also have resulted from the sample reduction process that was used to 

limit the impact of unequal probabilities of case selection in the OFCCR.  Due to the mismatch, model 

data regarding the effect of age was not interpreted.  

The selection of reference groups for regression models is important, as the choice of reference 

group can make estimates of association more difficult to interpret. For example, in the analyses 

conducted, the reference group of 0 drinks/week was used for the alcohol consumption variable. This 

group contains those who have never consumed alcohol and those who have stopped consuming it 

(possibly for health reasons). There may be differences in risk between these two groups represented in 

the 0 drinks/week category.  In the case of these analyses, the reference categories for included 

variables were chosen corresponding to those used in the Freedman model, or those used in other 

published analyses of CRC risk.  In further analyses, the low consumption group (1-2 drinks/week), could 

be considered for use as the reference group.  

We were sufficiently concerned about the structure or definition of some variables that we 

conducted sensitivity analyses to examine the robustness of our results.  Firstly, we were aware of likely 

differences in screening approaches and uptake between the population in which the Freedman model 
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was developed and our own study population, differences that might mean that the polyp and screening 

history variable would reflect more than just presence of pre-cancerous lesions. Sigmoidoscopy and 

colonoscopy are used more frequently as primary screening modalities (for general, asymptomatic, 

populations) in US healthcare than in Canada, where they are more likely to be used for next stage 

screening or diagnostic investigation because of symptoms or positive FOBT results.22,62 If so, this 

variable would be more likely to act as a marker of higher prior probability of disease and introduce 

selection (detection) bias for an analysis within a Canadian sample. The sensitivity analysis supported 

this concern, in that the variable became dominant in the model, with FH becoming non-significant as a 

predictor. We concluded that, in this dataset, polyp and screening history indeed indicated detection 

bias and its exclusion from the model was warranted.  While Polyp and Screening history were removed 

from the model, it is important to note that a history of polyps and history of colorectal screening are 

important predictors of CRC risk and important components of risk assessment and management.22,43 

These factors are important for consideration for inclusion when developing risk assessment models. 

The second sensitivity analysis was prompted because our dataset contained no definitive 

marker of estrogen status, which was a contributing predictive factor in Freedman’s clinical model. 

Rather, we had information on age and on use of hormone replacement medication, which we used to 

create a composite variable that we hoped would be a reasonable substitution. Without individual data 

on menopausal status, we had to use the average age of menopause in Canada as a proxy cut-off point, 

so we were concerned about potential misclassification. The sensitivity analysis indicated little change to 

the OR estimates (remained non-significant) when the proportion of the sample at greatest risk of being 

misclassified was removed, providing some confidence that our composite variable was a reasonable 

measure of estrogen status. 

Finally, in our consideration of CRC risk assessment, we wished to account for the fact that there 

are known genetic forms of the disease. The intention of the study was to gauge the value of FH as a 
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predictor relevant to the majority, so-called ‘sporadic’, forms of CRC, rather than the two specific 

syndromes, FAP and Lynch syndrome. These conditions would meet our simple ‘positive FH’ definitions 

used in our models, but more extensive FH evidence is required for their diagnosis. Variables in the 

ARCTIC dataset identified cases of FAP. There were also variables that identified both confirmed and 

probable Lynch syndrome cases.  We removed confirmed cases prior to all analysis, and wished to check 

the effect of a stricter exclusion policy (i.e., that our sample was as close as possible to only ‘sporadic’ 

cases of CRC) by further excluding probable cases of Lynch syndrome. These exclusions further reduced 

the change in AUC, in the clinical models, by 0.86%, however the change in AUC with the addition of FH 

was no longer statistically significant (p=0.129).   The small magnitude of the difference in the AUC 

change with these exclusions suggests that the presence of some cases of Lynch syndrome in the case 

sample is unlikely to account for the positive association we observed between FH and CRC in our main 

analyses.  While the AUC change did become non-significant, this could partially be due to the decrease 

in sample size. 

All the analyses in this project made use of fairly simple definitions of a positive FH. Definitions 

of FH used in chronic disease and cancer-specific studies frequently include number of affected family 

members as well as their age at diagnosis. 21,63–68  It is possible that the predictive accuracy of FH might 

be improved if stricter criteria were applied, such as a diagnosis in a relative before a defined age and/or 

requiring two or more affected relatives. These would have the effect of increasing specificity. 22 

Evaluating different FH criteria requires access to datasets that contain the full range of FH data for each 

individual as well as all other risk factor data. 

 The models used in these analyses have not been validated. Replication of these results is an 

important next step to develop a more robust evidence base; however this step is made difficult by the 

need to secure sufficiently large datasets that contain sufficient risk factor, FH, and disease outcome 

variables. Replication of the models in datasets derived from cohort studies or longitudinal analyses 
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would not only allow validation of these models, but would also allow for risk re-classification analysis.  

Risk re-classification analysis was not possible with case-control data, due to the baseline probability of 

disease being established by the study design (approximately 50%). Following a regression analysis with 

risk re-classification analyses would provide additional evidence on the clinical utility of FH in CRC risk 

assessment.   

 

Conclusions and Implications  

In this study, we demonstrated that adding a FH variable to an existing CRC risk assessment 

model (developed by Freedman and colleagues) appears to improve risk classification for males but not 

females. In a second model developed using all available variables in our dataset, the risk classification 

improved, with the addition of FH, to a greater degree, but similar to the clinical model, this increase 

was statistically significant only for males. However, in all models where improvement was observed, 

the absolute change in AUC was small.  

The clinical relevance of these increases in predictive accuracy depends on the changes in 

preventive and clinical management that follow. Risk re-classification analyses would provide further 

insight, including whether any improved performance of a model was related to reductions in false 

negatives, false positives, or both. A net reduction in false negatives implies better detection of those at 

genuinely increased risk, and enhanced surveillance activities. In contrast, a net reduction in false 

positive implies avoidance of unnecessary surveillance interventions in those who are not at increased 

risk. Risk re-classification analysis requires that risk cut-points and a minimal clinically significant 

difference be firmly established prior to completing the analysis so as to be able to determine whether 

an important change has occurred. 

Taking FH is a core element of health professional practice, but is an activity with opportunity 

cost at least in terms of professional time. Screening of patients through colonoscopy also carries costs 
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to the healthcare system, and risks to the patient being screened. Using the empirical data from risk re-

classification analysis in decision analytic modeling, for example, could help quantify the clinical utility of 

incorporating FH into screening and preventive efforts, promoting evidence-based use of scarce health 

resources.  
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APPENDIX B – OHREB Project Ethics Approval 
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APPENDIX C - OFCCR Family History Questionnaire  
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Source: Cancer Family Registries – Informatics Support Centre. 
http://www.coloncfr.org/questionnaires/Ontario/Ontario-FamilyHistory.pdf 

http://www.coloncfr.org/questionnaires/Ontario/Ontario-FamilyHistory.pdf
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 APPENDIX D – OFCCR Personal History Questionnaire 
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Source: Cancer Family Registries – Informatics Support Centre. 
http://www.coloncfr.org/images/questionnaires/Ontario/Ontario%20-%20Baseline.pdf

http://www.coloncfr.org/images/questionnaires/Ontario/Ontario%20-%20Baseline.pdf
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APPENDIX E – Sampling scheme and proband weight calculations from OFCCR 

 

 

Sampling schematic of OFCCR received via email from D. Daftary, MD, M.H.Sc. Cancer Care Ontario. March 14, 2013.  
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APPENDIX F – Stratified sub-analysis 

<40 group – Frequency tables 

Sub-analysis – MALE (<40) – Comparison of Clinical sample by cases and controls 

Variable Division Cases (N=59) Controls (N=12) 

N (%) N (%) 

BMI Under/Normal  
Overweight  

Obese  

19 (32.20) 
29 (49.15) 
11(32.20) 

6 (50.00) 
5 (41.67) 
1 (8.33) 

Physical 
Activity 

0 hours/week  
>0 and ≤2 hours/week  
>2 and ≤4 hours/week  

>4 hours/week  

2 (3.39) 
7 (11.86) 
5 (8.47) 

45 (76.27) 

2 (16.67) 
1 (8.33) 

2 (16.67) 
7 (58.33) 

NSAID use Yes  
No  

1 (1.69) 
58 (98.31) 

0 (0.00) 
12 (100.00) 

Vegetables <5 Servings/day  
≥5 Servings/day  

58 (98.31) 
1 (1.69) 

12 (100.00) 
0 (0.00) 

Smoking Never Smoker  
>0 and <20 PYs  

20-29 PYs  
≥ 30 PYs  

36 (61.02) 
20 (33.90) 

2 (3.39) 
1 (1.69) 

9 (75.00) 
2 (16.67) 
1 (8.33) 
0 (0.00) 

FH   0 FDRs with CRC 
1 FDRs with CRC 

2+ FDRs with CRC 

49 (83.05) 
8 (13.56) 
34 (3.39) 

12 (100.00) 
0 (0.00) 
0 (0.00) 

BMI, body mass index; PYs, pack years; FH, family history; FDR, first-degree 
relative; CRC, colorectal cancer. 
 

Sub-analysis – FEMALE (<40) – Comparison of Clinical sample by cases and controls 

Variable Division Cases  
(N=67) 

Controls  
(N=30) 

N (%) N (%) 

BMI Under/Normal  
Overweight  

Obese  

47 (70.15) 
14 (20.90) 

6 (8.96) 

17 (56.67) 
8 (26.67) 
5 (16.67) 

Physical 
Activity 

0 hours/week  
>0 and ≤2 hours/week  
>2 and ≤4 hours/week  

>4 hours/week  

6 (8.96) 
6 (8.96) 
6 (8.96) 

49 (73.13) 

4 (13.33) 
1 (3.33) 

5 (16.67) 
20 (66.67) 

NSAID use Yes 
No 

2 (2.99) 
65 (97.01) 

2 (6.67) 
28 (93.33) 

Vegetables <5 Servings/day  
≥5 Servings/day  

63 (94.03) 
4 (5.97) 

29 (96.67) 
1 (3.33) 

Estrogen 
Status 

Negative  
Positive  

0 (0.00) 
67 (100.00) 

0 (0.00) 
30 (100.00) 

FH   0 FDRs with CRC 
1 FDRs with CRC 

2+ FDRs with CRC 

49 (73.13) 
17 (25.37) 

1 (1.49) 

28 (86.11) 
1 (3.33) 
1 (3.33) 

BMI, body mass index; FH, family history; FDR, first-degree relative; CRC, 

colorectal cancer. 
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40 and over 

 

Comparison of ≥40 and All-ages Multivariate-adjusted ORs 

40 and over  – MALE - Multivariate-adjusted ORs  

 ≥40 OR  
(95% CI) 

All ages OR  
(95% CI) 

BMI 
Under/Normal 

Overweight 
Obese 

 
1.00  

1.892 (1.440, 2.486) 
2.238 (1.579, 3.171) 

 
1.00 

1.894 (1.450, 2.475) 
2.266 (1.608, 3.192) 

Physical Activity 
0 hrs/wk  

>0 and ≤2 hrs/wk  
>2 and ≤4 hrs/wk  

>4 hrs/wk 

 
1.00 

1.310 (0.795, 2.159) 
0.961 (0.567, 1.628) 
1.086 (0.714, 1.651) 

1.00 
1.363 (0.833, 2.229) 
0.980 (0.584, 1.644) 
1.135 (0.751, 1.713) 

NSAID use 
No 
Yes 

1.00 
0.546 (0.322, 0.925) 

1.00 
0.553 (0.328, 0.931) 

Vegetables 
<5 Servings/day  
≥5 Servings/day 

1.00 
1.490 (0.491, 4.520) 

1.00 
1.548 (0.519, 4.617) 

Smoking 
Never Smoker  

>0 and <20 PYs  
20-29 PYs  

≥ 30 PYs 

 
1.00 

1.185 (0.883, 1.590) 
1.380 (0.921, 2.067) 
1.206 (0.877, 1.659) 

1.00 
1.218 (0.914, 1.624) 
1.378 (0.925, 2.054) 
1.226 (0894, 1.681) 

Age  
<40 

40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

- 
1.00 

1.762 (0.899, 3.453) 
0.358 (0.197, 0.651) 
0.268 (0.151, 0.477) 
0.393 (0.224, 0.690) 

0.381 (00.218, 0.665) 

1.00 
0.577 (0.240, 1.388) 
1.015 (0.435, 2.368) 
0.207 (0.094, 0.456) 
0.154 (0.071, 0.335) 
0.226 (0.105, 0.485) 
0.219 (0.102, 0.468) 

FH - FDRs with CRC 
0 
1 

≥2 

 
1.00  

2.37 (1.63, 3.46) 
5.35 (1.75, 16.39) 

 
1.00 

2.42 (1.66, 3.51) 
5.51 (1.81, 16.72)  

OR, odds ratio; PYs, pack years; FH, family history; FDR, first-degree relative; CRC, colorectal cancer.  
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40 and over – FEMALE - Multivariate-adjusted ORs  

 ≥40 OR  
(95% CI) 

All ages OR  
(95% CI) 

BMI 
Under/Normal 

Overweight 
Obese 

1.00 
1.160 (0.897, 1.501) 
1.102 (0.810, 1.499) 

1.00 
1.121 (0.873, 1.438) 
1.057 (0.783, 1.426) 

Physical Activity 
0 hrs/wk  

>0 and ≤2 hrs/wk  
>2 and ≤4 hrs/wk  

>4 hrs/wk 

1.00 
1.340 (0.842, 2.132) 
1.393 (0.891, 2.177) 
1.451 (0.991, 2.122) 

1.00 
1.384 (0.881, 2.175) 
1.359 (0.882, 2.094) 
1.457 (1.009, 2.104) 

NSAID use 
No 
Yes 

1.00 
0.479 (0.304, 0.755) 

1.00 
0.478 (0.307, 0.745) 

Vegetables 
<5 Servings/day  
≥5 Servings/day 

1.00 
0.777 (0.483, 1.250) 

1.00 
0.812 (0.511, 1.288) 

Estrogen Status 
Negative 
Positive 

1.00 
1.030 (0.801, 1.324) 

1.00 
0.969 (0.755, 1.244) 

Age  
<40 

40-44 
45-49 
50-54 
55-59 
60-64 
65-69 

- 
1.00 

2.124 (1.253,3.600) 
0.787 (0.481, 1.288) 
0.724 (0.445, 1.178) 
0.763 (0.481, 1.209) 
0.920 (0.576, 1.479) 

1.00 
0.852 (0.461, 1.576) 
1.815 (1.001, 3.293) 
0.672 (0.382, 1.184) 
0.619 (0.354, 1.085) 
0.655 (0.383, 1.121) 
0.788 (0.458, 1.357) 

FH - FDRs with CRC 

0 
1 

≥2 

 
1.00 

2.37 (1.63, 3.46) 
5.35 (1.75, 16.39) 

 
1.00 

2.42 (1.66, 3.51) 
5.51 (1.81, 16.72) 

OR, odds ratio; PYs, pack years; FH, family history; FDR, first-degree relative; CRC, colorectal cancer 

 

 

Comparison of AUCs for the ≥40 and All-ages sample 

Comparison of ≥40 and all ages AUCs  

Model ≥40 
 AUC  

All ages  
AUC  

Male 

Base  
FH - Included 

0.7094  
0.7502  

0.7246 
0.7623 

Female  

Base  
FH - Included 

0.6157 
0.6219  

0.6214 
0.6275 

 




