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Abstract  65 

Background: SNP-based polygenic risk scoring is predictive of colorectal cancer (CRC) risk. 66 

However, few studies have investigated the association of genetic risk score (GRS) with 67 

detection of adenomatous polyps at screening colonoscopy.  68 

Methods: We randomly selected 1,769 Caucasian subjects who underwent screening 69 

colonoscopy from the Genomic Health Initiative (GHI), a biobank of NorthShore University 70 

HealthSystem. Outcomes from initial screening colonoscopy were recorded. Twenty-two CRC 71 

risk-associated SNPs were obtained from the Affymetrix™ SNP array and used to calculate an 72 

odds ratio (OR)-weighted and population-standardized GRS. Subjects with GRS of <0.5, 0.5-1.5, 73 

and >1.5 were categorized as low, average and elevated risk. 74 

 75 

Results: Among 1,769 subjects, 520 (29%) had 1 or more adenomatous polyps. GRS was 76 

significantly higher in subjects with adenomatous polyps than those without; mean (95% 77 

confidence interval) was 1.02 (1.00-1.05) and 0.97 (0.95-0.99), respectively, p<0.001. The 78 

association remained significant after adjusting for age, gender, body mass index, and family 79 

history, p<0.001. The detection rate of adenomatous polyps was 10.8%, 29.0% and 39.7% in 80 

subjects with low, average and elevated GRS, respectively, p-trend <0.001. Higher GRS was also 81 

associated with early age diagnosis of adenomatous polyps, p<0.001. In contrast, positive family 82 

history was not associated with risk and age of adenomatous polyps. 83 

 84 



Conclusions: GRS was significantly associated with adenomatous polyps in subjects undergoing 85 

screening colonoscopy. This result may help in stratifying average risk patients and facilitating 86 

personalized colonoscopy screening strategies. 87 

 88 
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Background 91 

National guidelines recommend that, in the absence of known risk factors, patients 92 

considered to be average risk for developing colorectal cancer (CRC) should begin screening at 93 

age 50 years.[1–4] The recommendation for CRC screening with colonoscopy is based on a 94 

meaningful reduction in incidence and mortality from CRC offered by timely screening.[5] The 95 

combined gastroenterology society guidelines recognize risk factors including a family history of 96 

CRC (single first-degree relative with CRC or advanced adenoma diagnosed at age <60 years or 97 

two first-degree relatives with CRC or advanced adenomas), personal history of inflammatory 98 

bowel disease, and/or a personal or family history of a hereditary colorectal cancer 99 

syndrome.[6] For patients with any of the above risk factors, colonoscopy is initiated at an 100 

earlier age and/or with more frequent follow up exams than those patients at average risk for 101 

CRC.[2] While CRC incidence has declined steadily over the past two decades in the population 102 

aged 50 years and older, limited demographic-based risk factors currently in use inadequately 103 

predict heightened CRC risk regardless of age.  104 



Moving our screening from population-based risk to individual risk requires the 105 

incorporation of genetic predisposition. Many CRC risk-associated single-nucleotide 106 

polymorphisms (SNPs) have been identified and confirmed from genome-wide association 107 

studies (GWAS).[7–12,13–17] Although the effect of individual SNPs is modest, there is a stronger 108 

cumulative effect. SNP-based Genetic Risk Score (GRS), an odds ratio (OR)-weighted and 109 

population-standardized polygenic risk score derived from well-established CRC risk–associated 110 

SNPs, has been consistently associated with CRC risk.[18–23] In brief, it is calculated by multiplying 111 

the per-allele OR for each SNP and normalizing the risk by the mean risk expected in the 112 

population. Such an approach has been successfully implemented for other malignancies in 113 

predicting risk for breast cancer, prostate cancer, CRC and other cancers.[24,25] Few studies to 114 

date have tested the association between GRS and screening-detected adenomatous polyps.[26] 115 

As the detection of adenomatous polyps is the primary purpose of screening colonoscopy, the 116 

aim of this study is to test the association of GRS with risk of adenomatous polyps in a study 117 

population undergoing screening colonoscopy.[27] We hypothesize that, for patients who 118 

underwent screening colonoscopy at our institution and were diagnosed with advanced 119 

adenomas and non-advanced adenomas, CRC-risk associated SNPs can be used to construct a 120 

GRS to more accurately identify an individual’s risk for developing adenomatous polyps than 121 

current screening recommendations. 122 

Methods 123 

We requested the medical record number of 200,000 patients who underwent 124 

colonoscopy between January 1, 2006 and September 5, 2018 at NorthShore University 125 

HealthSystem, a large community-based academic healthcare system in northern Illinois, 126 



involving four suburban hospitals. These subjects were screened for inclusion in the Genomic 127 

Health Initiative (GHI), a DNA biobank of the NorthShore University HealthSystem. Consistent 128 

with prior studies focused on GRS, we aimed to simulate an average risk population.[20] Thus, 129 

patients must have also met the following inclusion criteria: 1) no prior or current diagnosis of 130 

CRC, hereditary CRC syndrome, ulcerative colitis or Crohn’s disease, 2) underwent screening 131 

colonoscopy at NorthShore, 3) age >45 years old at the first screening colonoscopy, 4) self-132 

reported Caucasian, and 5) with available genotyping data from the Affymetrix Axiom™ Biobank 133 

Plus Genotyping Array. Our study only included Caucasians due to insufficient sample size for 134 

other ancestry groups. Accordingly, 1,769 patients met the inclusion criteria and detailed 135 

clinical and demographic information from each patient’s index screening colonoscopy 136 

including age, gender, BMI, family history, indication for colonoscopy as well as colonoscopy 137 

outcomes from the first screening colonoscopy were extracted from the electronic medical 138 

record. Location, size, and histologic characteristics of polyps were recorded. Positive 139 

colonoscopy was defined as any adenomatous polyps per study protocol. Advanced adenomas 140 

were defined as adenomatous polyps greater than or equal to 1 cm in size, or with a “villous” 141 

component (tubulovillous or villous), or with foci of high grade dysplasia. The study was 142 

approved by the internal review board of NorthShore University Health System. 143 

Genotypes of 22 known CRC risk-associated SNPs were extracted from a customized 144 

Axiom™ Biobank Plus Genotyping Array (Supplementary Table 1). These SNPs were identified 145 

from evidence-based review of literature and met the following criteria: 1) discovered from 146 

genome-wide association studies of CRC in Caucasian subjects, with at least 1,000 cases and 147 

1,000 controls in the first stage; 2) confirmed in additional stages with combined P<5×10-8; and 148 



3) independent, with linkage disequilibrium (LD) measurement (r2 <0.2) between any pair of 149 

SNPs.[7–17]  150 

Genetic risk score (GRS), an established odds ratio (OR)-weighted and population-151 

standardized polygenic risk score was computed for each subject based on the 22 CRC risk-152 

associated SNPs.[24] Briefly, GRS was calculated by multiplying the per-allele OR for each SNP 153 

and normalizing the risk by the average risk expected in the population (w)  154 

GRS = ∏
𝑂𝑅𝑖

𝑔𝑖

𝑊𝑖

𝑛

𝑖=1

 155 

𝑊𝑖 = 𝑓𝑖
2𝑂𝑅𝑖

2 + 2𝑓𝑖(1 − 𝑓𝑖)𝑂𝑅𝑖 +  (1 − 𝑓𝑖)2 156 

 157 

where, gi stands for the genotype of SNP i for an individual (0, 1, or 2 risk alleles, respectively), 158 

ORi stands for the OR of SNP i and fi stands for the risk allele frequency of SNP i. Allelic ORs 159 

obtained from the external studies and allele frequencies in the gnomAD (Non-Finnish 160 

European [NFE] population) were used in the calculation. Because GRS is population-161 

standardized, its mean is expected to be 1.0 and its values can be interpreted as relative risk to 162 

the general population. As such, subjects with GRS of <0.5, 0.5-1.5 and >1.5 were categorized as 163 

low, average and elevated risk prior to analysis. 164 

Both univariable and multivariable analyses were performed. For univariable analysis, 165 

differences of quantitative variables and qualitative variables among groups were tested using 166 

T-test and Chi-square, respectively. Multivariable analyses were performed to test independent 167 

effects of predictors using logistic regression modeling. A Kaplan-Meier adenomatous polyp 168 

diagnosis-free survival analysis was used to test association between GRS and age at abnormal 169 



colonoscopy. Statistical analyses were performed by R version 3.5.2, and two-tailed P <0.05 was 170 

considered statistically significant. 171 

Results 172 

Among the 1,769 subjects included in this study, 520 subjects had one or more 173 

adenomatous polyps on their first screening colonoscopy, yielding an adenoma detection rate 174 

(ADR) of 29.4% overall (24.6% for females, 37.5% for males). While male gender and higher 175 

body mass index (BMI) were significantly associated with risk of adenomatous polyps at 176 

screening colonoscopy in univariable and multivariable analysis, age was significant on only 177 

univariable analysis (Table 1). The mean and 95% confidence interval (CI) age at first screening 178 

colonoscopy was 61.0 (60.3-61.6) and 60.2 (59.8-60.6) years old, respectively, in subjects with 179 

and without adenomatous polyps, OR (95%CI) = 1.01 (1.00-1.03), p = 0.04. The mean (95% CI) 180 

BMI was 29.5 (29.0-30.0) and 28.0 (27.7-28.3), respectively, in subjects with and without 181 

adenomatous polyps [OR (95%CI) = 1.04 (1.02-1.05), p < 0.001]. The proportion of male gender 182 

was 47.5% and 32.9%, respectively in subjects with and without adenomatous polyps [OR 183 

(95%CI) = 1.84 (1.55-2.20), p < 0.001]. In contrast, positive family history was not associated 184 

with risk of having adenomatous polyps; it was found in 7.7% and 7.0% subjects with and 185 

without adenomatous polyps [OR (95%CI) = 1.11 (0.8-1.54), p = 0.7]. 186 

Higher GRS was significantly associated with increased risk of adenomatous polyps. The 187 

mean (95% CI) GRS was 1.02 (1.00-1.05) and 0.97 (0.95-0.99), respectively, in subjects with and 188 

without adenomatous polyps [OR (95%CI) = 1.61 (1.24-2.08), p = 0.003]. This association was 189 

independent of other known predictors in a multivariable analysis; OR (95%) = 1.63 (1.25-2.12), 190 

p = 0.003 when adjusting for age, gender, BMI and family history (Table 1). The detection rate 191 



of adenomatous polyps increased with higher categorical GRS risk groups, 10.8%, 29.0% and 192 

39.7% in subjects with low, average and elevated GRS risk group, respectively, p-trend < 0.001 193 

(Figure 1). 194 

A Kaplan-Meier curve analysis examining the time to the first diagnosis of adenomatous 195 

polyps over the lifespan of the patient starting at birth (time=zero) revealed that subjects in the 196 

higher GRS risk groups had an earlier age diagnosis of adenomatous polyp(s). The difference 197 

was statistically significant based on the Log rank test, p = 0.001 (Figure 2).  198 

Association of GRS with detailed colonoscopy outcomes is presented in Table 2. The 199 

mean (95% CI) of GRS was similar for subjects with different sizes of adenomatous polyps; 1.02 200 

(0.97-1.06) and 1.03 (1.00-1.07) for those with size <0.5 and 0.5 cm, respectively. The 201 

association was strongest in patients with adenomatous polyps >0.5 cm (p < 0.001). Likewise, 202 

the mean (95% CI) of GRS was similar for subjects with different numbers of adenomatous 203 

polyps; 1.04 (1.00-1.07) and 1.01 (0.96-1.15) for those with one or more than one adenomatous 204 

polyps, respectively. The mean GRS was also similar for adenomatous polyps at different 205 

locations (cecum/ascending colon, transverse/descending colon, or rectum/sigmoid). The 206 

association was strongest in patients for polyps in the cecum/ascending colon (p = 0.02). The 207 

mean GRS (95% CI) was 1.02 (0.97-1.08) for 126 subjects with advanced adenoma(s), but did 208 

not reach statistical significance (p = 0.1).  209 

Discussion 210 

In this retrospective analysis of screening colonoscopy data from 1,769 patients at a 211 

community-based, high volume healthcare system involving four hospital-based 212 

gastroenterology labs and two free-standing endoscopy units, we developed and characterized 213 



a SNP-based, odds ratio-weighted and population-standardized polygenic genetic risk score 214 

(GRS). Our results demonstrated the GRS was significantly higher for patients who had 215 

adenomatous polyps on colonoscopy compared to those who did not (OR 1.61, p = 0.003, Table 216 

1). Furthermore, this novel association was independent of age, gender, BMI and family history 217 

on multivariable analysis (OR 1.63, p = 0.003). As shown in Figure 1, the proportion of cases 218 

with adenomatous polyps trended up in patients stratified by three tertiles of GRS, which is 219 

similar to previous studies (10.8%, 29.0% and 39.7%, p-trend < 0.001).[20,22]  220 

Based on our findings, higher GRS risk groups have an earlier diagnosis of adenomatous 221 

polyps (Figure 2). Kaplan-Meier time-to-event analysis from birth (time=zero) to first screening 222 

colonoscopy identifying an adenomatous polyp(s) differed significantly among the three GRS 223 

risk groups based on the Log rank test (p = 0.001, Figure 2). The time-to-event analysis is 224 

justified for germline predictors such as GRS because they can be measured at age zero. Since 225 

the probability of finding a polyp increases with age, this analysis demonstrates the predictive 226 

nature for adenomatous polyps across GRS risks at any given age.  227 

Furthermore, the predictive value of GRS for adenomatous polyps versus no 228 

adenomatous polyps was primarily driven by polyps measuring greater than or equal to 0.5 cm 229 

(OR 1.68, p = 0.005, Table 2). For polyps >1 cm (i.e. advanced adenomas), our data shows a 230 

trend toward similar predictive value which is consistent with prior studies (OR 1.56, p = 0.1, 231 

Table 2).[22] The lack of statistical significance is presumably related to small sample size; only 232 

126 of the total 1769 patients had advanced adenomas in our study population.  233 

Interestingly, GRS for adenomatous polyps localized to the cecum and ascending colon 234 

was significantly higher than for patients with no adenomatous polyps on colonoscopy. These 235 



results parallel the prior study by Weigl et al, in which odds ratios were largest for proximal 236 

advanced neoplasms.[22] As our data incorporates all right sided polyps, including sessile 237 

serrated polyps, and is consistent with other studies, we believe this highlights the potential 238 

future clinical utility of GRS for risk stratification. Specifically, right sided CRC confers higher 239 

morbidity and mortality with poorer outcomes, and any strategy to identify these patients 240 

earlier would have a greater clinical impact.[28]  241 

The clinical importance of detecting and removing small nonadvanced adenomas is 242 

currently controversial. However, our data for adenomatous polyps <1 cm demonstrated that 243 

detection of these lesions may have clinical relevance by further stratifying risk for an individual 244 

in our population. It is noteworthy that the most recent guidelines have lengthened the interval 245 

to follow up colonoscopy from 5-10 years to 7-10 years in patients with one to two small 246 

adenomas <10 mm in size.[29] Our data, however, lends support to maintaining more 247 

conservative surveillance intervals in patients with nonadvanced lesions. 248 

In addition, our study confirms previously identified CRC risk factors by demonstrating 249 

male gender and higher BMI were significantly associated with risk of adenomatous polyps on 250 

multivariable analysis. Interestingly, family history was not associated with presence of 251 

adenomatous polyps. This finding reinforces the limited clinical utility of family history alone as 252 

a CRC risk factor.[20] In our medical record, as in many other healthcare systems, family history 253 

is variably recorded and often incomplete. This may be an issue of misreporting among family 254 

members as to their health-related conditions, incomplete documentation by healthcare 255 

providers, and/or the true lack of predictive power of family history. As such, this data collected 256 



by chart review adds a great deal of subjectivity. In contrast, the objective nature of genetic 257 

stratification leads to a more individualized and reproducible approach.  258 

Despite the objectivity that genetic data provides to any individual, there are inherent 259 

limitations of utilizing a SNP-based approach for risk stratification. As in other studies, our 260 

investigation used high impact, well-established risk-associated SNPs for calculation of GRS 261 

(Supplementary Table 1).[20,22] GRS calculations are based on the number of SNPs tested on the 262 

chosen array which may be limited by commercial and research availability. Thus, our GRS only 263 

incorporates the known common genetic susceptibility variants for CRC that were included in 264 

the customized Axiom™ Biobank Plus Genotyping Array. It is intuitive that with further 265 

identification of SNPs associated with CRC that the predictive value of a GRS will further be 266 

improved.  267 

 In contrast to other studies that tested associations of GRS with CRC risk, our study is 268 

the first one to test the association of GRS with risk of adenomatous polyps among average-risk 269 

subjects from a community-based health care system.[20] However, as a single healthcare 270 

system, our data is limited in number and scope compared to studies using large 271 

epidemiological consortia. With the lack of access to additional risk factors (i.e. physical activity, 272 

alcohol/tobacco use, and dietary factors such as low fiber and high red meat consumption) and 273 

limited numbers of patients compared to these population-based studies, it is not possible to 274 

unite genetic data with epidemiologic data to develop a truly integrated GRS. Specifically, in 275 

contrast to the study by Jeon et al which used two large population-based data consortia, we 276 

did not strive to reproduce their findings.[20] Despite these limitations, our results were similar 277 

to studies with access to such data. 278 



An additional consideration is that we included patients who had a coded indication 279 

(ICD-10 code) for screening colonoscopy. However, this may not always reflect the true 280 

indication for the procedure as stated; embedded in this population may be symptomatic 281 

patients, thus introducing a higher probability of neoplastic disease. Although not evaluated, 282 

we believe that this theoretical selection bias would minimally affect our results.  283 

Conclusions 284 

An ideal population-based CRC screening program would include a predictable and 285 

reproducible stratification schema to appropriately initiate and surveil patients. While current 286 

screening guidelines rely on demographics and epidemiologic risk factors for CRC, the 287 

availability of known or suspected risk factors, and the reproducibility of that data, may be 288 

lacking. A reasonable objective is to focus on genetic predisposition to stratify large populations 289 

of patients. Genetic risk scoring for other malignancies, including breast, prostate and ovarian 290 

cancers, has proven to have substantial clinical utility.[24,25]  Our study, along with others, 291 

initiates the possibility of refining and expanding this approach for population-based risk 292 

identification to determine optimal screening strategies.  293 
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Table 1. Association of variables with screening colonoscopy outcomes. 412 

 Univariate analysis Multivariable analysis 

Variables Positive1 (N=520) 
Negative2 

(N=1,249) 
OR (95% CI) p OR (95% CI) p 

Age at 
colonoscopy, 
mean (95% CI) 

61.0 (60.3-61.6) 60.2 (59.8-60.6) 1.01 (1-1.03) 0.04 1.01 (1-1.02) 0.1 

Gender, No. 
(%) of male 

247 (47.5) 411 (32.9) 1.84 (1.55-2.2) <0.001 1.8 (1.51-2.15) <0.001 

Positive family 
history, No. 
(%) 

40 (7.7) 87 (7.0) 1.11 (0.8-1.54) 0.66 1.14 (0.81-1.58) 0.53 

BMI, mean 
(95% CI) 

29.5 (28.9-30) 28.0 (27.7-28.3) 1.04 (1.02-1.05) <0.001 1.04 (1.02-1.05) <0.001 

GRS, mean 
(95% CI) 

1.02 (1-1.05) 0.97 (0.95-0.99) 1.61 (1.24-2.08) <0.001 1.63 (1.25-2.12) <0.001 

1Positive: adenomatous polyps 413 

2Negative: no polyps or hyperplastic polyps 414 

CI, confidence interval; OR, odds ratio; BMI, body mass index; GRS, genetic risk score 415 

 416 
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Table 2. Association of GRS with detailed features of colonoscopy outcomes 427 

Variables No. subjects GRS, mean (95% CI) OR (95% CI) p 

No. polyps 1249 0.97 (0.95-0.99) 1  

Hyperplastic polyps 0    

Adenomatous polyps 520 1.02 (1-1.05) 1.61 (1.24-2.08) <0.001 

   Polyp size <0.5 cm 203 1.02 (0.97-1.06) 1.49 (1.03-2.13) 0.07 

   Polyp size ≥0.5 cm 316 1.03 (1-1.07) 1.68 (1.23-2.27) <0.001 

Advanced adenoma 126 1.02 (0.97-1.08) 1.56 (0.99-2.42) 0.10 

Total No. of polyps     

   No. =1 304 1.04 (1-1.07) 1.77 (1.3-2.41) <0.001 

   No. >1 216 1.01 (0.96-1.15) 1.38 (0.96-1.96) 0.14 

Location     

   CA 296 1.02 (0.98-1.06) 1.56 (1.14-2.12) 0.02 

   TD 197 1.02 (0.97-1.06) 1.49 (1.02-2.14) 0.08 

   RS 159 1.02 (0.97-1.08) 1.57 (1.05-2.33) 0.06 

GRS, genetic risk score; CI, confidence interval; OR, odds ratio; BMI, body mass index; CA, cecum/ascending colon; 428 
TD, transverse/descending colon; RS, rectum and sigmoid colon 429 

 430 

 431 

Figure 1. Detection rates of adenomatous polyps using GRS for 22 known risk-associated 432 

SNPs. Incidence of adenomatous polyps varies directly with increasing GRS. p-trend <0.001  433 

 434 

Figure 2. Kaplan-Meier analysis demonstrating subjects in the higher GRS risk groups had an 435 

earlier age diagnosis of adenomatous polyp(s). p<0.001 436 

 437 
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Supplementary Table 1. Known risk-associated SNPs for colorectal cancer available from Affymetrix Axiom™ 
Biobank Plus Genotyping Array 

SNP Chromosome Position Risk allele 
Risk allele 
frequency 

Odds 
ratio 

Reference 

rs6691170 1 222045446 T 0.339787 1.06 Houlston RS.Nat Genet.2010 

rs10936599 3 169492101 C 0.779708 1.08 Houlston RS.Nat Genet.2010 

rs647161 5 134499092 A 0.618072 1.07 Jia WH,Nat Genet. 2013 

rs16892766 8 117630683 C 0.093778 1.25 Tomlinson IP.Nat Genet.2008 

rs3824999 11 74345550 G 0.395611 1.20 Whiffin N,Hum Mol Genet. 2014 

rs3802842 11 111171709 C 0.297764 1.15 Tenesa A.Nat Genet.2008 

rs10774214 12 4368352 T 0.459643 1.04 Jia WH,Nat Genet. 2013 

rs7136702 12 50880216 T 0.408275 1.06 Houlston RS.Nat Genet.2010 

rs11169552 12 51155663 C 0.749553 1.09 Houlston RS.Nat Genet.2010 

rs1957636 14 54560018 T 0.516293 1.08 Tomlinson IP,PLoS Genet. 2011 

rs4779584 15 32994756 T 0.341785 1.15 Tomlinson IP,PLoS Genet. 2011 

rs9929218 16 68820946 G 0.72056 1.10 COGENT Study,Nat Genet.2008 

rs4939827 18 46453463 T 0.353235 1.18 Broderick P,Nat Genet. 2007 

rs10411210 19 33532300 C 0.795237 1.15 COGENT Study,Nat Genet.2008 

rs961253 20 6404281 A 0.32519 1.12 Tomlinson IP,PLoS Genet. 2011 

rs4925386 20 60921044 C 0.577073 1.08 Houlston RS.Nat Genet.2010 

rs10795668 10 8701219 G 0.757007 1.12 Tomlinson IP.Nat Genet.2008 

rs6687758 1 222164948 G 0.210459 1.09 Schmit SL,J Natl Cancer Inst. 2018 

rs4444235 14 54410919 C 0.415885 1.08 Schmit SL,J Natl Cancer Inst. 2018 

rs4813802 20 6699595 G 0.282094 1.08 Schmit SL,J Natl Cancer Inst. 2018 

rs11903757 2 192587204 C 0.16506 1.16 Peters U.Gastroenterology.2012 

rs5934683 X 9751474 C 0.511889 1.07 Dunlop MG.Nat Genet.2012 
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