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Abstract

Background—Eliciting patient preferences within the context of shared decision-making has 

been advocated for colorectal cancer screening. Risk stratification for advanced colorectal 

neoplasia (ACN) might facilitate more effective shared decision-making when selecting an 

appropriate screening option. Our objective was to develop and validate a clinical index for 

estimating the probability ACN at screening colonoscopy.

Methods—We conducted a cross-sectional analysis of 3,543 asymptomatic, mostly average risk 

patients 50–79 years of age undergoing screening colonoscopy at two urban safety net hospitals. 

Predictors of ACN were identified using multiple logistic regression. Model performance was 

internally validated using bootstrapping methods.

Results—The final index consisted of 5 independent predictors of risk (age, smoking, alcohol 

intake, height and a combined sex/race/ethnicity variable). Smoking was the strongest predictor 

(net reclassification improvement [NRI], 8.4%) and height the weakest (NRI, 1.5%). Using a 

simplified weighted scoring system based on 0.5 increments of the adjusted odds ratio, the risk of 

ACN ranged from 3.2% (95% CI, 2.6 to 3.9) for the low-risk group (score ≤ 2) to 8.6% (95% CI, 
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7.4–9.7) for the intermediate/high-risk group (score 3–11). The model had moderate to good 

overall discrimination (C-statistic, 0.69; 95% CI, 0.66–0.72) and good calibration (P=0.73 to 

0.93).

Conclusions—A simple 5-item risk index based on readily available clinical data accurately 

stratifies average-risk patients into low- and intermediate/high-risk categories for ACN at 

screening colonoscopy. Uptake into clinical practice could facilitate more effective shared 

decision-making for CRC screening, particularly in situations where patient and provider test 

preferences differ.

Introduction

Colorectal cancer (CRC) remains the third most commonly diagnosed cancer among men 

and women and the second overall leading cause of cancer-related death in the United States 

(1). Sufficient evidence has accumulated to suggest that screening is the most effective 

strategy for reducing the public health burden of this deadly disease and is now widely 

recommended by most authoritative groups (2–5). Each of these groups endorses a menu-

based approach for average risk patients 50 years of age that includes some combination of 

colonoscopy, fecal occult blood testing, flexible sigmoidoscopy, double contrast barium 

enema, CT colonography (“virtual colonoscopy”) or stool DNA testing. Although screening 

rates have steadily increased in recent years, approximately one-third of age-eligible 

Americans remain unscreened (6).

Eliciting patient preferences within the context of shared decision-making has been endorsed 

as an appropriate and potentially effective strategy for increasing CRC screening rates (2–5). 

CRC screening is ideally suited for this approach given the availability of multiple options 

with distinct advantages and disadvantages, the lack of consensus regarding an optimal cost-

effective strategy, and limited effectiveness of the more traditional paternalistic approach 

where primary care providers assume full responsibility for the decision-making process. 

Nevertheless, existing data suggest that many providers are reluctant to comply with patient 

preferences (7, 8). A reliable risk index for estimating individual probability of advanced 

colorectal neoplasia (ACN), the target lesion for CRC screening (9), would provide 

clinicians with objective decisional support when considering patient preferences and 

thereby potentially enhance the effectiveness of SDM. Although a number of prediction 

models have been proposed for ACN, the majority were developed and validated in select 

patient populations and/or included individuals at increased risk of disease because of a 

family history (10). Hence, the principal objective of this study was to develop and validate 

a simple risk index for ACN based on readily available clinical data that accurately stratifies 

a diverse average-risk patient population into low- and intermediate/high-risk categories for 

ACN.

Methods

Study Design

We conducted a cross-sectional study of consecutive asymptomatic, mostly English-

speaking, average risk patients presenting to the endoscopy unit at Boston Medical Center 
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and Tufts Medical between March 22, 2005 and January 31, 2012. Potential study 

participants were identified from the appointment logs and assessed for eligibility by one of 

the study coordinators in the endoscopy unit just prior to their scheduled procedure. The 

study protocol was approved by the Boston University Medical Campus and Tufts Medical 

Center Institutional Review Boards.

Setting and Participants

Boston Medical Center (BMC) is a private, community-based, academic medical center and 

the largest safety net hospital in New England. Approximately 70% of BMC’s patients are 

from low-income, minority groups (35% black, 19% Hispanic, 4% Asian, and 11% other) 

and rely on government payors for their coverage. Tufts Medical Center is also an urban 

private, academic medical center that cares for a diverse patient population (70% white, 10% 

black, 10% Asian and 9% Hispanic). Tufts was added as a second study site in September 

2009 to bolster recruitment and increase the representation of Asian patients in the study 

population. More than 95% of patients from both sites have medical insurance as a result of 

the Massachusetts Health Reform Law.

Patients were deemed eligible for this analysis if they were 50 to 79 years of age and due for 

CRC screening in accordance with current guidelines. Patients with indications other than 

screening, such as the presence of lower gastrointestinal symptoms, iron deficiency anemia, 

positive fecal occult blood testing or surveillance because of a personal history of colorectal 

neoplasia or chronic inflammatory bowel disease, were ineligible. Patients undergoing 

screening because of a family history of CRC or colorectal polyps affecting a first-degree 

relative before age 60 were also ineligible, on grounds that most authoritative groups 

endorse colonoscopy as their preferred screening strategy for these high-risk groups rather 

than an option-based approach driven by patient preferences (2).

Survey Methodology

The risk assessment questionnaire was self-administered to consenting patients with 

adequate literacy skills using a scannable, paper-based data collection form devoid of patient 

identifiers. A trained interviewer technique was used for patients with low literacy skills. 

The survey took ~ 5 minutes to complete.

Details of our survey instrument have been previously published (11). The questionnaire 

initially included all 21 items of the original YourDiseaseRisk (YDR) index for CRC, a web-

based adaptation of the validated Harvard Cancer Risk Index (12, 13), and 15 additional 

items related to other putative risk factors for ACN (Supplement 1). In July 2007, the 

questionnaire was modified to reflect changes in the YDR index (Supplement 2) (14), 

specifically omitting the vegetable intake item, adding a dairy intake item and expanding 

prior screening behavior to include virtual colonoscopy and stool-based DNA testing.

Colonoscopy findings and histology

All screening colonoscopies were performed by board-certified attending gastroenterologists 

alone or assisted by a gastroenterology fellow. Endoscopic data, including the size (mm) and 

location of any polyps or masses, depth of scope insertion, and quality of the bowel 
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preparation were abstracted from the computerized colonoscopy reports. All retrieved 

polypoid lesions or biopsy specimens were reviewed initially by board-certified pathologists 

and classified according to World Health Organization histologic criteria (15); each also 

underwent a second review by a gastrointestinal pathologist with expertise in colorectal 

neoplasia. The GI pathologist re-reviewed any variances in classification to establish the 

final determination. An advanced colorectal neoplasm was defined as a tubular adenoma ≥ 

10 mm in size, an adenoma of any size with villous features or high grade dysplasia, a 

dysplastic serrated lesion of any size, or invasive cancer (16, 17). Patients with multiple 

polyps submitted individually or collectively in a single specimen container were classified 

on the basis of their most advanced histology.

Outcome

The primary outcome was prevalence of ACN, defined as the proportion of evaluable 

patients with ACN. Patients with incomplete examinations due to poor bowel preparation or 

failure to reach the cecum for reasons other than a poor bowel preparation or obstructing 

neoplasm were excluded from analysis if they did not undergo a complete examination 

within 1 year. Patients with unretrieved polyp specimens were also excluded.

Statistical Analyses

All statistical analyses were done using SAS, version 9.4, software (SAS institute Inc., Cary, 

NC, USA.)

Sample Size and Power Estimates

Power considerations focused on identifying independent dichotomous predictors in a 

multivariable logistic regression model for ACN. Assuming an overall prevalence of ACN 

of 4.6% (18) and a low correlation between the predictor and other covariates in the model 

(R2 =0.10), a sample of 4000 patients would provide 80% power of detecting an adjusted 

odds ratio of 1.65 or 0.61 (testing at the two-tailed 0.05 level) for a predictor with 

prevalence of 20% and 1.58 or 0.63 for a predictor with prevalence of 40% (19). Based on a 

revised estimate of the overall prevalence of ACN of 5.5%, which was less than the final 

prevalence of 5.7%, it was determined that a sample of 2,952 would provide similar power.

Model Development

Although data for primary risk factors were missing on only 5.6% of the observations for the 

primary modeling variables, this proportion was similar to the observed event rate for ACN. 

Thus, the Expectation-Maximization (EM) algorithm was used to obtain estimates of the 

variance-covariance matrix and model coefficients for logistic regression models predicting 

ACN (20). Estimation and testing of model coefficients was done across 5 imputed datasets, 

each containing substituted values for missing data that reflected estimates derived from 

other observations in the original dataset. The variance estimates for testing and confidence 

intervals accounted for the variability between values on the imputed datasets (21). Imputed 

values were used directly in the model development without any rounding for binary 

variables.
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Simple associations of patient risk factors with the presence of ACN were tested using 

logistic regression models on the imputed data. Associations were summarized by the odds 

ratio for ACN and associated 95% confidence intervals. Candidate predictors with P values 

less than 0.20 in the univariable analyses were included into a multivariable logistic 

regression. Backward selection was used to remove variables with insignificant (P≥ 0.05) 

contributions to multivariable model fit. Based on published data (11, 22), an interaction 

between race/ethnicity and sex was tested. Internal validity for selected variables was 

summarized by the percentage of times that each variable was statistically significant 

(P<0.05) and would have been scored (with an odds ratio greater than 1.25) on 1000 

bootstrap samples of 3453 patients per sample with replacement from the original imputed 

study dataset.

The Net Reclassification Improvement (NRI) was used to summarize the improvement in 

classification when a predictor identified in the multivariable logistic model was added to 

the model (23, 24). Patients were classified as predicted to have ACN if their predicted 

probability from the model was greater than 5.7%, the mean overall prevalence of ACN in 

the dataset. The NRI is estimated by calculating the net percentage of patients with ACN 

that were reclassified from low-risk to intermediate/high-risk added to the percent of 

subjects without ACN that were reclassified from intermediate/high-risk to low-risk when 

the predictor was added to the regression model. Thus, higher NRI values are associated 

with greater improvement in appropriate classification of subjects. The calculated NRI value 

should not be interpreted an estimate of proportional risk for the outcome of interest.

Model Performance

Model performance was assessed by the C-statistic for discrimination by calculating the area 

under the receiver-operating characteristic (ROC) curve and by plots of model calibration. 

Confidence limits for the area under the ROC curve were generated from the 2.5% and 

97.5% percentiles from prediction on regression models generated on the 1000 imputed 

bootstrap datasets to provide estimates of precision and internal validity. Model calibration 

comparing observed and predicted ACN rates across deciles of predicted risk were checked 

on each of the 5-imputed datasets and tested for statistical significance using the Hosmer 

and Lemeshow goodness-of-fit test.

ACN Scoring Algorithm

Points were assigned to each predictor based on the number of 0.5 levels above the referent 

odds of 1.0, rounded to the nearest level. Individual risk estimates were based on the sum of 

weighted scores for each variable. To create an easy to use two-tier risk stratification index, 

individual cumulative scores were collapsed into low- and intermediate/high-risk categories 

based on the corresponding observed rates of ACN. Adjusted 95% confidence intervals for 

the rate of ACN were generated for each risk category using the bootstrap methods 

described above. The actual cut-point was optimized to insure that: (1) the prevalence of 

ACN in the low-risk group was sufficiently low (range, 2–3% (25)) to influence provider 

decision-making, and (2) the proportion of patients categorized as low-risk was large enough 

to be clinically relevant, recognizing that approximately 30 to 60% of patients may prefer 

tests other than colonoscopy (8, 26, 27).
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Results

Patient Characteristics

Figure 1 depicts the number of pre-screen eligible patients who declined to participate, 

deemed ineligible based on inclusion/exclusion criteria, or excluded because of inadequate 

bowel preparation, incomplete examination for reasons other than an inadequate bowel 

preparation, or failed polyp retrieval for each sample. Table 1 presents the ccharacteristics of 

the 3,543 participants included in the study with 98.4% enrolled at BMC, 74.7% aged 50 to 

59 years, 50.5% black with an equal percentage of males and females. The mean overall rate 

of ACN was 5.7% (95% CI, 5.0–6.6%).

Model Composition

Univariable associations between potential risk factors and ACN are presented in Table 1. 

Age as a continuous variable, height, smoking behavior, alcohol intake, NSAID use, red 

meat consumption and family history of CRC affecting a first-degree relative at age ≥60 had 

P values less than 0.20 and were included as covariates in the multivariable logistic 

regression models. Results from a logistic regression model with terms for sex and race/

ethnicity supported the inclusion of an interaction term for race/ethnicity by sex (P<0.001). 

Multivariable model coefficients, odds ratio estimates and 95% confidence intervals for the 

imputed datasets are given in Table 2. After adjustment, only age, a combined sex/race/

ethnicity variable, smoking, alcohol intake, and height remained significant (P<0.05) and 

were included in the final model. Each of the selected variables had positive NRIs and was 

significant (odds ratio > 1.25) in more than 50% of bootstrap samples with repeated 

sampling (Table 2). Conversely, NSAID use, meat consumption and family history were 

excluded since they were not statistically significant after adjustment for the other covariates 

in the model, had low or negative NRIs, and were statistically significant in less than 50% of 

samples with repeated sampling.

Model Performance and Validation

The final model demonstrated moderate to good discrimination (c-statistic, 0.69; 95% CI, 

0.66–0.72) on the imputed dataset. Performance varied by race and ethnicity with the 

strongest discrimination for whites (C=0.73; 95% CI, 0.68–0.77) followed by Hispanics 

(C=0.66; 95% CI, 0.53–0.78), blacks (C=0.63; 95% CI, 0.57–0.69) and others (C=0.59; 95% 

CI, 0.44–0.74), but these differences did not achieve significance because of overlapping 

confidence internals. Performance also varied by sex with stronger discrimination for males 

(C=0.69; 95% CI, 0.65–0.73) than females (C=0.66; 95% CI, 0.60–0.71), but these 

differences were again non-significant. As shown in Figure 2, there were no systematic 

biases in agreement with observed and predicted rates of ACN across deciles of predicted 

risk (Hosmer-Lemeshow test, P=0.73 to 0.92). The NCI, reflecting the improvement in 

appropriately identifying individuals with ACN as intermediate/high or low risk, was 

strongest for the smoking variable for which there was a net improvement of 8.4% in 

classification when compared to a model lacking this variable (Table 2). The net 

improvement in classification for inclusion of the other variables was 2.2% for the race/

ethnicity by sex interaction, 1.7% for both age and alcohol, and 1.5% for height.
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ACN Scoring Algorithm

Each of the 5 predictors were assigned a point value based on the number of 0.5 levels 

above the referent odds of 1.0, rounded to the nearest level (Table 3). For the combined sex/

race/ethnicity variable, white males were assigned a score of 2 based on the observed odds 

ratio of 1.79 (P=0.022); scores of 0 were assigned to each of the other groups, except black 

males, since none of the adjusted odds ratios were significant. Black males were assigned a 

1-point score based on published data demonstrating significantly higher rates of ACN 

compared to non-Hispanic white women (11, 22, 28, 29). Summing the points yielded total 

risk scores that ranged from 1 to 11 with the higher scores indicating greater predicted risk 

for ACN. Mean ACN rates for each of these scoring categories are shown in Table 4. Scores 

were collapsed into two categories, scores 1 to 2 or greater than 3, to identify potential low-

risk and intermediate/high-risk individuals, respectively. The mean ACN rate in the low 

risk-group was 3.2% (95% CI, 2.6–3.9%) and 8.6% (95% CI, 7.4–9.7%) for the 

intermediate/high-risk group. The proportion of patients with ACN identified as 

intermediate/high-risk was 70.1% (95% CI, 63.6–76.3) and the proportion without ACN 

with estimated low-risk was 54.4% (95% CI, 52.7–56.0).

Discussion

Risk stratification for ACN provides a rational strategy for facilitating shared-decision 

making when selecting an appropriate CRC strategy and for improving the cost-

effectiveness of screening colonoscopy. An essential prerequisite to this approach is the 

availability of an accurate risk assessment tool. Our study finds that a simple, user-friendly 

index, hereafter referred to as the Advanced Colorectal Neoplasia Index (ACNI), comprised 

of five predictors of risk (age, a combined sex/race/ethnicity variable, smoking, alcohol 

consumption and height) accurately stratifies a diverse population of average-risk patients 

for CRC into low- and intermediate/high risk groups for the presence of ACN at screening 

colonoscopy.

One measure of the likely validity of a risk index relates to the evidence base for the key 

predictors. Each of the ACNI predictors is an established risk factor for both advanced 

adenomas and invasive cancer. Positive associations with increasing age (30), male sex (31), 

alcohol use (32, 33), long-term exposure to cigarette smoke (34) and tallness (35, 36) have 

been affirmed by numerous observational studies. Data regarding associations between race/

ethnicity and ACN, however, have been more conflicting and appear to vary on the basis of 

age and sex (22, 28, 29, 37, 38). After controlling for other determinants of risk and the 

interaction between sex and race/ethnicity, we observed significantly higher rates of ACN 

among non-Hispanic white males than other racial groups, including blacks, as previously 

reported (11). We speculate that selection bias related to access to screening colonoscopy 

and failure to account for differential exposure to modifiable risk factors for ACN, including 

prior colonoscopy, might account for the much of the variance between our findings and 

studies that find similar (29, 37, 38)or higher (22, 28) rates of ACN among black males 

compared to white males. Population-based data demonstrating that non-Hispanic white 

males also had the highest incidence rates of CRC in the 1980s prior to the surge in 

screening lends credence to our findings (39). Although absolute rates of disease varied 
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among males and females for the other racial and ethnic groups studied, no significant 

difference were observed, presumably due to the relatively low prevalence of ACN and 

small sample size. Even if significant differences were observed in a larger study, existing 

prevalence data would suggest that the magnitude of difference is unlikely to warrant a 

change in the weighted score. The sole exception would be black males for whom there is 

compelling evidence of increased risk compared to non-Hispanic white women to warrant 

our assignment of 1 point in our scoring system (11, 22, 28, 29). The exclusion of many 

other candidate predictors from our model (e.g., BMI) in no way refutes their importance as 

risk factors for ACN, since our study has insufficient power for validating the significance 

of factors with low exposure rates or low attributable risk in the general population.

Besides including credible predictors, an index should meet performance standards related 

to discrimination (ability to distinguish low from high risk individuals), calibration 

(agreement between observed and predicted outcomes) and internal validity. Although our 

index demonstrated only moderate to good discriminative ability, its performance compares 

favorably with the discriminative ability of other existing models for both average (10) and 

high-risk patients (40). Nevertheless, extrapolation of our findings suggest that as many as 

30% of patients without ACN will be misclassified as “intermediate/high-risk” (false 

positives) that as many as 45% of patients with ACN may be misclassified as “low-risk” 

(false negatives). Nevertheless, even poorly discriminating models may have clinical utility 

in situations where the clinical decision is a “toss up” as in the case of CRC screening test 

selection (41), or where there is a lack of consensus regarding a single best option (42, 43). 

The variable performance of the model as a function of sex and race/ethnicity suggests that 

other risk factors not included the model may be important predictors of ACN in select 

patient populations. Nevertheless, the model was well calibrated and internally validated 

using bootstrapping methods. Although internal validation methods are more prone to 

overfitting than external validation, the use of bootstrapping is more efficient than split-

sample validation and provides more stable estimates with less bias than cross-validation 

methods (44).

Our index addresses many of the limitations of previously described prediction models for 

colorectal neoplasia. First, our index provides real-time estimates of risk for existing ACN 

rather than projections for the future development of CRC (14, 45, 46), thus enhancing its 

potential utility for facilitating effective shared decision-making for individual patients. 

Second, our index targets both advanced adenomas and cancers rather than just cancers. 

Although most studies have observed few differences between risk factors for non-advanced 

adenomas, advanced adenomas and invasive cancers, we have previously shown that the 

Your Disease Risk index lacks accuracy for discriminating those at low versus intermediate 

or high risk for ACN at screening colonoscopy (47). Third, unlike the risk index proposed 

by Imperiale and colleagues (48), our index provides risk estimates for ACN arising 

anywhere in the large bowel rather than just the proximal colon and also obviates the need 

for flexible sigmoidoscopy. Fourth, the inclusion of a racially and ethnically diverse patient 

population enhances the generalizability of our index and differs from other prediction 

models (49–52), which were mostly derived and validated in select patient groups. Lastly, 
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our model employs a relatively simple scoring system compared to recent models (53), thus 

increasing the likelihood of uptake in clinical practice.

Our study has several unique strengths. The racial, ethnic and socioeconomic diversity of 

our study population satisfies a National Cancer Institute recommendation and enhances the 

generalizability of our findings (54). Our recruitment strategy enabled us to maximize our 

response rate and minimize selection bias. Our study protocol minimized recall bias, since 

patients completed the questionnaire prior to undergoing their screening colonoscopy and 

thus were unaware of the findings of their examination. Lastly, we restricted our analyses to 

patients with complete examinations with adequate preparations and complete retrieval of all 

polyp specimens to minimize misclassification.

Our study also had several important limitations. First, we failed to validate the performance 

on our index on an external dataset, so concerns about overfitting and generalizability are 

warranted. Second, although patients were recruited consecutively and enrollment was high, 

the use of a convenience sample also raises concern about potential selection bias. Third, 

despite the large number of candidate predictors examined, we failed to consider other 

putative anthropomorphic (e.g., hip-to-waist circumference) or biological (e.g., C-reactive 

protein levels) determinants of risk. Although the inclusion of such predictors might have 

enhanced the discriminative ability of our index, we speculated that logistical challenges 

related to real-time measurement during the clinician-patient encounter might deter adoption 

into clinical practice. Similarly, we also opted to exclude potential socioeconomic 

determinants of risk because the content of our questionnaire and setting captured the likely 

mediators of the increased risk of CRC among disadvantaged populations, namely adverse 

health behaviors (e.g., obesity, smoking, unhealthy diet and physical activity) and poor 

access to screening (55, 56). Fourth, we relied on the subjective judgment of multiple 

endoscopists to provide data about polyp size, thereby raising the possibility of 

misclassification for ACN defined by size alone (57). Fifth, our reliance on self-reported 

data raises the possibility of social response bias, particularly with respect to BMI, alcohol 

consumption and smoking history. Lastly, the model was derived based on a cross-sectional 

analysis of patients willing to undergo screening colonoscopy and hence its validity among 

patients unwilling or unable to undergo screening colonoscopy is unknown.

Despite the limitations, our index provides a clinically useful tool for facilitating shared 

decision-making related to colorectal cancer screening, particularly in situations in which 

provider and patient preferences differ. Conceptually, providers who prefer colonoscopy 

may be more willing to comply with patient preferences for tests other than colonoscopy for 

individuals at low risk; alternatively, patients who prefer tests other than colonoscopy may 

be more receptive to colonoscopy if informed that they are increased risk. We have 

previously reported that most primary care providers were willing to use such a tool, 

assuming that it minimized disruptions to workflow, was easy to use and required minimal 

time to complete (25). The ACNI’s simple scoring algorithm using readily available clinical 

information satisfies these prerequisites, especially if adapted into an electronic format and 

automated within electronic health records.
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In conclusion, we have developed and internally validated a new risk prediction index for 

ACN that stratifies average-risk patients into low- and high-risk categories for ACN at 

screening colonoscopy. Although performance varied on the basis of sex and race/ethnicity, 

we believe that the index has adequate discriminative ability to facilitate shared decision-

making related to screening test selection and individualized risk assessment, particularly in 

situations where patient and provider preferences differ. Future studies are needed to 

externally validate the performance of the index among diverse populations and to 

determine the extent to which providers are willing to incorporate such a tool into clinical 

practice.
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Acknowledgments

The authors thank Alison Coe, MA, Shamini R. Mylvanaman, MPH; Maria A. Lydotes, BS; Patricia A. Robinson, 
BSN; Julie T. Davis, MPH; Tania Medeiros, MPH; William Lopez, BA; Carolyn Borsch, MPH; and Jennifer 
Farraye, MSN from the Department of Medicine, Boston University School of Medicine and Harmony V. Allison, 
MD from the Department of Medicine, Tufts Medical Center for their assistance with data acquisition. They also 
thank Christine Chaisson, MPH from the Data Coordinating Center, Boston University School of Public Health for 
her oversight of data management, Graham Colditz, MD, DrPH from the Division of Public Health Sciences, 
Department of Surgery, Washington University School of Medicine for his insightful assistance in the design of the 
study, and Linda Rosen, MSEE from the Clinical Data Warehouse, Boston Medical Center for her technical 
support. No compensation was given for these contributions.

Guarantor of the article: Paul C. Schroy III, MD, MPH

Financial support: The study was funded by the National Cancer Institute, National Institutes of Health 
(CA13119). The sponsors had no role in the design and conduct of the study; collection, management, analysis, and 
interpretation of the data; preparation, review, or approval of the manuscript; nor decision to submit the manuscript 
for publication.

References

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin. 2014; 64:9–29. 
[PubMed: 24399786] 

2. Levin B, Lieberman DA, McFarland B, Smith RA, Brooks D, Andrews KS, et al. Screening and 
surveillance for the early detection of colorectal cancer and adenomatous polyps, 2008: A joint 
guideline from the American Cancer Society, the U.S. Multi-society Task Force on Colorectal 
Cancer, and the American College of Radiology. CA Cancer J Clin. 2008; 58:130–60. [PubMed: 
18322143] 

3. U.S. Preventive Services Task Force. Screening for colorectal cancer: U.S. Preventive Services Task 
Force recommendation statement. Ann Intern Med. 2008; 149:627–37. [PubMed: 18838716] 

4. Rex DK, Johnson DA, Anderson JC, Schoenfeld PS, Burke CA, Inadomi JM. American College of 
Gastroenterology guidelines for colorectal cancer screening 2009 [corrected]. Am J Gastroenterol. 
2009; 104:739–50. [PubMed: 19240699] 

5. Qaseem A, Denberg TD, Hopkins RH Jr, Humphrey LL, Levine J, Sweet DE, et al. Screening for 
colorectal cancer: A guidance statement from the American College of Physicians. Ann Intern Med. 
2012; 156:378–86. [PubMed: 22393133] 

6. Centers for Disease Control and Prevention. Vital signs: Colorectal cancer screening test use–United 
States, 2012. MMWR Morb Mortal Wkly Rep. 2013; 62:881–8. [PubMed: 24196665] 

7. Schroy PC 3rd, Emmons K, Peters E, Glick JT, Robinson PA, Lydotes MA, et al. The impact of a 
novel computer-based decision aid on shared decision making for colorectal cancer screening: A 
randomized trial. Med Decis Making. 2011; 31:93–107. [PubMed: 20484090] 

Schroy et al. Page 10

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Hawley ST, McQueen A, Bartholomew LK, Greisinger AJ, Coan SP, Myers R, et al. Preferences for 
colorectal cancer screening tests and screening test use in a large multispecialty primary care 
practice. Cancer. 2011; 118:2726–34. [PubMed: 21948225] 

9. Winawer SJ, Zauber AG. The advanced adenoma as the primary target of screening. Gastrointest 
Endosc Clin N Am. 2002; 12:1–9. v. [PubMed: 11916153] 

10. Ma GK, Ladabaum U. Personalizing colorectal cancer screening: A systematic review of models to 
predict risk of colorectal neoplasia. Clin Gastroenterol Hepatol. 2014; 12:1624–34. [PubMed: 
24534546] 

11. Schroy PC 3rd, Coe A, Chen CA, O’Brien MJ, Heeren TC. Prevalence of advanced colorectal 
neoplasia in white and black patients undergoing screening colonoscopy in a safety-net hospital. 
Ann Intern Med. 2013; 159:13–20. [PubMed: 23817700] 

12. Colditz GA, Atwood KA, Emmons K, Monson RR, Willett WC, Trichopoulos D, et al. Harvard 
report on cancer prevention volume 4: Harvard Cancer Risk Index. Cancer Causes Control. 2000; 
11:477–88. [PubMed: 10880030] 

13. Kim DJ, Rockhill B, Colditz GA. Validation of the Harvard Cancer Risk Index: A prediction tool 
for individual cancer risk. J Clin Epidemiol. 2004; 57:332–40. [PubMed: 15135833] 

14. Siteman Cancer Center at Barnes-Jewish Hospital and Washington University Schooof Medicine. 
Your Disease Risk. Accessed at http://www.yourdiseaserisk.wustl.edu/ on 23 May 2014

15. Konishi F, Morson BC. Pathology of colorectal adenomas: A colonoscopic survey. J Clin Pathol. 
1982; 35:830–41. [PubMed: 7107955] 

16. O’Brien MJ, Winawer SJ, Zauber AG, Gottlieb LS, Sternberg SS, Diaz B, et al. The National 
Polyp Study. Patient and polyp characteristics associated with high-grade dysplasia in colorectal 
adenomas. Gastroenterology. 1990; 98:371–9. [PubMed: 2403953] 

17. Snover, D.; Ahnen, D.; Burt, RW.; Ozde, RD., et al., editors. WHO Classification of Tumors 
Pathology of the Digestive System. 4th. Berlin, Germany: Springer-Verlag; 2010. Serrated polyps 
of the colon and rectum and serrated (“hyperplsatic”) polyposis. In: Bozman FT, Carneiro F, 
Hruban RH, Theise ND.

18. Levitzky BE, Brown CC, Heeren TC, Schroy PC 3rd. Performance of a risk index for advanced 
proximal colorectal neoplasia among a racially/ethnically diverse patient population. Am J 
Gastroenterol. 2011; 106:1099–106. [PubMed: 21326221] 

19. Hsieh FY, Bloch DA, Larsen MD. A simple method of sample size calculation for linear and 
logistic regression. Stat Med. 1998; 17:1623–34. [PubMed: 9699234] 

20. Dempster A, Laird N, Rubin D. Maximum likelihood from incomplete data via the EM algorithm. 
Journal of the Royal Statistical Society, Series B. 1977; 39:1–38.

21. Schafer JL. Multiple imputation: A primer. Stat Methods Med Res. 1999; 8:3–15. [PubMed: 
10347857] 

22. Lieberman DA, Williams JL, Holub JL, Morris CD, Logan JR, Eisen GM, et al. Race, ethnicity, 
and sex affect risk for polyps greater than 9 mm in average-risk individuals. Gastroenterology. 
2014; 147:351–358. [PubMed: 24786894] 

23. Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr. Vasan RS. Evaluating the added predictive 
ability of a new marker: From area under the ROC curve to reclassification and beyond. Stat Med. 
2008; 27:157–72. discussion 207–12. [PubMed: 17569110] 

24. Leening MJ, Vedder MM, Witteman JC, Pencina MJ, Steyerberg EW. Net reclassification 
improvement: Computation, interpretation, and controversies: A literature review and clinician’s 
guide. Ann Intern Med. 2014; 160:122–31. [PubMed: 24592497] 

25. Schroy PC 3rd, Caron SE, Sherman BJ, Heeren TC, Battaglia TA. Risk assessment and clinical 
decision making for colorectal cancer screening. Health Expect. 2014 {Epub ahead of print]. 

26. Schroy PC 3rd, Emmons KM, Peters E, Glick JT, Robinson PA, Lydotes MA, et al. Aid-assisted 
decision making and colorectal cancer screening: A randomized controlled trial. Am J Prev Med. 
2012; 43:573–83. [PubMed: 23159252] 

27. Powell AA, Burgess DJ, Vernon SW, Griffin JM, Grill JP, Noorbaloochi S, et al. Colorectal cancer 
screening mode preferences among U.S. veterans. Prev Med. 2009; 49:442–8. [PubMed: 
19747502] 

Schroy et al. Page 11

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.yourdiseaserisk.wustl.edu/


28. Lebwohl B, Capiak K, Neugut AI, Kastrinos F. Risk of colorectal adenomas and advanced 
neoplasia in Hispanic, black and white patients undergoing screening colonoscopy. Aliment 
Pharmacol Ther. 2012; 35:1467–73. [PubMed: 22540887] 

29. Friedenberg FK, Singh M, George NS, Sankineni A, Shah S. Prevalence and distribution of 
adenomas in Black Americans undergoing colorectal cancer screening. Digestive Diseases and 
Sciences. 2012; 57:489–495. [PubMed: 22052446] 

30. Lieberman DA, Holub J, Eisen G, Kraemer D, Morris CD. Prevalence of polyps greater than 9 mm 
in a consortium of diverse clinical practice settings in the United States. Clin Gastroenterol 
Hepatol. 2005; 3:798–805. [PubMed: 16234009] 

31. Nguyen SP, Bent S, Chen YH, Terdiman JP. Gender as a risk factor for advanced neoplasia and 
colorectal cancer: A systematic review and meta-analysis. Clin Gastroenterol Hepatol. 2009; 
7:676–81. e1–3. [PubMed: 19514116] 

32. Bardou M, Montembault S, Giraud V, Balian A, Borotto E, Houdayer C, et al. Excessive alcohol 
consumption favours high risk polyp or colorectal cancer occurrence among patients with 
adenomas: A case control study. Gut. 2002; 50:38–42. [PubMed: 11772965] 

33. Anderson JC, Alpern Z, Sethi G, Messina CR, Martin C, Hubbard PM, et al. Prevalence and risk of 
colorectal neoplasia in consumers of alcohol in a screening population. Am J Gastroenterol. 2005; 
100:2049–55. [PubMed: 16128951] 

34. Botteri E, Iodice S, Raimondi S, Maisonneuve P, Lowenfels AB. Cigarette smoking and 
adenomatous polyps: A meta-analysis. Gastroenterology. 2008; 134:388–95. [PubMed: 18242207] 

35. World Cancer Research Fund/American Institute for Cancer Research. Continuous update project 
report. Food, nutrition, physical activity, and the prevention of colorectal cancer, 2011. Accessed 
at http://www.wcrf.org/PDFs/CUP-reports-SLRs/Colorectal-Cancer-2011-Report.pdf on 23 May 
2014

36. Nimptsch K, Giovannucci E, Willett WC, Fuchs CS, Wei EK, Wu K. Body fatness during 
childhood and adolescence, adult height, and risk of colorectal adenoma in women. Cancer Prev 
Res (Phila). 2011; 4:1710–8. [PubMed: 21881026] 

37. Laiyemo AO, Doubeni C, Pinsky PF, Doria-Rose VP, Bresalier R, Lamerato LE, et al. Race and 
colorectal cancer disparities: Health-care utilization vs different cancer susceptibilities. J Natl 
Cancer Inst. 2010; 102:538–46. [PubMed: 20357245] 

38. Zheng XE, Li T, Lipka S, Levine E, Vlacancich R, Takeshige U, et al. Location-dependent ethnic 
differences in the risk of colorectal adenoma: A retrospective multiethnic study. J Clin 
Gastroenterol. 2014; 48:e1–7. [PubMed: 23426462] 

39. Howlader, NNA.; Krapcho, M.; Neyman, N.; Aminou, R.; Altekruse, SF.; Kosary, CL., et al., 
editors. SEER Cancer Statistics Review 1975–2009 (Vintage 2009 Populations). Betheda, MD: 
National Cancer Institute; Accessed at http://seer.cancer.gov/csr/1975_2009_pops09/ on 23 May 
2014. based on November 2011 SEER data submission, posted to the SEER web site, April 2012.

40. Khan O, Blanco A, Conrad P, Gulden C, Moss TZ, Olopade OI, et al. Performance of Lynch 
syndrome predictive models in a multi-center U.S. referral population. Am J Gastroenterol. 2011; 
106:1822–7. quiz 1828. [PubMed: 21747416] 

41. Kassirer JP, Pauker SG. The toss-up. N Engl J Med. 1981; 305:1467–9. [PubMed: 7300866] 

42. Pignone M, Saha S, Hoerger T, Mandelblatt J. Cost-effectiveness analyses of colorectal cancer 
screening: A systematic review for the U.S. Preventive Services Task Force. Ann Intern Med. 
2002; 137:96–104. [PubMed: 12118964] 

43. Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J, van Ballegooijen M, Kuntz KM. 
Evaluating test strategies for colorectal cancer screening: A decision analysis for the U.S. 
Preventive Services Task Force. Ann Intern Med. 2008; 149:659–69. [PubMed: 18838717] 

44. Steyerberg EW, Harrell FE Jr, Borsboom GJ, Eijkemans MJ, Vergouwe Y, Habbema JD. Internal 
validation of predictive models: Efficiency of some procedures for logistic regression analysis. J 
Clin Epidemiol. 2001; 54:774–81. [PubMed: 11470385] 

45. Freedman AN, Slattery ML, Ballard-Barbash R, Willis G, Cann BJ, Pee D, et al. Colorectal cancer 
risk prediction tool for white men and women without known susceptibility. J Clin Oncol. 2009; 
27:686–93. [PubMed: 19114701] 

Schroy et al. Page 12

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.wcrf.org/PDFs/CUP-reports-SLRs/Colorectal-Cancer-2011-Report.pdf
http://seer.cancer.gov/csr/1975_2009_pops09/


46. Wells BJ, Kattan MW, Cooper GS, Jackson L, Koroukian S. Colorectal Cancer Predicted Risk 
Online (CRC-PRO) calculator using data from the multi-ethnic cohort study. J Am Board Fam 
Med. 2014; 27:42–55. [PubMed: 24390885] 

47. Schroy PC 3rd, Coe AM, Mylvaganam SR, Ahn LB, Lydotes MA, Robinson PA, et al. The Your 
Disease Risk index for colorectal cancer is an inaccurate risk stratification tool for advanced 
colorectal neoplasia at screening colonoscopy. Cancer Prev Res. 2012; 5:1044–52.

48. Imperiale TF, Wagner DR, Lin CY, Larkin GN, Rogge JD, Ransohoff DF. Risk of advanced 
proximal neoplasms in asymptomatic adults according to the distal colorectal findings. N Engl J 
Med. 2000; 343:169–74. [PubMed: 10900275] 

49. Steffen A, MacInnis RJ, Joshy G, Giles GG, Banks E, Roder D. Development and validation of a 
risk score predicting risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2014; 23:2543–
52. [PubMed: 25087576] 

50. Cai QC, Yu ED, Xiao Y, Bai WY, Chen X, He LP, et al. Derivation and validation of a prediction 
rule for estimating advanced colorectal neoplasm risk in average-risk Chinese. Am J Epidemiol. 
2012; 175:584–93. [PubMed: 22328705] 

51. Kaminski MF, Polkowski M, Kraszewska E, Rupinski M, Butruk E, Regula J. A score to estimate 
the likelihood of detecting advanced colorectal neoplasia at colonoscopy. Gut. 2014; 63:1112–9. 
[PubMed: 24385598] 

52. Wong MC, Lam TY, Tsoi KK, Chan VC, Hirai HW, Ching JY, et al. Predictors of advanced 
colorectal neoplasia for colorectal cancer screening. Am J Prev Med. 2014; 46:433–9. [PubMed: 
24745632] 

53. Tao S, Hoffmeister M, Brenner H. Development and validation of a scoring system to identify 
individuals at high risk for advanced colorectal neoplasms who should undergo colonoscopy 
screening. Clin Gastroenterol Hepatol. 2014; 12:478–85. [PubMed: 24022090] 

54. Freedman AN, Seminara D, Gail MH, Hartge P, Colditz GA, Ballard-Barbash R, et al. Cancer risk 
prediction models: A workshop on development, evaluation, and application. J Natl Cancer Inst. 
2005; 97:715–23. [PubMed: 15900041] 

55. Doubeni CA, Major JM, Laiyemo AO, Schootman M, Zauber AG, Hollenbeck AR, et al. 
Contribution of behavioral risk factors and obesity to socioeconomic differences in colorectal 
cancer incidence. J Natl Cancer Inst. 2012; 104:1353–62. [PubMed: 22952311] 

56. Shapiro JA, Klabunde CN, Thompson TD, Nadel MR, Seeff LC, White A. Patterns of colorectal 
cancer test use, including CT colonography, in the 2010 National Health Interview Survey. Cancer 
Epidemiol Biomarkers Prev. 2012; 21:895–904. [PubMed: 22490320] 

57. Hofstad, B. Colon polyps: Prevalence rates, incidence rates, and growth rates. In: Waye, JD.; R, 
D.; Williams, CB., editors. Colonoscopy: Principles and practice. 2nd. Oxford, UK: Blackwell 
Publishing; 2009. p. 358-78.

Schroy et al. Page 13

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Study Highlights

What is current knowledge

• Eliciting patient preferences for a particular colorectal cancer (CRC) screening 

option might increase adherence.

• Patient and provider preferences for CRC screening tests often vary.

• Risk stratification for the presence of advanced colorectal neoplasia (ACN) 

provides a rational means of reconciling these differences.

WHAT IS NEW HERE

• A simple 5-item risk index based on readily available clinical data accurately 

stratifies average-risk patients into low- and high-risk categories for ACN at 

screening colonoscopy.

• Uptake of this novel risk index into clinical practice could facilitate more 

effective shared decision-making related to CRC screening.
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Figure 1. 
Study flow diagram.
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Figure 2. 
Model calibration. Patients were ranked by their predicted probability and divided into 10 

equal groups. The gray shaded bars represent the mean probabilities for each of the 10 

groups and the black bars represent the observed proportions with ACN in each of these 

same groups.
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Table 1

Patient Characteristics and Univariable Associations between Putative Risk Factors and Advanced Colorectal 

Neoplasia*

Categorical Risk Factors

No. Patients

OR (95% CI) P value †Total, N ACN, n (%)

Site

 Boston Medical Center 3487 200 (5.7)   1.00 0.90

 Tufts Medical Center 56 3 (5.4)   0.93 (0.29–3.00)

Age

 50–59y 2646 144 (5.4)   1.00 0.170

 60–69y 741 45 (6.1)   1.12 (0.80–1.59)

 70–79y 156 14 (9.0)   1.71 (0.97–3.04)

Sex

 Female 1751 75 (4.3)   1.00 <0.001

 Male 1789 128 (7.2)   1.72 (1.29–2.31)

Race/Ethnicity

 White 1273 92 (7.2)   1.00 0.027

 Black 1788 88 (4.9)   0.67 (0.49–0.90)

 Hispanic 343 14 (4.1)   0.55 (0.31–0.97)

 Other 137 9 (6.6)   0.90 (0.44–1.83)

Race\Ethnicity * Sex

 White female 560 24 (4.3)   1.00 Reference

 White male 713 68 (9.5)   2.36 (1.46–3.80) <0.001

 Black female 950 39 (4.1)   0.96 (0.57–1.61) 0.87

 Black male 838 49 (5.8)   1.39 (0.84–2.29) 0.20

 Hispanic female 172 8 (4.7)   1.09 (0.48–2.47) 0.83

 Hispanic male 171 6 (3.5)   0.81 (0.33–2.02) 0.65

 Other female 69 4 (5.8)   1.37 (0.46–4.09) 0.57

 Other male 67 5 (7.5)   1.80 (0.66–4.89) 0.25

Body Mass Index

 > 30 kg/m2 1294 68 (5.3)   1.00 0.43

 ≤ 30 kg/m2 2169 128 (5.9)   1.13 (0.84–1.53)

Height

 Men ≤ 1.78 m, Women ≤ 1.70 m 2676 133 (5.0)   1.00 <0.001

 Men > 1.78 m, Women > 1.70 m 804 66 (8.2)   1.71 (1.26–2.32)

Smoking

 Never 1845 69 (3.7)   1.00 <0.001

 < 20 y 742 35 (4.7)   1.27 (0.84–1.93)
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Categorical Risk Factors

No. Patients

OR (95% CI) P value †Total, N ACN, n (%)

 ≥ 20 y 936 98 (10.5) 3.01 (2.19–4.14)

Daily servings of alcohol

 < 2 3106 159 (5.1)   1.00 <0.001

 ≥ 2 318 38 (12.0) 2.52 (1.73–3.66)

Aspirin use, most days > 15y

 No 3472 198 (5.7 1.00 0.87

 Yes 48 3 (6.3)   1.10 (0.34–3.58)

NSAID use

 Ever 1660 111 (6.7)   1.00 0.033

 Never 1825 91 (5.0)   0.73 (0.5–0.97)

Use of birth control pills

 Never/< 5 years 683 33 (4.8)   1.00 0.74

 ≥ 5 years 453 20 (4.4)   0.91 (0.52–1.61)

Use of hormone replacement therapy

 Never/< 5 years 1678 73 (4.4)   1,00 0.51

 ≥ 5 years 73 2 (2.7)   0.62 (0.15–2.57)

Red meat intake

 < 3 servings per week 2459 129 (5.3)   1.00 0.060

 ≥ 3 servings a week 1081 74 (6.9)   1.33 (0.99–1.78)

Multivitamin use

 < 4 days a week 2221 120 (5.8)   1.00 0.78

 ≥ 4 days a week 1316 74 (6.0)   1.04 (0.78–1.40)

Calcium “sufficient” ‡

 No 2720 161 (5.9)   1.00 0.49

 Yes 797 42 (5.3)   0.88 (0.62–1.25)

Daily vitamin D supplement ± calcium §

 No 2677 154 (5.8)   1.00 0.82

 Yes 830 46 (5.5)   0.96 (0.69–1.35)

Moderate physical activity ≥ 30 minutes daily

 No 972 58 (6.0)   1.00 0.69

 Yes 2562 144 (5.6)   0.94 (0.69–1.29)

Diabetes mellitus

 No 2194 133 (6.1)   1.00 0.78

 Yes 453 29 (6.4)   1.06 (0.70–1.61)

Family history of CRC ≥ age 60
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Categorical Risk Factors

No. Patients

OR (95% CI) P value †Total, N ACN, n (%)

 No 2525 150 (5.0)   1.00 0.087

 Yes 86 9 (10.5) 1.86 (0.91–3.78)

Prior colonoscopy (> 10 years)

 No 2459 154 (6.3)   1.00 0.34

 Yes 197 9 (4.6)   0.72 (0.36–1.43)

Mean (SD)

Continuous Risk Factors ACN No ACN OR (Change of 10) P value*

Age, y 57.2 (6.8)   56.0 (6.1)   1.34 (1.08–1.66) 0.007

Body mass index, kg/m2 29.1 (5.9)   29.2 (6.3)   0.98 (0.77–1.24) 0.85

ACN, advanced colorectal neoplasia; NSAID, non-steroidal anti-inflammatory drugs; OR, odds ratio; CI, confidence interval; CRC, colorectal 
cancer; FDR, first-degree relative; SD, standard deviation.

*
Non-imputed dataset (N=3543)

†
Chi-square analysis for categorical variables and t-tests for continuous variables

‡
Calcium “sufficient” defined by daily use of a calcium supplement or daily intake of ≥ 3 servings of milk/dairy

§
Daily vitamin D group includes patients who took a multivitamin

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schroy et al. Page 20

T
ab

le
 2

U
ni

va
ri

ab
le

 a
nd

 M
ul

tiv
ar

ia
bl

e 
Pr

ed
ic

to
rs

 o
f 

A
dv

an
ce

d 
C

ol
or

ec
ta

l N
eo

pl
as

ia
.

V
ar

ia
bl

e

U
ni

va
ri

ab
le

 A
ss

oc
ia

ti
on

s*
M

ul
ti

va
ri

ab
le

 A
ss

oc
ia

ti
on

s

N
R

I,
 %

%
 O

R
 >

1.
25

‡
M

od
el

 C
oe

ff
ic

ie
nt

U
na

dj
us

te
d 

O
R

 (
95

%
 C

I)
P

 v
al

ue
M

od
el

 C
oe

ff
ic

ie
nt

A
dj

us
te

d 
O

R
†  

(9
5%

 C
I)

P
 v

al
ue

A
ge

 (
10

 y
 in

cr
em

en
ts

)
0.

29
2

1.
34

0.
00

7
0.

29
3

1.
34

0.
00

8
1.

7
71

(1
.0

8–
1.

66
)

(1
.0

8–
1.

67
)

R
ac

e/
E

th
ni

ci
ty

* S
ex

<
0.

00
1

<
0.

00
1

2.
2

 
W

hi
te

 F
em

al
e

—
1.

00
—

0.
00

0
1.

00
—

 
W

hi
te

 M
al

e
0.

85
8

2.
36

<
0.

00
1

0.
58

3
1.

79
0.

02
2

65

(1
.4

6–
3.

81
)

(1
.0

9–
2.

95
)

 
B

la
ck

 F
em

al
e

−
0.

04
3

0.
96

0.
87

0.
11

7
1.

12
0.

66

(0
.5

7–
1.

61
)

(0
.6

6–
1.

90
)

 
B

la
ck

 M
al

e
0.

32
9

1.
39

0.
19

8
0.

11
2

1.
12

0.
67

(0
.8

4–
2.

29
)

(0
.6

9–
1.

87
)

 
H

is
pa

ni
c 

Fe
m

al
e

0.
08

8
1.

09
0.

83
0.

41
5

1.
51

0.
33

(0
.4

8–
2.

48
)

(0
.6

6–
3.

47
)

 
H

is
pa

ni
c 

M
al

e
−

0.
20

6
0.

81
0.

66
−

0.
14

0
0.

87
0.

76

(0
.3

3–
2.

02
)

(0
.3

5–
2.

18
)

 
O

th
er

 F
em

al
e

0.
32

0
1.

38
0.

57
0.

63
7

1.
89

0.
26

(0
.4

6–
4.

09
)

(0
.6

3–
5.

68
)

 
O

th
er

 M
al

e
0.

59
0

1.
80

0.
25

0.
72

4
2.

06
0.

15
9

(0
.6

7–
4.

90
)

(0
.7

5–
5.

66
)

Sm
ok

in
g

1.
02

7
2.

79
<

0.
00

1
0.

92
5

2.
52

<
0.

00
1

8.
4

10
0

(≥
20

y 
vs

. n
ev

er
/<

20
y)

(2
.1

0–
3.

72
)

(1
.8

7–
3.

39
)

A
lc

oh
ol

 in
ta

ke
0.

93
5

2.
55

<
0.

00
1

0.
69

5
2.

00
<

0.
00

1
1.

7
90

(≥
2 

vs
. <

2 
dr

in
ks

 d
ai

ly
)

(1
.7

4–
3.

72
)

(1
.3

4–
2.

98
)

H
ei

gh
t 

(M
en

 >
1.

78
m

 o
r

0.
54

5
1.

72
<

0.
00

1
0.

35
9

1.
43

0.
03

5
1.

5
54

W
om

en
 >

1.
70

m
 v

s.
 s

ho
rt

er
)

(1
.2

7,
 2

.3
4)

(1
.0

3–
2.

00
)

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schroy et al. Page 21

V
ar

ia
bl

e

U
ni

va
ri

ab
le

 A
ss

oc
ia

ti
on

s*
M

ul
ti

va
ri

ab
le

 A
ss

oc
ia

ti
on

s

N
R

I,
 %

%
 O

R
 >

1.
25

‡
M

od
el

 C
oe

ff
ic

ie
nt

U
na

dj
us

te
d 

O
R

 (
95

%
 C

I)
P

 v
al

ue
M

od
el

 C
oe

ff
ic

ie
nt

A
dj

us
te

d 
O

R
†  

(9
5%

 C
I)

P
 v

al
ue

V
ar

ia
bl

es
 n

ot
 in

cl
ud

ed
 in

 f
in

al
 m

ul
ti

va
ri

ab
le

 m
od

el

N
SA

ID
 u

se
0.

31
2

1.
37

0.
03

2
0.

28
0

1.
32

0.
06

6
−

1.
3

42

(N
ev

er
 v

s.
 e

ve
r)

(1
.0

3–
1.

82
)

(0
.9

8–
1.

78
)

R
ed

 m
ea

t 
in

ta
ke

0.
28

2
1.

33
0.

06
1

0.
07

2
1.

07
0.

65
−

0.
1

6

(<
3 

vs
. 3

+
 s

er
vi

ng
s 

a 
w

ee
k)

(0
.9

9–
1.

78
)

(0
.7

9–
1.

46
)

F
am

ily
 h

is
to

ry
 C

R
C

 ≥
 a

ge
 6

0
0.

68
5

1.
98

0.
04

2
0.

60
2

1.
83

0.
08

4
−

0.
9

32

(Y
es

 v
s.

 N
o)

(1
.0

3–
3.

84
)

(0
.9

2–
3.

61
)

A
C

N
, a

dv
an

ce
d 

co
lo

re
ct

al
 n

eo
pl

as
ia

; N
SA

ID
, n

on
-s

te
ro

id
al

 a
nt

i-
in

fl
am

m
at

or
y 

dr
ug

s;
 O

R
, o

dd
s 

ra
tio

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; N
R

I.
 N

et
 r

ec
la

ss
if

ic
at

io
n 

im
pr

ov
em

en
t; 

C
R

C
, c

ol
or

ec
ta

l c
an

ce
r;

* A
ss

oc
ia

tio
ns

 b
as

ed
 o

n 
re

su
lts

 o
f 

an
al

ys
es

 c
on

du
ct

ed
 a

cr
os

s 
5 

im
pu

te
d 

da
ta

se
ts

.

† A
ll 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
s 

in
cl

ud
ed

 a
dj

us
tm

en
ts

 f
or

 th
e 

va
ri

ab
le

s 
in

 th
e 

fi
na

l m
od

el
 (

ag
e,

 th
e 

ra
ce

/e
th

ni
ci

ty
 b

y 
se

x 
in

te
ra

ct
io

n,
 s

m
ok

in
g,

 a
lc

oh
ol

 in
ta

ke
, a

nd
 h

ei
gh

t)

‡ Pe
rc

en
t o

f 
bo

ot
st

ra
p 

sa
m

pl
es

 a
 v

ar
ia

bl
e 

w
ou

ld
 b

e 
gi

ve
n 

a 
sc

or
e 

or
 1

 o
r 

gr
ea

te
r 

an
d 

be
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 (

P
<

0.
05

).

Am J Gastroenterol. Author manuscript; available in PMC 2016 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schroy et al. Page 22

Table 3

Scoring Algorithm

Risk Factor Points Assigned*

Age

 50–59 1

 60–69 2

 70–79 3

Race/ethnicity by sex

 White males 2

 Black males 1

 Others 0

Cigarette smoking history

 ≥ 20 years 3

 Never/< 20 years 0

Alcohol intake, servings per day

 ≥ 2 2

 None/< 2 0

Height

 Men > 1.78 m. Women > 1.70 m 1

 Men ≤ 1.78 m, Women ≤ 1.70 m 0

*
Points were assigned based on the number of 0.5 levels above the referent odds of 1.0, rounded to the nearest level, with the exception of black 

males who received 1 point based on published literature {Lebwohl, 2012 #176;Friedenberg, 2012 #158;Schroy, 2013 #195;Lieberman, 2014 
#184}
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Table 4

Prevalence of Advanced Colorectal Neoplasia by Score and Risk Category

Score* % Individuals with Designated 
Score (N=17,715)†

Mean Prevalence of ACN, % Risk Category Mean Prevalence of ACN, % (CI)

1 34.9 3.2
Low 3.2 (2.6–3.9)

2 17.8 3.0

3 10.4 4.6

Intermediate/High 8.6 (7.4–9.7)

4 15.9 6.9

5 8.2 6.2

6 6.8 12.3

7 3.5 21.3

8 – 11 2.6 15.9

ACN, advanced colorectal neoplasia

*
Cumulative scores were defined by the sum of individual scores for each risk factor

†
Percent of individuals in the 5 combined imputed datasets with designated score (3543*5 = 17,715).
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