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Background: To reduce colorectal cancer (CRC) mortality through population-based screening programmes using faecal tests, it
is important that individuals continue to participate in the repeated rounds of screening. We aimed to identify lifestyle predictors
for discontinuation of faecal immunochemical test (FIT) screening after the first round, as well as lifestyle predictors for colorectal
neoplasia detected in the second-round FIT screening.

Methods: In this longitudinal study, we invited 6959 individuals aged 50–74 years from south-east Norway for a first round of FIT
screening and to complete a self-reported lifestyle questionnaire on demographic factors, body mass index (BMI, kg m� 2),
smoking habits, physical activity, consumption of alcohol and dietary items. Two years later, we estimated the associations
between these factors, non-participation and screening results in the second round of FIT screening using adjusted odds ratios
(ORs) and 95% confidence intervals (CIs).

Results: Of the 3114 responders to the questionnaire who completed the first-round FIT and who were invited to participate in
second-round FIT screening, 540 (17%) did not participate. The OR and (95% CI) for discontinuation of FIT screening after the first
round was 1.61 (1.24–2.10) for current smoking compared with non-smoking; 2.01 (1.25–3.24) for BMIX35 kg m� 2 compared with
BMI 16.9–24.9 kg m� 2 and 0.70 (0.52–0.94) for physical activity in the third quartile vs the first. Among participants, smoking, high
BMI and high alcohol consumption were associated with an increased odds of detecting colorectal neoplasia (n¼ 107).

Conclusions: These results may indicate that Norwegian FIT screening participants who discontinue after the first round have
lifestyle behaviours associated with increased risk of CRC.
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Screening for colorectal cancer (CRC) using faecal occult blood
tests reduces CRC mortality (Scholefield et al, 2012; Chiu et al,
2015). It is recommended to repeat the test every other year due to
limited sensitivity for the detection of adenomas and CRC
(de Wijkerslooth et al, 2012; Brenner et al, 2014). Nevertheless,
only 38–48% of the invited subjects consistently participate in all
multiple screening rounds (Crotta et al, 2012; Steele et al, 2014; Lo
et al, 2015; van der Vlugt et al, 2017). Consequently, it is desirable
to identify predictors of non-participation in order to plan
interventions to increase the participation and consequently the
efficiency of CRC screening (Cole et al, 2012).

Previous studies have suggested that non-participation in
multiple screening rounds is associated with low socioeconomic
status, younger age, male gender and previous use of faecal occult
blood test (FOBT) (Seeff et al, 2004; Weber et al, 2008; Pornet et al,
2014; Lo et al, 2015; van der Vlugt et al, 2017). Furthermore, non-
participation in first-round FOBT has been associated with current
smoking, body mass index (BMI, kg m� 2) 430, low physical
activity and high alcohol intake in a British study (Blanks et al,
2015). These are all lifestyle factors that have been associated with
increased risk of colorectal neoplasia (Botteri et al, 2008;
Kirkegaard et al, 2010; WCRF/AICR, 2011; Wolin et al, 2011;
Hong et al, 2012; Aune et al, 2013; Aleksandrova et al, 2014; Ben
et al, 2014; Norat et al, 2014; Zhu et al, 2014).

Nevertheless, there is a limited knowledge whether these lifestyle
factors also are associated with non-participation in multiple CRC
screening rounds. Assessing lifestyle behaviours at screening may
help to identify individuals at higher risk for discontinuing the
screening and for colorectal neoplasia.

The primary aim of the present study was to identify
independent lifestyle predictors for non-participation in the second
round of faecal immunochemical test (FIT) screening among first-
round participants (i.e., discontinuation of FIT after the first
round). Our secondary aim was to investigate whether these
lifestyle predictors also were associated with detection of colorectal
neoplasia in those who participated in the second round of FIT
screening.

MATERIALS AND METHODS

Study population. The present longitudinal study is a lifestyle
substudy within the ongoing Bowel Cancer Screening in Norway
(BCSN), a pilot study of a national CRC screening programme.
The BCSN is a randomised controlled trial that compares five
biennial rounds of FIT to a single sigmoidoscopy. A total of
140 000 women and men aged 50–74 years (at the time of
randomisation) from two geographically defined areas in south-
east Norway were randomly assigned (1 : 1 ratio) to one of the two
screening modalities. Invitations were scheduled from 2012 to 2018
(Bretthauer and Hoff, 2012; de Lange et al, 2017).

In the present study, only participants in the FIT arm who had
also been invited to the lifestyle substudy and participated in the
first round of FIT screening were included. From November 2012
to September 2013, 6959 individuals were invited (Knudsen et al,
2016). The individuals were sent a two-page lifestyle questionnaire
(LSQ) along with an invitation to participate in FIT-based CRC
screening with a self-administrated FIT kit. The LSQ was to be
completed on paper or online before receiving the results of the
first FIT screening. Participants with a negative first-round FIT
screening were mailed a second FIT kit 2 years after the first one
but this time without an LSQ. They had to return the second-
round FIT kit before May 2016 to be considered participants of the
second-round FIT screening in the present study. Non-participants
were sent a reminding letter for both rounds of FIT but not for the
LSQ (Figure 1).

Screening. A FIT test result of X75 mg haemoglobin l� 1 buffer
was considered positive. In the present study, results were based on
the second of five biennial rounds of FIT screening. Participants
with a positive FIT were referred for a work-up colonoscopy. Based
on the findings at the work-up colonoscopy, participants were
categorised into the following categories: no adenoma (negative
findings, non-neoplastic findings, other polyps); colorectal neo-
plasia (any adenoma and CRC). Eleven participants with a positive
FIT screening result did not participate in the work-up colono-
scopy and were excluded from the analyses of colorectal neoplasia
(Figure 1).

Exclusion criteria. Participants were excluded at baseline and
during follow-up due to medical reasons (e.g., severe heart, lung or
liver diseases, cancer with life expectancy o1 year), previous CRC,
relocating out of the screening municipalities or previous
colonoscopy in the last 12 months. Participants with a positive
first-round FIT screening result were not invited to the second-
round FIT screening and are not included in the present study.
Furthermore, participants were also excluded if the LSQ was
completed after receiving the test result from the first round of FIT
or if it was not possible to determine the timing between the LSQ
and the first FIT screening results. Two persons moved, four died
and six withdrew from the screening project before the invitation
to the second-round FIT screening was sent. Six persons were not
invited owing to a delay in the study (Figure 1).

Lifestyle questionnaire. The LSQ consisted of questions used in
previous national surveys (Johansson et al, 1998; Norwegian
Institute of Public Health, 2016) and the Norwegian Colorectal
Cancer Prevention study (Larsen et al, 2006; Berstad et al, 2015).
The participants were asked about demographic factors as well as
lifestyle factors.

Demographic factors. The participant’s ethnicity based on her/his
parent’s birthplace was dichotomised as native (Norway) or non-
native (any other country). Marital status was dichotomised as
married/cohabiting or non-married/-cohabiting. Education
length was categorised as primary school, high school or a
minimum of 2 years at university/college. Occupation was
categorised as working, retired, unemployed/homemakers or
disabled/on rehabilitation.

Lifestyle factors. Individuals were divided into three groups on
smoking status: current smokers (daily and occasional), former
smokers, and never smokers. BMI was calculated from self-
reported weight (kg) and height (cm) and categorised according to
international standards: 18.5–24.9 kg m� 2, 25.0–29.9 kg m� 2,
30.0–34.9 kg m� 2 (obesity class I) and 35–65 kg m� 2 (obesity
class II and III) (World Health Organization, 2016). Seventeen
participants with BMI between 16.9 and 18.5 kg m� 2 were
included in the normal-weight category (BMI 18.5–24.9 kg m� 2).
Physical activity (times per week of 30 min of activity) was
calculated by adding the responses to the two questions on physical
activity frequency: (1) without sweating or shortness of breath and
(2) so that you sweat or get short of breath. The reply options
ranged from ‘never’ to ‘more than seven times per week of at least
30 min physical activity’. The total physical activity level was
divided into gender-specific quartiles. Alcohol consumption was
assessed by two questions: (1) ‘How often have you consumed
alcohol during the last year?’ with reply options that ranged from
‘never’ to ‘four to seven times per week’ and (2) ‘When consuming
alcohol, how many glasses do you usually have?’ The answers of
the two questions were multiplied and divided into gender-specific
quartiles. Non-drinkers were categorised into a fifth category.
Servings of fruits, berries and vegetables, assessed by three separate
questions regarding (1) fruits and berries, (2) raw vegetables and
(3) boiled vegetables were summed to total consumption of fruits
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and vegetables (F&V, servings per day). Servings of total red and
processed meat for dinner (R&P meat, servings per week) was
assessed by summing the three questions on the number of
servings of (1) steak, pork chops or similar, (2) hamburgers or
other dishes with minced meat and (3) sausages. Consumption of
fatty fish was assessed by one question. Six frequency alternatives
ranging from ‘seldom/never’ to ‘more than three servings per day’
were available options for the dietary questions. Each of the dietary
factors was divided into gender-specific quartiles to create a dietary
score (ranging from 0 to 3). One point was given for each of the
following criteria: consumption of total R&P meat in the first or
second quartile; total F&V in the third or fourth quartile; and fatty
fish in the third or fourth quartile. Owing to the frequency

categories in the LSQ, it was not possible to divide the variables
into equally sized quartiles.

Lifestyle score. A lifestyle score was created based on the
following factors: smoking habits, BMI, physical activity, and
consumption of alcohol, F&V, R&P meat and fatty fish. Each of the
single lifestyle factors was dichotomised to reflect adherence to
health recommendations (World Health Organization, 2003; The
Norwegian Directory of Health, 2011; Nordic Council of Ministers,
2012). 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. The total number of points in the
lifestyle score ranged from zero (poorest) to six (best). More

6959, invited to FIT

3711, participated first round
FIT and completed baseline

LSQ

3132, negative first
round and completed

baseline LSQ

3114, invited for second FIT
round

2574, participated in
second FIT round

2373, negative second
round FIT

201, positive second
round11, did not

attend
colonoscopy,

due to
reservation 190, colonoscopy

107, colorectal
neoplasia

53, advanced
colorectal neoplasia

2906, did not
participate

237, did not
complete the LSQ

4, only answered one
side of the LSQ

202, positive first
round and not

invited for second round
FIT

18, not invited for
second FIT round (4

dead, 2 moved, 6
withdrew from

screening, 6 not
invited)

540, discontinued
after first round FIT
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44, moved
25, medical reasons

2, previous
colonoscopy

19, previous cancer

308, not possible to
determine if answers
on LSQ were given
before first round of

FIT registration

65, handed in the
baseline LSQ after first

round of FIT results
was registered

Figure 1. Flow chart for participation in second-round faecal immunochemical test (FIT) colorectal cancer (CRC) screening and response to the
lifestyle questionnaire (LSQ) at baseline in the lifestyle substudy of the bowel cancer screening in Norway: a pilot study.
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detailed information on the lifestyle score has been published
elsewhere (Knudsen et al, 2016).

Statistical analyses. Baseline characteristics are presented as
percentages. Chi-square test and chi-square test for trend were
used to examine the association between the independent variables
and dichotomous variables, that is, non-participation and color-
ectal neoplasia. Multivariable logistic regression analyses were used
to estimate odds ratios (ORs) with 95% confidence intervals (CI)
for the association between the individual variables and not
participating in the second-round FIT screening and the associa-
tion between individual variables and the odds of detecting
colorectal neoplasia after a positive second-round FIT screening.
Inclusion of covariates in the multivariable models was based on a
priori knowledge and statistical information (Pp0.1 in the crude
chi-square tests). The statistical models for non-participation and
for colorectal neoplasia included the following covariates: age, sex,
screening centre, working status, educational length, marital status,
ethnic background, smoking, BMI, physical activity, alcohol
consumption, and the diet score. The statistical models including
the lifestyle score were adjusted for age, sex, screening centre,
working status, educational length, marital status and ethnic
background. Interactions between gender and the various variables
were examined in sensitivity analysis.

Missing values were handled by using multiple imputation. We
made the assumption that values were missing at random, as tests
with missing data indicators did not show any associations with the
outcome variables. Twenty data sets were imputed to reduce
sampling variability from the imputation process (Horton and
Lipsitz, 2001). We imputed missing variables used in the logistic
regression models using the following variables: discontinuation of
FIT screening after the first round (yes/no), screening centre, age,
and gender. The same variables were used for imputation in the
analysis on colorectal neoplasia (yes/no). Sensitivity analyses were
carried out using complete case analysis and missing indicator
method in separate logistic regression models. Owing to few cases
of advanced colorectal neoplasia (n¼ 53), colorectal neoplasia was
used as an end point in the present paper. Furthermore, predictors
for advanced colorectal neoplasia detected at the first-time
screening by FIT and sigmoidoscopy in the present screening
pilot study have been addressed previously (Knudsen et al, 2016).

Analyses were performed independently by MDK using the
STATA software, version 14.1 (Stata Corp, College Station, TX,
USA) and by EB, using the SAS software, version 9.4 (SAS
Institute, Cary, NC, USA) and the R software, version 3.2.4 (http://
cran.r-project.org/). The STATA MI command was used for
multiple imputation.

Ethics approval. The Regional Research Ethics Committee of
southeast 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

Overall, 3114 individuals were invited to the second-round FIT
screening. Their mean age was 61.6 years (6.8 s.d.), and 47% were
males. Of these, 2574 (83%) returned the second-round FIT kit,
while 540 (17%) did not and were registered as non-participants in
the second-round FIT screening. Of the 2574 participating in the
second-round FIT screening, 201 (8%) had a positive FIT, of whom
190 (95%) participated in the work-up colonoscopy. One hundred
and seven (56%) individuals were diagnosed with colorectal
neoplasia (Figure 1).

Demographic characteristics for discontinuation of FIT screen-
ing after the first round are shown in Table 1. The ORs for

discontinuation was 1.98 (95% CI: 1.22–3.20) for age 50–54 years
and 1.65 (95% CI: 1.02–2.66) for age 55–59 years compared with
age 70–74 years 1.51 (95% CI: 1.23–1.86) for male compared with
female gender and 1.50 (95% CI: 1.05–2.15) for non-native
compared with native ethnic background. The odds for demo-
graphic predictors of colorectal neoplasia detected after a positive
second-round FIT screening are shown in Table 2. The ORs for
colorectal neoplasia was 3.59 (95% CI: 1.42–9.12) for age 60–64
years, 5.03 (95% CI: 1.91–13.28) for age 65–69 years and 6.40 (95%
CI: 2.16–18.93) for age 70–74 years compared with age 50–54
years.

Lifestyle characteristics for discontinuation of FIT screening
after the first round are shown in Table 1. The ORs for
discontinuation was 1.61 (95% CI: 1.24–2.10) for current smoking
compared with non-smoking and 2.01 (95% CI: 1.25–3.24) for
BMI435 kg m� 2 compared with BMI 16.9–24.9 kg m� 2. In
addition, individuals reporting physical activity within the third
quartile had an OR of 0.70 (95% CI: 0.52–0.94) for discontinuing
the FIT screening compared with individuals in the first quartile.
No significant associations between the dietary score and
discontinuation were observed. No significant trend was observed
between the lifestyle score and discontinuation of FIT after the first
round (P-value 0.08: Figure 2A). The ORs for colorectal neoplasia
detected after a positive second-round FIT screening by lifestyle
factors are shown in Table 2. The ORs for colorectal neoplasia was
2.13 (95% CI: 1.20–3.77) for current smoking compared with non-
smoking, 4.09 (95% CI: 1.53–10.96) for BMI435 kg m� 2 com-
pared with a BMI 16.9–24.9 kg m� 2 and 2.07 (95% CI: 1.09–3.96)
for alcohol consumption within the fourth quartile compared with
the first quartile. No significant associations between the dietary
score and colorectal neoplasia detected after a positive second-
round FIT screening were observed. The trend for odds of
colorectal neoplasia across the lifestyle score categories was not
significant (P-value¼ 0.2; Figure 2B).

When stratifying by sex, BMI and smoking were predictors of
discontinuation of FIT after the first round for both women and
men. Being disabled/on rehabilitation were significant predictors of
discontinuation of FIT after the first round in men only and age in
women only (Supplementary Table S1). Despite these differences
between sexes, we observed no significant interaction between
gender and any of the various factors (results not shown).

Results from the separate sensitivity analyses using (a) the
complete cases only and (b) missing indicator method did not
differ from the presented results using multiple imputations. The
proportion of current smokers was 26 and 12% in those with the
lowest and the highest education, respectively. The proportion of
obese individuals was 21 and 11% in those with the lowest and the
highest education, respectively.

DISCUSSION

In the present study, we observed that the unfavorable lifestyle
factors: smoking, obesity classes II and III, and low physical
activity, were associated with discontinuing FIT screening after the
first round, when adjusted for demographic factors. Smoking and
obesity classes II and III were associated with increased odds of
colorectal neoplasia detected at second-round FIT screening.
Additionally, individuals reporting high alcohol consumption
had increased odds of colorectal neoplasia.

To the best of our knowledge, this is the first study investigating
both independent lifestyle and demographic predictors for
discontinuing FIT screening after the first round and colorectal
neoplasia detected in the second-round FIT screening in
individuals who tested negative in the first FIT round. Studies
investigating discontinuation of repeated CRC screening after the
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Table 1. Characteristics with adjusted odds ratio (OR) and 95% confidence intervals (CIs) for individuals continuing and
discontinuing second-round faecal immunochemical test (FIT)-based colorectal cancer (CRC) screening after the first round,
N¼3114

Continuers, n¼2574, (% col) Discontinuers, n¼540, (% col) P-valuea OR (95% CI)b

Age, years
50–54 520 (20%) 184 (27%) 0.001 1.98 (1.22–3.20)
55–59 583 (23%) 141 (26%) 1.65 (1.02–2.66)
60–64 532 (21%) 92 (17%) 1.18 (0.75–1.88)
65–69 591 (23%) 107 (20%) 1.15 (0.79–1.68)
70–74 348 (14%) 52 (10%) Ref.

Sex
Female 1393 (54%) 258 (48%) 0.007 Ref.
Male 1181 (46%) 282 (52%) 1.51 (1.23–1.86)

Centre
Moss 1226 (48%) 269 (50%) 0.36 Ref.
Bærum 1348 (52%) 271 (50%) 1.03 (0.85–1.27)

Occupation
Working 1359 (53%) 284 (53%) 0.002 Ref.
Retired 772 (30%) 130 (24%) 1.19 (0.83–1.72)
Disabled/on rehabilitation 326 (13%) 93 (17%) 1.29 (0.96–1.73)
Unemployed/homemakers 38 (1%) 13 (2%) 1.77 (0.90–3.50)
Missing, n 79 (3%) 20 (4%)

Education length
Primary school 408 (16%) 99 (18%) 0.13 Ref.
High school 968 (38%) 201 (37%) 0.94 (0.71–1.25)
Min. 2 years at University/college 1081 (42%) 212 (39%) 0.96 (0.72–1.31)
Missing 117 (4%) 28 (5%)

Marital status
Non-married/-cohabiting 500 (20%) 125 (23%) 0.03 Ref.
Married/cohabiting 2040 (79%) 400 (74%) 0.82 (0.65–1.05)
Missing 34 (1%) 15 (3%)

Ethnic background
Native background 2399 (93%) 484 (90) 0.002 Ref.
Not-native background 148 (6%) 50 (9%) 1.50 (1.05–2.15)
Missing 27 (1%) 6 (1%)

Smoking
Never smoker 1038 (40%) 197 (37%), 0.003 Ref.
Formers smoker 1094 (43%) 202 (37%) 1.02 (0.81–1.28)
Current smoker 435 (17%) 140 (26%) 1.61 (1.24–2.10)
Missing 7 (0%) 1 (0%)

Body mass index (kg m�2)
16.9–24.9 1086 (42%) 204 (38%) 0.001 Ref.
25.0–30 1099 (43%) 215 (40%) 0.93 (0.75–1.16)
30–35 292 (11%) 79 (14%) 1.22 (0.90–1.67)
435 65 (6%) 32 (6%) 2.01 (1.25–3.24)
Missing 32 (1%) 10 (2%)

Physical activity 30 min, times per week
Q1 ~ (p2) # (p1.5) 576 (22%) 158 (29%) 0.006 Ref.
Q2~ (42–p4) # (41.5–p4) 691 (27%) 134 (25%) 0.80 (0.61–1.04)
Q3~ (44–p6.5) # (44–p6) 599 (23%) 97 (18%) 0.70 (0.52–0.94)
Q4 ~ (46.5) # (46) 588 (23%) 117 (21%) 0.79 (0.60–1.05)
Missing 120 (5%) 34 (6%)

Alcohol, glasses per week
Non-drinkers 484 (19%) 137 (25%) 0.006 1.30 (0.97–1.74)
Q1 ~ (40–p1.15) # (40–p2) 561 (22%) 110 (20%) Ref.
Q2 ~ (41.15–p2) # (42–p4) 467 (18%) 86 (16%) 0.93 (0.67–1.27)
Q3 ~ (42–p5) # (44–p7) 519 (20%) 94 (18%) 0.96 (0.71–1.31)
Q4 ~ (45 ) # (47) 438 (17%) 80 (15%) 0.87 (0.62–1.20)
Missing 105 (4%) 33(6%)

Diet scorec

0 511 (20%) 113 (21%) 0.634 Ref.
1 1071 (42%) 209 (39%) 0.96 (0.74–1.24)
2 686 (27%) 138 (25%) 1.04 (0.78–1.38)
3 166 (6%) 34 (6%) 1.15 (0.74–1.79)
Missing 140 (5%) 46 (9%)
Abbreviation: Q¼quartile.
aBased on chi-square test and chi-square test for trend.
bLogistic regression analysis, adjusted for: age, sex, centre, occupation, education length, marital status, ethnic background, smoking, body mass index, physical activity, alcohol, and diet
score, was used to calculate OR and 95% CIs, where multiple imputation was used for missing.
cDiet score: one point if in the 1 or 2 quartile of meat intake, one point if in the 3 or 4 quartile of fruit and vegetables intake, and one point if in the 3 or 4 quartile of fatty fish intake.
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Table 2. Participant characteristics with odds ratio (OR) and 95% confidence intervals (CIs) for colorectal neoplasia detected after
a positive second-round faecal immunochemical test (FIT)-based colorectal cancer screening, N¼2563

No adenomas/negative FIT,
n¼2456, (% col)

Colorectal neoplasia,
n¼107, (% col)

P-valuea OR (95% CI)b

Age, years
50–54 514 (21%) 6 (6%) 0.001 Ref.
55–59 562 (23%) 18 (17%) 2.52 (0.99–6.46)
60–64 508 (21%) 22 (21%) 3.59 (1.42–9.12)
65–69 552 (22%) 37 (35%) 5.03 (1.91–13.28)
70–74 320 (13%) 24 (22%) 6.40 (2.16–18.93)

Sex
Female 1347 (55%) 44 (41%) 0.005 Ref.
Male 1109 (45%) 63 (59%) 1.43 (0.93–2.21)

Centre
Moss 1173 (48%) 48 (45%) 0.56 Ref.
Bærum 1283 (52%) 59 (55%) 1.13 (0.74–1.73)

Occupation
Working 1317 (54%) 37 (35%) 0.001 Ref.
Retired 720 (29%) 47 (44%) 1.22 (0.64–2.33)
Disable/on rehabilitation 312 (13%) 14 (13%) 1.43 (0.72–2.82)
Unemployed/homemakers 37 (1%) 1 (1%) 1.16 (0.16–8.46)
Missing 70 (3%) 8 (7%)

Education length
Primary school 389 (16%) 19 (18%) 0.71 Ref.
High school 930 (38%) 32 (30%) 0.85 (0.47–1.54)
Min. 2 years at University/college 1029 (42%) 49 (46%) 1.24 (0.67–2.29)
Missing 108 (4%) 7 (6%)

Marital status
Non-married/-cohabiting 482 (20%) 15 (14%) 0.18 Ref.
Married/cohabiting 1944 (79%) 88 (82%) 1.34 (0.75–2.39)
Missing 30 (1%) 4 (4%)

Ethnic background
Native background 2290 (93%) 100 (93%) 0.64 Ref.
Not native background 142 (6%) 5 (5%) 0.98 (0.38–2.53)
Missing 24 (1%) 2 (2%)

Smoking
Never smoker 1003 (41%) 34 (32%) 0.07 Ref.
Formers smoker 1041 (42%) 48 (45%) 1.15 (0.72–1.84)
Current smoker 405 (17%) 25 (23%) 2.13 (1.20–3.77)
Missing 7 (0%) 0 (0%)

Body mass index (kg m�2)
16.9–24.9 1048 (43%) 35 (33%) 0.02 Ref.
25.0–30 1040 (42%) 53 (49%) 1.51 (0.95–2.39)
30–35 278 (11%) 13 (12%) 1.58 (0.80–3.15)
435 59 (2%) 6 (6%) 4.09 (1.53–10.96)
Missing 31 (1%) 0 (0%)

Physical activity 30 min, times per week
Q1 ~ (p2) # (p1.5) 549 (22%) 26 (24%) 0.73 Ref.
Q2~ (42–p4) # (41.5–p4) 664 (27%) 25 (23%) 0.86 (0.48–1.55)
Q3~ (44–p6.5) # (44–p6) 579 (24%) 18 (17%) 0.74 (0.38–1.45)
Q4 ~(46.5) # (46) 555 (23%) 30 (28%) 1.26 (0.69–2.28)
Missing 109 (4%) 8 (8%)

Alcohol, glasses per week
Non-drinkers 463 (19%) 20 (19%) 0.06 1.35 (0.67–2.72)
Q1 ~ (40–p1.15) # (40–p2) 542 (22%) 16 (15%) Ref.
Q2 ~ (41.15–p2) # (42–p4) 446 (18%) 20 (19%) 1.50 (0.76–2.96)
Q3 ~ (42–p5) # (44–p7) 497 (20%) 20 (19%) 1.42 (0.72–2.83)
Q4 ~ (45) # (47) 406 (17%) 29 (27%) 2.07 (1.08–3.96)
Missing 102 (4%) 2 (1%)

Diet scorec

0 492 (20%) 18 (17%) 0.23 Ref.
1 1021 (42%) 45 (42%) 1.09 (0.62–1.91)
2 653 (27%) 32 (30%) 1.19 (0.65–2.19)
3 157 (6%) 9 (8%) 1.35 (0.57–3.19)
Missing 133 (5%) 3 (3%)
Abbreviation: Q¼quartile.
aBased on chi-square test and chi-square test for trend.
bLogistic regression analysis, adjusted for: age, sex, centre, occupation, education length, marital status, ethnic background, smoking, body mass index, physical activity, alcohol and diet score,
was used to calculate OR and 95% CIs, where multiple imputation was used for missing.
cDiet score: one point if in the 1 or 2 quartile of meat intake, one point if in the 3 or 4 quartile of fruit and vegetables intake, and one point if in the 3 or 4 quartile of fatty fish intake.
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first round are scarce and mainly limited to demographic and
socioeconomic factors. The results based on the Bowel Cancer
Screening Program in England showed that low socioeconomic
status, not participating in previous CRC screening, younger age
and male gender were associated with discontinuing FOBT
screening after the first round (Lo et al, 2015). These findings
are similar to the ones in the present study. The results from an
Australian study showed that younger age and male gender were
associated with a lower likelihood of becoming a dropout in the
second round of FIT screening (Cole et al, 2012) in contrast to the
present results. The Australian study, however, included partici-
pants with both negative and positive first-round FIT screening
results in the analysis and did not include information on lifestyle.
In another Australian study (Duncan et al, 2014), the results
showed that FOBT testing prior to the inclusion in the screening
programme was associated with a reduced likelihood of becoming
a non-participant in the second round of FOBT screening.
Demographic factors associated with non-participation in the
first-round FOBT screening (Seeff et al, 2004; Weber et al, 2008;

Blanks et al, 2015; Lo et al, 2015) and first-round FIT screening
(Segnan et al, 2007; van Rossum et al, 2008; Hol et al, 2010; Levi
et al, 2011; Sali et al, 2016) are similar to those associated with
discontinuation of FIT after the first round in our study for age and
gender and non-native ethnicity. Unfavorable lifestyle factors such
as smoking, overweight, low level of physical activity and low F&V
consumption have been associated with non-participation in the
first-round FOBT screening (Weber et al, 2008; Blanks et al, 2015).
We found that some of these lifestyle factors also predicted
discontinuation of FIT after the first round. We also found that
smoking, BMI and high alcohol consumption, which are
established lifestyle risk factors for colorectal neoplasia (Botteri
et al, 2008; WCRF/AICR, 2011; Ben et al, 2012; Zhu et al, 2014),
were associated with detection of colorectal neoplasia at second-
round screening in the present study.

Interestingly, low socioeconomic status has been associated with
lower risk of CRC in southern Europe but not in the middle and
northern Europe (Leufkens et al, 2012). We observed no
association between the key socioeconomic variables: education
and working status, and discontinuation or colorectal neoplasia in
the present study. Socioeconomic status has been associated with
lifestyle (Kant, 2004; Knudsen et al, 2014; Markussen et al, 2016),
and a recent European rapport suggests that socioeconomic factors
explain health inequalities more than behavioural factors (Eikemo
et al, 2016). In our population, smoking and obesity were more
prevalent in individuals with low education than in individuals
with a high education. In spite of this inequality of health
behaviours by educational level, lifestyle factors were indepen-
dently associated with both discontinuation of FIT screening and
odds of colorectal adenomas after adjusting for socioeconomic
status in the present study. The population in the present study
may be more homogenous in socioeconomic factors compared
with population-based studies outside the Nordic countries
(Leufkens et al, 2012). Consequently, generalisation to populations
outside Norway should be done with caution.

The present study has some important strengths. The analyses
were based on a large number of observations. Multiple imputation
for missing data was used to increase statistical power and reduce
bias (Sterne et al, 2009). The random invitation of individuals from
the population registry in Norway reduced the risk of selection
error. However, our findings have to be interpreted knowing that
previous participation in screening is a strong predictor of future
CRC screening participation. In our study, 83% of the first-round
participants also participated in the second round, consistent with
previous studies (Duncan et al, 2014; Lo et al, 2015). Limitations of
the present study include the brevity of the LSQ. The specific
questions in the LSQ were copied from other validated ques-
tionnaires (Johansson et al, 1998; Norwegian Institute of Public
Health, 2016). The LSQ was designed to require o10 min to
complete, which may have sacrificed details, especially regarding
dietary factors. A large number of questions are usually required to
assess total dietary consumption. Furthermore, risk of confounding
has to be considered in the present study. Results from previous
studies have shown self-rated health to be associated with lifestyle
and socioeconomic conditions (Molarius et al, 2007), and high
BMI has been associated with depression and poor mental health
for women (Keddie, 2011; Ul-Haq et al, 2014). The lack of
information on self-rated health may have caused some confound-
ing. Additionally, no information on family history of CRC and the
use of aspirin/non-steroidal anti-inflammatory drugs might have
confounded the results regarding the odds of colorectal neoplasia.

The present results emphasise the importance of collecting
information on lifestyle in CRC screening. The lifestyle character-
istics associated with discontinuation of FIT-based CRC screening
in first-round participants are similar to those associated with the
detection of colorectal neoplasia in the present and other studies
(Botteri et al, 2008; WCRF/AICR, 2011; Wolin et al, 2011;
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Figure 2. Lifestyle score according to discontinuers and outcome in
the second round of faecal immunochemical test. (A) Percentage
discontinuing after first round FIT according to lifestyle scorea based on
health recommendations. P-trend based on multivariate logistic
regression. (B) Percentage of colorectal neoplasia cases according to
lifestyle scorea based on health recommendations. P-trend based on
multivariate logistic regression. aLifestyle score received 1 point for
each of the following factors: never smoked or smoking cessation X10
years, BMI (18.5–24.9), physical activity for 30 min X7 times per week,
consumption of alcohol (women p7, men p14 glasses per week), and
red and processed meat p4 times per week. One point was given if the
consumption of fruits and vegetables was X3 per day and fatty fish was
X1 per week. The multivariable logistic regression models were
adjusted for: age, sex, screening centre, working status, educational
length, marital status, and ethnic background.
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Hong et al, 2012; Aune et al, 2013; Aleksandrova et al, 2014;
Ben et al, 2014; Norat et al, 2014; Zhu et al, 2014). Therefore,
assessing lifestyle behaviours at screening may help to identify
individuals at higher risk for both colorectal neoplasia (Knudsen
et al, 2016) and discontinuing FIT-based CRC screening. The
present results may help to identify groups of individuals who
should be especially encouraged to consistently participate in FIT
screening. No existing CRC screening programme uses risk-
stratifying tests. It may, however, be possible to develop more
personalised CRC screening invitations. Non-participants might be
resistant to general health messages, and targeted interventions
may be required to encourage this subgroup to consistently
participate in FIT screening (Weber et al, 2008). Furthermore, the
CRC screening setting offers an important opportunity for lifestyle
interventions (Anderson et al, 2013), which may contribute to
reduction of overall burden of chronic non-communicable
diseases.

CONCLUSION

Discontinuing of FIT screening after the first round was
characterised by smoking, morbid obesity and low physical
activity. Smoking and morbid obesity were also associated with
colorectal neoplasia detected at the second-round FIT screening,
along with high alcohol consumption. These results may help in
identifying groups of individuals who may benefit by consistent
participation in FIT screening.
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