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Although cancer is a leading cause of death in the European Union,
around 40% of cases are preventable. The European Code Against Cancer
(ECAC) was developed to inform citizens about key cancer-risk-reducing
actions. This study aimed to identify effective ways to present the 5th edi-
tion of the code (ECACS5) to optimise awareness of cancer risks in all
socioeconomic groups. Using a 2x 3 x2 factorial design, 10027 partici-
pants from eight countries were randomised online to receive ‘no message’
or one of 10 ECACS formats differing in message content (cancer risks:
present/absent), length of message on cancer prevention actions (longer/-
shorter/absent) or format (text-only/text with images). The primary out-
come was awareness of 16 avoidable cancer risks. Overall mean number of
risks recalled was 2.40 (standard deviation: 1.72; range 0-14). Recall was
highest when messages included risk information. Adding prevention mes-
sages to risk information did not improve risk factor recall. Message length
and images had no significant impact. Effects were similar across levels of
education and countries. Combined information about risk factors and pre-
ventive actions has the potential to equitably increase citizens’ very low
cancer prevention awareness. How this awareness might change over time
or lead to behaviour change is unknown and should be the focus of future
evaluations.

Abbreviations

ECAC, European Code Against Cancer; EU, European Union; IARC, International Agency for Research on Cancer; WHO, World Health

Organization.
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1. Introduction

Cancer is a major contributor to the global burden of dis-
ease, being a significant cause of worldwide morbidity
[1,2] and the second leading cause of death globally [3.4].
The International Agency for Research on Cancer
(IARC), a specialised cancer agency of the World Health
Organization (WHO), estimates that between 30% and
50% of all cases of cancer are preventable [5,6]. The lead-
ing risk factors contributing to the global cancer burden,
including early-onset cancers, are behavioural. These
include tobacco use, alcohol consumption and dietary
behaviours linked to overweight and obesity [7]. Individ-
uals from lower socioeconomic groups are at dispropor-
tionately higher risk of cancer incidence and mortality
[8-12], reflecting the social patterning of these behavioural
risk factors, which are more prevalent in socioeconomi-
cally disadvantaged groups [13-15].

Accordingly, a substantial proportion of the global
cancer burden could be prevented by changing behav-
iours linked to cancer development. Changing
behaviour, however, is difficult and requires multiple
interventions at scale across populations [16]. One com-
monly used approach is to inform people of these risks,
in an attempt to motivate them to change their behav-
iour. Providing information, however, has—at best—a
small effect on behaviour [17,18]. Nonetheless, citizens
have a right to reliable information that may inform
their choices. This is especially important, given that a
large proportion of the population lacks awareness of
some of the leading avoidable cancer risk factors when
asked to freely recall them. Although low levels of
awareness of cancer risks are complex, influenced by
multiple individual, social and contextual factors
[19-22], of which lack of information is only one, pro-
viding reliable information to those who lack it is argu-
ably a necessary prerequisite to increasing awareness.
Low levels of awareness are particularly marked in
those in the most socioeconomically deprived groups
[e.g. 23]. For example, in an unpublished study of cancer
risk awareness in the UK population, 43% of those in
the highest socioeconomic group and 27% in the lowest
socioeconomic group spontaneously mentioned alcohol
as a cancer risk factor [23]. This mirrors findings from
other countries in which only a small minority of citi-
zens name alcohol as a risk factor for cancer [24-26].
Providing information on cancer risk factors has the
potential not only to increase awareness but also to
increase public support for effective interventions which
most often require regulation or legislation. Citizens
may be more receptive to policy makers’ decisions
involving restriction on availability and marketing,
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warning labels and fiscal policies, if they understand the
rationale for those policies [e.g. 27-29].

The European Commission has funded the develop-
ment of the European Code Against Cancer (ECAC) to
inform citizens about the key avoidable cancer risk fac-
tors and the actions they can take to reduce their risks.
The ECAC was first published in 1987 and last updated
by IARC in 2014 [5]. IARC also provided the scientific
coordination for the 5th edition of ECAC (ECACS) [30],
under the World Code Against Cancer Framework [31],
that is based on the synthesis and evaluation of the evi-
dence on lifestyle, environmental, occupational, and infec-
tious cancer risk factors and of effective medical
interventions. The latest 4™ edition of the ECAC consists
of a list of 12 recommendations to citizens for actions to
prevent cancer [5]. While this has been evaluated for its
comprehensibility, acceptability and impact on attitudes
towards cancer prevention messages [32,33], its effective-
ness in increasing awareness of the risk factors for cancer,
either in aggregate or in different socioeconomic groups,
has not been assessed.

While all previous editions of the ECAC have relied
on the same communication strategy, that is presenta-
tion of a list of recommendations to citizens for
actions to prevent cancer, there are various possible
ways of presenting information to optimise awareness
of the risk factors and preventive actions for cancer in
all socioeconomic groups. Based on an extensive litera-
ture on risk communication, some of the key factors
that have the potential to influence awareness and
recall of risks are message content, length and format.

1.1. Content—cancer prevention messages vs
cancer risk messages

Framing messages in terms of the desirable conse-
quences (gains) associated with engaging in a target
behaviour or the undesirable consequences (losses) of
not engaging with the target behaviour has the poten-
tial to influence attitudes, intentions and behaviours
[e.g. 34]. The 4th version of the ECAC comprises a list
of actions for preventing the most common avoidable
cancer risk factors, that is framed in terms of the gains
of adopting protective behaviours or stopping harmful
behaviours. It is unknown whether including the risk
factors for cancer, that is also highlighting the losses,
would increase awareness of the cancer risk factors
across all socioeconomic groups.

Considerable research has assessed the relative
impact of gain-framed and loss-framed messages [e.g.
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35,36-39], but the overall picture remains uncertain.
Prospect theory [40], which describes how people make
decisions between alternatives that involve risk, sug-
gests that people are more sensitive to losses than they
are to gains, a bias called loss aversion. Negatively
framed messages tend to be more effective than posi-
tively framed ones [e.g. 41-43]. However, in the con-
text of health communication that focuses on
behaviours to prevent disease, meta-analyses suggest
that gain-framed messages are more effective in engag-
ing people in the content of messages and in promot-
ing behaviour change [35,36,38].

In terms of messages relating to cancer prevention
specifically, meta-analytic evidence found no difference
in the two ways of framing messages on attitudes or
intentions to engage in either cancer prevention
or cancer detection behaviours [34,44]. Loss-framed
messages, however, were more likely than gain-framed
messages to encourage people to engage in cancer
screening behaviours [34]. With regard to information
recall, an unpublished study found that infographics
displaying risk information for colorectal cancer were
more effective than those displaying information to
prevent the risks [45]. It is important to note that none
of the above meta-analyses assessed the potential for
differential impact of loss-framed vs gain-framed mes-
sages in different socioeconomic groups.

The above summary highlights the uncertainties sur-
rounding the most effective and equitable frame for
conveying information about avoidable cancer risks by
stopping harmful behaviours (such as quitting smoking
or reducing alcohol consumption) and engaging in pre-
ventive behaviours (such as eating a healthier diet or
attending screening).

1.2. Length of cancer prevention messages

With regard to messages about cancer, the potential
impact of message length is arguably most pertinent to
cancer prevention messages, rather than messages
about the risk factors, given all the possible recom-
mendations for reducing cancer risk and the level of
detail that these could entail. It is important, therefore,
to assess the impact of message length in relation to
cancer prevention messages on awareness of cancer
risks.

Brief messages are more likely to be recalled [46]
and lead to greater intentions to change the target
behaviour [47]. Consistent with this, messages that pre-
sent fewer data and information increase awareness
and speed of processing [48]. Shorter messages require
less mental effort and cognitive resources to read and
process and therefore have the potential to be
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especially effective for those with lower levels of educa-
tion and health literacy—defined as ‘the ability to gain
access to, understand and use information in ways
which promote and maintain good health’ [49]—more
often found in lower socioeconomic groups [50-55].
On the contrary, shorter messages may involve a loss
of detail, which might result in confusion, making
them harder to process [56,57]. Longer messages might
better reflect the essential elements of effective risk pre-
vention messages, rendering them more likely to per-
suade people to take self-protective action [58].

1.3. Format

Formats requiring visual processing, such as images
and infographics, have the potential to communicate
information faster and more effectively than text alone
[59]. The 4™ edition of ECAC is in text format only,
without the inclusion of images.

Images and infographics may increase message
appeal, resulting in greater elaboration of messages
[60] and making it easier to navigate complex concepts
[61]. They also have the potential to decrease cognitive
load and mental effort [62] compared with the use of
text. In turn, images and infographics can increase
awareness and information recall [63-67], including of
information on cancer symptoms and risk factors
[68,69]. By requiring fewer cognitive resources, visual
communications can be especially effective for those
with lower levels of education and health literacy.

In some studies, however, providing infographics had
detrimental effects on risk perception and awareness,
especially among the less health literate [70-72]. Although
such findings might have been due to design features of
the evaluated infographics, such as a lack of sufficient
elaborating text to accompany the images, these findings
highlight the uncertainty around the impact of info-
graphics across socioeconomic groups to convey informa-
tion about the avoidable cancer risk factors.

The current study aimed to inform the 5" edition of
ECAC by identifying the most effective method of pre-
senting information to optimise equitable awareness of
avoidable cancer risks (i.e. overall and across socioeco-
nomic groups) among members of the general public
of European Union (EU) member states. The specific
aims were to assess the impact on cancer risk recall of
messages varying in content, length and format.

2. Materials and methods

The study was preregistered on the Open Science
Framework (registration: https://osf.io/6rjvq/; proto-
col: https://osf.io/pfxgs).
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2.1. Study design

Online experimental study employing a modified
(incomplete) version of a 2x3x2 factorial study
design, with three factors:

1 Message content: Risk factors
a. Risk factors for cancer absent.
b. Risk factors for cancer present.
il Message length: Actions
a. Short list of actions to prevent avoidable risk
factors for cancer.
b. Long list of actions to prevent avoidable risk
factors for cancer.
c. List of actions to prevent avoidable risk factors
for cancer absent.
iii Message format: Images
a. Text-only.
b. Text with images.

In the absence of actions and risk factors, those allo-
cated to the message content ‘Text with images’ would
see only images, which on their own would convey little
meaning. Therefore, participants allocated to this group
were treated as those allocated to the absence of actions
and risk factors and the message content ‘“Text-only’, and
together, these two groups served as the control group
(i.e. Group 1). This incomplete factorial design resulted in
10 distinct intervention groups and one control group
that received no messages (Table 1).

2.2. Participants

Participants were 10027 adults (aged 18+), recruited
through a specialist research agency (All Global,
https://www.allglobal.com/) to be nationally representa-
tive for age, sex and education of eight EU member states.
Educational level was used as a proxy measure for socio-
economic status, in line with previous research [73], given
its association to economic and social resources, such as
income and other material and social resources [74-76].
Two member states from each subregion of the EU
(as defined by the Global Cancer Observatory,
https://gco.iarc.fr/en), where the research agency had
participant panels and therefore from which it was fea-
sible to recruit, were randomly selected using the ran-
dom numbers technique and an online random
numbers generator (https://www.random.org): Western
Europe: France and Germany; Northern Europe: Swe-
den and Ireland; Southern Europe: Greece and Spain;
and Central and Eastern Europe: Croatia and Roma-
nia. All materials were translated by the research
agency into the respective languages and were checked

ECACS5 evaluation study

Table 1. Study design showing 11 groups.

Message content risk

Risk factors absent Risk factors present

Text &
Text-only image

Text &
Text-only image

Message Actions Control (Group 1) Group 2 Group 3
length absent
Actions Group 4° Group 5 Group 6 Group 7
long
Actions Group 8 Group 9 Group 10 Group 11
short

“The format of messages received by Group 4 was that used for
ECAC-4.

by respective native speakers from the ECAC Working
Groups.

2.2.1. Sample size planning

The sample size of 10027 participants was estimated
to provide more than 95% power to be able to detect
a small effect of d=0.21 or higher of Risk Factors vs.
No Risk Factors, Short vs. Long Actions; and Text
vs. Text with Images. Among the assumptions for the
calculations was using the standard deviation of 1.79
found in the CRUK—Cancer Research UK’s Cancer
Awareness Measure (CAM) February 2023 report [23]
to use a realistic parameter.

2.3. Setting

The study took place online, on the research agency’s
survey platform.

2.4. Interventions

Four expert working groups were tasked by IARC
with  revising, updating and expanding the
evidence-based recommendations of the ECAC 4™ edi-
tion, in order to draft the contents of the 5™ edition of
ECAC [30] (Annex S1). Each working group identified
a set of actions the general public (citizens) can follow
to reduce or avoid a cancer risk relating to lifestyle
determinants (Working Group 1) [77,78]; environmen-
tal and occupational determinants (Working Group 2)
[79-81]; infections and related interventions (Working
Group 3) [82]; and medical interventions
(Working Group 4) [83,84]. These were edited for clar-
ity by a fifth working group, specialising in communi-
cations and health literacy. Comprehensive details of
the methods used to draft the recommendations of the
ECAC-5 are published elsewhere [85].
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The draft ECAC5 was presented in one of 10 ways
as described below and translated from English to all
other target languages (French, German, Swedish,
Greek, Spanish, Romanian and Hungarian). The infor-
mation in English that was presented to each of the 10
study groups is provided in the (Annex S2). Group 1
received no intervention. All messages were designed
to have a reading age index at a suitably inclusive level
(B1 English level).

2.4.1. Message content—Risk factors

The draft ECACS was presented in one of two ways:
as a list of avoidable risk factors for cancer or without
the list of avoidable risk factors for cancer. The risk
factors were drafted by Working Group 5, based on
the set of actions identified and recommended by each
of Working Groups 1, 2, 3 and 4.

2.4.2. Message length—Prevention actions

The draft ECACS5 was presented in one of three ways:
as a list of actions for preventing cancer using long
text, that is as recommended by Working Groups 1-4,
or a shortened version of the text, drafted by Working
Group 5. The third way involved not presenting
actions for preventing cancer.

2.4.3. Message format—Images

The draft ECACS was presented as either text alone
or in combination with images depicting each risk fac-
tor. Members of Working Group 5 agreed on the
images that were used, which were prepared in collab-
oration with graphic designers.

2.5. Outcome measures
2.5.1. Primary outcome

Free recall of risk factors for cancer, that is mentioned
from memory without being prompted, assessed using
one item from the Cancer Awareness Measure (CAM),
a validated measure developed to assess awareness,
attitudes and behaviour in relation to cancer preven-
tion, early diagnosis and screening [86,87]:

What things do you think could increase a person’s
chance of developing cancer? Please list as many
things you can think of in the boxes below.

Answers were scored based on the number of correct
avoidable risk factors that were freely recalled. Incor-
rect responses, that is those relating to factors for which
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there is no evidence of a causal link to cancer
(e.g. mobile phone use or stress) were disregarded. This
measure of recall was selected to avoid ceiling effects
observed when measuring awareness through recogni-
tion, in which respondents are presented with a list of
preselected risk factors and asked to identify those that
can cause cancer (e.g. in 2023, smoking, was recognised
by 95% of respondents as a risk factor vs 68% who
spontaneously recalled it; for drinking alcohol, recogni-
tion was 69% vs 37% for free recall; for obesity recog-
nition was 71% vs 11% for free recall [88]).

2.5.2. Secondary outcomes

e Recognition of cancer risk factors, assessed through one
item adapted from the CAM [86,87): Which of the follow-
ing, if any, do you think could increase a person’s chance of
developing cancer?, followed by a list of the risk factors as
identified by the Working Groups, in addition to two non-
risk factors (use of mobile phones and feeling stressed),
rated as ‘Yes, I think this could increase a person’s chance
of developing cancer’; ‘No, I don’t think this could increase
a person’s chance of developing cancer’; ‘Don’t know/not
sure’.

o Engagement with messages—measured by recording the
time spent viewing each version of the draft ECACS.

e Message comprehension using one item: ‘How easy was it
to understand the message you just saw about cancer?’ rated
on a Likert scale from 1 (not at all easy to understand) to
10 (very easy to understand).

e Message acceptability using one item: ‘How acceptable did
you find the message you just saw about cancer?’ rated on a
Likert scale from 1 (completely unacceptable) to 7
(completely acceptable).

2.5.3. Other measures

Demographic and other characteristics: age (inferred
from data of birth), education level [assessed by asking
respondents to indicate their highest educational qualifi-
cation, adapted for the qualifications offered in
each country and categorised as low (less than
high/secondary school degree), medium (high/secondary
school degree and vocational training but less than uni-
versity degree) or high (university degree and higher)]
and smoking status (never, former and current).

2.6. Procedure

Research ethics approval was obtained from the Uni-
versity of Cambridge, Psychology Research Ethics
Committee (reference no.: PRE.2023.131) and the
IARC Ethics Committee (IEC) (Reference number:
IEC 24-14).
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The study was conducted online using All Global’s
online panels. Data were collected between May and
July 2024. Participants recruited from each country
were randomised in equal numbers to one of 10 inter-
vention groups or a control group that was allocated
double the number of participants. Randomisation
was conducted using software embedded into the
research agency’s survey platform. The study was
undertaken with the understanding and written con-
sent of each participant.

Depending on group allocations, participants in 11
study groups were asked to read a draft version of the
ECACS for the general public (citizens) differing in
the content of the Code—long or short prevention
message, or no prevention message with or without a
risk message—and the format of the Code—text or
text with images.

Participants in all groups were then asked to com-
plete the primary and secondary outcome measures.
Participants in the control group were asked to com-
plete the outcome measures without being asked to
read any information about cancer. Participants in
intervention groups were not able to return to the
information once they had seen the outcome measures.

Following completion of the study, participants in
all groups were debriefed on the detailed study aims
and were given the list of risk factors for cancer seen
during completion of the recognition measure,
highlighting those that are true factors and those that
are not (i.e. stress and mobile phone use).

2.7. Data analysis

Participant characteristics were described using fre-
quency and percentages for qualitative variables and
mean [+ standard deviation (SD)] for quantitative
variables.

For the statistical analysis of the primary outcome
and secondary outcome of risk factor recognition, we
defined an 11-level intervention group variable, in
addition to the main three factors. This variable was
coded as 1 for the control group, 2 for the first inter-
vention group and so on up to 11 for the last interven-
tion group. While analysis using the three main factors
easily quantifies the effectiveness of each factor, the
use of the 11-level intervention group variable enables
comparisons between specific intervention groups and
the control groups, as well as among the intervention
groups themselves. To assess whether the effect of one
factor or the 11-level intervention variable on the pri-
mary or secondary outcome varied across different
conditions of the confounders (e.g. by educational
level), we included interaction terms in the respective

ECACS5 evaluation study

models, as described below. Similarly, we also explored
interactions among the three main factors.

2.7.1. Primary outcome

Two approaches were used to evaluate the primary
outcome data. First, a three-way Analysis of Variance
(ANOVA) was performed to examine the effects of
message length, message content and message format
on the number of Risk Factors Recalled (RFRs). This
model included the three factors as fixed independent
variables, with the number of RFRs as the dependent
variable. To handle the incomplete factorial design, a
dummy level of ‘no message’ was created for the mes-
sage format factor. Message format therefore was con-
sidered for the analysis as having three levels: no
message; text-only; and text with image. The model
was adjusted for relevant confounding factors, includ-
ing gender, age (18-24, 25-49, 50-64 and 65+ years
old), educational level (low, medium and high) and
country. Subsequently, a linear regression model was
fitted to evaluate the association between the number
of risk factors recalled and the above-mentioned
11-level intervention group variable where the control
group was considered as the reference category, adjust-
ing for the same confounding factors as in the
ANOVA analysis. These two approaches that are
based on the same underlying normal distribution were
complementary.

2.7.2. Secondary outcomes

Recognition of all 16 cancer risk factors, engagement
with messages, as well as message comprehension and
acceptability, were considered secondary outcomes.

To assess the impact of message length, message
content and message format on the odds of recalling
all 16 cancer risk factors, a logistic regression model
was fitted, adjusted for gender, age, educational level
and country. Additionally, we fitted a similar logistic
model using the 11-level intervention group variable
(as defined for the primary outcome analysis) to facili-
tate comparisons between intervention and control
groups. Adjusted odds ratios (ORs) along with 95%
ClIs were reported.

To assess the impact of message length, message
content and message format on the time spent reading
the messages (engagement with messages), a linear
regression model was fitted, adjusted for the same
potential confounders as described above. Time was
log-transformed prior to the regression analysis to
obtain an approximately normal distribution of resid-
uvals and reduce skewness. We also calculated the
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percentage change of geometric mean of time com-
pared with a reference category and defined by
(e/’—l) x 100 where P represents the regression coeffi-
cient for a specific factor.

The impact of the interventions on message compre-
hension and acceptability was assessed using multino-
mial logistic regression models adjusted for the same
potential confounders as described above.

All analyses were conducted using R software with
a statistical significance level set at 5%.

3. Results

Participant characteristics are shown in Table 2. The
number of participants from each country was similar.
The majority were between 25 and 49 years old (51%),
with a mean age of 43.4years (sd=15.2) and were
female (57%). Just under 16% had low levels of edu-
cation, 45% had medium levels of education, and 40%
had high levels of education. The number of partici-
pants in each intervention group ranged from 856 to
797 (Table 3). The control group had 1644
participants.

3.1. Primary outcome: Recall of avoidable risk
factors for cancer

Although the mean number of risk factors recalled
was relatively low, the large sample size led to a distri-
bution of the sample mean that approximated
normality.

The unadjusted mean number of avoidable risk fac-
tors recalled across all intervention groups was 2.40
[SD: 1.72; range (min-max): 0-14]. The proportion of
participants recalling each of the 16 risk factors is
shown in Table S1.

Adjusted predicted numbers of risk factors recalled
according to intervention group is shown in Table 3.
All intervention groups recalled a significantly greater
number of risk factors compared with the no message
control group (linear regression, all P-values < 0.001)
(Table 3). The percentage increase in the predicted
numbers of risk factors recalled for the intervention
groups compared with the control group ranged from
14.6% to 31.7% (Table 3).

The results showed a significant effect of message
content with the inclusion of risk factors in messages
significantly increasing the mean number of risk fac-
tors recalled (P-value<0.001, Table 4). Adding preven-
tion messages to messages with risk factors did not
improve risk factor recall (actions: 2.18, 95% CI:
1.94-2.39; risk factors with actions: 2.41, 95% CI:
2.17-2.64; risk factor alone: 2.42, 95% CI: 2.20-2.65).
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Table 2. Participant characteristics.

Overall (N=10027)

Age (years)

18-24 13.5% (1352)
25-49 51.0% (5117)
50-64 25.4% (2549)
65+ 10.1% (1009)
Sex

Male 42.8% (4287)
Female 57.0% (5715)
Other/Prefer not to say 0.2% (25)

Smoking status

Never 52.4% (5252)
Former 12.5% (1254)
Current 35.1% (3521)
Country

Croatia 12.5% (1250)
France 12.5% (1253)
Germany 12.5% (1255)
Greece 12.5% (1251)
Ireland 12.5% (1250)
Romania 12.5% (1253)
Spain 12.6% (1259)
Sweden 12.5% (1256)
Education level

Low 15.7% (1570)
Medium 44.7% (4485)
High 39.6% (3972)
Distribution of study groups

Control group (Group 1) 16.4% (1644)
Risk factors only (Group 2) 9.0% (906)
Risk factors with images (Group 3) 8.3% (834)

(

(

(
Long list actions only (Group 4) 8.5% (856)

(

(

Long list of actions with images (Group 5) 7.9% (793)

Long list of actions with risk factors (Group 8.5% (852)
6)

Long list of actions with risk factors & 8.4% (842)
images (Group 7)

Short list of actions only (Group 8) 8.4% (846)

Short list of actions with images (Group 9) 8.1% (812)

Short list of actions with risk factors (Group 7.9% (797)
10)

Short list of actions with risk factors & 8.4% (845)

images (Group 11)

There was also a significant effect of message format
(ANOVA, P-value <0.001; Table 4), with the inclusion
of either type of message format—that is texts with or
without images- increasing the number of risk factors
recalled compared with no message. The presence of
images with text, however, did not have a significant
effect on recall compared with the text-only condition
(text-only: adjusted mean=2.38; text and images:
adjusted mean=2.43; P=0.11). There was also no
significant effect observed of presenting prevention
messages of different lengths (ANOVA, P =0.94).
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Table 3. Linear regression model for the association between the intervention group and the number of risk factors recalled. Estimates are

adjusted for gender, age, educational level and country.

Adjusted number of risks

Parameters factors recalled (95% Cls) Coefficient Lower bound Upper bound P-value
0.83 0.66 1.00 <0.001
Intercept group
Reference: no actions, no risk 1.95 (1.72; 2.18) - - - -
factors, no image/text
Risk factors only 2.55 (2.31; 2.80) 0.60 0.47 0.73 <0.001
Risk factors with images 2.53(2.29; 2.77) 0.57 0.44 0.71 <0.001
Long actions only 2.24 (2.00; 2.48) 0.29 0.15 0.42 <0.001
Long actions with images 2.35(2.11; 2.60) 0.40 0.26 0.54 <0.001
Long actions with risk factors 2.51 (2.26; 2.75) 0.55 0.42 0.69 <0.001
Long actions with risk and images 2.54 (2.30; 2.79) 0.59 0.45 0.73 <0.001
Short actions only 2.24 (2.00; 2.49) 0.29 0.15 0.43 <0.001
Short actions with images 2.32 (2.08; 2.57) 0.37 0.23 0.51 <0.001
Short actions with risk factors 2.48(2.24,2.73) 0.53 0.39 0.67 <0.001
Short actions with risk and images 2.57 (2.33; 2.82) 0.62 0.48 0.76 <0.001

Table 4. Results of the three-way ANOVA analysis examining the
association between the three main factors and the number of risk
factors recalled, adjusted for gender, age, educational level and
country.

Sum of Degree of

Source of variation squares freedom (df) Fvalue P-value
Message length 0.3 2 0.06 0.943
Message content 93.6 1 34.3 <0.001
Message format 75.3 2 13.8 <0.001
Gender 265.6 2 48.6 <0.001
Age 693.8 3 84.7 <0.001
Country 403.5 7 21.1 <0.001
Education level 519.6 2 95.2 <0.001
Within groups 27311.2 10007

(Error)

None of the interactions examined, either between
the three main factors or between each factor and the
confounders, were statistically significant (all P-values
>0.05). In particular, the effects of the interventions
on the recall of avoidable risk factors for cancer did
not vary by participants’ level of education (P-value
for interaction = 0.86) or by country (P = 0.44).

3.2. Secondary outcomes
3.2.1. Recognition of cancer risk factors

The proportion of participants who recognised each
factor as contributing to the development of cancer,
including the two nonrisk factors, is shown in
Table S1. Eleven per cent of participants correctly
recognised all 16 risk factors as contributing to cancer
development while also disregarding the two nonrisk

factors (11.2%; n=1119). The proportion of partici-
pants that recognised all 16 risk factors according to
intervention group is shown in Table 5.

A logistic regression model based on the three main
factors revealed positive and statistically significant
associations between each factor and the odds of
recognising all 16 risk factors (Table 6, P < 0.05). The
inclusion of risk factors in messages increased the odds
of recognising all risk factors by approximately 1.50
times [OR =1.49, 95% CI (1.29; 1.73)] compared with
messages not including risk factors. The length of pre-
ventive messages (short vs. long) (Table 7, P =0.56) or
the presence of images did not have a significant effect
on the odds of recognising all risk factors (Table 7,
P =0.60).

When using the 11-level intervention group variable,
results also showed positive and statistically significant
associations between the intervention group and the
odds of recognising all 16 risk factors (Table S2, all
P <0.001). All intervention groups had higher odds of
recognising all risk factors as compared with the con-
trol group where, for instance, participants viewing
messages including a shortened version of preventative
actions with risk factors were about four times more
likely to recognise all risk factors compared with the
control group [OR =4.09; 95% CI (3.03; 5.53)].

None of the interactions examined were statistically
significant (P > 0.05).

3.2.2. Engagement with messages

Prevention message and message format were posi-
tively and significantly associated with the duration of
time spent reading each message (Table S3).
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Table 5. Proportion (n) of participants who recognised all 16 risk
factors.

Study group Per cent (n)
Total 1% (1117)
Control 4.0% (72)
Risk factors only 10.5% (95)
Risk factors with images 13% (111)
Long actions only 11% (93)
Long actions with images 11% (88)
Long actions with risk factors 14% (118)
Long actions with risk and images 14% (118)
Short actions only 10% (88)
Short actions with images 9.0% (74)
Short actions with risk factors 16% (129)
Short actions with risk and images 15.5% (131)

Table 6. Adjusted® odds ratios (ORs) and 95% confidence intervals
(95% Cls) for the intervention factors associated with the
probability of recognising all 16 risk factors.

Intervention factors OR Lower Upper P-value
Prevention message length
Absent 1 - - -
Short 1.33 1.10 1.61 0.003
Long 1.28 1.06 1.64 0.011
Risk message
Absent 1 - - -
Present 149 1.29 1.73 <0.001
Message format
No message 1 - - -
Text-only 1.88 1.36 2.58 <0.001
Text and images 1.93 140 2.66 <0.001

®Model is adjusted for gender, age, educational level and country.

Table 7. Test linear hypothesis between several conditions based
on a logistic regression model for the probability of recognising all
16 risk factors. Model is adjusted for gender, age, educational level
and country.

Factors Contrast examined P-value
Prevention message Short vs long 0.56
Message format Text-only vs images 0.66

Conversely, the presence of risk factors showed no sig-
nificant association with the reading time (P > 0.05).
Presenting prevention messages increased the duration
of time spent reading messages by approximately 4%,
whereas the inclusion of images or text alone led to an
increase of about 7%.

The length of preventive actions (short vs. long) and
the presence of images had no significant effect on
duration (P =0.85 and P =0.79, respectively). None of

E. Mantzari et al.

the interactions examined were statistically significant
(P> 0.05).

3.2.3. Message comprehension and acceptability

The majority of participants in all intervention groups
rated the messages high on comprehension and accept-
ability, that is gave a score above the scale midpoints
(Table S4). There were no statistically significant dif-
ferences in message comprehension or in acceptability
between the intervention groups (P > 0.05). There were
also no statistically significant interactions between
educational level and intervention group in message
comprehension and acceptability (P > 0.05).

4. Discussion

As part of the development phase of the 5™ edition of
the European Code Against Cancer (ECACS), the cur-
rent study aimed to assess the impact of different
methods of presenting information about cancer on
public awareness of the avoidable risk factors for can-
cer. Including the risk factor alongside information
about the action to prevent cancer increased by a
small amount the low level of awareness of cancer risk
factors in all socioeconomic groups. There was no sig-
nificant effect on recall of presenting a shortened com-
pared with a longer version of the actions, nor of
including images in the messages. A similar pattern of
findings was observed for recognition of cancer risks.
Inclusion of information on preventative actions
increased engagement with messages, but message
length did not have an effect, nor did the inclusion of
risk factors or images. Messages were rated high on
comprehension and acceptability by all socioeconomic
groups with no differences between message types.
Previous editions of the ECAC involved sets of rec-
ommendations for citizens for reducing their cancer
risk. Such messages might be important for ensuring
citizens have the appropriate information regarding
the preventative actions they can take and while infor-
mation about cancer risks might be implicit in such
messages, they appear to do little to increase aware-
ness of the main avoidable risk factors for cancer. This
is important, given that a large proportion of the pop-
ulation lacks this knowledge [24-26]. Messages includ-
ing explicit information about cancer risks were found
in this study to slightly but significantly increase this
awareness in all socioeconomic groups. There are three
possible explanations for this finding. The first is that
direct information about the risks does not require
inferences to be made and is therefore more accessible
and can more easily be recalled. For example, being
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told that alcohol is a risk factor for cancer arguably
provides more direct communication about what the
risk is and therefore might be easier to process and
recall than being told to ‘avoid drinking alcoholic bev-
erages as much as possible’. Indeed, direct information
is generally easier to remember compared with implied
information, which may require more cognitive effort
to retrieve due to the need to be interpreted first [e.g.
89]. The second explanation is that cancer risk factors
were presented as a simple, concise, descriptive list.
When presented along with information on the preven-
tative actions, each risk factor was listed first, with the
relevant action following in a subsequent, separate
line, that is the risk factor served as a header. Consis-
tent with previous research on the effects of lists and
headers on information recall and retrieval [e.g.
90-92], this may have enabled the accessibility of the
information and therefore increased risk factor recall
and recognition. The third explanation for the current
findings is that loss-framed messages might be more
effective in conveying risk information than
gain-framed messages. Messages that include informa-
tion about cancer risk factors can be viewed as
highlighting losses and therefore negatively framed,
while those that list preventative actions to reduce can-
cer risk can be viewed as highlighting the gains of
adopting protective behaviours or stopping harmful
behaviours. This possible explanation is consistent
with research showing that loss-framed messages are
more effective than gain-framed messages in encourag-
ing engagement in cancer screening behaviours [34]
and in increasing information recall on colorectal can-
cer risks [45].

The current study did not find any differences in
risk factor recall or recognition of presenting cancer
preventative messages of different lengths. This is con-
trary to findings showing that shorter messages are
more likely to be recalled [46] and increase knowledge
and processing speed [48], especially among those with
low levels of education and health literacy [50-55].
With longer versions in the current study, including
368 words compared with 144 words in the shorter
versions, one possible explanation for this lack of dif-
ference is that perhaps the difference in length was not
big enough to have an impact. Regardless of message
length, however, the inclusion of cancer preventive
actions increased engagement with the messages, as
measured by the time spent viewing them. Although
this did not result in higher recall or recognition of
cancer risk factors, it is not known whether it had
some other effect not measured in the current study,
for example on awareness of possible cancer protective
actions. Both this and awareness of the risk factors for

ECACS5 evaluation study

cancer are arguably necessary for encouraging
attempts to reduce cancer risk. Future research might
consider complementing measures of cancer risk
awareness with measures of awareness of the possible
cancer preventative actions citizens can take to reduce
their cancer risk.

The inclusion of images in messages also did not
have an impact on recall or recognition of cancer risks
in this study. This is contrary to findings showing that
images and infographics can increase awareness and
information recall [63-67], including of information on
cancer symptoms and risk factors [68,69]. We cannot
exclude the possibility, however, that this was the
result of the design of the images included in this
study, which were arguably crude, lacking in elaborate
details and small in size. Nonetheless, such images
might be helpful for citizens with levels of digital and
health literacy below those required to participate in
an online study, such as the current one, a possibility
that could be examined in future ‘offline’ research.
This is important given that low levels of health liter-
acy are associated with poorer overall health [93,94]
and, among cancer patients, poorer health outcomes,
lower screening rates and low adherence to cancer
treatment [95-97]. The role of more elaborate images
in cancer risk awareness should also be examined in
future research.

One aim of the current study was to identify the
draft version of ECACS that could increase cancer risk
awareness across all socioeconomic groups. This is
especially important given that low levels of awareness
are particularly marked in those in the most socioeco-
nomically deprived groups [23]. These groups have
lower levels of education and health literacy and might
therefore struggle with health information. The effects
observed in this study did not differ according to level
of education and all messages were rated high on both
comprehension and acceptability across all socioeco-
nomic groups. This implies that a version of ECACS5
based on the current findings would be well under-
stood and considered acceptable across all socioeco-
nomic groups and could be equally effective in
increasing awareness of the avoidable risk factors for
cancer.

This study was the first attempt to evaluate and
improve the impact of the ECAC, to ensure optimal
and equitable cancer risk awareness in all socioeco-
nomic groups. Its strength lies in its large sample,
recruited from multiple EU countries and its random-
ised design, which resulted in a robust assessment of
different message forms. The use of free recall to mea-
sure cancer risk awareness ensured the study tapped
into citizens’ actual awareness level and avoided the
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European Code Against Cancer, 5th edition
14 ways you can help prevent cancer

Smoking
Do not smoke. Do not use any form of tobacco, or vaping products. If you smoke, you should quit.

Exposure to other people’s tobacco smoke
Keep your home and car free of tobacco smoke.

Overweight and obesity

Take action to avoid or manage overweight and obesity:
e Limitfood high in calories, sugar, fat, and salt.
e Limit drinks high in sugar. Drink mostly water and unsweetened drinks.
e Limitultra-processed foods.

A O

Physical activity

Be physically active in everyday life. Limit the time you spend sitting.

Diet

Eat whole grains, vegetables, legumes, and fruits as a major part of your daily diet. Limit red meat, and avoid processed meat.

Alcohol
Avoid alcoholic drinks.

Breastfeeding
Breastfeed your baby for as long as possible.

DEES

Sun exposure
Avoid too much sun exposure, especially for children. Use sun protection. Never use sunbeds.

Cancer-causing factors at work
Inform yourself about cancer-causing factors at work, and call on your employer to protect you against them. Always
follow health and safety instructions at your workplace.

Indoor radon gas
Inform yourself about radon gas levels in your area by checking a local radon map. Seek professional help to measure
levels in your home and, if necessary, reduce them.

1 Air pollution
i‘@: Take action to reduce exposure to air pollution by:
e Using public transportation, and walking or cycling instead of using a car
e Choosing low-traffic routes when walking, cycling, or exercising
e Keeping your home free of smoke by not burning materials such as coal orwood
e Supporting policies that improve air quality.

12 Cancer-causing infections
’*‘ e Vaccinate girls and boys against hepatitis B virus and human papillomavirus (HPV) at the age recommended in your
country.

e Take partin testing and treatment for hepatitis B and C viruses, human immunodeficiency virus (HIV), and Helicobacter
pylori, as recommended in your country.

13 Hormone replacement therapy
& If you decide to use hormone replacement therapy (for menopausal symptoms) after a thorough discussion with
your health-care professional, limitits use to the shortest duration possible.

Organized cancer screening programmes
Take part in organized cancer screening programmes, as recommended in your country, for:

e Bowelcancer

e Breastcancer

e Cervical cancer
e Lungcancer.

Fig. 1. European Code Against Cancer, 5th edition: recommendations for individuals. The 14 recommendations of the European Code
Against Cancer, 5th edition (ECAC5) adopted by the Scientific Committee of the ECAC5 project. © 2026 International Agency for Research
on Cancer / WHO. Used with permission.
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ceiling effects often observed with measures of recogni-
tion. The study also has a number of limitations, the
most significant being related to a possible sampling
bias that limits the generalisability of the findings. Par-
ticipants were self-selected and consisted of those with
digital access and related digital literacy. Conse-
quently, individuals with low levels of education and
from the highest age group (65+) were underrepre-
sented. Access to such groups might require offline,
more traditional survey methods, which would comple-
ment the findings of the current online study. Further-
more, socioeconomic status was assessed only using
education. Further research should consider additional
relevant proxies, such as income and social status. A
further limitation is that awareness of cancer risks was
only assessed immediately after presentation of the
draft ECAC-5 versions. Conclusions cannot therefore
be drawn regarding long-term awareness, how this
might fluctuate over time and which individual and
social factors might influence it. These outcomes were
beyond the scope of the current study. Also, the extent
to which the slight increase in immediate awareness of
the cancer risk factors observed in this study could
lead to any behaviour change awaits empirical exami-
nation. Finally, it is important to note that even with
presentation of the most effective drafts of the
ECACS, the mean number of risk factors recalled was
low. This highlights the complexity of awareness of
cancer risks, which is likely influenced by many indi-
vidual and contextual factors [19-22]. Increasing this
awareness further will therefore likely require several
interventions targeting multiple factors, beyond just
the provision of information, dissemination of which
will require multiple stakeholders, to target communi-
cation source references which might vary between
individuals and populations.

5. Conclusion

The main finding of the study was that including
explicit information about the avoidable risk factors
for cancer in the FEuropean Code Against Cancer
increases the very low awareness of cancer risks among
EU citizens, at least by a small amount in the short
term immediately after presentation of the Code.
Accordingly, the 5™ edition of the ECAC includes
additional information on the avoidable risk factors
for cancer, as well as the actions citizens can take to
lower their cancer risks (Fig. 1; Annex S1). Although
message length and format had no effect, longer mes-
sages about actions to prevent cancer, as well as
images, provide more information to citizens without

ECACS5 evaluation study

detriment. We therefore recommend considering their
inclusion in dissemination campaigns of the ECACS.
In all, our recommended public communication strat-
egy should be complemented by a collaborative
approach to dissemination by multiple stakeholders, to
maximise the impact of the ECACS. The impact of the
ECACS on health behaviour change should be the
focus of future evaluations.

Acknowledgements

We would like to thank all members of the ECACS
Working Group 5 for their input on the methods,
interpretation of the results and relevant recommenda-
tions for practice. We also wish to thank Dr Victoria
Whitelock (Cancer Research UK) and Dr Kate Lifford
(Primary and Emergency Care Research Centre, Car-
diff University) for their advice on the measurement of
cancer risk factor awareness.

Funded by the European Union from the EU4Health
programme under Grant Agreement No. 101075240.
Views and opinions expressed are however those of the
authors only and do not necessarily reflect those of the
European Union or European Health and Digital Exec-
utive Agency (HaDEA). Neither the European Union
nor the granting authority can be held responsible for
them. Dafina Petrova was supported by the Health
Institute Carlos III of Spain (CP23/00024).

Conflict of interest

The authors declare no conflict of interest. Where
authors are identified as personnel of the International
Agency for Research on Cancer/World Health Organi-
zation, the authors alone are responsible for the views
expressed in this article and they do not necessarily
represent the decisions, policy or views of the Interna-
tional Agency for Research on Cancer /World Health
Organization.

Author contributions

EM and TM designed the study with input from CE
and DR, designed the methods with input from all
other authors, collected the data and drafted the
manuscript. KB advised on study design and mea-
sures. EDS designed the materials viewed by partici-
pants in intervention groups. LB analysed the data
and drafted the Results section. CE, DR, KMHHB,
EDS, JB, AF, CF, DP, JS, VR and HZ commented
on the study protocol, findings and drafts of the
manuscript.

Molecular Oncology 20 (2026) 154-169 © 2026 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of 165

Federation of European Biochemical Societies.



ECACS5 evaluation study

Data accessibility

The dataset generated and analysed during the current
study is available on the Open Science Framework at
https://osf.io/6rjvq/files/wbp5d.

References

1

10

11

12

166

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA4
Cancer J Clin. 2021;71(3):209-49.

Galicia Pacheco SI, Catena A, Sanchez MJ, Rueda
MM, Aljarilla Sanchez L, Costas L, et al.
Socio-economic inequalities in beliefs about cancer and
its causes: evidence from two population surveys.
Psychooncology. 2024;33(12):¢70035.

Ferlay J. Global cancer observatory: cancer today.
Lyon, France: International Agency for Research on
Cancer; 2024.

World Health Organization. Global health estimates
2020: deaths by cause, age, sex, by country and

by region, 2000-2019. Geneva, Switzerland: WHO;
2020.

Schiiz J, Espina C, Villain P, Herrero R, Leon ME,
Minozzi S, et al. European Code Against Cancer 4th
edition: 12 ways to reduce your cancer risk. Cancer
Epidemiol. 2015;39:S1-S10.

Wild CP, Weiderpass E, Stewart BW. World cancer
report. 2020.

Tran KB, Lang JJ, Compton K, Xu R, Acheson AR,
Henrikson HJ, et al. The global burden of cancer
attributable to risk factors, 2010-19: a systematic
analysis for the global burden of disease study 2019.
Lancet. 2022;400(10352):563-91.

Exarchakou A, Kipourou D-K, Belot A, Rachet B.
Socio-economic inequalities in cancer survival: how do
they translate into number of life-years lost? Br J
Cancer. 2022;126(10):1490-8.

Rachet B, Ellis L, Maringe C, Chu T, Nur U,
Quaresma M, et al. Socioeconomic inequalities in
cancer survival in England after the NHS cancer plan.
Br J Cancer. 2010;103(4):446-53.

de Vries E, Arroyave I, Pardo C. Time trends in
educational inequalities in cancer mortality

in Colombia, 1998-2012. BMJ Open. 2016;6(4):¢008985.
Mihor A, Tomsic S, Zagar T, Lokar K, Zadnik V.
Socioeconomic inequalities in cancer incidence in
Europe: a comprehensive review of population-based
epidemiological studies. Radiol Oncol. 2020;54(1):1.
Vaccarella S, Georges D, Bray F, Ginsburg O, Charvat
H, Martikainen P, et al. Socioeconomic inequalities in
cancer mortality between and within countries

13

17

18

19

20

21

22

23

24

25

E. Mantzari et al.

in Europe: a population-based study. Lancet Regional
Health—Europe. 2023;25:100551.

Hiscock R, Bauld L, Amos A, Platt S. Smoking and
socioeconomic status in England: the rise of the never
smoker and the disadvantaged smoker. J Public Health.
2012;34(3):390-6.

Pigeyre M, Rousseaux J, Trouiller P, Dumont J,
Goumidi L, Bonte D, et al. How obesity relates to
socio-economic status: identification of eating behavior
mediators. Int J Obes. 2016;40(11):1794-801.

Boyd J, Bambra C, Purshouse RC, Holmes J. Beyond
behaviour: how health inequality theory can enhance
our understanding of the ‘alcohol-harm paradox’. Int J
Environ Res Public Health. 2021;18(11):6025.

Marteau T, Chater N, Garnett E. Changing behaviour
for net zero 2050. BMJ. 2021;375:n2293.

Hollands GJ, French DP, Griffin SJ, Prevost AT, Sutton
S, King S, et al. The impact of communicating genetic
risks of disease on risk-reducing health behaviour:
systematic review with meta-analysis. BMJ. 2016;352.
Webb TL, Sheeran P. Does changing behavioral
intentions engender behavior change? A meta-analysis
of the experimental evidence. Psychol Bull. 2006;132
(2):249-68.

Shi F, Shaver LG, Kong Y, Yi Y, Aubrey-Bassler K,
Asghari S, et al. Sociodemographics and their impacts
on risk factor awareness and beliefs about cancer and
screening: results from a cross-sectional study in
Newfoundland and Labrador. BMC Public Health.
2020;20(1):1513.

Peretti-Watel P, Fressard L, Bocquier A, Verger P.
Perceptions of cancer risk factors and

socioeconomic status. A French study. Prev Med Rep.
2016;3:171-6.

Tsuda Y, Suzuki K, Minamiguchi Y, Yamanaka M,
Doi T, Tomari Y, et al. Awareness of cancer and its
associated factors for parents of adolescents and young
adults: a cross-sectional study. Medicine. 2024;103(27):
e38734.

Petrova D, Pollan M, Garcia-Retamero R,
Rodriguez-Barranco M, Catena A, Castillo Portellano
L, et al. Cancer awareness in older adults: results from
the Spanish Onco-barometer cross-sectional survey. Int
J Nurs Stud. 2023;140:104466.

Whitelock V. Recall and recognition of cancer risk
factors by social grade from the Cancer Awareness
Measure (CAM). UK: Cancer Research UK; 2023.
Scheideler JK, Klein WM. Awareness of the link
between alcohol consumption and cancer across the
world: a review. Cancer Epidemiol Biomarkers Prev.
2018;27(4):429-37.

Thomsen KL, Christensen ASP, Meyer MKH.
Awareness of alcohol as a risk factor for cancer: A
population-based cross-sectional study among 3000
Danish men and women. Prev Med Rep. 2020;19:101156.

Molecular Oncology 20 (2026) 154-169 © 2026 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.


https://osf.io/6rjvq/files/wbp5d

E. Mantzari et al.

26

27

28

29

30

31

32

33

34

35

36

37

38

Molecular Oncology 20 (2026) 154-169 © 2026 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Kokole D, Ferreira-Borges C, Galea G, Tran A, Rehm
J, Neufeld M. Public awareness of the alcohol-cancer
link in the EU and UK: a scoping review. Eur J Public
Health. 2023;33(6):1128-47.

Berdzuli N, Ferreira-Borges C, Gual A, Rehm J.
Alcohol control policy in Europe: overview and
exemplary countries. Int J Environ Res Public Health.
2020;17(21):8162.

Guindon GE, Zhao K, Fatima T, Garasia S, Quinn N,
Baskerville NB, et al. Prices, taxes and alcohol use: a
systematic umbrella review. Addiction. 2022;117
(12):3004-23.

Flor LS, Reitsma MB, Gupta V, Ng M, Gakidou E.
The effects of tobacco control policies on global
smoking prevalence. Nat Med. 2021;27(2):239-43.
Espina C, Ritchie D, Riboli E, Kromhout H,
Franceschi S, Lansdorp-Vogelaar I, et al. European
Code Against Cancer 5th edition: 14 ways you can help
prevent cancer. Lancet Reg Health Eur. 2026. https://
doi.org/10.1016/j.1anepe.2026.101592

International Agency for Research on Cancer. World
Code Against Cancer Framework. 2023. Available
from: https://cancer-code-world.iarc.who.int/

Ritchie D, Mallafré-Larrosa M, Ferro G, Schiiz J,
Espina C. Evaluation of the impact of the European
Code Against Cancer on awareness and attitudes
towards cancer prevention at the population and
health promoters’ levels. Cancer Epidemiol.
2021;71:101898.

Winstanley K, Wardle J. Exploring attitudes towards
the European Code Against Cancer (ECAC). London,
UK: Health Behaviour Research Centre, University
College London; 2014.

Ainiwaer A, Zhang S, Ainiwaer X, Ma F. Effects of
message framing on cancer prevention and detection
behaviors, intentions, and attitudes: systematic review
and meta-analysis. J Med Internet Res. 2021;23(9):
e27634.

O’Keefe DJ, Jensen JD. Do loss-framed persuasive
messages engender greater message processing than do
gain-framed messages? A meta-analytic review.
Communication Studies. 2008;59(1):51-67.

O’Keefe DJ, Jensen JD. The advantages of compliance
or the disadvantages of noncompliance? A meta-
analytic review of the relative persuasive effectiveness of
gain-framed and loss-framed messages. Ann Int
Commun Assoc. 2006;30(1):1-43.

Salovey P, Schneider TR, Apanovitch AM. Message
framing in the prevention and early detection of illness.
The persuasion handbook: developments in theory and
practice. Thousand Oaks, CA, USA: SAGE
Publications, Inc.; 2002. p. 391-406.

Gallagher KM, Updegraff JA. Health message framing
effects on attitudes, intentions, and behavior: a meta-
analytic review. Ann Behav Med. 2012;43(1):101-16.

Federation of European Biochemical Societies.

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

ECACS5 evaluation study

Waheed H. Nudging smokers away from lighting up: A
meta-analysis of framing effect in current smokers. J
Behav Exp Econ. 2023;104:101998.

Tversky A, Kahneman D. The framing of decisions and
the psychology of choice. Science. 1981;211(4481):
453-8.

Cheng T, Woon DK, Lynes JK. The use of message
framing in the promotion of environmentally
sustainable behaviors. Soc Mark Q. 2011;17(2):48-62.
Kahneman D, Tversky A. Prospect theory: an analysis
of decision under risk. Handbook of the fundamentals
of financial decision making: part I. Singapore: World
Scientific; 1979. p. 99-127.

Meyerowitz BE, Chaiken S. The effect of message
framing on breast self-examination attitudes, intentions,
and behavior. J Pers Soc Psychol. 1987;52(3):500-10.
O’Keefe DJ, Jensen JD. The relative persuasiveness of
gain-framed loss-framed messages for encouraging
disease prevention behaviors: a meta-analytic review. J
Health Commun. 2007;12(7):623-44.

Chin G. Health infographics to communicate dietary
information for colorectal cancer prevention. Centre for
science communication. New Zealand: University of
Otago; 2017.

Gerver D. Effects of grammaticalness, presentation
rate, and message length on auditory short-term
memory. Q J Exp Psychol. 1969;21(3):203-8.

Godinho CA, Yardley L, Marcu A, Mowbray F, Beard
E, Michie S. Increasing the intent to receive a pandemic
influenza vaccination: testing the impact of theory-
based messages. Prev Med. 2016;89:104-11.
Zikmund-Fisher BJ, Fagerlin A, Ubel PA. Improving
understanding of adjuvant therapy options by using
simpler risk graphics. Cancer. 2008;113(12):3382-90.
Nutbeam D, Kickbusch I. Health promotion glossary.
Health Promot Int. 1998;13(4):349-64.

Sirin SR. Socioeconomic status and academic
achievement: a meta-analytic review of research. Review
of educational research. 2005;75(3):417-53.

Sirin SR. The relationship between socioeconomic
status and school outcomes [microform]: meta analytic
review of research. Rev Educ Res. 2005;75(3):417-53.
Borgonovi F, Pokropek A. The evolution of socio-
economic disparities in literacy skills from age 15 to age
27 in 20 countries. British Educational Research Journal.
2021;47(6):1560-86.

Goldin C, Katz LF. The race between education and
technology. Inequality in the 21st century. Oxfordshire,
UK: Routledge; 2018. p. 49-54.

Goldin C, Katz LF. The race between education and
technology. Cambridge, MA, USA: Harvard University
Press; 2009.

Castex G, Kogan Dechter E. The changing roles of
education and ability in wage determination. J Labor
Econ. 2014;32(4):685-710.

167


https://doi.org/10.1016/j.lanepe.2026.101592
https://doi.org/10.1016/j.lanepe.2026.101592
https://cancer-code-world.iarc.who.int/
https://cancer-code-world.iarc.who.int/
https://cancer-code-world.iarc.who.int/
https://cancer-code-world.iarc.who.int/
https://cancer-code-world.iarc.who.int/

ECACS5 evaluation study

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

168

National Academies of Sciences. Emergency alert and
warning systems. Current knowledge and future research
directions. 2018.

Wood MM, Mileti DS, Bean H, Liu BF, Sutton J,
Madden S. Milling and public warnings. Environ Behav.
2018;50(5):535-66.

Kuligowski ED, ED Kuligowski, Doermann J. A review
of public response to short message alerts under imminent
threat. USA: US Department of Commerce, National
Institute of Standards and Technology . . .; 2018.

Otten JJ, Cheng K, Drewnowski A. Infographics
and public policy: using data visualization to
convey complex information. Health Aff. 2015;34
(11):1901-7.

Lam C, Huang Z, Shen L. Infographics and the
elaboration likelihood model (ELM): differences
between visual and textual health messages. J Health
Commun. 2022;27(10):737-45.

Lee SH, Pandya RK, Hussain JS, Lau RJ, Chambers
EAB, Geng A, et al. Perceptions of using infographics
for scientific communication on social media for
COVID-19 topics: a survey study. J Vis Commun Med.
2022;45(2):105-13.

Martin LJ, Turnquist A, Groot B, Huang SYM, Kok
E, Thoma B, et al. Exploring the role of infographics
for summarizing medical literature. Health Professions
Education. 2019;5(1):48-57.

Al Hosni J. The power of image in English language
teaching. J Teach Eng Specific Acad Purposes. 2016;4
(1):229-35.

Alrwele NS. Effects of infographics on student
achievement and students’ perceptions of the impacts
of infographics. J Educ Hum Dev. 2017;6(3):104-17.
Bateman S. Useful junk? The effects of visual
embellishment on comprehension and memorability of
charts. In Proceedings of the SIGCHI conference on
human factors in computing systems 2010.

Pjesivac I, Geidner N, Miller LE. Using infographics in
television news: effects of television graphics on
information recall about sexually transmitted diseases.
Electron News. 2017;11(3):166-85.

Yildirim S. Infographics for educational purposes: their
structure, properties and reader approaches. Turkish
Online Journal of Educational Technology-TOJET.
2016;15(3):98-110.

Piil K, Pedersen P, Gyldenvang HH, Elsborg AJ,
Skaarup AB, Starklint M, et al. The development of
medical infographics to raise symptom awareness and
promote communication to patients with cancer: a co-
creation study. PEC Innovat. 2023;2:100146.

McCrorie AD, Donnelly C, McGlade KJ. Infographics:
healthcare communication for the digital age. Ulster
Med J. 2016;85(2):71.

Damman OC, Vonk SI, den Van Haak MJ, van
Hooijdonk CM, Timmermans DR. The effects of

71

72

73

74

75

76

77

78

79

80

81

82

E. Mantzari et al.

infographics and several quantitative versus qualitative
formats for cardiovascular disease risk, including heart
age, on people’s risk understanding. Patient Educ
Couns. 2018;101(8):1410-8.

Gareau M, Keegan R, Wang L. An exploration of the
effectiveness of infographics in contrast to text
documents for visualizing census data: what works? In
Human Interface and the Management of Information.
Information and Knowledge Design: 17th International
Conference, HCI International 2015, Los Angeles, CA,
USA, August 2-7, 2015, Proceedings, Part I 17. New
York, NY, USA: Springer; 2015.

Arcia A, Suero-Tejeda N, Bales ME, Merrill JA, Yoon
S, Woollen J, et al. Sometimes more is more: iterative
participatory design of infographics for engagement of
community members with varying levels of health
literacy. J Am Med Inform Assoc. 2016;23(1):174-83.
Khalatbari-Soltani S, Maccora J, Blyth FM, Joannes C,
Kelly-Irving M. Measuring education in the context of
health inequalities. Oxford, UK: Oxford University
Press; 2022. p. 701-8.

Galobardes B, Shaw M, Lawlor DA, Lynch JW, Smith
GD. Indicators of socioeconomic position (part 1). J
Epidemiol Community Health. 2006;60(1):7-12.
Ortmanns V, Schneider SL. Harmonization still failing?
Inconsistency of education variables in cross-national
public opinion surveys. Int J Public Opin Res. 2016;28
(4):562-82.

Plewis I, Bartley M. Intra-generational social mobility
and educational qualifications. Res Soc Stratif Mob.
2014;36:1-11.

Feliu A, Anderson AS, Bauld L, Fernandez E,
Leitzmann MF, Morrisn S, et al. European Code
Against Cancer, Sth edition — tobacco and nicotine
containing products, second-hand smoke, alcohol and
cancer. Mol Oncol. 2026;20:6-27.

Leitzmann MF, Bakogianni I, Anderson AS, Bauld L,
Fernandez E, Morris S. et al. European Code Against
Cancer, 5th edition — diet, excess body weight, physical
activity, sedentary behavior, breastfeeding, and cancer.
Mol Oncol. 2026;20:28-48.

Ritchie D, Crowley Q, Greinert R, Albin M, Baldi I,
Consonni D, et al. European Code Against Cancer, 5th
edition — ultraviolet radiation, radon and cancer. Mo/
Oncol. 2026;20:49-67.

Jochems SHJ, Vilahur N, van Tongeren M, Albin M,
Baldi I, Consonni D, et al. European Code Against
Cancer, 5th edition — occupational exposures and
cancer. Mol Oncol. 2026;20:68-80.

Hoek G, van Tongeren M, Ro66sli M, Jochems SHIJ,
Vilahur N, Albin M, et al. European Code Against
Cancer, 5th edition — outdoor and indoor air pollution
and cancer. Mol Oncol. 2026;20:81-95.

Alberts CJ, Bloem P, de Sanjose S, Grabar S, Leja M,
Malfertheimer P, et al. European Code Against Cancer,

Molecular Oncology 20 (2026) 154-169 © 2026 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.



E. Mantzari et al.

83

84

85

86

87

88

89

90

91

92

93

Molecular Oncology 20 (2026) 154-169 © 2026 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

5th edition — cancer causing infections and related
interventions. Mol Oncol. 2026;20:96—116.
Toes-Zoutendijk E, Arbyn M, Auvinen A, Baldwin D,
Castells X, de Censi A, et al. European Code Against
Cancer, 5th edition — organised cancer screening
programmes. Mol Oncol. 2026;20:134-53.

Thorat MA, Arbyn M, Baldwin D, Castells X, Hofvind S,
Ivanus U, et al. European Code Against Cancer, 5th
edition — hormone replacement therapy, other common
medical therapies and cancer. Mol Oncol. 2026;20:117-33.
Espina C, Ritchie D, Feliu A, Canelo-Aybar C, D’Souza
E, Mitrou PN, et al. Developing evidence-based cancer
prevention recommendations: methodology of the world
code against cancer framework to create region-specific
codes. Int J Cancer. 2025;158:9-18.

Simon AE, Forbes LJ, Boniface D, Warburton F, Brain
KE, Dessaix A, et al. An international measure of
awareness and beliefs about cancer: development and
testing of the ABC. BMJ Open. 2012;2(6):¢001758.
Stubbings S, Robb K, Waller J, Ramirez A, Austoker
J, Macleod U, et al. Development of a measurement
tool to assess public awareness of cancer. Br J Cancer.
2009;101(2):S13-7.

Rennie D. Cancer Awareness Measure, February 2023,
Cancer Research UK, Editor. 2023 Cancer Research UK.
Chapman E, Pantoja T, Kuchenmiiller T, Sharma T,
Terry RF. Assessing the impact of knowledge
communication and dissemination strategies targeted at
health policy-makers and managers: an overview of
systematic reviews. Health Res Policy Syst. 2021;19:
1-14.

Morrow G, Leirer O, Andrassy JM, Hier CM, Menard
WE. The influence of list format and category headers
on age differences in understanding medication
instructions. Exp Aging Res. 1998;24(3):231-56.

Hartley J, Trueman M. The effects of headings in text
on recall, search and retrieval. Br J Educ Psychol.
1983;53(2):205-14.

Jansen F. How bulleted lists and enumerations in
formatted paragraphs affect recall and evaluation of
functional text. Inform Des J. 2014;21(2):146-62.
Berkman ND, Sheridan SL, Donahue KE, Halpern DJ,
Crotty K. Low health literacy and health outcomes: an

Federation of European Biochemical Societies.

ECACS5 evaluation study

updated systematic review. Ann Intern Med. 2011;155
(2):97-107.

94 Serensen K, Pelikan JM, Rothlin F, Ganahl K, Slonska
Z, Doyle G, et al. Health literacy in Europe:
comparative results of the European health literacy
survey (HLS-EU). Eur J Public Health. 2015;25
(6):1053-8.

95 Holden CE, Wheelwright S, Harle A, Wagland R. The
role of health literacy in cancer care: a mixed studies
systematic review. PLoS One. 2021;16(11):¢0259815.

96 Davis TC, Williams MV, Marin E, Parker RM, Glass
J. Health literacy and cancer communication. CA
Cancer J Clin. 2002;52(3):134-49.

97 Samoil D, Kim J, Fox C, Papadakos JK. The
importance of health literacy on clinical cancer
outcomes: a scoping review. Ann Cancer Epidemiol.
2021;5:5.

Supporting information

Additional supporting information may be found
online in the Supporting Information section at the end
of the article.

Annex S1. European Code Against Cancer, 5th edi-
tion. © 2026 International Agency for Research on
Cancer /| WHO. Used with permission.

Annex S2. Information presented to each of the 10
intervention groups.

Table S1. Proportion of participants (a) recalling
unprompted and (b) recognising each of the 16 risk
factors for cancer.

Table S2. Adjusted* Odds Ratios (ORs) and 95%
Confidence intervals (95% CIs) for the group interven-
tion associated with the probability of recognizing all
16 risk factors.

Table S3. Association between (log-) time spend read-
ing message (in minutes) and intervention factors. Esti-
mates are adjusted for gender, age, educational level
and country in multivariable linear regression.

Table S4. Proportion of participants scoring above
messages above midpoint for comprehension and
acceptability according to intervention group.

169



	Optimising the European Code Against Cancer, 5th edition, to increase awareness of avoidable cancer risks in all socioeconomic groups
	1. Introduction
	1.1. Content-cancer prevention messages vs cancer risk messages
	1.2. Length of cancer prevention messages
	1.3. Format

	2. Materials and methods
	2.1. Study design
	2.2. Participants
	2.2.1. Sample size planning

	2.3. Setting
	2.4. Interventions
	2.4.1. Message content-Risk factors
	2.4.2. Message length-Prevention actions
	2.4.3. Message format-Images

	2.5. Outcome measures
	2.5.1. Primary outcome
	2.5.2. Secondary outcomes
	2.5.3. Other measures

	2.6. Procedure
	2.7. Data analysis
	2.7.1. Primary outcome
	2.7.2. Secondary outcomes


	3. Results
	3.1. Primary outcome: Recall of avoidable risk factors for cancer
	3.2. Secondary outcomes
	3.2.1. Recognition of cancer risk factors
	3.2.2. Engagement with messages
	3.2.3. Message comprehension and acceptability


	4. Discussion
	5. Conclusion
	 Acknowledgements
	 Conflict of interest
	 Author contributions
	 Data accessibility
	 References
	Supporting Information


