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1. Introduction 

Colorectal cancer (CRC) screening has proven to be an effective way 
of detecting cancer at an early stage (Wagner, Herdman, & Wadhwa, 
1991; Frazier et al., 2000). However, as screening is not mandated, 
participation rates vary drastically globally and are often below- 
recommended levels (McGregor et al., 2007; Klabunde et al., 2015; 
Karsa et al., 2008; Basu et al., 2018; Hirst et al., 2018). In order to be 
effective, CRC screening programs need to achieve and maintain high 
participation. There is, thus, an interest in studying reasons for subop
timal screening uptake, in order develop interventions to make CRC 
screening more accessible. Non-participation is thought to be caused by 
low knowledge about the screening program, among other factors 
(Power et al., 2009). Low uptake rates may, therefore, indicate that 
individuals do not fully understand the purpose and goal of screening 
programs. (Weitzman et al., 2001) 

A recent systematic review found that pre-notification letters, pri
mary care endorsement, tailored reminders and telephone contact, in 
addition to usual invitation, can all lead to higher participation rates 
(Duffy et al., 2017). While these interventions are effective at improving 
overall uptake, they have only partially been adopted, due to a lack of 
evidence supporting their cost-effectiveness (for example, telephone 
reminders are not recommended by the European Union Committee for 
Quality Assurance in Bowel Cancer Screening, as they are not considered 
cost-effective) (von Karsa et al., 2013). As such, there is growing interest 
in the search for new low-cost interventions, such as those which involve 
enhancing existing invitation materials through the use of insights from 
behavioral economics (von Karsa et al., 2013; Purnell et al., 2015; 
Barnes et al., 2016; Schwartz et al., 2017; Stoffel et al., 2019; Bakr et al., 

2020; Huf et al., 2020; Stoffel et al., 2021) These approaches build on 
the concept that the screening decision is influenced by the way in which 
the choice is presented, and are potentially cost-neutral, as they only 
involve manipulating the presentation and content of the invitation 
materials (Purnell et al., 2015; Schwartz et al., 2017; Stoffel et al., 2019; 
Bakr et al., 2020; Huf et al., 2020; Stoffel et al., 2021; Mehta et al., 2017; 
Mehta et al., 2018; Stoffel et al., 2019; Stoffel et al., 2020). 

To date, studies conducted in the context of CRC screening have 
mostly analyzed the framing of existing information in invitation letters, 
such as relative and absolute risk (Howard and Salkeld, 2009) and gain 
vs. loss-framed messages (Meyerowitz and Chaiken, 1987; Myers et al., 
1991; Ferrer et al., 2012). Only a few studies have investigated the effect 
of adding additional information, mainly on social norms. (Schwartz 
et al., 2017; Stoffel et al., 2019; Bakr et al., 2020; Huf et al., 2020; 
Sieverding et al., 2010; Stoffel et al., 2019; von Wagner et al., 2019) 
Furthermore, several of these studies measured the effect on intention 
rather actual behavior, limiting the generalizability of their findings 
(Howard and Salkeld, 2009; Ferrer et al., 2012; Sieverding et al., 2010; 
Stoffel et al., 2019; von Wagner et al., 2019). Finally, little is therefore 
known about the effect of using other messages, derived from behavioral 
economics, communicating information about the costs and benefits of 
CRC screening on screening uptake. 

In this study, we set out to test whether messages, derived from 
behavioral economics, can increase participation in the context of the 
Cypriot pilot program for CRC screening, which invited residents, aged 
50–69 years, to complete a Fecal Immunochemical Test (FIT) (Farazi, 
2014; Ponti et al., 2017). The screening pilot was initiated by Ministry of 
Health in 2013 and aimed at reaching the international benchmark for 
acceptable participation set out by the European guidelines for quality 
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assurance in CRC screening (i.e. 65%), as it is imperative for screening 
programs to achieve and maintain high participation in order to be 
effective and cost-effective (Ponti et al., 2017). Although there is no data 
from the first pilot round available, there is a strong public health 
mandate in Cyprus to optimize screening invitations through the use of 
low cost, evidence-based approaches to make screening accessible for 
everyone. 

2. Methods 

2.1. Study design 

We performed two randomized controlled trials (RCTs) between 
2013 and 2014. The first RCT (‘Trial 1′) was a seven-arm RCT in which 
individuals were randomly allocated to receive the standard invitation 
letter, with one of six additional behavioral economics-based messages 
included, or the standard invitation letter with no manipulation (i.e. 
control). The second RCT (‘Trial 2′) was a two-arm RCT, in which in
dividuals were randomly allocated to receive either the standard invi
tation letter with the most efficacious message from the first RCT, or the 
standard invitation letter with no manipulation (i.e. control). The pri
mary aim of the first RCT was to identify the most efficacious message, 
which was then tested the second RCT with more participants per trial 
arm. 

2.2. Setting 

Trial 1 was conducted as part of the second round of the Cypriot CRC 
screening pilot, which was conducted in the urban area of Aradippou 
between October and December 2013. 1Trial 2 was conducted as part of 
the third round of the Cypriot CRC screening pilot, which was conducted 
in the rural villages of Meneou, Dromolaxia, and Kiti, between May and 
October 2014.2 

2.3. Participants 

In both trials, participants were residents, aged between 50 and 69 
years, who were invited for CRC screening as part of Cypriot CRC 
screening pilot. 

2.4. Invitation procedure 

Participants were invited for CRC screening as per usual care. Par
ticipants received an invitation letter (with or without the inclusion of a 
behavioral message, depending on whether they had been randomly 
allocated to one of the intervention conditions, or the control), an in
formation leaflet, and a small tube for collecting the stool sample. Par
ticipants who received an invitation were instructed to use the tube to 
collect a small sample of their stool and return it in a sealed plastic bag to 
their nearest health center. Participants then received their test results 
by mail. Anyone with an abnormal result was invited for further 
investigation (e.g. colonoscopy). 

2.5. Randomization 

Participants were randomized individually by a computer using a 
pseudorandom number generator. Participants in Trial 1 were 

randomized (1:1:1:1:1:1:1 ratio) to receive either the standard invitation 
letter, or, a modified invitation letter with an additional component 
based on one of six behavioral economics principles, namely: social re
sponsibility, anticipated regret, account effect, benefit of early detec
tion, scarcity effect and social norms. In Trial 2, participants were 
randomized (1:1 ratio) to receive either the standard invitation, or, a 
modified version of the standard invitation, containing the behavioral 
message found to be most efficacious in Trial 1. 

2.6. Intervention design 

English translations for the six behavioral messages are presented in 
Table 1. The intervention message was presented in the third paragraph 
of the invitation letter, had an average length of 61 words (SD 7.31), was 
entirely highlighted in bold and underlined.3 

The behavioral messages were developed together with stakeholders 
in the screening program and highlighted either the benefit of partici
pating in the screening program or the costs of non-participation. The 
messages were mainly negatively framed as previous studies found that 

Table 1 
Messages used in Trial 1 (translated from Greek).   

Message 

Social responsibility The Ministry of Health has started a colorectal cancer 
screening program to reduce the number of victims in 
Cyprus. Developing colorectal cancer is likely to have a 
substantial physical and emotional impact on your life. 
However, it is not just you who would suffer; typically, 
family and friends suffer with you. Participate now, not only 
for your own health but also to prevent your family and your 
friends from going through the suffering with you. After all, 
they deserve it! 

Anticipated regret The Ministry of Health has started a colorectal cancer 
screening program to reduce the number of victims in 
Cyprus. Without participating in the screening program now, 
you might find out too late that you have colorectal cancer. 
Patients with an early diagnosis have much higher survival 
rates. Later cancer diagnoses can be physically and mentally 
more painful as the cancer might be more difficult to cure. 
Participate now and avoid regretting the decision later! 

Account effect The Ministry of Health has started a colorectal cancer 
screening program to reduce the number of victims in 
Cyprus. You can participate in this screening program now. 
Remember that although the participation is free, you and 
others have financed this program through your taxes. 
Participate now, not only for your own health but also to not 
waste your tax money. 

Benefit of early 
detection 

The Ministry of Health has started a colorectal cancer 
screening program to reduce the number of victims in 
Cyprus. Testing increases the chance that the cancer is 
detected in an early stage so that you could profit from early 
treatments. Your participation in the program reduces the 
risk of detecting colon cancer at an advanced stage. 

Scarcity effect The Ministry of Health has started a colorectal cancer 
screening program to reduce the number of victims in 
Cyprus. The current program is only available to people who 
live in the area of ____. Furthermore, the program will end at 
the end of this year. Don’t wait and risk regretting passing up 
on the opportunity of free screening. Hurry up and 
participate in the program. 

Social norms The Ministry of Health has started a colorectal cancer 
screening program to reduce the number of victims in 
Cyprus. The program has started to be successfully 
implemented in the other regions of _____, where a large 
number of people have already participated in the program. 
Follow their lead and participate in the program!  

1 Aradippou has a population of 19,228 with around 18.8% of them being 
older than 50 years.[32]  

2 Meneou, Dromolaxia, and Kiti are three small municipalities on the outskirt 
of the city of Larnaca. The population of these villages vary between 1625 for 
Meneou, 4252 for Kiti and 5064 for Dromolaxia in 2011.[32] The same sta
tistics identified 28.4% of the residents in Kiti, 28.7% in Meneou and 33.7% in 
Dromolaxia to be older than 50 years. 

3 The invitation letter consisted of one page and the length of the baseline 
invitation letter was 355 words. Hence, the interventions made the letter on 
average 17.2% longer. 
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loss framed health messages may be more persuasive than gain framed 
messages (O’keefe and Jensen, 2006). 

2.7. Social responsibility message 

The first intervention featured a social responsibility message, which 
highlighted that a CRC diagnosis does not only affect their own quality 
of life, but also those of their family, as a result of physical and psy
chological changes (Cotrim and Pereira, 2008). This intervention was 
based on the theory of planned behavior, which states that the intention 
to perform a specific behavior is determined by salient beliefs about the 
benefits and costs of such behavior (Ajzen, 1991). Studies suggest that 
individuals are not aware of the costs of non-attendance and mainly care 
about the opportunity cost of participation (Rothman et al., 1993; Myers 
et al., 1997; Rothman and Salovey, 1997). Additionally, as low aware
ness of the benefits of screening is often found among individuals who 
do not attend screening (Garcia et al., 2011), highlighting them and the 
cost of non-attendance could potentially improve individual attitudes 
about CRC screening and increase uptake (Power et al., 2009; Purnell 
et al., 2015; Cox and Cox, 2001). Knowing more about the cost of cancer 
for the social environment and cost of non-attendance in terms of late 
diagnosis may provide a powerful motivation to participate in cancer 
screening (Champion and Skinner, 2008). Additionally, individuals may 
underestimate the consequences of having cancer by not thinking about 
its impact on their close social environment (Bell, 1982). 

2.8. Anticipated regret 

The second intervention included an anticipated regret message and 
was inspired by studies that suggest that emotional experiences, such as 
regret, following a decision can promote behavior change and modify 
the evaluation about potential outcomes of participating in CRC 
screening. (Abraham and Sheeran, 2004). Anticipated regret refers to 
the expected post-behavioral negative emotional experience of not 
performing a behavior that would positively contribute to one’s personal 
goals, such as participating in CRC screening to stay healthy. Anticipated 
regret has been studied within the context of the theory of planned 
behavior and has shown to an important determinant of intention for
mation (Ajzen, 1991; Abraham and Sheeran, 2004). Several studies have 
manipulated anticipated regret for increasing intention to engage in 
health behaviors (O’Carroll et al., 2011; Sheeran et al., 2014; Conner 
et al., 2015). Following this literature, the second intervention 
communicated that late CRC diagnosis may involve more difficult 
treatments, so that they should participate now to benefit from early 
diagnosis and not regret the decision later. The theoretical underpinning 
for this intervention is similar to that of the social responsibility mes
sage, the key difference being that is focuses on the consequences of 
their own quality of life. 

2.9. Account effect 

The third behavioral message was based on the accounting effect and 
the sunk cost effect and stated that the screening program was financed 
through taxes and that they should also participate to not waste their tax 
payments. It assumes that individuals may neglect the financial oppor
tunity costs of non-participation believing that the price of non- 
participation is zero, even though they have already paid their partici
pation through taxes. The account effect predicts that individuals may 
perceive the decision to get screened in the context of the earlier pay
ment of the taxes (Tversky, 1981), while the sunk cost effect foresees 
that individuals would be more likely to get screened if they knew that 
they had already invested money, in form of taxes, beforehand (Arkes 
and Blumer, 1985). 

2.10. Benefit of early detection 

The fourth behavioral messages focused on the benefit of cancer 
screening in terms of early detection. The message built on the ostrich 
effect, which states that individuals may not want to participate in 
cancer screening to avoid receiving information on potential health 
problems. (Beeker et al., 2000; Greiner et al., 2005; Karlsson et al., 2009; 
Panidi, 2015) Thus, highlighted the advantage of early over late diag
nosis in terms of medical treatments could reduce the negative feeling 
about cancer screening. Differently to the anticipated regret message, 
this message did not mention the consequences of non-participation. 

2.11. Scarcity effect 

The fifth intervention was directly inspired by commodity theory and 
stated that the screening invite was restricted. Specifically, the message 
focused on the time-limited and local character of the current CRC 
screening pilot.4 Individuals, who randomly received the scarcity mes
sage, were told that they should accept the exclusive screening invite. 
The message builds in previous research which suggests that perceived 
scarcity may enhance the value of the medical service (BROCK, 1968). 
Experiments have shown that people perceive products which are scarce 
because of limited availability as costlier and more appealing as prod
ucts that are abundantly available (Verhallen, 1982; Verhallen and 
Robben, 1994) A recent US study found that a behavioral intervention, 
which also featured implied scarcity, increased CRC screening (Bakr 
et al., 2020). Similar to our study, they implied scarcity by the unique 
opportunity of receiving a FIT kit (“you have been selected”). 

2.12. Social norms 

The sixth intervention used social norms to communicate that a large 
number of people participated in the first round. The idea of social 
norms messages is to provide individuals a standard behavior for CRC 
screening from which they do not want to deviate (Schultz et al., 2007). 
The message communicated both descriptive and injunctive norms. The 
descriptive norms followed previous studies on social norms that used 
verbal quantifiers, such as a large number of people, to communicate 
relatively low uptake below 50% (Stoffel et al., 2019; Schwartz et al., 
2017; Stoffel et al., 2019). The injunctive norms part, which refer to the 
perceived approval of the behavior stated that they should follow the 
lead of those who participated (Schultz et al., 2007). 

2.13. Blinding 

The researchers randomized participants, and were so not blinded to 
the treatment that subjects received. As the intervention was a letter, it 
was not possible to blind participants to the treatment they received, 
either. However, participants did not know they were subjects in a 
randomized controlled trial, minimizing the influence of demand 
characteristics. 

2.14. Outcome measures 

In both trials, the primary outcome was participation (i.e. return of a 
completed FIT kit) within each experimental condition, eight weeks 
after sending out the screening invitation. 

2.15. Sample size 

Due to the exploratory nature of the first trial, no formal sample size 

4 The invitations to participate in the colorectal cancer screening were 
restricted to the full duration of the pilot (i.e. 2 months after receiving the 
invitation letter). 
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was calculated beforehand. Differently, sample size for the second field 
trial was calculated prior to data collection based on estimates obtained 
from the first trial, so that it was sufficiently powered to detect differ
ences of at least 4% in participation, between the experimental condi
tion and the control, with a power of 80% and an alpha value of 0.05. 
(Cohen, 1988). 

2.16. Data analysis 

We compared screening participation across the experimental con
dition according to an intention-to-treat (ITT) and a per-protocol (PP) 
basis. The PP analysis excluded individuals whose invitation material 
was undeliverable and therefore returned to the Ministry of Health and 
recorded on the study database. Data on gender and age was only 
available for the PP analysis. While we used multivariate logistic re
gressions with age and gender as covariates for the PP analysis, we used 
Chi-square tests of independence for the ITT analysis, due to the lack of 
information about gender and age. All statistical analysis was conducted 
with Stata/SE version 15.1 (StataCorp LP, College Station, TX). 

2.17. Ethics 

The study protocol was approved by the ethics committee of the 
Cyprus Ministry of Health. 

3. Results 

3.1. Trial 1 – ITT analysis 

In total, 3212 eligible men and women were randomized to one of 
the seven conditions. Overall screening participation was 20.2% and 
19.9% in the control condition. The ITT analysis (Table 2) indicates that 
while screening participation of four messages (benefit of early detec
tion 22.2%, social responsibility 20.7%, account effect 20.4% and social 
norms 20.2%) were higher, and of two messages (anticipated regret 
19.3% and scarcity 18.9%) lower than in the control, there were no 
significant differences between any of the experimental conditions and 
the control (χ2 (6, N = 3212) = 1.934, p = 0.926). 

3.2. Trial 1 – PP analysis 

After excluding 81 participations who didn’t receive the invitation, 
3131 men and women were eligible for inclusion in the PP analysis (see 
Fig. 1). Table 1 in the supplementary files shows that 51.2% of the study 
participants were male (N = 1604), 58.7% aged between 50 and 59 
years old (N = 1837) and that there were no statistically significant 
differences between the groups in terms of the demographic variables. 

Table 2 shows the uptake of the population, who received the invi
tation, varied between 22.7% (benefit of early detection message) and 

19.4% (scarcity message), with no significant differences according to 
experimental conditions (χ2(6, N = 3131) = 1.803, p = 0.937). The 
logistic regression in Table 3 confirms the non-parametric results. Only 
the dummy variable for individuals older than 60 years is significant at 
the 5% level, indicating that participation is higher for older people 
(25.3% vs. 17.5%, aOR 1.60; 95% 1.34–1.90, p < 0.001). The separate 
regression models for men and women tested whether the individual 
regression coefficients differ significantly between the two gender sub
groups. For men, no behavioral message performed significantly 
differently to the control. While the social responsibility message 
appeared to decrease screening participation among men by 5.2% 
(17.3% vs. 23.5%, aOR 0.66; 95% 0.42–1.05, p = 0.080), the same 
message increased female participation by 8.5 points (25.6% vs. 17.1%, 
aOR 1.67; 95% 1.05–2.66, p = 0.031), resulting in an overall statistically 
insignificant effect of 0.7% (21.1% vs. 20.4%, aOR 1.04; 95% 0.76–1.45, 
p = 0.772). For this reason, the social responsibility message was 
selected to be tested in a second experiment with a larger sample. The 
almost statistically significant effect of the message for men was 
considered in the decision. 

3.3. Trial 2 – ITT analysis 

Trial 2 randomly allocated 3074 screening eligible men and women 
to the control condition and the social responsibility condition (see 
Fig. 2). Overall, uptake was 18.8%. The univariate analysis did not 
reveal any statistically significant differences in screening participation 
between the two conditions (social responsibility 18.9% vs. control 
18.7%, χ2(6, N = 3074) = 0.032, p = 0.857). 

3.4. Trial 2 – PP analysis 

After excluding 293 (9.2%) individuals who had not received the 
invitation letter due to a wrong address, the sample for PP analysis 
consisted of 1394 men (49.9%) and 1397 women (50.1%). Table 1 in the 
supplementary files shows that more individuals in the PP sample were 
between 50 and 59 years old (N = 1570, 56.3%), than between 60 and 
69 years old (N = 1221, 43.7%). Similar to Trial 1, there were no sta
tistically significant difference in gender and age across the two exper
imental conditions. 

Overall, uptake was similar to Trial 1 (20.7%, see Table 4). While, 
similarly to Trial 1, the social responsibility condition had higher 
participation than the control condition, a Chi-square test of indepen
dence showed no significant difference between the two groups (inter
vention: 20.8% vs control: 20.6% χ2(1, N = 2791) = 0.023, p = 0.879). 
Differently, while the logistic regressions in Table 4 did not find a sig
nificant effect for either the male or female samples (both p’s > 0.05), 
the directions were inverted (i.e. female participation was higher in the 
control and male participation was higher in the intervention). Thus, the 
second experiment did not reproduce the positive effect for the social 
responsibility message on female screening participation. Only gender 
and age were significant predictors of screening behavior, in that women 
and people aged 60 or older were more likely to participate in the 
screening program. 

4. Conclusion 

To our knowledge, this is one of the first studies to test different 
messages that leverage behavioral economics principles for CRC 
screening in a real-world setting (Schwartz et al., 2017; Stoffel et al., 
2019; Bakr et al., 2020) In two field experiments, we identified and 
tested promising behavioral messages for CRC screening. Trial 1 found, 
unexpectedly, that men and women responded to the behavioral mes
sages in different ways. While women responded well to the social re
sponsibility message, men responded badly to the same message. Thus, 
as the social responsibility message increased participation of women, it 
almost decreased male participation. While this result was consistent 

Table 2 
Screening participation in the intention to treat and the per protocol analysis.   

Intention to treat analysis Per protocol analysis  

Uptake (%) p-value Uptake (%) p-value 

Trial 1     
Control  19.91 0.926  20.35 0.937 
Social responsibility  20.70  21.11 
Anticipated regret  19.26  19.87 
Account effect  20.35  20.85 
Benefit of early detect.  22.15  22.70 
Scarcity  18.86  19.41 
Social norms  20.22  20.81 
Trial 2     
Control  18.68 0.857  20.59 0.879 
Social responsibility  18.93  20.83 

p value refers to Chi Square test of independence. 
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with previous studies that show that female participation in breast and 
cervical cancer screening is strongly associated with the feeling of moral 
obligation, the observed gender differences raises questions that require 
further work (Lechner et al., 1997; Howson, 1999; Tacken et al., 2007; 
Judah et al., 2009). An experimental study on hand-washing found that 
men responded better to disgust-based messages and women to 

messages about the dangers of failing to wash hands (Judah et al., 2009). 
The second trial found that the social responsibility message from the 

first experiment did not affect female uptake when replicated with a 
larger number of participants, per trial arm, in a rural environment. 

In line with Schwartz and colleagues (Schwartz et al., 2017) and 
Stoffel and colleagues (Stoffel et al., 2019 Feb) we did not find that 

Fig. 1. CONSORT flow diagram for Trial 1.  

Table 3 
Adjusted logistic regression models for cancer screening screened in Trial 1.   

Model 1: Overall population Model 2: Male population only Model 3: Female population only  

Total 
(%) 

Odds 
ratio 

95% CI p-value Total 
(%) 

Odds 
ratio 

95% CI p-value Total 
(%) 

Odds 
ratio 

95% CI p-value 

Overall  20.7     20.6     20.8    
Condition             
Control  20.4 Ref.    23.5 Ref.    17.1 Ref.   
Social 

responsibility  
21.1 1.049 0.759–1.450  0.772  16.9 0.661 0.417–1.050  0.080  25.6 1.670 1.049–2.658*  0.031 

Anticipated regret  20.9 1.025 0.741–1.419  0.913  19.9 0.804 0.512–1.262  0.298  21.8 1.344 0.837–2.157  0.336 
Account effect  19.9 0.982 0.708–1.362  0.882  19.3 0.786 0.503–1.227  0.343  20.6 1.270 0.781–2.065  0.221 
Benefit of early 

detect.  
22.7 1.164 0.845–1.604  0.352  24.7 1.082 0.702–1.669  0.721  20.7 1.281 0.794–2.068  0.310 

Scarcity  19.4 0.927 0.667–1.290  0.654  17.3 0.671 0.422–1.065  0.091  21.6 1.312 0.814–2.116  0.265 
Social norms  20.8 1.034 0.747–1.431  0.841  23.0 0.978 0.635–1.508  0.921  18.4 1.097 0.669–1.798  0.714 
Age             
50–59  17.5 Ref.    17.4 Ref.    17.7 Ref.   
60–69  25.3 1.597 1.342–1.900**  <0.001  25.2 1.617 1.267–2.064**  <0.001  25.3 1.581 1.232–2.028**  <0.001 
Gender             
Male  20.6 Ref.           
Female  20.8 1.010 0.849–1.202  0.909                      

N   3131    1604    1527  
R2 (Nagelkerke)   0.015    0.022    0.019  

* p < 0.05; ** p < 0.01. 

Fig. 2. CONSORT flow diagram for Trial 2.  
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including behavioral messages that highlight the benefit of screening, or 
the costs of non-attendance, influenced screening behavior. It is 
important to note that while Bakr and colleagues have found a positive 
effect for their intervention with implied scarcity, their study design 
leveraged several social psychology and behavioral economics princi
ples, apart from the scarcity message. Their intervention letter also 
featured less text and multiple images (Bakr et al., 2020), making it 
impossible to determine whether the effect was due to implied scarcity. 

The results raise the question why the social responsibility treatment 
worked for women in the first, but not in the second experiment. A 
possible explanation is that the first trial featured a significantly smaller 
sample with lower statistical power, which strongly reduces the chance 
of replication. An alternative explanation is that the two experiments 
featured different populations. While participants in the first experiment 
came from a town with around 20,000 inhabitants, and a relatively low 
share of people aged 50 or older (18.8%), the second experiment drew 
its participants from three small municipalities with a relatively high 
share of residents older than 50 years (between 28.4% and 33.7%). In 
this sense, participants in the rural setting could have been more likely 
to be aware of the social consequences, as they have a relatively larger 
social network of peers. This reasoning is consistent with results from 
previous studies that have shown that older adults in larger communities 
have fewer social interactions (Amato, 1993). 

Strengths of our study include the use of a RCT design with objective 
data for participation and the replication of the experimental interven
tion in a larger trial to determine external validity and reliability. The 
non-significant effect of the interventions, based on behavioral eco
nomics, show the importance of proof-of-concept experiments to 
generate reliable evidence of the interventions in different settings 
(Stoffel et al., 2019). 

There are several limitations to this study. The behavioral messages 
were not co-developed with patients, but stakeholders in the screening 
program. It is, therefore, possible that the messages did not communi
cate the information effectively. We would, therefore, advocate future 
studies to involve patients to develop behavioral messages. Additionally, 
some messages, such as the social responsibility and anticipated regret 
messages, were based on the theory of planned behavior and target in
tentions, which are often poor predictors of behavior (Sheeran and 
Webb, 2016). 

Furthermore, we only collected information about the participant’s 
gender and age for the analysis. Little is known about how other socio- 
economic variables, such as education and health literacy, influence the 
perception of the behavioral messages, as no previous study has 
collected information about these variables. We suggest that future 
studies could test whether the effect of messages leveraged behavioral 
economics principles is mitigated by individuals’ socio-economic 

characteristics. Additionally, the behavioral messages were only dis
played as the third paragraph in a relatively long invitation letter. It is 
possible that the insignificant effect of the messages could therefore be 
caused by individuals stop reading the letter prior to the paragraph. A 
small change like shortening the baseline letter could have increased the 
visibility of the behavioral message and the effectiveness of the in
terventions (Fox et al., 2020). 

Furthermore, we conducted the two experiments in two distinct 
areas of Cyprus, the urban Aradippou in trial 1 and the rural villages of 
Meneou, Kiti and Dromolaxia in trial 2, which limits the comparability 
between the two trials. Finally, the first exploratory experiment con
tained an underpowered sample, which hinders the identification of 
efficacious messages. Thus, it may have led to spurious findings. 

We conclude that the two experiments show the importance of proof- 
of-concept experiments to generate reliable evidence of the in
terventions. We recognize that more research on using messages from 
behavioral economics is needed and that the current study has raised 
several issues that warrant further exploration. While several studies 
have shown that combining multiple behavioral messages can increase 
screening uptake, it is important to investigate their effects individually. 
As the effect of behavioral messages may depend on socio-demographic 
characteristics, tailored messages may be required (Marcus et al., 2005; 
Noar et al., 2007). 

5. Data availability statement 

An anonymous data file is publicly available via the Open Science 
Framework and can be accessed at https://osf.io/wx7je/. 

CRediT authorship contribution statement 

Sandro Stoffel: Conceptualization, Methodology, Investigation, 
Formal analysis, Writing - original draft. Stala Kioupi: Conceptualiza
tion, Methodology, Investigation, Writing - review & editing. Despina 
Ioannou: Conceptualization, Methodology, Investigation, Writing - re
view & editing. Robert S. Kerrison: Writing - review & editing. 
Christian von Wagner: Writing - review & editing. Benedikt Herr
mann: Conceptualization, Methodology, Writing - review & editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Table 4 
Adjusted logistic regression models for cancer screening screened in Trial 2.   

Model 1: Overall population  Model 2: Male population only  Model 3: Female population only   

Total 
(%) 

Odds 
ratio 

95% CI p-value Total 
(%) 

Odds 
ratio 

95% CI p- 
value 

Total 
(%) 

Odds 
ratio 

95% CI p- 
value 

Overall  20.7     17.7     23.7    
Condition             
Control  20.6 Ref.    17.0 Ref.    24.3 Ref.   
Social 

responsibility  
20.8 1.000 0.832–1.202  0.996  18.5 1.100 0.835–1.448  0.499  23.1 0.926 0.723–1.185  0.540 

Age             
50–59  18.7 Ref.    15.9 Ref.    21.4 Ref.   
60–69  23.3 1.444 1.200–1.737**  <0.001  20.0 1.314 0.998–1.732  0.052  26.7 1.342 1.047–1.718*  0.020 
Gender             
Male  17.7 Ref.           
Female  23.7 1.329 1.106–1.598**  0.002                      

N   2791    1394    1,397  
R2 (Nagelkerke)   0.014    0.005    0.006  

* p < 0.05; ** p < 0.01. 
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