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Abstract

Background This prospective interventional study assessed adolescents’baseline knowledge of the 12 European
Code Against Cancer (ECAC) recommendations and evaluated the impact of a school-based multimedia enhanced
intervention on knowledge improvement and retention.

Methods The intervention comprised six 45-min multimedia lessons promoting knowledge of all 12 ECAC
recommendations in German secondary schools. Materials were developed and refined by an interdisciplinary

expert panel and underwent pilot testing before implementation. An anonymous single-recall-based, open-ended
questionnaire assessed baseline knowledge (t0) and mean knowledge gains immediately post-intervention (t1) and
at three months follow-up (t2). Descriptive statistics were computed, with quantitative variables summarized by mean
and standard deviation, and qualitative variables by absolute and relative frequencies.

Results A total of 923 pupils participated (51.8% female; 39.0% male; 9.2% diverse/undeclared), with 923 completing
baseline (t0), 873 post-intervention (t1), and 779 the follow-up assessments (t2). Notable knowledge gaps regarding
the ECAC were present at baseline. Mean (M) knowledge scores increased significantly across all three assessment
time points with post-intervention scores (t1, M=7.63 (Standard deviation (SD) =2.67); p < 0.0001) significantly higher
than at baseline (t0, M=4.11 (SD=1.84)). Largest average improvements post intervention (t0-t1) were observed

for breastfeeding importance (+50%; 1.20% (t0), 51.2% (t1), p < 0.001), vaccination participation (+49.6%; 13.9%

(t0), 63.5%(t1), p<0.001) and regular physical activity (+39.4%, p <0.001).The most sustainable recommendation
improvements [calculated by (t2-t0)/(t1-t0)] were observed for alcohol abstinence (0.76); healthy dietary pattern
(0.72), and physical activity (0.69) respectively. Conclusions: Multimedia enhanced school-based interventions
incorporating the ECAC recommendations effectively increase cancer prevention knowledge among adolescents
and knowledge retention after three months. While knowledge retention trends indicated a need for reinforcement,
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our results demonstrate the effectiveness of early, targeted interventions to address baseline knowledge gaps and
provide insights that could potentially shape future interventions.

Conclusions Multimedia enhanced school-based interventions incorporating the ECAC recommendations
effectively increase cancer prevention knowledge among adolescents and knowledge retention after three months.
While knowledge retention trends indicated a need for reinforcement, our results demonstrate the effectiveness of
early, targeted interventions to address baseline knowledge gaps and provide insights that could potentially shape

future interventions.
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- Knowledge gaps exist among German adolescents about cancer prevention risk reduction.
- School-based digital interventions significantly reduce knowledge gaps.
- Greatest knowledge retention after 3 months was for alcohol abstinence, having a healthy diet and increasing

- Knowledge retention trend shows a need for reinforcement to obtain sustained results
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Background

Cancer is among the most prevalent diseases in Ger-
many, with approximately half a million new diagnoses
annually [1]. In fact, cancer is the second leading cause
of death in Germany after cardiovascular diseases, and
among the leading causes of death worldwide [2]. Epide-
miological evidence estimates that approximately 40% of
cancer could potentially be prevented by avoiding modi-
fiable risk factors [3—6].

A public health initiative was established and coordi-
nated by the International Agency for Research on Can-
cer (IARC), which developed the European Commission
European Code Against Cancer (ECAC)[7]. The aim of
the ECAC was to systematically develop 12 evidence-
based actions that fall within the individual locus of
control to reduce cancer risks. When these recommen-
dations are correctly implemented, they can significantly
reduce cancer incidence [7]. However, an increasing body
of evidence demonstrates that with regards to cancer
prevention a knowledge gap exists regarding what life-
style changes may be appropriate to prevent cancer [8, 9].

Adolescence represents a critical period for the forma-
tion of health-related attitudes and behaviours [10, 11].
It is known that habits which are formed in adolescence
persist into adulthood and are difficult to modify later in
life [12, 13]. Although not always translated into behav-
ioural changes, increasing knowledge is an essential step
to adopting behaviour changes [14]. Empowering ado-
lescents to integrate habits that are proven to prevent
cancer, can potentially prevent cancer incidence and
mortality in decades to come, making this population an
ideal subgroup in which to address existing knowledge
gaps [15].

Evidence shows that initiatives aiming to increase
knowledge regarding cancer risk reduction among
school-aged adolescents could potentially have a lasting

impact on public health outcomes [16, 17]. Simultane-
ously, an increasing body of evidence suggests that the
mode of instruction, whether digital or in-person, does
not significantly impact learning outcomes [18, 19]. Since
digital and interactive formats are well-received by ado-
lescents [20], the increasing digitization of schools offers
new opportunities to implement health education proj-
ects in digital formats while overcoming the geographical
limitations.

To date, there is limited research that addresses knowl-
edge gaps regarding the 12 ECAC recommendations
among adolescents and the extent to which digitally
based interventions can effectively convey the principles
of the ECAC to adolescents remains unclear. Therefore,
this study aims to address this research gap by evaluating
the effectiveness of a multimedia enhanced educational
intervention grounded in the ECAC (version 4) recom-
mendations [7]. Specifically, we aim to assess adolescents’
baseline knowledge related to cancer prevention, and to
determine whether targeted multimedia instruction can
begin to close knowledge gaps regarding the 12 ECAC
recommendations.

Methods

This prospective interventional study was conducted
among secondary school adolescents in Bavaria, Ger-
many attending 8th to 12th grades (aged approximately
13-19 years) from all tiers of the secondary school sys-
tem. All data was collected in the framework of a pub-
licly funded controlled study between November 2022
to April 2025 (Funding code: K1-2497-GLB-21-V7). Pre-
and post-intervention anonymous, single point question-
naires assessed baseline knowledge and knowledge gains
post-intervention. The primary endpoint was defined as
a statistically significant average increase in knowledge
operationalized as a minimum average improvement of



Erickson et al. BMC Public Health (2026) 26:722

2-point improvement on the 12 ECAC recommenda-
tions immediately after the intervention and at the three
months follow up. The present manuscript focuses on
baseline data, primary outcomes and highlights.

Development of the intervention

Analogous to the multifaceted collaborative approach
described by Lawrence et al[8], our multimedia-
enhanced intervention utilized diverse teaching meth-
ods developed within an interdisciplinary team. Thus, we
could incorporate expertise from diverse health profes-
sionals such as physicians, scientists, psycho-oncologists,
and pedagogical specialists. All material was based on
both the ECAC and the guidelines of the Bavarian State
Ministry of Education and Cultural Affairs enabling a
seamless integration of the material into the pupils’ gen-
eral education plan [7, 21].

Foundational knowledge was presented in short
(10-20 min) targeted animated videos. The short video
sequences were followed by hands on tasks designed to
stimulate critical thinking, foster discussion, and peer
interaction. Such tasks included facilitated classroom
discussions, mathematical problems related to the con-
tent (e.g. individual protein requirements, blood alcohol
levels), analysis of medical pictures and diagrams (e.g.
identifying a tumor on an X-ray image), and short, digital
multiple-choice quizzes (e.g. “As of age can you get the
human papilloma virus (HPV) vaccination?”) The lessons
also included motivational factors developed by the psy-
cho-oncologists specializing in adolescence and culmi-
nated in a live-online round table question-and-answer
session with carefully selected experts from the fields
of medicine (e.g., oncology, dermatology, radiation etc.)
as well as sport and nutrition scientists, health literacy
experts, and psycho-oncologists.

Psycho-oncologists, including those with a background
in child and adolescent psychotherapy, where involved
in all aspects of the intervention. They not only provided
material to the onsite school psychologists but were
available throughout the intervention for any immedi-
ate support needs among participants. They addition-
ally contributed to the round table addressing any fears
expressed and/or questions the pupils may have had
regarding the psycho-sociological effects of cancer. Rec-
ognizing that addressing the topic of cancer may elicit
emotional discomfort and distress, psycho-oncologists
also played an essential role in the development of age-
appropriate educational content. For example, the
psycho-oncologist helped to intentionally design our
intervention to carefully balance the well-established sci-
entific evidence linking obesity to cancer risk with poten-
tial psychological risks associated with emphasizing body
weight during adolescence. Their involvement ensured
that all material was sensitively tailored to support
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adolescents, enabling them to engage with the subject
constructively.

The finalized lessons, including the animated videos
and all material underwent pilot testing among teach-
ers (n=3), educators (n=2), experts (n=8), and adoles-
cents (n=8), utilizing a step-by-step Delphi-oriented
feedback process aimed at refining content and deliv-
ery. A facilitator then summarized the feedback and
enabled participants to reconsider and refine their sug-
gestions. The process continued until a majority consen-
sus was achieved on key aspects of the lesson plans. This
approach ensured that the final content reflected the col-
lective interdisciplinary expertise and as well as a repre-
sentative of end-users.

Implementation of the Intervention

The intervention was spread over six consecutive 45-min
lessons delivered over the course of a single day and led
by the classroom teachers. During the last 45-min ses-
sion, the pupils’ questions were addressed in a live-online
round table consisting of experts from the fields of medi-
cal oncology, nutrition, exercise, psycho-oncology and
health literacy. The teachers were briefed thoroughly
before the intervention and received a detailed lesson
plan outlining the timeline and their role and includ-
ing answer keys. The teachers were then responsible for
supervising the pupils throughout the intervention and
providing the questions the pupils came up with anony-
mously to the expert team during the live-online round
table.

Recruitment

A multi-stage recruitment strategy, which combined
random sampling of schools with mixed-mode outreach
methods, was used to ensure that a diverse population
scattered through Bavaria was included. To this end, a
sample of potential schools were randomly selected from
a government issued list of schools spanning all seven
government districts. In each district, 80 schools were
then contacted by email and invited to participate. Addi-
tionally, the program was advertised in different public
forums, including newsletters issued for teachers, news-
papers, and a program website,! as well as through word
of mouth. The interested schools were then responsible
for identifying a subset of pupils as specified in our inclu-
sion criteria.

Inclusion criteria

All school types in the Bavarian system were eligible to
participate. Inclusion criteria were defined as all pupils
attending participating secondary schools with a working

Uhttps://www.ccc-muenchen.de/forschung-projekte/projekte-des-ccc-munc
hen/ccc-macht-schule-sup-digital-sup/8690207ala7e0f01
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internet connection and necessary equipment (e.g.
Beamer, microphones, internet enabled device approved
for classroom use). Pupils who were in grades 5-13 were
eligible to participate. Each provided informed consent.
Accommodations were established for any pupil who
chose not to participate.

Study questionnaire

The questionnaire was designed to systematically assess
basic knowledge of the 12 risk factors for preventing can-
cer outlined in the ECAC. It was delivered anonymously
in paper form and repeated at all three time points:
Immediately preceding the intervention (baseline) (t0),
immediately post intervention (t1), and at three months
follow up (t2) (Fig. 1). It consisted of the following sin-
gle-recall-based, open-ended item: “The European Can-
cer Code lists 12 ways to reduce cancer risk. How many
of the recommendations can you list?” The open-ended
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format was carefully chosen to improve accuracy and
avoid overestimating knowledge gains [22]. To main-
tain assessment integrity, supervising classroom teach-
ers were directed to administer the questionnaire in a
controlled environment, similar to an examination pro-
tocol, thereby ensuring that all participants completed
the questionnaire independently and without assistance.
(Questionnaire can be found in Suppl. Q1). Teachers
were additionally instructed to only include the pupils
who signed the informed consent and were present for
the intervention when completing the follow up ques-
tionnaire after three months (t2).

Data analysis

Prior to commencing the intervention, a power analysis
was conducted to determine the required sample size.
Based on the effect sizes reported in the study by Davies
et al. [23], and assuming an alpha level of 0.05 and a

Recruitment and preparation Project team

School recruitment

Preparation meetings with teachers

Lesson plans and material delivery

\

@ Baseline n=923
a. Welcome session Project team
b. Questionnaire Teacher

\

@ Intervention n =873
c. Multimedia-enhanced Teacher
active learning
d. Expert panel Project team
e. Questionnaire Teacher

\

@ Follow-up (3 months after) n=773

f. Questionnaire Teacher

¥

[ Data analysis

Project team ]

Fig. 1 Study flow chart. Intervention process with responsibility and timing of the questionnaire. Abbreviations: tO (baseline); t1 (post intervention), and

t2 (three month follow up); Q (Questionnaire)
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power of 80%, the target sample size was set at n=552.
This calculation was performed using PS Power and
Sample Size [24]. Quantitative variables were derived
by converting categorially demographic data, such
as grade level, school type, and gender into numeri-
cal codes. School level was classified as lower (grades
8-10) or upper (grades 11-13). Categorical responses
to open-ended questions were classified as “correctly
recalled’; “partially recalled,” or “not recalled”. Responses
were scored numerically as follows: 1 point for correct
identification, 0.5 points for partial identification, and 0
points for no identification. Descriptive statistics were
computed, with quantitative variables summarized by
mean and standard deviation, and qualitative variables
by absolute and relative frequencies. As state regula-
tions mandated anonymous data collection, it was not
possible to calculate individual-level changes. Therefore,
ANOVA was used for the analysis of knowledge scores
across the time points, and Tukey’s post-hoc test was
applied to adjust for multiple comparisons across all pair-
wise mean differences. A binomial test was calculated to
test the significance of the increase in the proportion of
knowledge between the three points in time. To assess
the influence of demographic and educational variables
(gender, school type, and school level), linear regression
models were employed. School types which typically lead
to vocational education were aggregated into a single cat-
egory “vocational track” and compared to the “academic
track” To evaluate the sustainability of knowledge reten-
tion, a sustainability quotient was calculated: (t2-t0)/(t1-
t0). This was used to calculate the percentage increase in
knowledge comparing the difference between the follow-
up and the previous knowledge (t2-t0) with the direct
increase in knowledge as a result of the intervention

Table 1 Sociodemographic characteristics
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(t1-t0). A value close 1 thus indicated full retention of the
respective recommendations.

Data management and privacy

All data handling and storage procedures were in strict
accordance with the General Data Protection Regula-
tion (DSGVO). Access to anonymized data was restricted
to authorized personnel. Schools were assigned unique
codes to ensure anonymity while allowing for institu-
tional-level analyses. The expert panel joined remotely
and cameras from the participating schools were
switched off.

Ethical and legal considerations

The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Ethics
Committee of the Medical Faculty of the Ludwig-Maxi-
milian-University Munich (Nr. 21-0454). Additionally,
permission to conduct the study during school hours was
obtained from the Bavarian State Ministry of Education
and Cultural Affairs.

Informed consent was obtained from the pupils them-
selves (if over the age of 16) or their legal caregivers. It
was indicated that participation in the study is voluntary
and all data would be collected anonymously.

Results

Participants

A total of n=923 pupils from 14 schools consented and
participated in the baseline assessment (t0) (Table 1).
Follow-up assessments included #=873 pupils at tl
and n=779 at t2. At t0, the study population exhibited
a gender distribution comprising of n=478 female par-
ticipants (51.8%), n =360 males (39.0%) and n =25 (2.7%)

t0 (n=923) t1 (n=873) t2 (n=779)
N % N % N %
Gender
Female 478 51.79 456 5223 400 51.35
Male 360 39.00 307 3517 297 38.13
Diverse 25 271 37 424 27 347
NA 60 6.50 73 836 55 7.06
School track
Academic track 522 56.55 501 57.39 484 62.13
Vocational upper secondary 209 2264 178 20.39 110 14.12
Vocational track 192 20.80 192 21.99 185 23.75
NA 0 0.0 2 0.23 0 0.0
School level
Lower secondary level 694 75.19 673 77.09 655 84.08
Upper secondary level 229 24.81 189 21.65 124 15.92
NA 0 0.0 11 1.26 0 0.0

Legend: t0 (baseline); t1 (post intervention) and t2 (three month follow up); NA (not available). Academic track (German: Gymnasium); Vocational upper secondary
school (German: Fachoberschule & Berufsoberschule); Vocational track (German: Mittelschule&Realschule). Lower Secondary: grades 8-10: Upper Secondary level:

grades 11-13
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identifying as diverse. Notably, a small proportion of
respondents (n=60, 6.5%) did not specify their gender,
reflecting a typical pattern of non-response for sensitive
demographic queries in school-based research [25, 26].
The majority of participants were enrolled in the lower
secondary level (grades 8-9), accounting for 694 pupils
(75.2%), while 229 pupils (24.8%) were classified as upper
secondary (grades 10-12). The sample was characterized
by a slight predominance of pupils in the academic track
(n=552, 56.6%). The German academic track provides a
diploma enabling direct and unrestricted entry into any
university. The remaining #n=401 (43.4%) of the sample
was made up of pupils from the vocational track. The
Vocational track diploma is more practical, career-ori-
ented route which enables subject-restricted university
access.

Primary endpoint

A significant difference was observed among our popu-
lation in mean knowledge scores across all three assess-
ment time points (p<0.0001) (Fig. 2). Specifically,
post-intervention knowledge at t1 (M=7.63 (SD=2.67))
was significantly higher than at baseline (t0, M=4.11
(SD=1.84), p<0.001). Knowledge also remained sig-
nificantly elevated at the three-month follow-up when
compared to baseline (t2, M=5.70 (SD=2.45), p<0.001).
Relative to baseline a trend toward knowledge loss at t2
was observed, however, this decline did not reach the
threshold of statistical significance (p>0.05).

Gender differences in knowledge acquisition
Significant increases in knowledge scores were observed
from baseline (t0) to post-intervention (t1) and at
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three-month follow-up (t2) for both males (n=2360)
and females (n=478) (p<0.001) (Supplementary Fig. 1).
Compared to their male counterparts’ female partici-
pants consistently exhibited significantly higher knowl-
edge scores regarding the recommendations across all
assessment time points (p<0.001). Specifically, at base-
line, female pupils had, on average, knowledge scores
that were 0.78 points higher than those of male pupils
(p<0.001) (Supplementary Table 1.). Participants who
identified as gender diverse (n=25) also demonstrated
a significant increase in knowledge between baseline
(t0, MD=4.50 [2.00, 8.00]) and post-intervention (t1,
MD =7.50 [3.00, 12.0]), with a gain of 3 points following
the intervention (t2, MD=4.50 [2.00, 9.50]); p<0.001).
These findings demonstrate a significant and sustained
improvement in knowledge following the intervention.

Knowledge scores according to recommendation

Table 2 presents a detailed overview of knowledge scores
for all 12 recommendations specified by the ECAC at all
three time points, as well as an overview of the sustain-
ability of knowledge retention for each recommenda-
tion over time. It is notable that, at baseline (t0), multiple
knowledge gaps of the ECAC recommendations were
apparent. In fact, at baseline, participants showed the
lowest levels of knowledge concerning recommenda-
tions related to breastfeeding (1.2%), second-hand smok-
ing (2.0%), and maintaining a healthy body weight (4.9%).
Conversely, the most frequently named recommenda-
tions at baseline were abstaining from smoking (85.4%),
maintaining a healthy dietary pattern (68.9%), and engage
in regular physical activity (55.1%). When compared to
baseline knowledge (t0), the greatest total knowledge

i

*hkk

12

10

Knowledge Score

t0 (N=923)

t1 (N=873)

t2 (N=779)

Time Point

Fig. 2 Knowledge scores over three time points. Legend: t0 (baseline); t1 (post intervention) and t2 (three month follow up)
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Table 2 Prevalence and changes in knowledge of risk factors
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ECAC-recommenda- t0 t1 t2 Change p-Value Change p-Value Change p-Value Sustain-ability
tion % (n) (n=923) (n=873) (n=779) t1-t0 t2-t1 t2-t0 (t2-t0)/(t1-t0)
Abstain from smoking 85.4 (788) 91.1 (795) 87.8(684) 5.7 <0.001 -33 0.001 24 0.029 042
Avoid second hand 20(18) 336(293) 16.0(125) 316 <0.001 =176 <0.001 14.0 <0.001 0.44
smoke

Maintain a healthy 49 (45) 40.5(354) 17.1(133) 356 <0.001 -234 <0.001 122 <0.001 0.34
body weight

Regular Physical 55.1(509) 94.5(825) 82.3(641) 394 <0.001 -122 <0.001 27.2 <0.001 0.69
Activity

Follow a healthy 68.9 (636) 94.6 (826) 87.3(680) 25.7 <0.001 -7.3 <0.001 184 <0.001 0.72
dietary pattern

Alcohol abstinence 459 (424) 83.4(728) 745 (580) 375 <0.001 -89 <0.001 286 <0.001 0.76
Protect from sun 30.6 (282) 67.6(590) 51.9(404) 370 <0.001 -15.7 <0.001 213 <0.001 0.58
exposure

Protect from cancer-  14.5(134) 31.3(273) 172(134) 1638 <0.001 =141 <0.001 2.7 0.021 0.16
causing substances

Avoid radiation 124 (114) 369(322) 234(182) 245 <0.001 -135 <0.001 11.0 <0.001 045
exposure

Importance of 1.20(11)  51.2(447) 214 (167) 500 <0.001 -29.8 <0.001 20.2 <0.001 040
breastfeeding

Participate in vaccina-  13.9(128) 63.5(554) 34.0 (265) 49.6 <0.001 -295 <0.001 20.1 <0.001 041
tion programs

Early detection 32.0(295) 553(483) 350(273) 233 <0.001 =203 <0.001 3.0 0.036 0.13

screening awareness

Legend: Prevalence and changes in knowledge of risk factors across three time points, including sustainability of information retention. ECAC (European Code

Against Cancer); t0, (baseline); t1 (post intervention) and t2 (three month follow up)

increase immediately after the intervention (t1-t0) was
observed for the recommendation to breastfeed (+50%;
1.20% (t0), 51.2% (t1), p<0.001). This was followed by
an increase in knowledge pertaining to participation
vaccination programs (+49.6%; 13.9% (t0), 63.5% (t1),
p<0.001) and regular physical activity (+39.4%, 55.1%
(t0), 94.5% (t1), p<0.001). At three months follow up (t2)
the lowest general knowledge persisted for following rec-
ommendations: second-hand smoking (16.0%, with an
increase (t2-t0) of 14.0%), healthy body weight (17.1%,
with an increase (t2-t0) of 12.2%), and cancer-causing
substances (17.2%, with an increase (t2-t0) of 2.7%).
Importantly abstinence from alcohol was the most sus-
tainably recalled recommendation [calculated by t2-t0)/
(t1-t0)] recalled by pupils (0.76). Healthy dietary pattern
was the second most sustainably recalled recommenda-
tion (0.72). Physical activity ranked third in terms of sus-
tained knowledge retention (0.69).

Comparison of school type and grade level

Significant improvements in knowledge scores were also
observed within each school type and sustained at three-
month follow-up (p<0.001) (Supplementary Fig. 2). Sim-
ilarly, both lower and upper secondary level pupils from
both tracks showed significant increases from baseline to
post-intervention and after the three-month follow-up
(p<0.001) (Supplementary Fig. 3). At baseline, upper-
level secondary pupils had significantly higher knowledge

when compared to lower-level secondary pupils
(MD=1.23, p<0.001). While this difference attenuated
post-intervention, it was again significantly higher when
compared to baseline at follow-up (p=0.0007).

Discussion
To our knowledge, this is the first study that combines
the recommendations of the ECAC with a digital and
interactive program for adolescents in a school set-
ting [8]. Our findings demonstrate that the intervention
resulted in an immediate effect, with a sustained, albeit
attenuated impact at three months post-intervention.
In fact, we were able to demonstrate significant knowl-
edge increases of the recommendations across the entire
study population. It should be noted that these results
also show a trend towards lower retention at the three-
month follow-up when compared to baseline. These
results align with recent studies indicating that aware-
ness of evidence-based guidelines, such as the ECAC,
remains limited within the general population and reflect
the need for such targeted interventions [8, 9, 27, 28]. In
fact, every piece of knowledge retained enables individu-
als to recognize risk factors and sets the foundation for
early adoption of protective behaviours, which is critical
for reducing future cancer incidence [15].

Nonetheless, our results reflect a non-significant
decline in knowledge between t1 and t2, indicating that
knowledge gains may be limited or not fully sustained.
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This pattern is consistent with the findings of Hubbard
et al. who also reported a modest decrease in knowledge
six months following the intervention [29]. Similarly,
Cameron et al. report a decrease in knowledge of around
10% above the initial level 4 months after the interven-
tion [30]. To address this decline, they advocated for the
integration of supplementary strategies, such as mobile
applications and gamification, to reinforce learning and
retention. Furthermore, Lawrence et al. highlight the
importance of frequent and repeated interventions to
maintain knowledge gains [8]. Our results confirm the
importance of future repetition within public health
programs and integration of supplementary strategies in
order to achieve lasting improvements in knowledge, and
ultimately public health gains.

Abstinence from alcohol was the most sustainably
recalled recommendation across all time points, likely
reflecting strong public awareness of alcohol’s health
risks despite its social acceptance and industry influence.
This suggests that while knowledge about alcohol harms
is robust, stricter regulations in Germany may be needed
to foster behavioural change [31]. Healthy nutrition
ranked second, possibly due to the daily relevance of food
choices that reinforce knowledge retention. Although
physical activity was highly recognized at baseline, it
ranked third after three months, indicating sustained
knowledge gains. The lasting recall of these lifestyle-
related recommendations highlights the intervention’s
effectiveness in linking cancer prevention guidance to
everyday adolescent life.

In contrast, second-hand smoking was among the
least frequently recalled preventive recommendations
at all three time points in our study. This contrasts with
findings from a study conducted among Australian ado-
lescents, in which 70% named second-hand smoke as a
major risk factor [32]. In fact, it was ranked as the second
most frequently recalled recommendation after smoking.
Similarly, Di Giuseppe et al. reported that 63.8% of Italian
adolescents recognized second-hand smoking as a cancer
risk factor [17]. Another study in the United Kingdom
demonstrated that approximately 60% of adolescents
considered second-hand smoke to be a risk factor. The
contrast could be explained by the fact that anti-smoking
campaigns in Germany focus on active smoking risks,
while the messaging around second-hand smoking risks
are inconsistent and less in realm of an adolescents’ locus
of control [33].

Weight-related factors were among the least frequently
recalled cancer risk factors in our study. This may be
attributed to the intentional design of our intervention, in
which we chose an indirect approach that prioritized the
promotion of healthy dietary patterns and regular physi-
cal activity instead of focusing explicitly on body weight.
Adolescence is a particularly critical developmental
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period during which individuals are vulnerable to body
image concerns and the onset of eating disorders such
as anorexia nervosa and bulimia [34]. Numerous stud-
ies have shown that overemphasis on body weight, in
particular when tied to health risks such as cancer, can
increase body dissatisfaction, anxiety, and unhealthy
behaviour patterns which are recognized as precursors
of eating disorders [34—37]. Furthermore, public health
messaging focusing on body weight may unintentionally
stigmatize certain body sizes or types, contributing to
psychological distress and disordered eating patterns in
youth [36, 38]. Our strategy thus allowed us to address
body weight as a risk factor in a more supportive and
non-stigmatizing manner, without excluding it entirely
from the intervention.

Interestingly, while our intervention led to notable
knowledge increases among adolescent participants
when compared to their baseline knowledge for many
recommendations, some results were unexpectedly high.
In fact, knowledge about breastfeeding showed the larg-
est increase at 50%. This aligns with evidence derived
from the fields of psychology and neuroscience, which
confirm that surprising information is more memorable
[6, 39, 40]. The recommendation to reduce cancer risk
through vaccinations yielded the second-largest increase.
Similarly, Hubbard et al. identified a knowledge gain with
respect to HPV vaccines [29]. Consistent with Kyle et
al. physical inactivity as a cancer risk factor showed the
third largest increase despite the high baseline knowl-
edge, whereby the percent increases of 39.4% in our study
were considerably higher [27].

Importantly, although the HPV vaccination is a highly
effective and preventive measure against certain types of
cancer, only 13.9% of pupils were aware of this at base-
line. These findings contrast with McDonald et al. and
Fleary et al. who respectively found that 27% and 31% of
adolescents recognized HPV infection as a cancer risk
factor [32, 41]. The low recognition of the HPV vaccines
in our findings could be attributed to regionally low vac-
cination coverage in Germany and in Bavaria. In fact, in
2021, only approximately 54.6% of 15-year-old girls and
27% of boys nationwide were fully vaccinated against
HPV, with Bavaria consistently reporting below-aver-
age coverage [42]. Research further suggests that HPV
knowledge among adolescents in Germany is generally
low, influenced by sociocultural norms, limited health
education, and insufficient provider communication [43].
Despite these limitations our intervention was still able
to demonstrate a 20.1% increase in the awareness of the
effectiveness of vaccination programs.

Female pupils started with a higher baseline knowledge
and maintained this advantage across all three measure-
ment points. These findings align with previous research,
which also found that females demonstrated a higher



Erickson et al. BMC Public Health (2026) 26:722

level of health literacy in comparison to males [44].
Interestingly, Kyle et al. also observed a greater knowl-
edge gain among female participants despite a lower
baseline knowledge [27]. However, a similar study con-
ducted among school-aged adolescents in Germany in
2014 reported no significant gender difference in cancer
related knowledge [28]. As the number of pupils identi-
fying as diverse were so low, no scientifically valid com-
parison could be analysed. In general, differences among
gender are influenced by multiple contextual factors,
including prior relevance and cultural background and
should be interpreted with caution [32, 45].

Knowledge trajectories differed according to grade
level. Similarly, to McDonald et al, upper secondary
pupils demonstrated greater baseline knowledge about
cancer risk factors [32]. In contrast, pupils in lower grade
levels exhibited substantial learning gains from the inter-
vention. In fact, immediately after the intervention (t1),
pupils in lower grade levels identified only 0.5 fewer rec-
ommendations than their older peers, indicating a high
intervention effectiveness. These findings support the
potential for early-stage health education programs to
mitigate disparities in health literacy, while the observed
trend shows that such interventions need to be supple-
mented with further strategies and repeated exposure to
the ECAC recommendation.

Strengths and limitations

A central strength of our study lies in the fact that our
primary endpoint relied on the use of open-ended recall.
This format is highly sensitive to meaningful learn-
ing and, thus, more accurately reflects that the pupils
have internalized and understood the presented con-
tent. Moreover, our methodology aligns with the recent
findings by Lawrence et al. emphasizing that secondary
schools are an ideal setting for cancer education pro-
grams [8]. In fact, the authors highlighted the value of
multifaceted collaborative approaches such as ours. Fur-
thermore, our multi-stage recruitment strategy expanded
our ability to reach a broad and diverse sample spread
across the state of Bavaria. Such strategies are commonly
used in school-based research and particularly effec-
tive when aiming to recruit schools and their pupils as
research participants [46, 47].

However, due to ethical and administrative restric-
tions, pseudonymized individual-level data could not
be collected, limiting the analysis to group-level means
and preventing a more detailed examination of individ-
ual learning trajectories. Furthermore, we had to rely on
non-probability sampling, which, while practical, could
have limited the results by introducing potential sam-
pling bias and generalizability.

It could be considered a key limitation that our inter-
vention emphasizes recognition and basic understanding
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of all 12 ECAC elements instead of intensive, skill-
focused teaching about one or two key domains. As a
result, pupil’s knowledge level about each recommen-
dation remained at an introductory level and the study
could not assess outcomes associated with a deeper mas-
tery of specific concepts such as behavior change. How-
ever, early exposure across multiple domains is theorized
to support later knowledge consolidation by providing
foundational cognitive and attitudinal ‘anchors’ for future
learning experiences [48, 49].

Additionally, variations in baseline knowledge inte-
grated into the academic curriculums across the varying
school types (e.g., health-focused tracks) may also have
influenced outcomes. Despite these limitations, the study
provides important evidence for the implementation of
cancer prevention education in schools and supports
calls for multi-faceted, stakeholder-driven approaches
using diverse educational formats [8].

Conclusion

This study, to the best of our knowledge, is the first to
integrate the 12 ECAC recommendations into a mul-
timedia school-based intervention targeted at adoles-
cents. Our results demonstrate that such interventions
carried out by an interdisciplinary team could effectively
contribute to knowledge increases regarding knowledge
of the ECAC recommendations, while simultaneously
confirming that notable gaps exist among adolescents.
These results underscore the critical need for early, tar-
geted intervention to address baseline knowledge gaps.
While knowledge gains were sustained over a three-
month period, a decline was evident, suggesting the
need for repeated or supplementary educational strate-
gies. Further research is necessary to explore long-term
behavioral outcomes resulting from knowledge gains,
the optimal intervention frequency to ensure sustain-
able knowledge gain, and adapted approaches which
may reach a larger population of underserved groups.
The findings of this research will inform future strategies
for integrating cancer prevention education into school
curricula and contribute to the broader goal of reduc-
ing the burden of cancer through early, evidence-based
interventions.

Abbreviations

ANOVA  Analysis of variance

ECAC European code against cancer

HPV Human papilloma virus

IARC International agency for research on cancer
M Mean

SD Standard deviation

t0 Baseline

1l Post intervention

2 Three month follow up

Q Questionnaire



Erickson et al. BMC Public Health (2026) 26:722

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512889-026-26442-0.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.
Supplementary Material 4.

Supplementary Material 5.

Acknowledgements

We would like to thank Anika Berling-Ernst, Pia Kandlinger, Eva Kerschbaum,
Sarah Lohnchen, Marina Schmid, Lucie Weiss, and Matthias Wolff for their
contributions to study and/or the expert panel.

Authors’ contributions

NE, NJ, and JH were primarily responsible for the study design, including
conceptualization, methodology, and supervision. NE and TF were primarily
responsible for obtaining funding. NE and IR drafted the original manuscript,
which was then edited by TF and JH. JH, VH, FM, and AH contributed to

the clinical components. FM and CM were primarily responsible for all
psychosocial aspects of the intervention, including reviewing the material,
providing motivation tips, providing information for school psychologists, and
participation in the expert panels. VH, TF, and HA contributed to the overall
study concept and provided valuable resources. HB and CW performed data
analysis and interpretation. NE, IR, and TF contributed to the figures and tables.
NE, JH, IR, SK, PK, CM, AH, and TF all regularly participated in the Expert Panels.
All authors reviewed and approved the final version.

Funding

Open Access funding enabled and organized by Projekt DEAL. This work
was supported by the Bavarian State Ministry of Health, Care and Prevention
(Funding code: K1-2497-GLB-21-V7).

Data availability

The majority of data generated or analyzed during this study are included
in this published article and its supplementary information files. The rest of
the datasets are available from the corresponding author upon reasonable
request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Medical Faculty

of the Ludwig-Maximilians-University Munich (Nr. 21-0454). Additionally,
permission to conduct the study during school hours was obtained from the
Bavarian State Ministry of Education and Cultural Affairs. Informed consent
was obtained from the pupils themselves (if over the age of 16) or their legal
caregivers. It was indicated, that participation in the study is voluntary and all
data will be collected anonymously.

Consent for publication
Not applicable.

Competing interests

N. Erickson has received speaker honoraria from Audi BKK, Baxter, Beiersdorf,
CSL Behring, Fresenius, Freiraum, Fraunhofer Institut, Janssen-Cilag GmbH,
Cognitando Gmbh, and GHD. She served on the Expert advisory board at
Baxter, received consulting fees from Fresenius. J. W. Holch served on advisory
board for Merck, Roche, Servier, Takeda, Beigene, has received travel support
from Novartis, Merck, Takeda, Beigene, and has research funding from Merck. V.
Heinemann received honoraria from Merck, AstraZeneca, GSK, Amgen, Roche,
Sanofi, Servier, Pfizer, Pierre-Fabre, BMS; MSD, Novartis, Boehringer Ingelheim,
Celgene, SIRTEX, Seagen. And consulting or advisory role fees from Merck,
Roche, AstraZeneca, GSK, Celgene, Amgen, Servier, Novartis, Pierre-Fabre,
Halozyme, MSD, BMS, Janssen,Terumo, SIRTEX, Oncosil, NORDIC, Boehringer
Ingelheim. Research Funding: Merck (Inst), Amgen (Inst), Roche (Inst), Celgene

Page 10 of 11

(Inst), Boehringer Ingelheim (Inst), Sirtex Medical (Inst), Shire (Inst), Servier as
well as travel accommodations, Expenses from Merck, Nordic, AstraZeneca,
GSK, Amgen, MSD. None of these activities were related to the content of this
article. All remaining authors declared no conflicts of interest.

Author details

!Comprehensive Cancer Center (CCC Munich LMU), Ludwig Maximilian
University (LMU) Hospital Munich, Pettenkoferstral3e 8a, Munich

80336, Germany

’Department of Epidemiology and Preventive Medicine, University of
Regensburg, Regensburg, Germany

3Departmem of Medicine Ill, Ludwig Maximilian University (LMU) Hospital
Munich, Munich, Germany

4Krebsberatungsste\le Lebensmut E.V. Am CCC Minchen LMU, Munich,
Germany

Technical University of Munich, Munich, Germany

5TUM School of Medicine and Health, Department of Pediatrics, German
Center for Child and Adolescent Health (DZKJ), Partner Site Munich,
Munich, Germany

’Department of Dermatology and Allergology, Ludwig Maximilian
University (LMU) Hospital Munich, Munich, Germany

8Comprehensive Cancer Center Minchen (CCC TUM), University Hospital
Rechts Der Isar, Technical University Munich, Munich, Germany
“Department of Internal Medicine Il, TUM Hospital Klinikum Rechts Der
Isar, Technical University Munich, Munich, Germany

19Bavarian Cancer Research Center (BZKF), Ludwig Maximilian University
(LMU) Hospital Munich, Munich, Germany

Received: 2 October 2025 / Accepted: 22 January 2026
Published online: 03 February 2026

References

1. Robert Koch Institute (RKI). All cancer sites 2022. Available from: https://www.
krebsdaten.de/Krebs/DE/Content/Krebsarten/Krebs_gesamt/krebs_gesamt_
node.html#:~:text=Rund%20504.000%20Neuerkrankungen%?20an%?20Krebs,
bei%20Frauen%20236.394%20Erkrankungen%?20auf.

2. Federal Statistical Office of Germany - Statistisches Bundesamt (Destatis).
Causes of death-Health. 2023. https.//www.destatis.de/Europa/EN/Topic/Ke
y-indicators/Health.html?templateQueryString=+causes+of+death-+health+
2023.

3. Mons U, GrednerT, Behrens G, Stock C, Brenner H. Cancers due to smoking
and high alcohol consumption. Dtsch Arztebl Int. 2018;115(35-36):571-7.

4. Behrens G, GrednerT, Stock C, Leitzmann MF, Brenner H, Mons U. Cancers due
to excess weight, low physical activity, and unhealthy diet. Dtsch Arztebl Int.
2018;115(35-36):578-85.

5. GrednerT, Behrens G, Stock C, Brenner H, Mons U. Cancers due to
infection and selected environmental factors. Dtsch Arztebl Int.
2018;115(35-36):586-93.

6. deBruine A, Vel Tromp M, Koornneef A, Brod G, Jolles D. The interactive
effects of surprise and plausibility on memory. J Exp Psychol Learn Mem
Cogn. 2025;51(6):954-67.

7. International Agency for Research on Cancer. European Code Against Cancer
2016. Available from: https://cancer-code-europe.iarc.fr/index.php/en/.

8. Lawrence S, FitzGerald S, Hegarty J, Saab MM. Cancer awareness among
adolescents in second-level education: a mixed methods systematic review.
Health Educ Res. 2025;40(3):cyaf014. https://doi.org/10.1093/her/cyaf014.
PMID: 40354155; PMCID PMC12068056

9. Hultstrand C, Brynskog E, Karlsson Rosenblad A, Sunesson AL, Bjork-Eriksson
T, Sharp L. Low levels of awareness and motivation towards cancer preven-
tion amongst the general public in Sweden: a cross-sectional study focusing
on the European code against cancer. BMC Public Health. 2025;25(1):1692.

10.  Patton GC, Sawyer SM, Santelli JS, Ross DA, Afifi R, Allen NB, et al. Our
future: a lancet commission on adolescent health and wellbeing. Lancet.
2016;387(10036):2423-78.

11. Christie D, Viner R. Adolescent development. BMJ (Clinical research ed).
2005;330(7486):301-4.

12. Salin K, Kankaanpda A, Hirvensalo M, Lounassalo I, Yang X, Magnussen CG, et
al. Smoking and physical activity trajectories from childhood to midlife. Int J
Environ Res Public Health. 2019;16(6):974.


https://doi.org/10.1186/s12889-026-26442-0
https://doi.org/10.1186/s12889-026-26442-0
https://www.krebsdaten.de/Krebs/DE/Content/Krebsarten/Krebs_gesamt/krebs_gesamt_node.html#:~:text=Rund%20504.000%20Neuerkrankungen%20an%20Krebs,bei%20Frauen%20236.394%20Erkrankungen%20auf
https://www.krebsdaten.de/Krebs/DE/Content/Krebsarten/Krebs_gesamt/krebs_gesamt_node.html#:~:text=Rund%20504.000%20Neuerkrankungen%20an%20Krebs,bei%20Frauen%20236.394%20Erkrankungen%20auf
https://www.krebsdaten.de/Krebs/DE/Content/Krebsarten/Krebs_gesamt/krebs_gesamt_node.html#:~:text=Rund%20504.000%20Neuerkrankungen%20an%20Krebs,bei%20Frauen%20236.394%20Erkrankungen%20auf
https://www.krebsdaten.de/Krebs/DE/Content/Krebsarten/Krebs_gesamt/krebs_gesamt_node.html#:~:text=Rund%20504.000%20Neuerkrankungen%20an%20Krebs,bei%20Frauen%20236.394%20Erkrankungen%20auf
https://www.destatis.de/Europa/EN/Topic/Key-indicators/Health.html?templateQueryString=+causes+of+death-+health+2023
https://www.destatis.de/Europa/EN/Topic/Key-indicators/Health.html?templateQueryString=+causes+of+death-+health+2023
https://www.destatis.de/Europa/EN/Topic/Key-indicators/Health.html?templateQueryString=+causes+of+death-+health+2023
https://cancer-code-europe.iarc.fr/index.php/en/
https://doi.org/10.1093/her/cyaf014

Erickson et al. BMC Public Health

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30

31.

(2026) 26:722

Simmonds M, Llewellyn A, Owen CG, Woolacott N. Predicting adult obesity
from childhood obesity: a systematic review and meta-analysis. Obes Rev.
2016;17(2):95-107.

Prochaska JO, Velicer WF. The transtheoretical model of health behavior
change. Am J Health Promot. 1997;12(1):38-48.

Islami F, Marlow EC, Thomson B, McCullough ML, Rumgay H, Gapstur SM,

et al. Proportion and number of cancer cases and deaths attributable to
potentially modifiable risk factors in the United States, 2019. CA Cancer J Clin.
2024;74(5):405-32.

Nagy-Pénzes G, Vincze F, Biré E. A school intervention’s impact on ado-
lescents’ health-related knowledge and behavior. Front Public Health.
2022;10:822155.

Di Giuseppe G, Pelullo CP, Mitidieri M, Lioi G, Pavia M. Cancer prevention:
knowledge, attitudes and lifestyle cancer-related behaviors among adoles-
cents in Italy. Int J Environ Res Public Health. 2020;17(22):8294. https://doi.org
/10.3390/ijerph17228294.

Oh C, Carducci B, Vaivada T, Bhutta ZA. Digital interventions for universal
health promotion in children and adolescents: asystematic review. Pediatrics.
2022;1;149(Suppl 5):€2021053852H. https://doi.org/10.1542/peds.2021-0538
52H.

Davies C, Stoney T, Hutton H, Parrella A, Kang M, Macartney K, et al. School-
based HPV vaccination positively impacts parents'attitudes toward adoles-
cent vaccination. Vaccine. 2021;39(30):4190-8.

Tesi B, Donia P. Covelli A, Aloise |, Renzi E, Massimi A, et al. Health is a serious
game”: gamification as a tool for primary prevention in public health. Eur J
Public Health. 2023;33(Supplement_2):ckad 160.032. https://doi.org/10.1093/
eurpub/ckad160.032.

Staatsinstitut fiir Schulqualitat und Bildungsforschung. Lehrpléne im Uber-
blick 2025. Available from: https.//www.isb.bayern.de/lehrplan/lehrplan/.
Schwarz N, Oyserman D. Asking questions about behavior: cognition, com-
munication, and questionnaire construction. Am J Eval. 2001;22(2):127-60.
Davis J, Crabb S, Rogers E, Zamora J, Khan K. Computer-based teaching is as
good as face to face lecture-based teaching of evidence based medicine: a
randomized controlled trial. Med Teach. 2008;30(3):302-7.

Dupont WD, Plummer WD Jr. Power and sample size calculations. A review
and computer program. Control Clin Trials. 1990;11(2):116-28.

Courser MW, Shamblen SR, Lavrakas PJ, Collins D, Ditterline P. The impact of
active consent procedures on nonresponse and nonresponse error in youth
survey data: evidence from a new experiment. Eval Rev. 2009;33(4):370-95.
Heinz A, K6lt6 A, Taylor AB, Chan A. Are You a Boy or a Girl?"-A Missing
Response Analysis. Children (Basel). 2023;10(10):1695. https://doi.org/10.3390
/children10101695.

Kyle RG, Forbat L, Hubbard G. Cancer awareness among adolescents in
Britain: a cross-sectional study. BMC Public Health. 2012;12(1):580.
Heuckmann B, Asshoff R. German high school students'attitudes and interest
in cancer and factors influencing proactive behaviour for cancer prevention. J
Cancer Educ. 2014;29(3):497-505.

Hubbard G, Stoddart |, Forbat L, Neal RD, O'Carroll RE, Haw S, et al. School-
based brief psycho-educational intervention to raise adolescent cancer
awareness and address barriers to medical help-seeking about cancer: a
cluster randomised controlled trial. Psychooncology. 2016;25(7):760-71.
Cameron CM, Eley R, Judge C, O'Neill R, Handy M. Did attending PA.R.T.Y.
change youth perceptions? Results from 148 Queensland schools partici-
pating in the Prevent Alcohol and Risk-Related Trauma in Youth Program,
2018-2019. Inj Prev. 2022;28(3):218-24.

Richter M, Tauer J, Conrad J, Heil E, Kroke A, Virmani K, et al. Alcohol con-
sumption in Germany, health and social consequences and derivation of

32

33.

34.

35.

36.

37.

38.

39.

40

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 11 of 11

recommendations for action-Position statement of the German Nutrition
Society (DGE). Er-nahrungs Umschau. 2024;71(10):125-39.

McDonald FEJ, Skrabal Ross X, Hubbard G, Konings S, Jeitani A. Cancer aware-
ness in Australian adolescents. BMC Public Health. 2023;23(1):1468.

Zeiher J, Starker A, Lampert T, Kuntz B. Passivrauchbelastung bei Erwach-
senen in Deutschland. Journal of Health Monitoring. 2018;3(2)72-9.https://do
i.0rg/10.17886/RKI-GBE-2018-069.

Neumark-Sztainer D, Wall M, Larson NI, Eisenberg ME, Loth K. Dieting and
disordered eating behaviors from adolescence to young adulthood: findings
from a 10-year longitudinal study. J Am Diet Assoc. 2011;111(7):1004-11.
Schvey NA, Puhl RM, Brownell KD. The impact of weight stigma on caloric
consumption. Obesity. 2011;19(10):1957-62.

Puhl RM, Himmelstein MS, Pearl RL. Weight stigma as a psychosocial con-
tributor to obesity. Am Psychol. 2020,75(2):274-89.

Kowalski RM, Limber SP. Psychological, physical, and academic correlates of
cyberbullying and traditional bullying. J Adolesc Health. 2013;53(1):513-20.
Schnepper R, Blechert J, Stok FM. Reception of health messages: effects of
stigmatization and forcefulness. J Public Health (Oxf). 2022,44(2):387-93.
Foster MI, Keane MT. The role of surprise in learning: different surprising
outcomes affect memorability differentially. Top Cogn Sci. 2019;11(1):75-87.
Kang MJ, Hsu M, Krajbich IM, Loewenstein G, McClure SM, Wang JTY, et al. The
wick in the candle of learning: Epistemic curiosity activates reward circuitry
and enhances memory. Psychol Sci. 2009;20(8):963-73.

Fleary SA, Freund KM, Nigg CR. Development and validation of assessments
of adolescent health literacy: a Rasch measurement model approach. BMC
Public Health. 2022:22(1):585.

Robert Koch Institut. Intervention Study to Increase HPV Vaccination Cover-
age in Germany (InveSt HPV, 2023 - 2026). Available from: https://www.rki.de/
EN/Topics/Infectious-diseases/Immunisation/Research-projects/research-pro
jects.html.

Sharma SJ, Schartinger VH, Wuerdemann N, Langer C, Mdllenhoff K, Collin

L, et al. Awareness of human papillomavirus (HPV) and HPV vaccination
amongst the general population in Germany: lack of awareness and need for
action. Oncol Res Treat. 2022;45(10):561-7.

Marshall A, Mackson G, Kaighobadi F, Hoffman ND, Ciarleglio A, Sandfort
TGM. Health literacy among sexual and gender-diverse adolescents in New
York City. Health Educ Behav. 2025;52(3):289-98.

Clouston SAP, Manganello JA, Richards M. A life course approach to health
literacy: the role of gender, educational attainment and lifetime cognitive
capability. Age Ageing. 2017;46(3):493-9.

Shattuck D, Hall JL, Green A, Greenberg C, Pefialoza L, Ramos M, et al. Recruit-
ment of schools for intervention research to reduce health disparities for
sexual and gender minority students. J Sch Nurs. 2020;36(4):258-64.
Abraczinskas M, Winslow EB, Oswalt K, Proulx K, Tein JY, Wolchik S, et al. A
population-level, randomized effectiveness trial of recruitment strategies

for parenting programs in elementary schools. J Clin Child Adolesc Psychol.
2021;50(3):385-99.

Antony JW, Ferreira CS, Norman KA, Wimber M. Retrieval as a fast route to
memory consolidation. Trends Cogn Sci. 2017,21(8):573-6.

Doumas LAA, Puebla G, Martin AE, Hummel JE. A theory of relation learning
and cross-domain generalization. Psychol Rev. 2022;129(5):999-1041.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3390/ijerph17228294
https://doi.org/10.3390/ijerph17228294
https://doi.org/10.1542/peds.2021-053852H
https://doi.org/10.1542/peds.2021-053852H
https://doi.org/10.1093/eurpub/ckad160.032
https://doi.org/10.1093/eurpub/ckad160.032
https://www.isb.bayern.de/lehrplan/lehrplan/
https://doi.org/10.3390/children10101695
https://doi.org/10.3390/children10101695
https://doi.org/10.17886/RKI-GBE-2018-069
https://doi.org/10.17886/RKI-GBE-2018-069
https://www.rki.de/EN/Topics/Infectious-diseases/Immunisation/Research-projects/research-projects.html
https://www.rki.de/EN/Topics/Infectious-diseases/Immunisation/Research-projects/research-projects.html
https://www.rki.de/EN/Topics/Infectious-diseases/Immunisation/Research-projects/research-projects.html

	﻿From knowledge to action: strengthening cancer prevention knowledge in schools among adolescents in Germany
	﻿Abstract
	﻿Highlights
	﻿Background
	﻿Methods
	﻿Development of the intervention
	﻿Implementation of the Intervention
	﻿Recruitment
	﻿Inclusion criteria
	﻿Study questionnaire
	﻿Data analysis
	﻿Data management and privacy
	﻿Ethical and legal considerations

	﻿Results
	﻿Participants
	﻿Primary endpoint
	﻿Gender differences in knowledge acquisition
	﻿Knowledge scores according to recommendation
	﻿Comparison of school type and grade level

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


