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Introduction

Colorectal cancer (CRC) is highly prevalent in Japan 
and is expected to remain so in coming decades [1]. As of 
2024, CRC was the leading cause of cancer-related deaths 
in women and the second in men [2]. Evidence indicates 
that cancer screening, particularly with the fecal occult 
blood test (FOBT), reduces CRC mortality [3]. In Japan, 
the Ministry of Health, Labour and Welfare recommends 
annual CRC screening for individuals aged ≥40 years 
[4]. A national target of 60% screening uptake was set for 
2023 [5]; however, self-reported past-year CRC screening 
participation remained 46% in 2022 [6].

International reviews have identified knowledge as a 
crucial factor influencing CRC screening attendance [7, 
8], consistent with the health belief model [8, 9]. However, 
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in Japan, the relationship between knowledge and CRC 
screening participation remains unclear. Three studies 
have examined the associations between knowledge of 
CRC or cancer screening and actual screening attendance 
in the Japanese population [10-12]. However, the study 
populations and survey items had some limitations: 
participants were outpatients from specialties other than 
gastroenterology (n=388) [10] and parents of children 
(n=612) [11], and the focus was only on knowledge 
of cancer screening conducted by the municipality of 
residence among citizens of a single city [12]. Therefore, 
additional comprehensive investigations targeting a 
broader Japanese population were warranted.

We examined the associations between knowledge of 
CRC risk factors and knowledge of cancer screening and 
CRC screening attendance, using data from a nationwide 
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survey of the Japanese population.

Materials and Methods

Study design and participants
We used data from a nationally representative 

cross-sectional survey on consumer access to health 
information in Japan in 2020 (INFORM Study 2020). The 
survey was conducted through mailed, self-administered 
questionnaires [13]. It assessed consumer behavior related 
to cancer prevention and screening, along with knowledge, 
attitudes, beliefs, and access to reliable cancer information. 
The questionnaire incorporated core items from the Health 
Information National Trends Survey (HINTS) conducted 
in the United States [14].

Participants were selected using two-stage stratified 
random sampling. In the first stage, 500 census areas were 
randomly selected with probability proportional to stratum 
size, stratified by nine regions and four municipality 
categories based on population size. In the second 
stage, 20 individuals aged ≥20 years were randomly 
selected from each census area. 10,000 individuals were 
invited by mail; 281 surveys were undeliverable. Of the 
remaining 9,719 individuals, 3,929 consented and returned 
questionnaires. After excluding incomplete responses, 
3,605 were eligible for analysis (response rate = 37%) . 
The sampling strategy has been described previously [13]. 
For this analysis, 1,995 adults aged 40–69 years, eligible 
for CRC screening under national guidelines [4], were 

considered. We excluded 23 individuals with a history of 
CRC and six with missing CRC screening data, resulting 
in 1,966 participants (Figure 1). The study was approved 
by the Ethics Committee of Tohoku University Tohoku 
Medical Megabank Organization (project no. 2024-4-003) 
and the Research Ethics Committee of the National Cancer 
Center (project no. 2019-290).

Exposure variables
Knowledge of CRC risk factors 

Participants were asked, “Do you think the following 
items cause cancer?” with response options of “yes,” “no,” 
or “I don’t know” [13]. Of the 15 items, five (tobacco 
smoking, alcohol consumption, insufficient intake of 
vegetables/fruits, lack of exercise, and obesity) were 
identified as CRC risk factors [15]. A total score was 
calculated by assigning 1 point for each correct answer 
(“yes”) and 0 points for each incorrect answer (“no” or “I 
don’t know”), yielding a possible score of 0–5.

Knowledge of cancer screening 
Participants were asked, “As far as you know, do you 

think the following statements regarding cancer screening 
(fecal occult blood test, mammography, cervical cytology, 
etc.) are true or false?” [13]. Knowledge of cancer 
screening was assessed with three true/false items: 1) 
Cancer screening can definitively tell that a person has 
cancer (“false” is correct [16]); 2) Cancer screening can 
cause additional physical burden depending on further 

Figure 1. Participant Flowchart
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analysis. Confidence intervals (CIs) were estimated 
using the Taylor series linearization method [31]. All 
analyses were performed using the svyset command in 
Stata (version 17.0), with 500 census areas as the primary 
sampling units and 35 sampling strata as the strata 
variable. All analyses were conducted at a significance 
level of α=0.05 using two-tailed tests. 

Results

Tables 1 and 2 present participant characteristics 
stratified by knowledge scores. Table 1 shows the 
distribution and weighted proportions of participants by 
knowledge of CRC risk factors, while Table 2 presents 
knowledge related to cancer screening. Overall, 70% of 
participants reported having undergone CRC screening. 
Among respondents, 36%, 33%, and 31% were aged 
40–49, 50–59, and 60–69 years, respectively. Overall, 
728 participants (37%) correctly identified all five CRC 
risk factors. Higher CRC risk knowledge scores were 
more common among female individuals, younger 
participants, and those with higher educational attainment 
and equivalent household income.

For cancer screening knowledge, 295 participants 
(15%) correctly answered all three questions related to 
cancer screening knowledge. Higher knowledge scores 
were more common among CRC screening attendance, 
those with higher educational attainment, working, greater 
equivalent household income, and being married.

Table 3 shows a significant positive association 
between the number of correct answers on CRC risk 
factors and CRC screening attendance (P for trend < 0.01). 
Participants who correctly identified specific risk factors, 
such as insufficient intake of vegetables/fruits (adjusted 
OR [aOR]: 1.41; 95% confidence interval [CI]: 1.14–1.76) 
and lack of exercise (aOR: 1.38; 95% CI: 1.13–1.68), had 
higher odds of CRC screening attendance.

Table 3 summarizes the association between cancer 
screening knowledge and CRC screening attendance. 
A significant positive trend was observed between the 
number of correct answers on cancer screening knowledge 
and CRC screening attendance (P for trend < 0.01). 
Participants who correctly answered the items “Cancer 
screening can definitively tell that a person has cancer” 
(aOR: 1.32; 95% CI: 1.05–1.66) and “Every ‘cancer’ 
detected by cancer screening grows to a life-threatening 
extent” (aOR: 1.28; 95% CI: 1.04–1.56) were more 
likely to attend CRC screening than those who answered 
incorrectly.

Discussion

We examined the associations between knowledge 
of CRC risk factors, knowledge of cancer screening, and 
CRC screening attendance using data from a nationwide 
survey of the Japanese population. Our findings revealed 
a positive association between knowledge of CRC risk 
factors and screening attendance. Among nine previous 
studies investigating this relationship [10, 11, 32-38], 
seven studies found no association [10, 11, 34-38]. These 
studies considered non-modifiable factors such as age 

testing (“true” is correct [17, 18]); and 3) Every “cancer” 
detected by cancer screening grows to a life-threatening 
extent (“false” is correct [17, 18]). Response options 
were “true,” “false,” or “I don’t know.” A total score was 
calculated by assigning 1 point for each correct answer 
and 0 points for each incorrect answer (including “I don’t 
know”), yielding a possible score of 0–3.

Outcome variable
CRC screening attendance was assessed with the 

question, “Have you ever had an FOBT to screen for 
colorectal cancer?” Response options were “yes,” “no,” 
or “I don’t know.” Participants who answered “yes” were 
categorized as attendees, and those who answered “no” 
or “I don’t know” were categorized as non-attendees.

Sociodemographic characteristics of study participants 
Sociodemographic characteristics included sex, 

age, educational attainment, working status, equivalent 
household income, marital status, household composition, 
residential area, personal history of cancer other than 
CRC, family history of cancer, and history of cancer 
among friends or acquaintances [12, 19-27]. Educational 
attainment was categorized as “high” (vocational school, 
college, technical college, university, or graduate school) 
or “low” (high school or less). Equivalent household 
income was calculated by dividing annual household 
income by the square root of household size and 
categorized as “high” (>4.5 million JPY), “medium” 
(2.8–4.5 million JPY), and “low” (<2.8 million JPY).

Statistical analysis
We conducted a weighted analysis to account for the 

complex sampling design and nonresponse, ensuring 
accurate population parameter estimates for the Japanese 
general population. Each participant’s weight was 
calculated by multiplying the sampling weight and the 
nonresponse weight. Based on the survey’s sampling 
strategy, the sampling weight for each participant was 
the reciprocal of the probability of selection within 
the stratum. The nonresponse weight was estimated 
as the reciprocal of the response rate in “nonresponse 
adjustment cells,” assuming respondents in each cell 
represented a random sample of all sampled individuals 
in that cell [28]. We used a search algorithm [29] to 
create the nonresponse adjustment cells based on the 
variables of the sampling strata, sex, and age group, 
resulting in a total of 26 nonresponse adjustment cells 
[30]. Descriptive and inferential analyses were conducted 
using the weight consistently. Frequencies of participant 
characteristics were calculated according to the number of 
correct answers regarding CRC risk and cancer screening 
knowledge. Multiple logistic regression models were 
used to estimate odds ratios (ORs) for CRC screening 
attendance based on knowledge scores (0–5 for CRC 
risk factors; 0–3 for cancer screening), adjusting for age, 
educational attainment, marital status, personal history 
of cancer other than CRC, and family history of cancer. 
Knowledge scores were analyzed as both continuous 
and categorical variables. Participants with missing 
knowledge data were excluded from the regression 
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and family history of CRC, which may be less effective 
in promoting behavior change compared with modifiable 
risk factors. Such discrepancies highlight the potential role 
of awareness of modifiable risks in encouraging screening 
participation.

Knowledge of cancer screening covering certainty 
about screening, potential disadvantages, and cancer 
prognosis was positively associated with CRC screening 
participation. This finding is consistent with the health 
belief model, suggesting that knowledge of cancer 
screening may be linked to higher perceived benefits and 
greater participation [8, 9]. However, accurate knowledge 
of potential disadvantages (e.g., “Cancer screening can 
cause additional physical burden depending on further 
testing”) was not associated with screening attendance. 
Respondents who endorsed this item may have been 
considering the discomfort of diagnostic colonoscopy or 
potential complications (e.g., perforation), although this 
interpretation remains speculative. Previous research 
indicates that individuals without prior colonoscopy 
experience may overestimate the risks of complications 
[39]. Public education on CRC should therefore focus not 
only on disseminating information, but also on providing 
effective risk–benefit communication. 

The primary strength of this study is its novelty, being 
the first population-based survey in Japan to examine the 
relationships between knowledge of CRC risk factors, 
knowledge of cancer screening, and screening attendance. 
However, several limitations should be noted. First, 
the cross-sectional design precludes causal inference. 
Using lifetime CRC screening as the outcome limits 
temporal interpretation, and reverse causation, cannot 
be excluded, as individuals who underwent screening 
may have subsequently acquired knowledge of CRC risk 
and screening. Nonetheless, intervention studies indicate 
that educational programs can increase screening uptake 
[40]. Second, data collection occurred during the corona 
virus disease 2019 pandemic, which may have influenced 
screening behaviors and levels of knowledge. National 
data indicated a 13% decline in CRC screening rates in 
fiscal year (FY) 2020 compared with FY2017–2019 [41]. 
As a result, screening attendance observed in this study 
may not represent usual patterns, and the direction and 
magnitude of the pandemic’s influence on both knowledge 
and screening behavior cannot be determined. Therefore, 
the findings should be interpreted with caution due to 
potential temporal confounding. Third, the response 
rate was relatively low (37%), which may have led to 
participation being skewed toward more health-conscious 
individuals, potentially resulting in overestimation of 
both knowledge levels and screening participation. 
Although we conducted a sensitivity analysis excluding 
healthcare workers (n = 123), a group presumed to be 
more health-conscious and knowledgeable, selection 
bias related to unmeasured factors cannot be fully ruled 
out. In our results, association between knowledge levels 
and screening participation may be affected by this bias, 
although the degree of its impact is unknown. Further 
studies with higher response rate are desirable. 

Our findings underscore the importance of 
disseminating accurate information about CRC risk and 

screening to support informed decision-making [42]. 
Future initiatives should prioritize targeted educational 
programs that equip healthcare providers to guide 
individuals in weighing the risks and benefits of screening.

In conclusion, this nationwide Japanese survey 
identified positive associations between knowledge of 
CRC risk factors, knowledge of cancer screening, and 
CRC screening attendance. These findings highlight the 
importance of disseminating accurate information to the 
Japanese population, although further prospective studies 
are needed to further examine the relevance.
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