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Abstract

Purpose To analyze interventions implemented at the time of colorectal cancer (CRC) screening, or among individuals who
have previously undergone investigation for CRC, focused on reducing CRC risk through promotion of lifestyle behavior
change. Additionally, this review evaluated to what extent such interventions apply behavior change techniques (BCTs) to
achieve their objectives.

Methods Five databases were systematically searched to identify randomized control trials seeking to reduce CRC risk
through behavior change. Outcomes were changes in health-related lifestyle behaviors associated with CRC risk, including
changes in dietary habits, body mass index, smoking behaviors, alcohol consumption, and physical activity. Standardized
mean differences (SMDs) with 95% confidence intervals (CIs) were pooled using random effects models. BCT’s were coded
from a published taxonomy of 93 techniques.

Results Ten RCT’s met the inclusion criteria. Greater increase in fruit/vegetable consumption in the intervention group
were observed with respect to the control (SMD 0.13, 95% CI 0.08 to 0.18; p <0.001). Across fiber, alcohol, fat, red meat,
and multivitamin consumption, and smoking behaviors, similar positive outcomes were observed (SMD 0.09-0.57 for all,
p <0.01). However, among physical activity and body mass index, no difference between the intervention groups compared
with controls were observed. A median of 7.5 BCTs were applied across included interventions.

Conclusion While magnitude of the observed effect sizes varied, they correspond to potentially important changes in life-
style behaviors when considered on a population scale. Future interventions should identify avenues to maximize long-term
engagement to promote sustained lifestyle behavior change.

Keywords Colorectal cancer - Screening - Lifestyle behaviors - Behavior change - Behavior change techniques

Introduction

Colorectal cancer (CRC) is the 3rd most common cancer
globally and the 4th most common cancer in the United
Kingdom, with approximately 100 newly diagnosed cases
each day in the UK [1]. Current research attributes approxi-
mately 40% of CRC risk to body mass index and lifestyle
factors such as physical activity, diet, smoking, and alcohol
consumption [1]. As such, the risk of colorectal cancer can

< Veeraj Shah
vps32@cam.ac.uk

Primary Care Unit, Department of Public Health
and Primary Care, University of Cambridge, Forvie Site,
Robinson Way, Cambridge CB2 OSR, UK

School of Clinical Medicine, University of Cambridge,
Addenbrooke’s Hospital, Hills Rd, Cambridge CB2 0SP, UK

be reduced by modifying exposure to such lifestyle risk fac-
tors through reducing physical inactivity, being overweight
or obese, and consumption of an unhealthy diet [2—4].

To reduce CRC incidence and mortality, many countries
have established national colorectal cancer screening pro-
grams [5]. The English colorectal cancer screening program,
started in 2006, has been associated with a 15% reduction
in colorectal cancer mortality [6]. A growing body of litera-
ture describes colorectal cancer screening as a “teachable
moment” to facilitate lifestyle-related behavior change that
may reduce future CRC risk [7]. Managing these risk fac-
tors has also been shown to reduce the risk of developing
other chronic conditions, including cardiovascular disease
and type II diabetes mellitus.

A number of studies have delivered individual-level inter-
ventions at the time of colorectal cancer screening focused
on reducing CRC risk via improving adherence to several
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lifestyle behaviors, including physical activity, diet, smok-
ing, and alcohol consumption. These studies have shown
different degrees of success in changing behavior [8—10].
A recent systematic review by Orange et al. synthesized
the evidence on physical activity and dietary interventions
among individuals attending colorectal and breast cancer
screening [11]. However, that review does not address sev-
eral other lifestyle behaviors associated with CRC risk,
and excludes interventions delivered outside of the context
of CRC screening that could feasibly be delivered within.
Additionally, that review does not assess the application of
behavior change techniques (BCTs) within existing inter-
ventions aimed at promoting positive changes of these spe-
cific cancer-preventive lifestyle behaviors. This is especially
important given the utility of BCTs in identifying specific
components of interventions that may be associated with
behavior change, and to characterize behavior change
focused interventions in general.

The goal of this review is to systematically analyze inter-
ventions implemented at the time of CRC screening, or
among individuals who have previously undergone inves-
tigation for CRC, that are focused on reducing CRC risk
through promotion of lifestyle behavior change. An addi-
tional goal of this review is to evaluate to what extent such
interventions apply BCTs to achieve their objectives.

Methods

This review was prospectively registered on the PROSPERO
register of systematic reviews (CRD42021287850) and fol-
lowed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. An electronic
search of CENTRAL, Embase, Medline, PyscInfo, and
Web of Science was performed in November 2021 using the
search strategy shown in Fig. 1. Our search strategy utilized
Boolean operators of AND/OR to concatenate search terms.
Search string syntax was adapted to different databases as
necessary, and dates were not restricted. We also manually
searched reference lists of included publications to identify
potentially eligible studies.

Inclusion/exclusion criteria

Original research articles were included if: (1) the article
was available in English; (2) the study was a randomized
controlled trial; (3) participants were > 18 years attending
a population-based cancer screening program for colorec-
tal cancer OR have previously undergone investigations
for colorectal cancer; (4) an individual-level intervention
was delivered that addressed one or more of the following
colorectal-cancer preventive lifestyle behaviors: physical
activity, diet (e.g., red meat or fruit/vegetable consumption,
fat consumption), smoking, and alcohol consumption; (5)
the intervention was implemented at the time of colorectal
cancer screening, or explicitly focused on the reduction of
colorectal cancer risk through behavior change; and (6) the
study has a control group that either does not receive an
intervention or receives treatment distinctly different from
the intervention group.

Articles were excluded if they were: (1) not available in
English; (2) qualitative studies, literature reviews, or pro-
tocol papers; (3) interventions that sought to affect either
attendance or participation in colorectal cancer screening
programs; (4) interventions that did not seek to change life-
style-related behaviors such as physical activity, diet, smok-
ing, and alcohol consumption; (5) interventions measuring
changes in lifestyle behaviors through qualitative analysis;
and (6) interventions that did not have a control group.

Outcomes

In this review, outcomes of interest are changes in health-
related lifestyle behaviors associated with risk of colorectal
cancer incidence between baseline and last available follow-
up among eligible intervention participants. This includes
changes in dietary habits, body mass index (BMI), smoking
behaviors, alcohol consumption, and physical activity from
intervention baseline to the last available follow-up. Each of
these outcomes are risk factors associated with the preven-
tion of CRC [12, 13]. We excluded outcomes focused on
screening participation, adherence, attendance, engagement,
or screening-related behavioral interventions with no con-
crete behavioral change action.

Fig. 1 Summary of the search
terms used in our database
search for studies

("Behaviour"[Mesh] or "Feeding Behaviour"[Mesh] or "Risk Reduction Behaviour"[Mesh] or "Sedentary
Behaviour"[Mesh] or sedentary behaviour or Behaviour* or Feeding Behaviour* or Behaviour* or Risk
Reduction Behaviour or Health Behaviour or "Life Style"[Mesh] or Life Style* or "Motor Activity"[Mesh]
or motor activity or "Body Weight"[Mesh] or "Weight Loss" [Mesh] or weight loss or weight reduction or
body weight or body mass index or "Alcohol Drinking"[Mesh] or alcohol drinking or alcohol consumption
or "Smoking"[Mesh] or smoking* or smoke* or "Exercise"[Mesh] or physical activit* or exercis* or sport*
or "Diet"[Mesh] or diet* or nutrition* or "Vegetables"[Mesh] or vegetable* or salad* or "Red Meat"[Mesh]
or meat*) AND ((("Colorectal Neoplasms"[Mesh]) OR ((colorectal or colon or rectum or rectal) AND
(cancer* or neoplas* or carcinoma or tumor* or tumour*))) AND ("Mass Screening"[Mesh] or "Early
Detection of Cancer"[Mesh] or screen* or early detection or early diagnosis)
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Study selection

Identified studies from the search databases were down-
loaded into Endnote and exported to Rayyan. The titles and
abstracts of a random selection of 10% of the papers were
independently assessed by two or more members of the
review team against the listed inclusion and exclusion crite-
ria (VS, GG, DX). After review and discussion, the remain-
ing 90% of titles and abstracts were assessed by two mem-
bers of the review team, with disagreements being resolved
in the presence of a third reviewer (VS, GG, DX). Studies
whose title and abstract were not relevant were rejected, and
those that cannot be categorized definitively underwent a
full text review.

Next, three reviewers (VS, GG, DX) assessed full-text
articles against inclusion and exclusion criteria and met reg-
ularly to discuss results. Papers that did not meet criteria at
this stage will were also excluded. Throughout the selection
process, reviewers met regularly to discuss findings and any
irregularities observed. Any disagreements during full-text
review and data extraction were resolved in the presence of
a third reviewer (SG, JUS).

Data extraction

The following data fields were extracted from all studies
meeting inclusion criteria: study design, information on
participants, information on the intervention (including the
components within the TIDieR checklist), behavior change
techniques applied during intervention, intervention out-
comes, and results [14]. Where studies followed up par-
ticipants at multiple time points, we extracted data from the
longest available follow-up. A data extraction template was
built using Microsoft Excel and was piloted by 3 researchers
with a small set of full-text articles to resolve any conflicts.
Data extraction was completed by a primary reviewer and
checked by a secondary reviewer. As such, data extraction
for each paper was reviewed by a minimum of two authors.
Behavior change techniques were coded using the Michie
et al. taxonomy of 93 BCTs [15]. Two individual pilots for
BCT coding were done, where in each pilot one publication
was coded by three authors each (VS, GG, DX). This was
completed to establish consensus in coding procedures and
familiarity with the Michie et al. taxonomy. The remaining
publications were coded independently by two authors, with
a third author resolving any disagreements (VS, GG, DX).

Risk of bias

Risk of bias was examined using the Cochrane Risk of Bias
tool (ROB2), and all studies were examined by two inde-
pendent reviewers as per Cochrane recommendations [16].
We focused on the following domains pertaining to bias:

bias arising from the randomization process; bias due to
deviations from intended interventions; bias due to missing
outcome data; bias in measurement of the outcome; bias in
selection of the reported result.

For each study, the ROB2 tool was used to assess risk of
bias using the study’s primary outcome. For each domain,
a series of signaling questions (Yes; Probably yes; Prob-
ably no; No; No information) were applied to conclude
judgements for each domain. The overall risk of bias was
expressed as ‘low,” ‘high,” or ‘some concerns.’

Data synthesis

Data from the selected interventions were characterized
using the TIDieR checklist and coded using the specific
BCTs they apply [14]. Regarding measures of treatment
effect, measures of primary outcomes (physical activity,
diet, alcohol consumption, smoking) were analyzed sepa-
rately. For interventions with outcome data presented after
the intervention concludes, outcomes were reported for the
longest follow-up period.

Effect sizes were summarized using forest plots. Effect
sizes for dichotomous data were expressed as odds ratios
and for continuous outcomes were converted to standard-
ized mean differences (SMD) to account for differences in
measurement strategies between interventions. When data
for the same outcome were provided as dichotomous data
by some studies and as continuous data by others, log odds
ratios were converted to SMDs using the methods outlined
by Chinn [17].

We combined SMDs across studies for each specific
outcome using inverse variance-weighted meta-analysis
with each study providing a single effect estimate. Effect
sizes were pooled with 95% confidence intervals using a
random effects model, and heterogeneity was assessed via
a chi-squared test and the I” statistic. For the I” statistic, we
considered a value of 50% or greater to represent substantial
heterogeneity. No meta-regressions were performed due to
a low number of available studies for each outcome repre-
sented, as per the Cochrane Handbook’s recommendations
[18, 19].

Results

We screened 25,087 titles/abstracts for initial eligibility,
of which 92 full-text articles met the criteria for additional
screening. From this, a total of 10 articles met all inclusion
criteria and are included in this review (Fig. 2).

Table 1 provides the details of the included studies, with
a focus on the interventions delivered. Of the included stud-
ies, six took place in the context of a national CRC screen-
ing program [8—10, 20-22], two took place in the context
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Records identified through database
searching (n = 25,078)

Additional records

e CENTRAL = 1263 studies sources (n =2)

identified through other

. Embase = 8849 studies

. Medline = 7039 studies

. Pyscinfo = 901 studies

. Web of Science = 7026 studies

v

Records after duplicates removed (n =
14,570)

e CENTRAL =924 studies

. Embase = 7540 studies

. Medline = 2767 studies

. Pyscinfo = 192 studies

. Web of Science = 3147 studies

|

[ Records screened (n = 14,570)

[ Full-text articles assessed for eligibility (n = 92)

v

[ Full-text articles included in synthesis (n = 10) ]

)
| ]/'i

[Records excluded during title and abstract screening (n = 14,478) ]

/Full—text articles excluded: )

. Primary outcome is not a lifestyle-related behaviour

change (n=33)

Not a randomized controlled trial (n = 31)

Intervention in the randomized controlled trial is

colorectal cancer screening itself (n = 4)

*  Not delivered within the context of a national CRC

screening program, or not focused on CRC risk

reduction through behaviour change (n=9)

. Intervention seeks to affect either attendance,
adherence, or participation in colorectal cancer
screening programs (n = 1)

e  Article is a conference abstract (n=1)

e Article is not published in English (n = 2)

*  Articleis a duplicate (n = 2)

\- J

Fig.2 PRISMA diagram describing the number of studies included in each stage of the screening process

of screening programs at private hospitals/clinics [23, 24],
and two occurred through the context of workplaces [25,
26]. Three of the ten studies included populations that had
received/undergone previous investigations for CRC, pri-
marily removal of bowel polyps [22-24]. The majority of the
studies took place in England, with the second most frequent
location being in the United States.

Seven of the studies addressed more than one specific
lifestyle behavior, while three focused on only either fruit/
vegetable consumption or physical activity. The median
length of interventions was nine months with a range of 1.5
to 36 months. The median intervention sample size was 347
with the range being 16 to 3477.

“Int” refers to the intervention group and “Cntr” refers
to the control group within a randomized controlled trial.

Risk of bias
Of the ten studies included in this review, three were deter-

mined to have low risk of bias, five were determined to have
some concerns, and two were determined to have high risk

@ Springer

of bias. The greatest source of bias in the included studies
was bias from randomization, as nearly half of the included
studies did not apply specific allocation sequences or com-
puter-generated programs for randomizing participants.
Judgements on each of the five domains of potential bias as
per the ROB2 tool are shown below in Fig. 3.

Outcomes

The results of the meta-analysis for each outcome are shown
in Fig. 4.

Fruit/Vegetable consumption

Fruit/vegetable consumption was measured in seven of the
ten included studies. To measure fruit/vegetable consump-
tion, studies used the Dietary Instrument for Nutrition Edu-
cation (DINE) [9, 20], the National Cancer Institute Food
Frequency Questionnaire (NCI FFQ) [26], the Norwegian
LSQ instrument [8], and a two-item questionnaire by Car-
puccio et al. [21]. Pooled data from the seven included
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studies showed a greater increase in fruit/vegetable con-
sumption in the intervention group with respect to the con-
trol (SMD 0.13, 95% CI1 0.08 to 0.18; p <0.001).

Physical activity

Intervention Length &
Contact between trial
staff and participants
48 total interactions
across 6 months. 36
supervised exercise
sessions (30 min
aerobic exercise
@ 65-85% MHR
plus 10-15 min RT,
1-2 x /week) plus
12 weekly behavior
change workshops

Similar to fruit/vegetable consumption, seven of the ten
included studies measured physical activity. To measure
physical activity, studies used accelerometry and pedom-
eter data [21, 22, 24], and self-report measures including
the Scottish Physical Activity Questionnaire [20], the Nor-
wegian LSQ [8], the CHAMPS questionnaire [25], and the
International Physical Activity Questionnaire (IPAQ) [22].
Our meta-analysis showed no difference in physical activity
between the intervention groups compared with controls.

How intervention is
tailored to indi-
vidual capabilities
to maintain an
adequate stimulus
for adaptation and
autonomy. Behavior
workshops utilized
motivational inter-
viewing

tailored?
Exercise program

Fiber consumption

and maintenance of

physical activity;
Cntr: Only assess-

Methods of Interven-
group exercise
sessions deliv-
ered along with
bi-weekly behavior
change workshops
to aid the uptake
ments

tion Delivery
Intr: Supervised

Four studies reported outcomes on fiber consumption. To
measure fiber consumption, studies used biochemical testing
of stool samples [23] and both the DINE [20, 21] and NCI
FFQ instruments [26]. The DINE fiber scores differ from the
DINE score for fruit/vegetable consumption and ranges from
3 to 88 (arbitrary units) with a score of less than 30 (low)
corresponding to a fiber intake of <20 g/day, and a score
of more than 40 (high) corresponding to > 30 g/day. Pooled
data from the four included studies showed a greater increase
in fiber consumption in the intervention group with respect
to the control (SMD 0.14, 95% CI 0.08 to 0.20; p <0.001).

Self-determination
theory

Theoretical basis of
intervention

Physical Activity,
BMI

Lifestyle behaviors

targeted

Alcohol consumption

Four studies reported outcomes on alcohol consumption.
Included studies measured alcohol consumption via self-
report measures such as the NCI FFQ [25], Norwegian LSQ
[8], and the Alcohol Use Disorders Inventory Test [21].
Pooled data from the four included studies showed a greater
decrease in alcohol consumption in the intervention group
with respect to the control group (SMD 0.19, 95% CI 0.11
to 0.27; p<0.001).

=17
70.6% for PA
47.1% for PA

intervention and

58.8% for control;

12 month reten-

tion
intervention and

and Control = 14;
6 month reten-
50% for control

Trial Retention Rates
tion

Sample Sizes and

Intervention

Smoking behaviors

Experimental Groups
(PA) intervention;
Control is usual care
(assessments only)

Physical activity

Two studies reported outcomes on smoking behaviors.
Similar to measurements on alcohol consumption behaviors,
smoking behaviors were measured via self-report using the
NCI FFQ [25] and Norwegian LSQ [8]. Data from the two
studies showed a showed a greater proportion of individuals
not smoking in the intervention group with respect to the
control group (SMD 0.24, 95% CI 0.15 to 0.34; p <0.001).

Table 1 (continued)

Author and Year
Lewis, 2020
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Fig. 3 Distribution of bias
across the five ROB2 sub-
domains

Bias from Randomization

Bias due to deviations
from the intended
interventions

Bias due to missing
outcomes data

Bias in measurement of
the outcome

Bias in selection of the
reported result

Overall risk of bias

0%

Fat consumption

Three studies reported outcomes on fat consumption. Fat
consumption was measured through self-report via the NCI
FFQ and DINE instruments [21, 26], or via nutrient analysis
of stool samples [23]. Pooled data from the three included
studies showed a greater decrease in fat consumption in the
intervention group with respect to the control, however, the
strength of the effect size is smaller than that of other out-
comes (SMD 0.09, 95% CI1 0.03 to 0.15; p=0.004).

Body mass index

Two studies reported outcomes body weight. Body mass
index was measured through either self-reported or research
team measured weight in kilograms and height in centim-
eters. Pooled data from the two included studies showed
no difference in body between the intervention groups
compared with controls (SMD 0.03, 95% CI -0.19 to
0.24; p=0.81).

Multivitamin consumption + red meat consumption

Multivitamin and red meat consumption were each measured
by one study. Multivitamin consumption was measured via a
single-item self-reported response modified from the Nurse’s
Health Study [25], and the SMD of 0.53 indicates a moder-
ate effect size given Cohen’s criteria. Red meat consumption
was measured by the semi-quantitative FFQ [25] and had a
low effect size with an SMD of 0.24 between those in the
intervention group and those in the control group.

Heterogeneity across outcomes

Across all outcomes of interest, we saw moderate to high
between-study heterogeneity, evaluated through the I value.

@ Springer

B Low Risk of Bias

Risk of Bias Assessment Result

B Some Concerns High Concerns

25% 50% 75% 100%

Between-study heterogeneity varied from 46% among stud-
ies measuring alcohol consumption to those measuring fiber
consumption and fat consumption, both of which were 93%.
Specific values for each outcome are shown below in Fig. 4.

Application of behavior change techniques

Each included study leveraged behavior change techniques
from the Michie et al. taxonomy [15]. As shown in Fig. 5,
the median number of BCTs applied by the included stud-
ies was 7.5, with a range of two to 13. The most common
BCTs applied across the interventions were “feedback on
behaviour,” “goal setting,” “information about health con-
sequences,” and “review behavioural goals.”

The application of behavior change techniques was far
more common among interventions with in-person coach-
ing or demonstration components. For example, each inter-
vention with more than 10 BCTs applied had one-on-one
or group coaching services offered during the intervention.
Additionally, interventions that reinforced mechanisms of
habit tracking, such as self-weighing and pedometer use [21,
22, 24], applied more BCTs than interventions that solely
focused on didactic learning. Interventions which used leaf-
lets/mailings as the primary form of delivery applied the
fewest BCTs.

While a meta-regression was not completed in this study,
we observed no consistent pattern between the number of
behavior change techniques applied and the effect sizes of
the studies across our outcomes of interest.

Discussion

Screening programs have been shown to be an effective
means of reducing CRC disease burden, and a growing body
of literature has described colorectal cancer screening as a
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup SE Total Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Fruit/Vegetable Consumption

Anderson 2014 0.12 148 157 4.5% 0.42 [0.18, 0.66] s

Baker 2002 0.08 325 316 10.1% 0.42 [0.26, 0.58] ——

Caswell 2009 0.25 32 30 1.0% 0.16 [-0.33, 0.65] —

Emmons 2005 0.06 591 656 18.0% 0.09 [-0.03, 0.21] o

Knudsen 2018 0.09 208 269 8.0% 0.14 [-0.04, 0.32] T

Robb, 2010 0.16 69 96 2.5% 0.30 [-0.01, 0.61] 1

Tilley 1999 0.034 1899 1578 55.9% 0.05 [-0.01, 0.12] ||

Total (95% CI) 3272 3102 100.0% 0.13 [0.08, 0.18] ¢

Heterogeneity: Chi’> = 25.57, df = 6 (P = 0.0003); I’ = 77% 5_2 —=1 =1 2=
Test for overall effect: Z = 5.04 (P < 0.00001) Favours [control] Favours [intervention]
Phvsical Activitv

Anderson 2014 0.12 140 148 12.1% 0.24 [0.00, 0.48] G

Caswell 2009 0.25 32 30 2.8% 0.08 [-0.41, 0.57] -1

Emmons 2005 0.056 591 656 55.6% -0.12[-0.23, -0.01] i

Knudsen 2018 0.09 208 269 21.5% 0.07 [-0.11, 0.25] =

Lewis 2020 0.54 8 7 0.6%  0.81[-0.25, 1.87]

Robb, 2010 0.16 69 96  6.8%  0.23 [-0.08, 0.54] ——

Wolin 2012 0.57 8 5 0.5%  0.27 [-0.85, 1.39]

Total (95% CI) 1056 1211 100.0% 0.00 [-0.08, 0.08] <*

Heterogeneity: Chi* = 13.84, df = 6 (P = 0.03); I = 57% :—2 —:1 ) ::I. 2:
Test for overall effect: Z = 0.04 (P = 0.97) Favours [control] Favours [intervention]
Fiber Consumption

Anderson 2014 0.11 148 157 6.7% 0.10 [-0.12, 0.32]

Caswell 2009 0.26 32 30 1.2% 0.90 [0.39, 1.41]

Mckeown-Eyssen 1999 0.19 54 67 2.2% 1.19[0.82, 1.56]

Tilley 1999 0.03 1899 1578 89.9% 0.10 [0.04, 0.16]

Total (95% CI) 2133 1832 100.0% 0.13 [0.08, 0.19] ¢

Heterogeneity: Chi? = 40.95, df = 3 (P < 0.00001); I = 93% =—2 _51 ) Il 25
Test for overall effect: Z=4.71 (P < 0.00001) Favours [control] Favours [intervention]
Alcohol Consumption

Anderson 2014 0.12 128 135  13.6% 0.24 [0.00, 0.48] ——

Emmons 2005 0.06 591 656 54.5% 0.28 [0.16, 0.40] -

Knudsen 2018 0.09 208 269 24.2%  0.04 [-0.14, 0.22] ——

Robb, 2010 0.16 69 96  7.7% -0.13 [-0.44, 0.18] —

Total (95% CI) 996 1156 100.0% 0.19 [0.10, 0.27] ¢

Heterogeneity: Chi’> = 9.19, df = 3 (P = 0.03); I’ = 67% 1_2 —=1 ) Il 25
Test for overall effect: Z = 4.18 (P < 0.0001) Favours [control] Favours [Intervention]
Smoking Behaviors

Emmons 2005 0.06 591 656 69.2% 0.34 [0.22, 0.46] it

Knudsen 2018 0.09 208 269 30.8%  0.00([-0.17,0.18] —.—

Total (95% ClI) 799 925 100.0% 0.24 [0.14, 0.33] 3

Heterogeneity: Chi’ = 9.65, df = 1 (P = 0.002); I> = 90% 1_2 -=1 ) :QL 2#
Test for overall effect: Z = 4.74 (P < 0.00001) Favours [control] Favours [intervention]
Fat Consumption

Anderson 2014 0.12 146 156  7.2% 0.44 [0.20, 0.68] —_—
Mckeown-Eyssen 1999 0.19 54 69 2.9% 0.86 [0.49, 1.23]

Tilley 1999 0.034 1899 1578 89.9% 0.04 [-0.03, 0.11]

Total (95% CI) 2099 1803 100.0% 0.09 [0.03, 0.16] (2

Heterogeneity: Chi? = 27.09, df = 2 (P < 0.00001); I> = 93% =—2 _#1 (.) =1 2!
Test for overall effect: Z = 2.87 (P = 0.004) Favours [control] Favours [intervention]
BMI

Anderson 2014 0.11 148 157  95.9% 0.05 [-0.17, 0.27] —-—

Lewis 2020 0.53 8 7 4.1% -0.54[-1.58, 0.50]

Total (95% CI) 156 164 100.0% 0.03 [-0.19, 0.24] 4

Heterogeneity: Chi’ = 1.19, df = 1 (P = 0.28); I’ = 16% 1_2 _#1 5 #1 2:
Test for overall effect: Z = 0.24 (P = 0.81) Favours [control] Favours [intervention]
Multivitamin Consumption

Emmons 2005 591 656 100.0% 0.57 [0.46, 0.68) B

0.057

Total (95% CI) 591 656 100.0% 0.57 [0.46, 0.68] 0

Heterogeneity: Not applicable |_2 —Il ) Il 21
Test for overall effect: Z = 10.00 (P < 0.00001) Favours [control] Favours [intervention]
Red Meat Consumption

Emmons 2005 0.057 591 656 100.0% 0.24 [0.13, 0.35] [ |

Total (95% CI) 591 656 100.0% 0.24 [0.13, 0.35] <

Heterogeneity: Not applicable 5_2 _51 ) 51 25

Test for overall effect: Z = 4.21 (P < 0.0001) Favours [control] Favours [intervention]

Fig.4 Standardized mean differences and pooled effect sizes across outcomes of interest
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Fig.5 Frequency of specific BCT’s applied across the included studies

“teachable moment” for behavior change [7, 27, 28]. Our
findings suggest that interventions seeking to change behav-
iors related to diet, physical activity, alcohol consumption,
and smoking achieved positive, albeit modest, improvements
in these behaviors compared with usual care. We addition-
ally no found evidence that a greater number of BCTs was
associated with greater behavior change.

While improvements in lifestyle behavior uptake at the
individual level were modest, they represent potentially
important differences at a population level. For example,
the pooled effect size of 0.13 for fruit/vegetable consump-
tion corresponds to an additional 0.3 — 0.6 servings of
fruits/vegetables per day [20, 21]. At a population level, if
sustained, this increase in fruit/vegetable consumption is
estimated to be associated with between a 3 and 6% reduc-
tion in CRC risk [29]. Similarly, the pooled effect size for
fiber consumption of 0.13 corresponds to a 1.6 g increase in
daily fiber intake. Given that each 10 g of fiber consumed
daily results in a 7% reduction in CRC risk, this change in
behavior, if sustained, corresponds to a 1.12% decrease in
population-wide CRC risk [30]. We found similar results for
consumption of alcohol and fat. An effect size of 0.09 for fat
consumption corresponds to a reduction in daily fat intake of
approximately 2.1 g [21, 23]. Given the instruments used, it
was not possible to compare pooled effect sizes for alcohol
consumption.

Effect sizes for smoking, multivitamin consumption, and
red meat consumption similarly all favored the intervention
groups. However, the number of studies measuring each
outcome was fewer than that for other pooled outcomes.
Nevertheless, these results are also potentially promising at
the population level. Most notably, previous literature from
the World Health Organization suggests that eating 50 g of
processed meat daily increases the risk of colorectal cancer
by 18% [31], and Botteri et. al suggests that regular smoking
increases CRC risk by 15-20% [32].

@ Springer
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Although some interventions demonstrated moderate
increases in physical activity compared with the respec-
tive controls, particularly the three studies including self-
monitoring [21, 22, 24], overall the pooled effect sizes
show no evidence of change in physical activity. One
potential reason for this is the lack of self-monitoring pro-
cesses included within the other interventions, which were
shown to be critical to physical activity behavior change
across other interventions. The lack of self-monitoring
across interventions is demonstrated in Fig. 4 where it
is applied in only three studies [33]. Similar results were
concluded for body mass index, which showed no evidence
of change even though it has been identified as a risk fac-
tor for CRC. Future interventions should further consider
how to address body mass index and body weight given
its association with CRC risk, and additionally measure
body mass index as an outcome especially among studies
addressing diet and physical activity.

Previous literature has linked the application of behav-
ior change techniques to positive lifestyle behavior change
among individuals eligible for CRC screening [33-37].
Within this study, a meta-regression was not possible due
to the limited number of studies, so we were unable to
directly quantify the association between applying BCTs
and the effectiveness of interventions. However, we found
that interventions with a greater number of in-person con-
tacts and tailored information provision applied a greater
number of BCTs. The BCTs most frequently utilized among
included studies, such as feedback on behavior, goal setting,
problem solving, and information on health consequences,
have been commonly applied in lifestyle behavior change
interventions outside of CRC screening [33, 38]. Future
interventions exploring behavior change within this context
should explore applying these specific BCTs. However, as
we identified no direct relationship between the application
of BCTs and the observed effect sizes, additional work is
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needed to explore the value of BCTs specifically within the
context of CRC screening [33-38].

Given the BCTs identified within this review, one ave-
nue to further promote lifestyle behavior change within the
context of CRC screening is to increase both the level of
participant engagement and the effectiveness of existing
engagement within interventions [39, 40]. One avenue may
be the application of digital components or tools, especially
given the existing literature supporting the effectiveness of
such interventions [41, 42]. For example, a number of pub-
lications have cited the benefit of applying digital tools to
improve the frequency, duration, and tailoring of engage-
ment along with the depth of engagement within behavior
change interventions [43—45]. However, within the context
of CRC screening, additional considerations must be made
to the effect of participant age within digital interventions.
While digital interventions applying BCT’s focused on older
populations have shown initial success, further evidence is
needed to draw conclusions surrounding efficacy [47-49].
Specifically, opportunities to engage patients over longer
periods of time as means to promote sustained behavior
change are needed, especially those that can achieve out-
comes in a cost-effective manner.

The findings of this systematic review have significant
relevance among the broader body of literature promoting
lifestyle behavior change as a means of reducing cancer risk.
Across several lifestyle behaviors, this review quantified the
impact of specific interventions on CRC risk, which while
small in magnitude, are significant on a population level.
Orange et al. highlighted similar conclusions across both
colorectal and breast cancer, and numerous other studies
have shown the association between lifestyle behaviors such
as diet, physical activity, smoking, and red meat consump-
tion and cancer risk [50-55]. However, additional work is
needed applying similar interventions to other cancers, and
secondarily contextualizing the value of screening as an
opportunity for health promotion.

This review has several strengths that build on limita-
tions of previous reviews investigating the effectiveness
of behavior change interventions implemented during
CRC screening. First, all articles meeting initial database
search criteria were double screened. Second, this review
includes interventions whose participants have undergone
previous investigations for CRC, allowing us to evalu-
ate interventions that may be applicable to the context
of screening itself. This is especially relevant within the
context of national CRC screening programs, which have
multiple stages and thus require longer-term engagement
across heterogeneous patient population. Furthermore,
characterizing the BCTs applied across interventions pro-
vides valuable insight into how future interventions could
better integrate behavioral science principles to target spe-
cific behavior change outcomes. Additionally, the majority

of interventions within this review (7/10) had clinical pro-
fessionals involved with intervention delivery, indicating a
focus on implementation within clinical practice.

Additionally, this review has several limitations. Within
each outcome in the meta-analysis, we observed moderate
to high levels of between-study heterogeneity, and 70% of
the included studies had “some concerns” or “high risk”
of bias as per the Cochrane ROB2 tool primarily due to
the lack of robust randomization methods applied. The
between-study heterogeneity may be due to the fact that
many of the primary measurement strategies across these
outcomes were self-report and recall measures of limited
rigor with different lengths of follow-up measurements.
For example, to measure physical activity, several studies
used less rigorous self-report measures as compared to
more objective measures such as pedometer data [21, 22,
24]. To reduce bias and error, future interventions meas-
uring change in lifestyle behaviors should seek to imple-
ment more objective measurement strategies. Many of the
studies included in this review were conducted either in
the United Kingdom or United States, and as such, the
results may also not be directly applicable to the contexts
of other healthcare systems around the world. Three stud-
ies measured outcomes for less than 6 months, limiting
our understanding of the long-term effectiveness of such
interventions. Lastly, we only included studies in English
in this review, which may limit the identification of sev-
eral studies in gray literature and additional peer-reviewed
literature in other languages.

Conclusion

In this systematic review we have identified positive
improvements in fruit/vegetable consumption, fiber con-
sumption, fat consumption, red meat and multivitamin
consumption, alcohol consumption, and smoking behaviors
following interventions either delivered within CRC screen-
ing program or targeted specifically at reducing CRC risk
among those eligible for CRC screening. While the mag-
nitude of the pooled effect sizes varied, they correspond to
potentially important changes in lifestyle behaviors when
considered on a population scale. Interventions with more
in-person engagement between participants and trial staff
applied a greater number of BCTs, however we saw no pat-
tern between the number of BCTs applied and the observed
effect size. Together with evidence from previous work, our
findings indicate that interventions delivered at the time of
screening or shortly afterward represents a promising oppor-
tunity to reduce CRC risk through behavior change. Future
interventions should identify avenues to maximize long-term
engagement to promote sustained lifestyle behavior change.
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