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to health recommendations and detection of advanced 
colorectal neoplasia (ACN) in colorectal cancer (CRC) 
screening.

METHODS: A total of 14832 women and men 
were invited to CRC screening, 6959 in the fecal 
immunochemical test arm and 7873 in the flexible 
sigmoidoscopy arm. These were also sent a self-re
ported lifestyle questionnaire to be completed prior to 
their first CRC screening. A lifestyle score was created 
to reflect current adherence to healthy behaviors in 
regard to smoking, body mass index, physical activity, 
alcohol consumption and food consumption, and 
ranged from zero (poorest) to six (best). Odds ratios 
(ORs) and 95%CIs were calculated using multivariable 
logistic regression to evaluate the association between 
the single lifestyle variables and the lifestyle score and 
the probability of detecting ACN.

RESULTS: In all 6315 women and men completed the 
lifestyle questionnaire, 3323 (53%) in the FIT arm and 
2992 (47%) in the FS arm. This was 89% of those who 
participated in screening. ACN was diagnosed in 311 
(5%) participants of which 25 (8%) were diagnosed 
with CRC. For individuals with a lifestyle score of two, 
three, four, and five-six, the ORs (95%CI) for the 
probability of ACN detection were 0.82 (0.45-1.16), 0.43 
(0.28-0.73), 0.41 (0.23-0.64), and 0.41 (0.22-0.73), 
respectively compared to individuals with a lifestyle 
score of zero-one. Of the single lifestyle factors, 
adherence to non-smoking and moderate alcohol intake 
were associated with a decreased probability of ACN 
detection compared to being a smoker or having a high 
alcohol intake 0.53 (0.42-0.68) and 0.63 (0.43-0.93) 
respectively.

CONCLUSION: Adopted healthy behaviors were in
versely associated with the probability of ACN detection. 
Lifestyle assessment might be useful for risk stratification 
in CRC screening.

Key words: Screening; Colorectal neoplasia; Lifestyle; 
Prevention; Health recommendations
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Core tip: Colorectal cancer (CRC) is a highly prevalent 
disease, developing from adenomas. In primary 
prevention of CRC, following public health recom
mendations such as non-smoking, normal body weight, 
physical activity, limited alcohol consumption and healthy 
diet is important. In the present study, we showed that 
adherence to multiple health recommendations was 
associated with decreased risk of detecting advanced 
colorectal neoplasia (ACN) in CRC screening. Regarding 
single health recommendations, non-smoking and 
moderate alcohol consumption were the most important 
lifestyle factors associated with low risk of ACN. Lifestyle 
assessment in CRC screening may therefore be used as a 
tool in risk stratification of participants.

Knudsen MD, de Lange T, Botteri E, Nguyen DH, Evensen H, 
Steen CB, Hoff G, Bernklev T, Hjartåker A, Berstad P. Favorable 
lifestyle before diagnosis associated with lower risk of screen-
detected advanced colorectal neoplasia. World J Gastroenterol 
2016; 22(27): 6276-6286  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i27/6276.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i27.6276

INTRODUCTION
Worldwide and in Norway, colorectal cancer (CRC) 
is the second and third most common cancer type 
in women and men, respectively[1]. In Norway, 
approximately 4000 new cases of CRC are diag­
nosed each year[2]. CRC usually develops from an 
adenoma within 10-15 years on average, but very 
few adenomas (less than 10%) may progress to 
CRC within a lifetime[3,4]. Still, early detection and 
removal of adenomas by screening may prevent CRC. 
Screening for CRC by either fecal immunochemical 
test (FIT), flexible sigmoidoscopy (FS) or guaiac-based 
fecal occult blood test (gFOBT) has been shown to 
reduce CRC mortality (FIT, FS and gFOBT) and CRC 
incidence (FS only)[5-10]. Also, favorable lifestyle factors 
such as abstention from smoking, normal body mass, 
physical activity, limited alcohol consumption, and 
healthy dieting have been associated with a reduced 
risk of colorectal adenomas and CRC[11,20]. Only a few 
studies have investigated the association between 
the number of healthy lifestyle factors and the risk of 
advanced colorectal neoplasia (ACN) in an average-
risk population[21,22]. When planning a national CRC 
screening program, it is important to identify and 
estimate the predictive value of lifestyle characteristics 
associated with detection of ACN. Stratifying of 
participants according to their risk profile will aid open 
possibilities for personalized CRC screening. 

The aim of the present study was to investigate 
the association between the number of adherence of 
healthy lifestyle behaviors (based on Norwegian and 
international health recommendations) at the time of 
invitation to screening, and the probability of detecting 
ACN. Further, we aimed to investigate whether it was 
possible to predict screen-detected ACN based on 
single modifiable lifestyle factors. The present study is 
a lifestyle sub-study within the Bowel Cancer Screening 
in Norway (BCSN) - a randomized pilot study on a 
national program. 

MATERIALS AND METHODS
Study population
The BCSN compares two screening modalities; five 
biennial rounds of FIT for occult blood in stools and 
a single FS[23,24]. A total of 140000 women and men 
aged 50-74 at the time of randomization from two 
geographically defined areas in South-East Norway 
are randomly assigned (1:1 ratio) to one of the two 
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screening modalities. Invitations are scheduled from 
2012 to 2018.

From November 2012 to September 2013, a total 
of 14832 individuals (6959 in the FIT arm and 7873 
in the FS arm) were additional invited to a separate 
lifestyle sub study (Figure 1). These were sent a two-
page lifestyle questionnaire (LSQ) along with the 
invitation to the CRC screening. The LSQ was to be 
completed prior to the first CRC screening on paper or 
online prior to the availability of the screening results. 

Examination procedures (outcome)
Participants assigned to FIT were mailed a self-
administered kit with which they obtained a stool 

sample and returned by mail to the laboratory. A 
test result of ≥ 75 µg hemoglobin/L buffer was 
considered a positive FIT. In the present study, FIT 
results were based on the first round out of five. FS 
was defined as positive if one of the following was 
detected or suspected: (1) any polyp ≥ 10 mm in 
diameter; (2) any adenoma with villous histology 
or high-grade dysplasia; (3) ≥ 3 adenomas; or (4) 
cancer. Participants with a positive screening result 
were referred to a follow-up colonoscopy. Based on the 
findings from the FIT, FS and follow-up colonoscopy, 
the participants were categorized into the following  
categories: (1) no adenomas (negative findings, 
non-neoplastic findings, other polyps); (2) low-risk 
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Figure 1  Flow chart of the participation in the screening and responders to the lifestyle questionnaire in the lifestyle sub-study of the bowel cancer 
screening in norway-a pilot study. FIT: Fecal Immunochemical Test, FS: Flexible Sigmoidoscopy; LSQ: Lifestyle questionnaire.
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education (Table 1). Participants were also asked to 
report smoking habits, weight, height, physical activity, 
and their consumption of alcohol and selected dietary 
items during the previous year. Reply options for 
smoking status were: “yes, daily”, “yes, occasionally”, 
“former”, and “never smoked”. Former smokers were 
further asked to state the number of years since 
smoking cessation. Three questions were asked 
regarding physical activity: “Have you during the last 
three years had any chronic disease that limits your 
physical activity?” (yes/no), and “How many times per 
week are you physically active for 30 min (1) with light 
or moderate intensity; and (2) with high intensity?”. 
The reply options ranged from “never” to “more than 
seven times per week”. Alcohol consumption was 
determined by two questions: (1) “How often have you 
consumed alcohol during the last year?”, with reply 
options that ranged from “never” to “four-seven times 
per week”; and (2) “When consuming alcohol, how 
many glasses do you usually drink?”. Consumption 
of fruit, berries and vegetables was determined by 
three separate questions regarding (1) fruit and 
berries; (2) raw vegetables; and (3) boiled vegetables. 
The consumption of red and processed meat was 
ascertained by three questions, where participants 
indicated their consumption at dinner of (1) steak, 
chops or similar; (2) hamburgers and dishes with 
minced meat; and (3) sausages. Consumption of fish 
was determined by one question on fatty fish. Bread 
consumption was ascertained by questions regarding 
the number of slices of bread with (1) a non-whole 
meal; (2) a partly whole meal; and (3) a whole meal. 
For the dietary items except bread, six frequency 
alternatives that ranged from “never/rarely” to “more 
than three servings per day” were given. For bread 
consumption, more than seven slices per day was the 
maximum. 

Lifestyle variables
Individuals with certain smoking habits were divided 
into two groups: (1) smokers comprised current 
smokers, occasional smokers and those with smoking 
cessation ≤ 10 years ago; and (2) non-smokers 
who had never smoked or had stopped smoking 
> 10 years ago[30]. Body mass index (BMI, kg/m2) 
was calculated from self-reported weight (kg) and 
height (cm). The two questions on physical activity 
(light/moderate and high intensity) were summed 
to the total number of times per week for 30 min or 
more. Alcohol consumption (glasses per week) was 
calculated by multiplying the answers to the two 
questions. The consumption of fruit and berries, raw 
vegetables and boiled vegetables was summed to a 
total fruit and vegetables consumed (F&V, servings per 
day). Consumption of total red and processed meat for 
dinner (R&P meat, servings per week) was calculated 
by summing the answers to the three questions on 
meat.

adenomas (one or two adenomas with low-grade 
dysplasia of size < 10 mm in diameter); (3) high-risk 
adenomas (≥ 3 small adenomas or any adenoma of 
size ≥ 10 mm in diameter or adenomas with villous/
tubulovillous/severe dysplasia); and (4) CRC [25]. ACN 
was defined as high-risk adenomas or CRC and served 
as the outcome. Individuals with low-risk adenomas or 
no adenomas were not considered to have ACN.

Exposure information - the LSQ 
The LSQ consisted of questions copied from previous 
national surveys[26,27] and previously used in the 
Norwegian Colorectal Cancer Prevention study 
(NORCCAP)[28,29]. In the LSQ, participants were asked 
about their ethnicity, marital status and years of formal 
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Table 1  Characteristics of participant’s  n  (%)

Variable Total (n  = 
6315)1 % 

column

Advanced 
colorectal 

neoplasia (n  = 
311) % row

Screening arm
   Fecal immunochemical test 3323 (53)   85 (3)
   Flexible sigmoidoscopy 2992 (47) 226 (8)
Age
   mean (SD)   62.0 (7.0) 64.2 (6.9)
Sex
   Female 3255 (52) 118 (4)
   Male 3060 (48) 193 (6)
Occupation
   Employed 3186 (50) 115 (4)
   Unemployed 2944 (47) 189 (6)
   Missing 185 (3)     7 (4)
Education length
   Primary school 1008 (16)   58 (6)
   High school 2388 (38) 132 (5)
   University/college studies of min. 2 yr 2636 (42) 104 (4)
   Missing 283 (4)   17 (6)
Ethnicity
   Norwegian 5887 (93) 295 (5)
   Not norwegian 361 (6)   12 (3)
   Missing   67 (1)     4 (6)
Marital status
   Single, widowed, divorced 1195 (19)   62 (5)
   Married, living together 5032 (80) 247 (5)
   Missing   88 (1)     2 (2)
Chronic disease2

   Yes 1593 (26)   86 (5)
   No 4507 (74) 212 (5)
  Missing 215 (3)   13 (6)
Whole meal bread slices per day
   < 1.5 1293 (20)   88 (7)
   1.5 1895 (30)   83 (4)
   3.5 2175 (34) 101 (5)
   > 3.5   928 (15)   38 (4)
   Missing   24 (0)     1 (4)

1The number of replies may not sum to the total due to incomplete 
replies on the lifestyle questionnaire; 2Chronic disease was asked as: have 
you doing the last 3 years had some chronic disease that limited your 
physical activity (e.g., problem with the hip or cardiovascular diseases) 
Demographic characteristics and whole meal bread consumption for 
participants in the lifestyle sub-study of the Bowel Cancer Screening in 
Norway - a pilot study.
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Categorization of variables
A lifestyle score was generated to reflect the number 
of favorable lifestyle factors fulfilled. The score was 
based on the following factors: smoking habits, BMI, 
physical activity, and consumption of alcohol, F&V, 
R&P meat, and fatty fish. These factors were chosen 
for their modifiable character and for being central in 
Norwegian and international health recommendations. 
Each of the single lifestyle factors was dichotomized 
to reflect adherence to health recommendations[31-33]. 
Each participant was assigned one point for each 
fulfilled lifestyle criterion, except F&V and fish for which 
both had to be fulfilled to earn one point (Table 2). 
The total number of points in the lifestyle score ranged 
from zero (poorest) to six (best) (Table 3). 

The Norwegian health recommendation for F&V is 
a minimum of five servings per day[31]. However, only 
4.5% of the participants in the present study reported 
this value. According to a national survey, 25% of the 
Norwegian population fulfill the recommendation for 

F&V[34]. As 25% of the participants in our study had 
a total consumption of three or more servings per 
day, we used this cut off value to mark favorable F&V 
consumption in our analyses.

Statistical analysis
The odds ratio (OR) and 95%CIs were calculated using 
multivariable logistic regression models to evaluate 
the association between single lifestyle factors and 
the lifestyle score with the risk of ACN. Single lifestyle 
factors were analyzed as dichotomous variables using 
values that did not reach the lifestyle score point as the 
reference category. To gain enough participants for the 
reference group, the scores of zero or one were pooled 
(zero-one) in the lifestyle score analyses. Statistical 
models that examined the association between single 
lifestyle factors and the risk of ACN were mutually 
adjusted for the remaining single lifestyle factors. 
Moreover, all multivariable models were adjusted for 
gender, age at invitation (continuous), years of formal 

Table 2  Risk of advanced colorectal neoplasia by single lifestyle factors  n  (%)

Variable Total (n  = 6315) % 
column1

Advanced colorectal 
neoplasia (n  = 311) 

% row

Lifestyle point2 OR, (95%CI)3 

Smoking4

   Smoker 1988 (31) 140 (7) 0 1.00 (Ref)
   Non-smoker 4311 (68) 171 (4) 1 0.53 (0.42-0.68)
   Missing   16 (0)     0 (0)
Body Mass Index5

   ≥ 25.0 3658 (59) 205 (6) 0 1.00 (Ref)
   < 25.0  2542 (41)   97 (4) 1 0.78 (0.60-1.01)
   Missing 115 (2)     9 (8)
Physical activity 30 min, times per week
   < 7 4480 (71) 238 (5) 0 1.00 (Ref)
   ≥ 7 1504 (24)   58 (4) 1 0.81 (0.60-1.09)
   Missing 331 (5)   15 (5)
Alcohol, glasses per week
   ≤ 14 for male, ≤ 7 for female) 5525 (88) 264 (5) 1 0.63 (0.43-0.93)
   Above 514 (8)   34 (7) 0 1.00 (Ref)
   Missing 276 (4)   13 (5)
Fruits and vegetables, servings per day
   < 3 4621 (73) 244 (5) 0 1.00 (Ref)
   ≥ 3 1446 (23)   52 (4)    0.5 0.93 (0.67-1.27)
   Missing 248 (4)   15 (6)
Red and processed meat, servings per week
   > 4 2059 (32) 108 (5) 0 1.00 (Ref)
   ≤ 4 4093 (65) 196 (5) 1 0.98 (0.76-1.26)
   Missing 163 (3)     7 (4)
Fatty fish, servings per week
   < 1 1257 (20)   78 (6) 0 1.00 (Ref)
   ≥ 1 5023 (79) 232 (5)    0.5 0.79 (0.60-1.05)
   Missing   35 (1)     1 (3)
C-statistics 0.72 (0.69-0.75)

1The number of replies may not sum to the total due to incomplete replies on the lifestyle questionnaire; 2One point for each lifestyle adherence, except 
only 1 point if adherence to both: fatty fish and fruits and vegetables; 3Models are adjusted for: age (continuously), screening arm (flexible sigmoidoscopy, 
fecal immunochemical), gender (women, men), center (Moss, Bærum), education (primary school, high school, university/college studies of minimum 2 
yr) and whole meal bread. Lifestyle factors (Body Mass Index, smoking, alcohol, physical activity, fruits and vegetables, red and processed meat and fatty 
fish) were mutually adjusted for each other; 418% current smoker, 14% ≤ 10 yr stopped, 28% > 10 yr stopped, 40% never smokers; 543% had a Body Mass 
Index of 25.0-30.0; 16% had a Body Mass Index of > 30.0. Lifestyle characteristics, point for the lifestyle score, odds ratio (OR) and 95%CI between the single 
lifestyle factors and the risk of advanced colorectal neoplasia by multivariable logistic regression for participants in the lifestyle sub-study of the Bowel 
Cancer Screening in Norway - a pilot study. 
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education (primary school, high school, university/
college studies of minimum 2 years), screening modality 
(FIT or FS), screening center (Moss or Bærum Hospital) 
and whole meal bread consumption (< 1.5, 1.5, 3.5, or 
> 3.5 slices per day). These factors were selected based 
on a priori knowledge of the association of these factors 
with CRC[12,14,35] and colorectal adenomas[15-19,36]. In spite 
of the convincing evidence of an inverse association 
with the risk of CRC, we included whole meal bread 
consumption as a covariate and not in the lifestyle score. 
This was based on the uncertainty of bread consumption 
alone to mark dietary fiber/wholegrain intake.

Omitted values for the lifestyle factors in question 
were treated as fixed/dummy values. If a participant 
had a missing value in a lifestyle factor used to create 
the lifestyle score, this factor was considered missing 
in the lifestyle score for that participant.

Multivariable restricted cubic spline logistic regression 
models with three knots were used to analyze the 
functional form, and P trend, of the relationship between 
single lifestyle factors as continuous (BMI, physical 
activity, alcohol consumption, F&V and R&P meat) and 
the probability of ACN[37]. 

C-statistics were calculated to examine how well the 
multivariable logistic regression models discriminated 
between participants who were and were not diagnosed 
with ACN, estimating C. C is an estimate for the sen­
sitivity and specificity of the statistical model[38].  

In the sensitivity analysis, we tested the effect of 
the lifestyle score on the risk of ACN by including fewer 
than six lifestyle factors. A change in the order of the 

included factors was also tested. We then stratified the 
analyses for gender, smoking and screening modality. 
Likelihood ratio tests were also performed to test for 
effect modification.

Absolute risk was calculated for each lifestyle score 
category as well. 

Analyses were performed using STATA™ software, 
version 13.1 (Stata Corp, College Station, Texas, 
United States) and R software (The R Foundation for 
Statistical Computing Platform 2014, Free Software 
Foundation, Boston, MA, United States). The statistical 
methods of this study were reviewed by statistician 
Edoardo Botteri from Department bowel cancer 
screening, Cancer Registry of Norway.

Ethics
The Regional Research Ethics Committee of South-
East Norway and the Norwegian Data Inspectorate 
approved the study protocol (approval No. 2011/1272). 
The participants gave their consent to participate in the 
lifestyle study by completing and returning the mailed 
questionnaire. 

RESULTS
In all, 6315 participants were included in the present 
study; 53% (n = 3323) were in the FIT arm and 
47% (n = 2992) were in the FS arm (Figure 1). The 
participation rate for both the screening examination 
and successful completion of the LSQ was 43% (48% 
in the FIT arm and 38% in the FS arm). ACN was 
diagnosed in 311 (4.9%) participants of which 25 (8%) 
were diagnosed with CRC.

A higher proportion of participants who were 
diagnosed with ACN were unemployed, smokers, and 
had a BMI ≥ 25 kg/m2 compared with participants 
without ACN (Tables 1 and 2). 

Age at invitation, male gender and randomization 
to FS screening compared with FIT screening were 
associated with an increased risk of ACN (results not 
shown). The adjusted OR for the risk of ACN was 0.53 
(95%CI: 0.42-0.68) for non-smokers compared with 
smokers. The adjusted OR for the risk of ACN was 
0.63 (95%CI: 0.43-0.93) in individuals with moderate 
alcohol consumption compared with those with a 
consumption above the moderate level. No significant 
associations were observed between BMI, the single 
dietary factors or physical activity and the risk of ACN 
(Table 2). 

Figure 2 shows the functional form of the rela­
tionship between single continuous lifestyle factors 
(except smoking and consumption of fatty fish) and the 
probability of ACN. Based on the multivariable restricted 
cubic spline logistic regression, continuous BMI (p-trend) 
was associated with an increased probability of ACN 
(Figure 2).

The lifestyle score was inversely associated with the 
risk of ACN, P trend < 0.001. The absolute number of 

Table 3  Risk of advanced colorectal neoplasia by the lifestyle 
score  n  (%)

Total 
(n  = 

6315) % 
column1

Advanced 
colorectal 
neoplasia 

(n  = 311), 
n

Absolute 
risk 

estimates 
per 

10004

OR, 
(95%CI)2 

P  trend5

Lifestyle 
score3 

< 0.001

   0-1 371 (6) 32 86.3 1.00 (Ref)
   2 1248 (20) 92 73.7 0.82 (0.45-1.16)
   3 1749 (27) 71 40.6 0.43 (0.28-0.73)
   4 1312 (21) 46 35.1 0.41 (0.23-0.64)
   5-6   684 (11) 21 30.7 0.41 (0.22-0.73)
   Mising   951 (15) 49
C-statistics 0.71 (0.68-0.74)

1The number of replies may not sum to the total due to incomplete 
replies on the lifestyle questionnaire; 2The model was adjusted for age 
(continuously), screenings arm (fecal immunochemical test, flexible 
sigmoidoscopy), gender (women, men), center (Moss, Bærum), education 
(primary school, high school, university/college studies of minimum 2 
years) and whole meal bread; 3One point for each lifestyle adherence, 
except only 1 point if adherence to both: fatty fish and fruits and 
vegetables; 4Absolute risk calculated: with in each score: (n ACN/Total 
n)*1000; 5P trend was calculated using the lifestyle score as continuous. 
Lifestyle score characteristics, odds ratio (OR) and 95%CI for the risk of 
advanced colorectal neoplasia by multivariable logistic regression for 
participants in the lifestyle sub-study of the Bowel Cancer Screening in 
Norway - a pilot study.
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individuals with ACN decreased from 86.3 to 30.7 per 
1000 by increase of the lifestyle score from zero-one 
to four or five-six. The adjusted OR for ACN was 0.41 
(95%CI: 0.22-0.73) for participants with a lifestyle 
score of five-six compared with those with a score of 
zero-one (Table 3).

Sensitivity analyses, which included fewer than six 
lifestyle factors and tested the order of the lifestyle 
factors that were included in the score showed that 
non-smoking was the most important factor in the 
reduction of the OR for ACN. Lowest risk for ACN was 
associated with adherences to the four lifestyle factors; 

non-smoking, normal BMI, adequate physical activity 
and moderate alcohol consumption, compared to 
adherence to none or only one of these behaviors (OR 
= 0.31, 95%CI: 0.17-0.59). The addition of points for 
a healthy diet did not reduce the risk of ACN further. 
Results did not change when stratifying for gender 
(results not shown). When stratifying for smoking 
status, the risk of ACN was reduced for non-smokers 
having a moderate alcohol consumption, compared to 
non-smokers with a consumption above moderate 0.76 
(95%CI: 0.33-0.99). For smokers the risk of ACN was 
reduced for those with a high F&V intake 0.45 (95%CI: 

Figure 2  Relationship between advanced colorectal neoplasia and Body Mass Indexa (A) physical activity(B) alcohol consumption(C) fruit and vegetable 
consumption (D); and (E) red and processed meat consumption. The relationship is modeled by cubic splines logistic (continuous line) with 3 knots. The 
model is based on 95%CI, which are reported by the grey areas. All models are adjusted for: age (continuously), screening arm (flexible sigmoidoscopy, fecal 
immunochemical), gender (women, men), center (Moss, Bærum), education (primary school, high school, university/college studies of minimum 2 year) whole meal 
bread, fatty fish and smoking (smoker, non-smoker). The lifestyle factors (BMI, physical activity, alcohol consumption, fruit and vegetables and red and processed 
meat) were mutually adjusted for each other. A: BMI 16.5-40 (> 40 does not appear in the figure); B: Physical activity 0-14 times for 30 min per week; C: Alcohol 
consumption 0-30 glasses per week; D: Total fruit and vegetable consumption 0-9 servings per day; E: Red and processed meat consumption 0-15 servings per week. 
aP < 0.001, increase/decrease in the regression coefficient significantly different from 0.
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0.23-0.88) compared to those with a low F&V intake. 
Results for the remaining variables were not changed 
when stratifying for smoking status. When the results 
were stratified according to screening modality, we 
observed a significant inverse association between the 
lifestyle score and ACN only in the FS arm. Results 
from the FIT arm showed a similar trend but did not 
reach statistical significance. There was no indication 
of effect modification by the screening arm in the 
association between the lifestyle score or the single 
lifestyle factors, and ACN risk (P values for interaction 
ranged from 0.178 to 0.984). 

The results from the C-statistics indicate that the 
models used were acceptable in the discrimination 
between participants with and without ACN, as the 
C values were between 0.70-0.80[39]: C-statistics = 
0.72 (95%CI: 0.69-0.75) for ACN and single lifestyle 
factors, C-statistics = 0.71 (95%CI: 0.68-0.74) for 
ACN and the lifestyle score (Table 2 and 3). 

DISCUSSION
In the present study, we observed a low risk of ACN in 
CRC screening participants who fulfilled several healthy 
lifestyle factors reflecting adherence to public health 
recommendations. The present study suggests that 
favorable health behavior, particularly non-smoking 
and moderate alcohol consumption predicts a low risk 
of CRC in a general population. These results highlight 
the potential of lifestyle assessment as a tool in risk 
stratification of participants in CRC screening.

Studies that investigate the association between 
lifestyle factors and the risk of ACN in a CRC screening 
setting are unusual. In the FS-based NORCCAP 
study, similar associations were observed between 
smoking, physical activity, and consumption of F&V, 
R&P meat and fatty fish and the risk of ACN[29], but 
no information on alcohol was collected. A Chinese 
CRC screening study[40] and an American case-control 
study[21] investigated the association between ACN 
and a lifestyle score. Our results are in agreement 
with results from these two studies, although some 
differences were seen in the factors that were 
considered for the lifestyle scores. The Chinese study 
included both non-modifiable factors (e.g., family 
history of CRC, diabetes, age and gender) along 
with the modifiable risk factors smoking and BMI in 
their scoring system[40]. The American study included 
calcium intake and the use of non-steroidal anti-
inflammatory drugs in the lifestyle score[21]. 

Three European studies and one American cross-
sectional study on colonoscopy screening concluded 
that through a set of participant characteristics, it 
might be possible to identify a high-risk population 
for adenomas and to target that population for CRC-
screening[41-44]. These studies included both modifiable 
and non-modifiable risk factors such as family history 
of CRC, previous detection of polyps, diabetes and FIT 
results. Based on the C-statistics that were obtained 

in these previous European[41-43], Chinese[40] and 
American[44,45] studies, our model that included only 
modifiable risk factors for CRC was equally able to 
discriminate between the participants diagnosed and 
not diagnosed with ACN. This suggests that modifiable 
lifestyle assessment in CRC screening could be used 
as a tool in risk stratification of participants and to 
identify high-risk participants in CRC-screening. Two 
large prospective cohort studies, one in the European 
Prospective Investigation into Cancer and Nutrition 
and a Danish study, showed that lifestyle scores 
based on modifiable factors similar to those in the 
present study predict the risk of future CRC[11,13]. The 
present study with the cross-sectional design is not 
comparable with those studies. However, we observed 
similar associations between current lifestyle and 
ACN to those in the large cohort studies, although 
current lifestyle at the time of screening might not 
represent the lifestyle at the time of onset of adenoma 
development.  

The present study has several strengths. The 
population registry based randomization limits the risk of 
selection bias. Compared to other European population-
based trials in CRC screening[41,46], compliance to 
complete the LSQ among screening participants (89%) 
was high. This may have reduced the risk of selection 
bias, suggesting that the results are representative 
for CRC screening participants. Information bias was 
unlikely due to the study design that entailed the 
completion of the LSQ before the screening results were 
available. The limitations of the present study include 
that we had no information on potential confounders 
such as energy intake, use of non-steroidal anti-
inflammatory drugs and hormone therapy in women, or 
family history of CRC[14,47,48]. However, because BMI and 
physical activity were included in the statistical models, 
the risk of confounding by energy intake should be 
limited. 

The specific questions in the LSQ have been 
used in other validated questionnaires[26,27], however, 
the brevity of the LSQ, which was designed to re­
quire less than 10 min for completion, may have 
sacrificed details on dietary consumption. The overall 
participation rate of 43% might question the present 
study’s representativeness of the general Norwegian 
population. Prevalence of smoking (18%, including 
occasional smokers) in the present study compared 
to the 15%-20% daily smokers in the Norwegian 
population of similar age[49] suggests representative 
lifestyle characteristics in the study population. We 
acknowledge that FIT and FS as screening modalities 
might have caused some false negative screening 
results (misclassification) because one round of FIT 
has limited sensitivity to discover ACN, and FS only 
involves the distal segments of the colon[50,51]. Any 
misclassification might have attenuated the association 
between the lifestyle factors and the risk of ACN. This 
added to the brevity of the LSQ might also be a reason 
why no significant linear association was observed 
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for the single lifestyle factors. Furthermore, the lack 
of significant associations between the single lifestyle 
factors, the lifestyle score, and ACN in the stratified FIT 
arm might be explained by misclassification because it 
was based on only the first of five FIT rounds. 

Alternative lifestyle scores based on quartiles of 
the single lifestyle factors could have been considered. 
However, quartiles are not as easy interpretable for the 
general population as the present lifestyle score which 
reflects adherence to public health guidelines. 

In summary, the simplicity of the lifestyle score, 
which was created to reflect healthy lifestyle behaviors 
in the present study, makes it an easy tool to implement 
in CRC screening. This score provides straightforward 
information on the probability of detecting ACN in a 
general population. Furthermore, the lifestyle score 
could be considered used as a risk stratification tool 
when predicting the risk of detecting ACN in CRC 
screening. We showed that the probability of detecting 
ACN was 59% lower in screening participants having 
a score of minimum four compared to a score of zero-
one. Based on this population-based screening study, 
the single lifestyle factor with the lowest probability of 
detecting ACN was non-smoking. However, moderate 
alcohol consumption was also effective for non-smokers 
and F&V for smokers. When the results from the 
present study are generalized, one should consider that 
the study was based only on Norwegians. 

In conclusion, the present study suggests that the 
probability of detecting ACN in CRC screening is low in 
participants who adhere to multiple favorable lifestyle 
behaviors. Lifestyle assessment may be useful for risk 
stratification in CRC screening.
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