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Introduction
Colorectal carcinoma (CRC) is the second most 
common cause of cancer-related death and the 
third most commonly detected cancer worldwide.1 
The typically slow progression from a benign pre-
neoplastic lesion to a malignant carcinoma2 allows 
for its prevention by removing precursor lesions or 
at least its early detection.3–5 Several screening pro-
grams have been implemented around the world in 

average-risk population and have been found to 
decrease both the incidence and mortality of 
CRC,6–8 with the most commonly used modalities 
being colonoscopy and stool-based tests such an 
annual fecal immunohistochemistry testing (FIT).9 
However, despite its proven effectiveness, the 
adherence rate among the eligible population in 
the United States is still less than 65%.10,11 On the 
other hand, screening with colonoscopy for all 
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Background: Screening with colonoscopy for all average-risk population is probably not cost-
effective due to the limited sources and over-generalization of the risk, and risk stratification 
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logistic regression to investigate the associations between clinical variables and the presence 
of AN and built a classification algorithm to predict AN.
Results: A total of 3856 patients were included (73.2% male, median age 55). Adenoma and 
AN detection rate were 15.8% and 3.4%, respectively. On multivariable analysis, predictors of 
AN [odds ratio (OR), 95% confidence interval (CI)] were age (1.04, 1.01–1.06, p = 0.003), male 
sex (2.69, 1.56–4.64, p < 0.001), and smoking (1.97, 1.38–2.81, p  < 0.001). A classification tree 
algorithm showed that smoking was the most important risk factor for prediction of AN (4.9% 
versus 2.4%, p < 0.001), followed by age with a cutoff value of 60 in the smokers (8.4% versus 
3.8%, p = 0.001) and 50 in the non-smokers (2.9% versus 0.9%, p = 0.004).
Conclusion: Smoking habits, old age, and male gender are highly associated with an increased 
risk for AN and should be incorporated in the individualized risk-assessment to adapt a 
screening program.
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average-risk population is probably not cost-effec-
tive due to the limited sources in most countries, 
the over-generalization of the risk, and the poten-
tial adverse events.12 This calls for personalizing 
the risk in this population in order to identify 
patients with higher or lower risk for advanced 
neoplasia (AN) and to accordingly adjust the most 
cost-effective screening program.

Increased age,13 male sex,13,14 smoking history,15,16 
meat and alcohol consumption,16 increased body 
mass index (BMI),17,18 and diabetes mellitus19 are 
independent risk factors to CRC, but none have 
been incorporated into screening guidelines. 
Numerous prediction models have been created 
using these risk factors to calculate the risk of AN 
formation,20–23 but low sensitivity precludes their 
sole use for screening. Moreover, only three stud-
ies excluded patients with prior colonoscopy and 
family history of CRC24–26; both are dominant 
determinants that overshadow other baseline risk 
factors for stratification.

In addition to prediction model, a decision-tree 
algorithm is another model to show association of 
risk factors and their accumulated effect, as it can 
highlight hidden relationships between variables 
which might otherwise be overlooked. We aimed 
in the study to assess patient-related risk factors for 
AN in average-risk population undergoing screen-
ing colonoscopy and to construct a feasible deci-
sion-tree algorithm model based on these variables, 
in order to predict and individualize the risk.

Materials and methods
The reporting of this study conforms to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement.27

Study design
We conducted a retrospective cross-sectional 
analysis of database records for average-risk 
patients (without known risk factors for CRC) 
who entered a screening program for CRC in the 
Institute of Medical Screening (IMS) affiliated to 
Sheba Medical Center (SMC), between January 
2008 and December 2019. Patients were selected 
consecutively. The database contained demo-
graphic and clinical data as detailed below, and 
the results of colonoscopy and histopathology 
reports. The study was approved by the local 
Institutional Review Board.

Study population
Patients aged 40 to 75 years, undergoing first-
time screening/diagnostic colonoscopy in SMC 
within the program, including patients with non-
specific abdominal symptoms (abdominal pain, 
change in bowel habits) were included. We 
excluded patients with a previous colonoscopy in 
SMC, weight loss and objective bleeding symp-
toms (iron deficiency anemia, overt or occult 
blood in stool) as indications for colonoscopy, 
medical history of complicated diverticulitis, per-
sonal history of inflammatory bowel disease or 
inherited syndrome with predisposition to CRC, 
and family history of CRC in first-degree rela-
tives. Patients with failed/incomplete colonos-
copy, either due to poor preparation or technical 
difficulties, and whenever pathology report was 
not available, were also excluded.

Extracted data
The following clinical data were collected from the 
electronic health records in the year in which the 
index colonoscopy was performed, based on free-
text physician records, and included demograph-
ics, body mass index (BMI), current smoking and 
alcohol habits, physical exercise habits, back-
ground comorbidities (ischemic heart disease, 
hypertension, congestive heart failure, diabetes), 
and chronic medications use / at least 3 months 
[aspirin, statins, or hormone replacement therapy 
(HRT)]. Age (<50, 50–59, 60–69, ⩾70 years) and 
BMI (<20, 20–25, >25 kg/m2) were further sub-
categorized into groups. Colonoscopy reports were 
evaluated for the number of polyps, their size and 
location (proximal or distal to the splenic flexure), 
as well as pathology reports.

Policy and definitions
According to our policy, all polyps were removed 
and sent for pathological assessment (unless lost 
in the lumen). Advanced adenoma (AA) was 
defined as adenoma that was at least 10 mm in 
diameter, had high-grade dysplasia, had villous or 
tubulovillous histologic characteristics, or any 
combination of these. Non-advanced adenoma 
(NAA) had none of the aforementioned histologic 
characteristics. Sessile serrated adenoma/polyp 
(SSA/P) were categorized separately. Carcinoma 
was considered when there was at least a sub-
mucosal invasion (T1). Advanced neoplasia was 
defined as cancer or AA (SSA/P ⩾ 10 mm or tradi-
tional serrated adenoma were not included). 
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Inflammatory and hyperplastic polyps were con-
sidered as normal findings. When multiple polyps 
were detected and removed, colorectal findings 
were categorized on the basis of the most advanced 
lesion identified at screening.

Statistical analysis
Categorical variables are expressed as proportions. 
Continuous variables were evaluated for normal 
distribution and presented as median and inter-
quartile range (IQR) or as mean and standard 
deviation (if normally distributed). Patients’ char-
acteristics comparisons between AN group and 
non-AN group were performed using two samples 
t test or Mann–Whitney U test for continuous var-
iables, while chi-square test or Fisher’s exact test 
were used for categorical variables. Multivariable 
logistic regression was applied to identify inde-
pendent predictors to AN. Demographic factors, 
physical parameters, comorbidities, chronic medi-
cations, and laboratory values were included in 
the multivariable analysis as potential predictors. 
Backward selection method (likelihood ratio) was 
performed and p > 0.1 was used as criteria for var-
iable removal. Classification and regression tree 
(CART)28 analysis was applied in order to identify 
subgroups of individuals with increased risk for 
AN. All statistical tests were two-sided and 
p < 0.05 was considered as statistically significant. 
Statistical analyses were performed using SPSS 
software (IBM SPSS statistics for windows, ver-
sion 25, IBM corp. Armonk, NY, USA 2017).

Study ethics and patient consent
This study was carried out in accordance with the 
ethical guidelines of the Declaration of Helsinki. 
The study was approved by the Sheba Medical 
Center ethics committee. Approval was granted 
for Helsinki protocol SMC-6987-20 on 26 May 
2020. Since this was a de-identified retrospective 
analysis, no informed consent was obtained.

Results

Patient characteristics
Our cohort was composed of 4799 patients who 
were followed up by our institutional IMS in the 
study period. After exclusion of patients with pre-
vious colonoscopy (n = 510), failed colonoscopy 
(n = 103), missed pathology report (n = 145), fam-
ily history of CRC (n = 129), medical history of 

complicated diverticulitis (n = 3), and overt or 
occult bleeding as etiology for colonoscopy 
(n = 53), 3856 patients were included in the final 
cohort (Figure 1).

Baseline characteristics of the study population 
are shown in Table 1. The median age of the 
cohort was 55 year (IQR 51–60) and almost half 
of them (47.9%) were in the 50–59 years age 
group. Male sex was more prevalent (73.2%) 
compared with female sex. Most of the study 
population were at least overweight (BMI > 25 kg/
m2) and around a third of the population were 
smokers. Diabetes (8.4%) and hypertension 
(18.7%) were the most common comorbidities 
among the study population, while statins were 
the most prevalent chronic medication (8.3%). 
Data regarding BMI measures and exercise habits 
were missing for ⩽10% and it was quite balanced 
among AN and non-AN groups (13/129 and 
403/3727, 13/129 and 361/3727, respectively).

Colonoscopy findings
The colonoscopic and pathologic findings of the 
cohort population are summarized in Table 2. 
Out of the 3856 enrolled patients, 16% had abnor-
mal colonoscopy findings; of them, 471 patients 
(12.2%) had non-AA adenoma, 16 (0.4%) had 
serrated adenoma (4/16 were SSA/P ⩾ 10 mm), 
122 (3.2%) had AA, and 7 patients (0.2%) were 
diagnosed with CRC. Most of the adenomas 
(almost 61%) were located at the distal part of the 
colon. The ADR (adenoma detection rate) 
increased with advancing age groups: 12.8%, 
16.9%, 21.6%, and 30.3% among patients  <50, 
50–60, 60–70 and >70 years, respectively. Among 
patients with AA, 79 patients (2% of study popu-
lation) had polyp larger than 1 cm, 73 of the 
patients (1.9%) had villous histology, and only 17 
(0.4%) had high-grade dysplasia histology of the 
polyp. There were seven cases with CRC, of them 
two were diagnosed with stage 1, three with stage 
2, and two with stage 3 disease.

Predictors for AN
Compared with patients without AN, patients with 
AN were significantly older (57 versus 54 years, 
p = 0.001) and had higher percentage of male sex 
(88.4% versus 72.7%, p < 0.001), smoking habits 
(53.5% versus 35.8%, p < 0.001), and ischemic 
heart disease (9.3% versus 4.5%, p = 0.012), while 
other comorbidities (e.g. HTN, DM) were 

https://journals.sagepub.com/home/tag


Volume 15

4 journals.sagepub.com/home/tag

TherapeuTic advances in 
Gastroenterology

comparable between the groups (Table 3). 
Furthermore, within the group of AN, the risk fur-
ther increased with advancing age (2.1%, 3.4%, 
4.2%, and 5.0% in <50, 50–59, 60–69, and ⩾ 70 
years age groups, respectively) and with higher BMI 
(1.3%, 2.3%, and 4.0% in BMI <20, 20–25, and 
>25 kg/m2, respectively), as depicted in Figure 2.

Using logistic regression analysis, we found age 
[adjusted odds ratio (AOR) 1.04, 95% confi-
dence interval (CI) 1.01–1.06, p  = 0.003], male 
sex (AOR 2.69, 95% CI 1.56–4.64, p  < 0.001), 
and smoking (AOR 1.97, 95% CI 1.38–2.81, 
p < 0.001) to be independently associated with 

increased risk for AN (Table 3). Performing sub-
analyses across different age cutoffs, we found 
quite similar findings for patients ⩾50 years: age 
(AOR 1.03, 95% CI 1.01–1.06, p  = 0.022), male 
sex (AOR 2.67, 95% CI 1.55–4.61, p  < 0.001), 
and smoking (AOR 1.88, 95% CI 1.31–2.69, 
p = 0.001) compared with the entire cohort. For 
patients ⩾60 years, no variable but smoking 
(AOR 3.35, 95% CI 1.83–6.15, p  < 0.001) was 
independently associated with higher risk for AN. 
Notably, we did not find neither of the chronic 
medications (in particular aspirin), nor other 
background comorbidities to be associated with 
those lesions.

Figure 1. Study flowchart.
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Figure 3 depicts a classification tree algorithm 
that was applied to identify predictors for AN. 
The latter showed that smoking is the most 
important factor (4.9% versus 2.4%, p < 0.001), 
followed by age with cutoff value of 60 in the 
smokers (8.4% versus 3.8%, p = 0.001) and 50 in 
the non-smokers (2.9% versus 0.9%, p = 0.004). 
The model also identified male sex as a predictor 
for AN among smokers up to 60 years (4.6% ver-
sus 1.2%, p = 0.015).

Discussion
In this large tertiary center cohort of patients who 
underwent screening colonoscopy between 2008 
and 2019, we found older age, male sex, and 
smoking to correlate with increased probability 
for AN. These are well established risk factors 
that have been used in many models of colon can-
cer risk.20–26 We also built a classification tree 
algorithm composed of four root nodes, predict-
ing the likelihood to acquire AN based on the 
above co-variable combinations.

Numerous prediction models are available to esti-
mate future CRC risk or current risk for AN, but 
all have limitations, especially lack of validation 
on independent populations and potential limited 
in generalizability because of the derived popula-
tion.20–26 The most common in the United States 
is the ‘The National Cancer Institute’s (NCI’s) 
CRC Risk’ Assessment Tool,29 which uses demo-
graphics, family history, lifestyle factors, and per-
sonal medical history to estimate future absolute 
CRC risk. We chose to exclude from our cohort 
any patients who underwent prior CRC screening 
and patients with a positive family history, since, 
as previously discussed,30,31 these are the most 
dominant variables in predicting the risk for neo-
plasia in follow-up colonoscopies and can over-
shadow other potential baseline risk factors to be 
implemented in risk prediction models. Only 
three studies previously, to the best of our knowl-
edge, have presented risk models after excluding 
patients with both prior colonoscopy and family 
history of cancer.24–26 Although inconsistency 
regarding either enrollment of patients above the 
age of 20,24 not in concordance with the guide-
lines-based recommendations for CRC screen-
ing, or excluding patients above the age of 60,25 
these studies have included age and smoking his-
tory, and to a lesser degree male gender, in their 
prediction models as well.

Table 1. Patient’s baseline characteristics.

N = 3856

Demographics

 Age (years) median (IQR) 55 (51–60)

 Age group

  <50, n (%) 899 (23.3%)

  50–59, n (%) 1846 (47.9%)

  60–69, n (%) 910 (23.6%)

  ⩾70, n (%) 201 (5.2%)

 Sex

  Female, n (%) 1032 (26.8%)

  Male, n (%) 2824 (73.2%)

Physical parameters

 Body mass index (kg/m2), mean (standard deviation)a 26.48(±3.78)

 Body mass index group (kg/m2)a

  <20, n (%) 78 (2.3%)

  20–25, n (%) 1169 (34%)

  >25, n (%) 2193 (63.7%)

Habits

 Current smoking, n (%) 1404 (36.4%)

 Alcohol use, n (%) 22 (0.6%)

 Exercise, n (%)a 2589 (74.4%)

Comorbidities

 Ischemic heart disease, n (%) 181 (4.7%)

 Hypertension, n (%) 721 (18.7%)

 Congestive heart failure, n (%) 1 (<1%)

 Diabetes, n (%) 325 (8.4%)

Medications

 Amino salicylic acid, n (%) 191 (5%)

 Statins, n (%) 321 (8.3%)

 Hormone replacement therapy n (%) 34 (<1%)

IQR, interquartile range.
aData were missing for ⩽10%.
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Smoking was selected to be the root node of our 
model, indicating that it had a considerable influ-
ence on the probability to detect AN during 
screening colonoscopy. Regardless of other 
patient characteristics, the likelihood to acquire 
AN was multiplied among smokers compared 
with non-smokers. Cigarette smoking may affect 
the colorectal mucosa by means of inducing 
genetic and epigenetic abnormalities, resulting in 
precancerous lesions followed by CRC develop-
ment.32 Previously published molecular epidemi-
ologic studies have shown that smoking is 
associated with MSI-high, CIMP-high, and 
BRAF-mutation enriched CRC subtypes.32 The 
increased risk is highly associated with pack-years 
and has a reverse association with smoking dura-
tion.33 While epigenetic changes which are 
expressed by DNA methylation levels may be 
reversible, it seems that DNA adducts that might 
be made by exposure to tobacco carcinogen may 
result in irreparable DNA damage.32 Therefore, 
discouragement of smoking initiation and encour-
agement of smoking cessation is highly recom-
mended for CRC prevention.

Our data also support age as a risk factor for AN 
with an additive effect when combined with 
smoking; thus, smokers older than 60 years had 
approximately threefold (and not only twofold) 
increased risk for AN than non-smokers above 
the age of 50. Age indeed has been used in all 
previous published risk prediction models. Male 
sex was also found to be associated with AN, and 
this risk was emphasized in young smokers; thus, 
a male smoker younger than 60 years had an 
approximately fourfold increased risk for 
advanced neoplasia compared with the same-age 
female. Niedermaier et al.34 showed that more 
than half of the excess risk of AN among men 
compared with women cannot be explained by 
traditional modifiable risk factors, such as BMI, 
physical activity, smoking, or diet. Further inves-
tigation should be considered in order to clarify 
this issue.

We did not find any reverse association between 
chronic medications such as aspirin, HRT, and 
statins use and the risk for AN. While data regard-
ing aspirin and HRT are well established,32,35 the 
protective effect of statins use on the risk of AN is 
still controversial.35 Actually, a part of smoking, we 
did not observe any association between other 

Table 2. Colonoscopic findings.

N = 3856

Normal colonoscopy, n (%) 3240 (84%)

Non-advanced adenoma, n (%) 471 (12.2%)

 Location

  Proximal, n (%) 190 (4.9%)

  Distal, n (%) 223 (5.8%)

  Proximal and distal, n (%) 58 (1.5%)

 1–2 non-advanced adenoma, n (%) 429 (11.1%)

 ⩾3 non-advanced adenoma, n (%) 42 (1.1%)

Serrated adenoma, n (%) 16 (0.4%)

 Location

  Proximal, n (%) 6 (0.2%)

  Distal, n (%) 10 (0.4%)

 1–2 serrated adenoma, n (%) 14 (0.4%)

 ⩾3 serrated adenoma, n (%) 2 (0.1%)

Advanced adenoma, n (%) 122 (3.2%)

 Location

  Proximal, n (%) 42 (1.1%)

  Distal, n (%) 76 (2%)

  Proximal and distal, n (%) 4 (0.1%)

Polyp characteristics

 Size ⩾ 1 cm, n (%) 79 (2%)

 Villous histology, n (%) 73 (1.9%)

 High-grade dysplasia, n (%) 17 (0.4%)

Colon adenocarcinoma, n (%) 7 (0.2%)

 Staging

  Stage 1 (n) 2

  Stage 2 (n) 3

  Stage 3 (n) 2

  Stage 4 (n) -

IQR, interquartile range.
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Table 3. Univariable and multivariable analyses for advanced neoplasia (AN).

Patients with AN Patients without AN Univariable analysis Multivariable analysis

 n = 129 n = 3727 p value AOR (95% CI) p value

Demographics

 Age (years), median (IQR) 57 (52–62) 54 (51–60) 0.001 1.04 (1.01–1.06) 0.003

 Age group, n (%)

  <0 19 (15%) 880 (23.5%)  

  50–59 62 (48%) 1784 (48%) 0.073  

  60–69 38 (29.5%) 872 (23.5%) 0.014  

  ⩾70 10 (7.5%) 191 (5%) 0.026  

 Sex

  Male, n (%) 114 (88.4%) 2710 (72.7%) <0.001 2.69 (1.56–4.64) <0.001

Physical parameters

  Body mass index (kg/m2) mean 
(standard deviation)a

27.10 (±3.70) 26.46 (±3.78) 0.077  

 Body mass index group (kg/m2)a

  <20, n (%) 1 (<1%) 77 (2.1%)  

  20–25, n (%) 27 (20.9%) 1142 (30.6%) 0.559  

  >25, n (%) 88 (68.2%) 2105 (56.4%) 0.248  

Habits

 Smoking, n (%) 69 (53.5%) 1335 (35.8%) <0.001 1.97 (1.38–2.81) <0.001

 Alcohol use, n (%) 1 (<1%) 21 (<1%) 0.754  

 Exercise, n (%)a 79 (68.1%) 2510 (74.6%) 0.117  

Comorbidities

 Ischemic heart disease, n (%) 12 (9.3%) 169 (4.5%) 0.012  

 Hypertension, n (%) 29 (22.5%) 692 (18.6%) 0.262  

 Congestive heart failure, n (%) 0 (0%) 1 (<1%) 0.853  

 Diabetes, n (%) 12 (9.3%) 313 (8.4%) 0.716  

Medications

 Amino salicylic acid, n (%) 7 (5.4%) 184 (4.9%) 0.801  

 Statins, n (%) 1 (<1%) 33 (<1%) 0.464  

 Hormone replacement 
therapy, n (%)

13 (10%) 308 (8.3%) 0.895  

AOR, adjusted odds ratio; CI, confidence interval; IQR, interquartile range.
aData were missing for ⩽10%.
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background comorbidities (e.g. diabetes, conges-
tive heart failure) or lifestyle habits (e.g. alcohol use 
or exercise) and the risk for AN as independent risk 
factors, although BMI was associated with univari-
able analysis. Possible explanation might be the low 
frequency of these risk factors (medication use, dia-
betes) and the low incidence of AA detection rate in 
our cohort, as discussed below. It is thus plausible 
that in a larger cohort size, with higher number of 
patients with these risk factors and with AN, more 
dominant risk factors (age, gender, or smoking 
habits) will not overshadow more modest ones.

The low prevalence of ADR and AA detection 
rate in our cohort group (15.8% and 3.2%, 
respectively) needs to be discussed in light of the 
accepted rate in the literature in screening popu-
lations (25–30% and 4–5%, respectively).29,36 
This difference may be partially explained by the 
wide disparity of ages among our cohort patients. 
We thus observed increasing rates of ADR and 
AN detection rate with increasing age groups, 
and they were indeed in the range of that reported 
in the literature in older (>60 years) age groups 
(21.6–30.3% and 4.2–5%, respectively). 
Moreover, 145 patients with polyps were excluded 
from the cohort (Figure 1) since they had no 
available pathology report following polyp resec-
tion. Since adenoma is known to be the most 
common polyp, these patients would have raised 
the ADR by another 2–3% had  their pathological 
reports been available. Third, the use of high-def-
inition colonoscopies was not available until 2015 
in our institution, potentially limiting the polyp 
detection rate in previous years. This may be con-
sistent with the finding of the observed 

low serrated polyp detection rate. Finally, data 
regarding prior colonoscopy out of SMC was not 
available, thus patients might have undergone 
screening colonoscopy before the considered 
index colonoscopy at our institute. If patients 
indeed had normal or NAA’s findings at previous 
colonoscopy, this could have caused a lower 
observed ADR in our cohort relative to ‘pure’ 
first-time screening population.

Although colonoscopy is recommended world-
wide for CRC screening in average-risk popula-
tion, most countries in the world use FIT as the 
preferred screening modality, mainly due to lim-
ited resources and low adherence rate for colo-
noscopy.9,37 The use of prediction model or 
algorithm can be used to individualize the risk in 
order to identify patients with higher or lower risk 
for AN and to accordingly adjust the most cost-
effective screening modality. Our classification 
tree algorithm shows (Figure 3) that smokers, 
especially male or above the age of 60, have a sig-
nificant risk for AN (up to 8.4%), thus probably 
prompting a colonoscopy as the preferred screen-
ing modality, while non-smokers, or even young 
(<60 years) female smokers, have only 1.2–2.4% 
risk for AN, potentially prompting FIT as the 
more cost-effective screening modality. In addi-
tion to identifying patients with lower or higher 
risk, such an algorithm can be used as a shared 
decision-making tool between patient and physi-
cian, prompting improved screening compliance.

Our study has several limitations. First, the rela-
tively low AA detection rate precluded our ability 
to possibly expose more statistically significant 

Figure 2. Advanced neoplasia rate amomg the cohort population, devided to sex, smoking status, aspirin use, 
age groups (years), and BMI (body mass index) groups (kg/m2).
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risk factors for AN and include them in the clas-
sification tree algorithm. Second, the retrospec-
tive design of the study, with its inherent drawback 
of missing (e.g. pathology reports) or incomplete 
data, had either limited our ability to include 
other potentially important risk factors in the era 
of lifestyle habits (e.g. red meat and alcohol use, 
physical exercise), or could have biased, most 
probably underestimating, the observed ADR 
and AA detection rate. Third, this study was con-
ducted at a single tertiary large medical center in 
high–socioeconomic status patients who under-
went a structured screening program, which can 
limit the generalization of our findings, especially 
for more low–socioeconomic status population 
with potentially increased likeliness for lifestyle-
related risk factors and a consequent ADR. 
Fourth, as mentioned above, the unavailable data 
regarding prior colonoscopy out of SMC could 
have caused an ascertainment bias toward either 
underestimation or overestimation of the observed 
ADR/AA detection rate.

However, at the same time, this structured and 
organized design has enabled us to process a high-
quality and credible data regarding risk factors for 
AN in average-risk population, apparently without 
a significant bias of other overshadowing and dom-
inant risk factors of family history or previous colo-
noscopy. We have shown that smoking habits, age, 
and male sex are highly associated with an increased 
likelihood for AN, and these factors should be 
incorporated to individualize the risk and, in the 
decision making of adapting a screening program.
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