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Abstract
Purpose We examined cancer screening practices and related beliefs in cancer survivors and individuals with family or 
close friends with a cancer diagnosis compared to individuals without the above cancer history for 5 population-based 
(gastric, colorectal, lung, breast, cervical) and 1 opportunistic (prostate) cancer screenings using nationally representative 
cross-sectional survey in Japan.
Methods We analyzed 3269 data from 3605 respondents (response rate, 37.1%) and compared the screening beliefs and 
practices of cancer survivors (n = 391), individuals with family members (n = 1674), and close friends with a cancer diagnosis 
(n = 685) to those without any cancer history (n = 519).
Results Being a cancer survivor was associated with screening for gastric (OR, 1.75; 95% CI, 1.04–2.95), colorectal (OR, 
1.56; 95% CI, 1.03–2.36), and lung cancer (OR, 1.71; 95% CI, 1.10–2.66) but not breast, cervical cancer or PSA test. Having 
a family cancer diagnosis was associated with colorectal and lung cancer screening. Having friends with a cancer diagnosis 
was associated with PSA test. Cancer survivors and family members perceived themselves as being more susceptible and 
worried about getting cancer than individuals without any cancer history. Cancer survivors strongly believed screening can 
detect cancer and were more likely to undergo screening. Subgroup analysis indicated an interrelation between gastric and 
colorectal cancer screening among survivors.
Conclusions A cancer diagnosis in oneself or family or friend influences an individual’s health-related belief and risk per-
ception, which can increase the likelihood of cancer screening.
Implications for Cancer Survivors Targeted and tailored communication strategies can increase awareness of cancer screening.

Keywords Cancer screening · Cancer survivor · Cancer diagnosis in family · Cancer diagnosis in friend · Health belief 
model · Screening behavior
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Introduction

A cancer diagnosis has both negative and positive impacts 
on the patients and their loved ones, including family mem-
bers and close friends [1–8]. Studies indicate that a cancer 
diagnosis can serve as a “teachable moment” or “cue to 
action” for positive behavior change in not only the can-
cer survivors but also their family [2, 9–11] and friends 
[2], who may come to realize the risk of cancer and be 
motivated to make positive lifestyle changes. Life partners 
of cancer survivors are sometimes referred to as “second 
survivors” [4, 12] or “co-survivors” [13–15], and their 
interaction with the survivor is an important contributing 
factor to the quality of survivorship among cancer survi-
vors [13, 15–19]. Previous studies have reported that both 
cancer survivors and their family members are more likely 
to engage in regular physical activity [2, 9] and consume 
a healthy diet such as by increasing fruit and vegetable 
intake [10, 11]. One survey conducted at cancer fund-
raising events in Australia showed that cancer survivors, 
family members, and close friends of cancer survivors all 
made improvements to their diet and physical activity [2]. 
These studies suggest that a cancer diagnosis can moti-
vate cancer survivors and their family and close friends to 
improve their health behaviors and that some, in fact, do 
make health behavior changes. In contrast, the impact of 
a cancer diagnosis on other preventive behavior such as 
screening practice is not well studied.

Cancer screening is an important cancer prevention 
measure as it can lead to timely diagnosis and early treat-
ment [20–23]. Evidence-based cancer screening is rec-
ommended and provided as part of organized screening 
programs in many developed countries [20–23], and pub-
lic health professionals have made efforts to increase the 
screening rate [20, 24–26]. In Japan, current screening rec-
ommendations are divided into population-based screen-
ing and opportunistic screening based on the best available 
research evidence and expert discussions that scrutinize 
the benefits and harms of different screening tests [27]. 
Population-based cancer screening in Japan is recom-
mended for gastric (X-ray and endoscopic examination 
for adults aged ≥ 50 years), colorectal (fecal occult blood 
test for adults aged ≥ 40 years), breast (mammography for 
women aged ≥ 40 years), cervical (Papanicolaou test for 
women aged ≥ 20 years), and lung cancer (X-ray examina-
tion for adults aged ≥ 40 years). Unlike the USA and other 
western countries, where lung cancer screening is only 
recommended for high-risk populations, Japanese guide-
lines for lung cancer screening recommend chest X-rays 
as a population-based screen. Thus, screening programs 
for five types of cancer (gastric, lung, colorectal, cervical, 
and breast cancers) have become continuously available 

at both community and occupational sites [28]. Although 
the prostate-specific antigen (PSA) test is not included in 
the current national mass screening guideline, the Japa-
nese Urological Association has been recommending to 
take a PSA test for men aged 50 years and older [29], and 
80.4% of municipalities were providing a PSA test in 2016 
[30]. The person found to have an elevated PSA level (the 
cutline is 4.0 ng/ml) will be introduced to a urologist for 
further examination, normally internal examination and, 
sometimes, biopsy, if necessary, to confirm the diagnoses.

Although major cancer screening tests are provided for free 
or at very low cost to the general public in Japan, screening 
rates are much lower than those in major OECD countries. 
For example, the screening rate for breast cancer in 2019 was 
only 44.6% in Japan compared to 76.5%, 74.5%, and 70.2% in 
the USA, Australia, and Korea, respectively [31]. The factors 
that influence cancer screening uptake are not well understood. 
Thus, investigations into whether cancer experience influences 
screening uptake among survivors, secondary survivors, and 
other populations are warranted and could be useful for pub-
lic health decision makers to update their strategy to promote 
cancer screening.

The screening practices of cancer survivors are of interest 
to researchers [12, 32–34] since survivors are at higher risk 
of developing additional cancers than the general popula-
tion [20, 35–40]. However, studies that have synthesized 
evidence comparing cancer screening practices between 
cancer survivors and non-cancer controls [12, 33, 34] have 
reported conflicting results. Two studies reported that cancer 
survivors were more likely to undergo colorectal, breast, and 
cervical cancer screening [12, 33]. Conversely, one system-
atic review concluded that cancer survivors were less likely 
to adopt secondary prevention practices than cancer-free 
controls [34]. In terms of the family members of cancer sur-
vivors, one cross-sectional study in Minnesota reported that 
female relatives of breast cancer survivors undergo regular 
mammograms compared to women without a family his-
tory of cancer [41]. Another cross-sectional study in Israel 
explored colonoscopy rates among first-degree relatives and 
reported that greater adherence was associated with soci-
odemographic variables (older age, having siblings, having 
a spouse, higher level of education, and income) and behav-
ioral variables (healthier lifestyle, utilization of preventive 
health services) [42]. However, to our knowledge, no study 
has examined comprehensive screening practices among 
cancer survivors and secondary survivors such as the fam-
ily members and close friends of someone diagnosed with 
cancer compared to a cancer-free population.

The health belief model (HBM) [43, 44] has been used in 
many studies as a conceptual framework to explore beliefs 
about cancer and screening in the general public and can-
cer survivors [32, 45–48]. This model posits that a person’s 
health behavior, in this case, engaging in cancer screening, 
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depends on their perception of four areas: (1) their suscepti-
bility to that illness; (2) the severity of a potential illness; (3) 
the benefits of taking a preventative action; and (4) perceived 
barriers to taking the preventative action. Additionally, the 
HBM suggests that an individual’s behavior is influenced 
if they believe they have the ability to perform an action to 
control the illness (self-efficacy) and there are cues to action 
that move them to change their behavior (events or people 
that act as triggers for the action). Thus, the perception of 
cancer and beliefs about screening may differ among cancer 
survivors, their family members, their close friends, and the 
cancer-free population.

The aim of the current study was to examine the impact of 
a cancer diagnosis on cancer screening practices and beliefs 
among individuals with a prior personal cancer diagno-
sis (CanSurvivors), individuals with a prior family cancer 
diagnosis (FamCancer), and individuals with close friends 
with a cancer diagnosis (FriendCancer), compared to indi-
viduals without any of the above cancer history (NoCancer). 
Our specific research question was as follows: What are the 
screening practices and related beliefs of cancer survivors, 
their family members, and close friends compared to a group 
without any history of cancer? We used the HBM as a guid-
ing framework [32, 49] to understand individuals’ cancer-
related beliefs, concerns, and perceptions of risk related to 
screening as the model fit the study aims and available data.

Materials and methods

Study design and procedures

This cross-sectional, correlational study used data from 
INFORM Study 2020, a nationally representative cross-sec-
tional survey on health information access for consumers in 
Japan. The INFORM study’s methodology is reported in detail 
elsewhere [50]. Briefly, the survey used two-stage stratified 
random sampling, the same sampling strategy as that used 
for the National Census by the Japanese government. From 
35 strata identified by crossing nine regions and four munici-
pality groups by population size, we randomly selected 500 
census areas with probability proportional to the size of the 
stratum. From the 500 areas, we sampled 10,000 individuals 
aged 20 years or older.

Core items of the questionnaires were initially selected 
from the Health Information National Trends Survey 
(HINTS) in the USA [51]. We additionally included items 
considered important for the Japanese population [50]. 
While the questionnaire consists of 95 questions in 11 sec-
tions, only questions relevant to the research question in this 
study were used in the analysis.

Data collection for INFORM Study 2020 began on 
August 1, 2020 and ended in September 30, 2020. The 

invitation letter and questionnaire were mailed to subjects, 
who were asked to complete the questionnaire and mail it 
back. We considered participants who selected the item 
“agree to participate” in the introductory statement of the 
questionnaire as consenting to participate in the study. The 
ethical and scientific validity of this study was confirmed by 
the institutional review board of the National Cancer Center 
Japan (research project number: 290) and Keio University 
SFC (research project number: 342), and those of all par-
ticipating institutions.

Measures

Demographic characteristics, chronic disease history, cancer 
screening practices, self-reported health status, health beliefs 
and engagement related to cancer and screening, and experience 
with cancer information seeking and communication were col-
lected. Demographic characteristics included age, sex, marital 
status, education, and household income. We also asked about 
the respondents’ history of chronic disease (i.e., hypertension, 
heart failure, cerebrovascular diseases) besides cancer. Self-
reported health status was rated on a 5-item scale (1, excellent; 
2, very good; 3, good; 4, fair; or 5, poor). Participants were also 
asked if they had ever sought out information about cancer and 
if they had friends or family members they had talked to about 
their health.

Cancer history

In the present study, participants were classified into four 
groups based on their cancer history: (1) CanSurvivors, if they 
reported having ever been diagnosed with any kind of cancer; 
(2) FamCancer, if they reported never having been diagnosed 
with cancer themselves but that their family members had 
experienced cancer; (3) FriendCancer, if they reported that 
neither themselves nor family members had been diagnosed 
but close friends had experienced cancer; and (4) NoCancer, 
if they reported none of the above experiences with cancer. 
All participants were categorized in any of these four distinct 
groups. Those categorized as CanSurvivors we asked to pro-
vide their cancer sites and the time since diagnosis in years. 
CanSurvivors were classified by cancer site for subgroup 
analysis.

Cancer screening

Participants were asked if they had ever undergone screen-
ing for gastric, colorectal, lung, breast, cervical, and pros-
tate cancer. According to the National Guidance[28, 52], 
both male and female participants ≥ 50 years of age were 
included for analysis of gastric cancer screening, and 
those ≥ 40 years of age were included for analysis of colo-
rectal and lung cancer screening. Female participants ≥ 40 
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of age were included for analysis of mammography, 
and those ≥ 20 of age were included for analysis of the 
Papanicolaou test. In addition, men ≥ 50 years of age were 
included for analysis of the PSA test.

Cancer survivors diagnosed with a cancer that formed 
the object of a screening test of interest were excluded 
from calculation of screening rates for that site (i.e., breast 
cancer survivors were excluded from calculations for 
mammography).

Beliefs about cancer and screening

By using HBM as a guide, we selected relevant questions 
regarding beliefs about cancer and cancer screening in 
the questionnaire to examine the four areas of HBM. The 
selected statements included both correct and incorrect 
knowledge about cancer and cancer screening. The respond-
ents’ “perceived susceptibility” was examined using two 
questions: “How likely are you to get cancer in your life-
time?” and “How worried are you about getting cancer?” We 
asked participants to answer these questions on 5-item scales 
(1, very unlikely; 2, unlikely; 3, neither unlikely nor likely; 
4, likely; and 5, very likely; and 1, not at all; 2, slightly; 
3, somewhat; 4, moderately; 5, extremely, respectively). 
Respondents’ “perceived severity” was examined using two 
items: “Every cancer detected by cancer screening grows to 
a life-threatening extent” and “When I think about cancer, 
I automatically think about death,” which were rated on a 
5-point Likert-type scale (1, strongly disagree; 2, disagree; 
3, unsure; 4, agree; 5, strongly agree). For “perceived bene-
fits” of screening, we used two statements: “Getting checked 
regularly for cancer helps find cancer when it’s easy to treat” 
(4-item scale from “strongly agree” to “strongly disagree”) 
and “These tests can definitely tell that a person has cancer” 
(3 items: 1, true; 2, false; 3, don’t know). For “perceived 
barriers,” the statement “Cancer screening can cause further 
physical burden depending on additional testing” (3 items: 1, 
true; 2, false; 3, don’t know) was used. The responses were 
used to indicate the respondents’ beliefs and trust in screen-
ing regardless of whether the statement represented correct 
or incorrect knowledge.

The likelihood of engaging in cancer screening was 
determined using the statement “I will keep on undergo-
ing cancer screening as long as I live no matter how old 
I get,” assessed on a 4-item scale (1, strongly think so; 2, 
think so; 3, don’t think so; 4, don’t think so at all). We also 
asked participants whether they have ever sought out infor-
mation about cancer from any source (yes/no) and whether 
they have friends or family members they talk to about their 
health (yes/no).

Statistical analysis

Descriptive statistics were calculated for questions related 
to demographics, beliefs about cancer and screening, and 
screening practices. Group comparisons were performed 
using analysis of variance (ANOVA) for continuous vari-
ables and the chi-squared test for categorical variables. 
Results from CanSurvivors, FamCancer, and FriendCan-
cer were compared to the NoCancer group as the reference 
group and also reported by cancer site. Tests for linear trends 
across groups were conducted using logistic regression for 
beliefs about cancer and screening. Logistic regression anal-
yses were performed with screening (yes/no) as the depend-
ent variable and experience with cancer and cancer site as 
independent variables for each screening test to estimate the 
adjusted odds ratio (OR) and 95% confidence interval (CI). 
All models included age in years as a covariate.

The sampling weight for each participant was calcu-
lated as the reciprocal of the probability of selecting the 
participant for the survey in the stratum. The probabilities 
of nonresponse were estimated based on strata, sex, and age 
information. The final weight was calculated by multiplying 
the sampling weight by the reciprocal of the probability of 
nonresponse. We conducted a weighted analysis to account 
for the complex sampling design and missing responses to 
calculate accurate population parameter estimates and CIs 
for the Japanese general population using the Taylor series 
linearization method [53]. All analyses were performed 
using SURVEY PROCEDURES in SAS version 9.4 (SAS 
Institute, Inc, Cary, NC, USA) with 500 census areas as a 
variable for selecting the primary sampling units and the 35 
sampling strata as a variable for selecting strata. All P-values 
reported in this study were two sided, and P < 0.05 was con-
sidered statistically significant.

Results

Characteristics of the study sample

A total of 3605 participants completed the survey (response 
rate, 37.1%). After excluding participants with missing data 
for items related to cancer history, 3269 participants were 
included in the analysis (Fig. 1). Within the present study 
sample, 11.5% (n = 391) identified themselves as cancer sur-
vivors when asked if they had ever been diagnosed with can-
cer. Meanwhile, 50.5% (n = 1674) and 20.7% (n = 685) of the 
sample were allocated to the FamCancer (they themselves had 
never received a diagnosis but family members had been diag-
nosed with cancer) and FriendCancer (they and family mem-
bers had never received a diagnosis but friends had been diag-
nosed with cancer) groups, respectively, and 17.3% (n = 519) 
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to the NoCancer (they, family, and friends had never expe-
rienced cancer) group. Age, gender, education, marital sta-
tus, employment status, income, self-reported general health 
status, and prevalence of chronic diseases were significantly 
different (p < 0.001) among the four groups (CanSurvivors, 
FamCancer, FriendCancer, and NoCancer) (Table 1). Overall, 
the CanSurvivors group was older, less educated, more likely 
to be retired, and reported poorer health than the other three 
groups. In contrast, The NoCancer group was younger, more 
educated, more likely to be employed, and reported better 
health than the other three groups.

Of the 391 CanSurvivors, 218 (58%) reported that it had 
been more than 5 years since their diagnoses, and 46 (12%) 
reported that they had experienced more than one cancer. 
Within the CanSurvivors group, cervical cancer survivors 
were younger (mean age, 56.7: min, 28; max, 85) com-
pared to those with other cancers (mean age over 65 years) 
(Table 2). Time since diagnosis varied among survivors of 
different cancers: It was shorter among prostate cancer and 
liver cancer survivors and longer among gastric/esophageal, 
breast, and cervical cancer survivors (Table 2).

Screening practices

We compared the percentage of individuals who under-
went cancer screening among the four groups and the 

prevalence ORs of having experienced cancer according 
to screens for different types of cancer (Table 3). Overall, 
the screening rate was highest for gastric cancer screen-
ing (86.6% of CanSurvivors, 82.9% of FamCancer, 81.7% 
of FriendCancer, and 78.6% of NoCancer), following by 
lung cancer screening (86.2% of CanSurvivors, 82.9% of 
FamCancer, 78.3% of FriendCancer, and 76.3% of NoCan-
cer). In contrast, the screening rate was lowest for PSA 
(38.3% of CanSurvivors, 27.9% of FamCancer, 26.9% of 
FriendCancer, and 17.7% of NoCancer). In logistic regres-
sion adjusted for age, the CanSurvivors group showed 
significantly higher screening rates for gastric cancer 
screening (OR, 1.75; 95% CI, 1.04–2.95), colorectal can-
cer screening (OR, 1.56; 95% CI, 1.03–2.36), and lung 
cancer screening (OR, 1.71; 95% CI, 1.10–2.66). However, 
being a cancer survivor was not significantly associated 
with screening rates for mammography (OR, 1.28; 95% 
CI, 0.68–2.39) or the Papanicolaou test (OR, 1.39; 95% 
CI, 0.82–2.34).

The FamCancer group had higher screening rates than 
the NoCancer group for colorectal cancer screening (OR, 
1.43; 95% CI, 1.08–1.91) and lung cancer screening (OR, 
1.43; 95% CI, 1.05–1.95). The FriendCancer group had 
higher screening rates than the NoCancer group for PSA 
(OR, 1.98; 95% CI, 1.19–3.30) only.

Fig. 1  Participant flowchart
A le�er and a ques�onnaire were sent to 10000 individuals (age≥20 in Japan) 

281 did not receive the le�er/ques�onnaire due to the 
wrong address
5691 did not respond

4028 responded

99 did not agree to par�cipate in the survey

3929 agreed to par�cipate in the study

3605 were eligible for INFORM Study analysis

324 were excluded due to extensive missing 
data

3269 were included in this study.
CanSurvivors (n=391), FamCancer (n=1674), FriendCancer (n=685), NoCancer (n=519)

339 were excluded due to missing cancer history 
data
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Table 1  Demographics of all respondents

All percentages were adjusted for nonresponse bias by weighting
a Categorical data were compared using a chi-squared test. Age differences were compared using ANOVA
b History of other diseases includes diagnosis of one or more of diabetes, hypertension, heart diseases, stroke, chronic lung disease, arthritis or 
rheumatism, and depression
c N/A: the p-value could not be obtained due to the 0 cell

CanSurvivors
n = 391 (11.5%)

FamCancer
n = 1674 (50.5%)

FriendCancer
n = 685 (20.7%)

NoCancer
n = 519 (17.3%)

P-valuea

Age, mean (min, max) 69.1 (23, 95) 54.3 (20, 94) 56.2 (20, 92) 43.3 (20, 86)  < 0.0001
Gender, N (%)  < 0.0001

  Male 188 (49.0) 699 (45.4) 347 (53.5) 257 (55.3)
  Female 203 (51.0) 975 (54.6) 338 (46.5) 262 (44.7)

Education, N (%)  < 0.0001
   ≤ Junior high school 54 (15.5) 117 (7.9) 57 (9.1) 30 (6.2)
  High school 179 (45.5) 640 (38.1) 268 (39.3) 179 (33.9)
  Junior college 63 (14.6) 415 (23.2) 153 (21.0) 128 (23.8)
  ≥ College 94 (24.5) 497 (30.8) 203 (30.6) 182 (36.2)

Marital status, N (%)  < 0.0001
  Married 298 (73.7) 1140 (65.7) 530 (75.3) 334 (60.3)
  Divorced 28 (6.8) 98 (5.4) 35 (4.7) 23 (4.2)
  Widowed 38 (12.4) 140 (9.6) 31 (5.4) 12 (3.0)
  Never married 27 (7.1) 289 (19.3) 85 (14.7) 150 (32.5)

Employment status, N (%) N/Ac

  Employed full-time/Self-employed 118 (29.7) 833 (51.4) 340 (50.8) 321 (63.9)
  Part-time 44 (10.0) 256 (13.5) 108 (14.2) 68 (11.5)
  Unemployed 90 (25.5) 201 (13.2) 84 (13.4) 42 (8.7)
  Retired 66 (17.6) 105 (5.9) 58 (8.1) 18 (3.1)
  Homemaker 73 (17.2) 253 (14.1) 84 (11.7) 47 (7.8)
  Student 0 (0.0) 23 (1.8) 9 (1.8) 22 (5.1)

Income, N (%)  < 0.0001
  < ¥4mil 197 (52.3) 596 (36.9) 230 (34.6) 155 (30.1)
  ¥4mil to < 8mil 125 (31.3) 641 (38.8) 265 (39.1) 226 (44.8)
  > ¥8mil 60 (16.3) 391 (24.2) 170 (26.3) 126 (25.1)

Smoking status, N (%) 0.0005
  Never 295 (78.8) 1207 (73.7) 470 (70.2) 370 (69.8)
  Former 40 (10.5) 172 (10.8) 94 (13.9) 47 (9.3)
  Current 41 (10.7) 248 (15.5) 106 (16.0) 100 (20.9)

History of other diseases, N (%)  < 0.0001
  Yes 228 (60.2) 722 (43.5) 316 (46.3) 148 (27.9)
  No 158 (39.8) 930 (56.5) 362 (53.7) 367 (72.1)

Self-reported health status, N (%)  < 0.0001
  Excellent/very good/good 249 (64.2) 1298 (77.8) 511 (74.3) 437 (83.7)
  Fair/poor 137 (35.8) 367 ( 22.2) 172 (25.7) 82 (16.3)

Healthy lifestyle (i.e., exercise or diet), N (%)
  “Already started (longer than 6 months)” 74 (19.2) 255 (14.8) 91 (13.7) 49 (9.5) 0.0008

Beliefs about cancer and screening

As shown in Table 3, we also compared the items of the 
HBM (perceived susceptibility, severity, benefits, and barri-
ers of screening), likelihood of engaging in cancer screening, 

and experience with information seeking and communica-
tion among the four groups.

CanSurvivors, followed by the FamCancer group, per-
ceived themselves to be more susceptible and worried about 
getting cancer than the NoCancer group. Further, 42.3% of 
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Table 3  Cancer screening practices and beliefs about cancer and screening among the four groups

Screening criteria (e.g., age) were based on Ministry of Health, Labor, and Welfare recommendations for the general population for all screening 
approaches except PSA
For all values, weighted percentages are shown
For screening practices, multiple logistic regression analysis was performed with adjustment for age as a continuous variable

CanSurvivors
n = 391 (11.46%)

FamCancer
n = 1674 (50.51%)

FriendCancer
n = 685 (20.74%)

NoCancer
n = 519 (17.29%)

Screening practices
  Gastric cancer screening (men and women, ≥ 50 years)
    N (screened/eligible for screening) (%) 216/248 (86.6) 869/1042 (82.9) 359/442 (81.7) 129/166 (78.6)
    OR (95% CI) for screening 1.75 (1.04–2.95) 1.33 (0.86–2.03) 1.21 (0.76–1.93) 1

Colorectal cancer screening (men and women, ≥ 40 years)
    N (screened/eligible for screening) (%) 221/281 (77.5) 1009/1340 (75.0) 406/574 (70.7) 188/281 (67.1)
    OR (95% CI) for screening 1.56 (1.03–2.36) 1.43 (1.08–1.91) 1.14 (0.84–1.56) 1
  Lung cancer screening (men and women, ≥ 40 years)
    N (screened/eligible for screening) (%) 270/314 (86.2) 1113/1332 (82.9) 455/572 (79.3) 219/288 (76.3)
    OR (95% CI) for screening 1.71 (1.10–2.66) 1.43 (1.05–1.95) 1.12 (0.81–1.55) 1
  Breast cancer screening (mammography) (women, ≥ 40 years)
    N (screened/eligible for screening) (%) 76/108 (69.5) 585/785 (71.5) 212/286 (71.4) 95/132 (72.1)
  OR (95% CI) for screening 1.28(0.68–2.39) 1.14 (0.71–1.85) 1.13 (0.66–1.93) 1
  Cervical cancer screening (pap test) (women, ≥ 20 years)
    N (screened/eligible for screening) (%) 111/153 (72.0) 739/970 (74.2) 242/334 (68.7) 189/260 (71.4)
  VOR (95% CI) for screening 1.39 (0.82–2.34) 1.34 (0.96–1.87) 1.03 (0.69–1.56) 1
  Prostate-specific antigen test (men, ≥ 40 years)
    N (screened/eligible for screening) (%) 43/109 (38.3) 154/516 (27.9) 101/263 (36.9) 28/136 (17.7)
  OR (95% CI) for screening 1.11 (0.56–2.22) 1.46 (0.90–2.37) 1.98 (1.19–3.30) 1

Beliefs about cancer and screening P value P for trend
  Perceived susceptibility, N (%)
    “Very likely” or “Likely” to get cancer in 

my lifetime
244 (61.3) 711 (43.8) 164 (25.5) 121 (23.1)  < 0.0001  < 0.0001

    Being “Extremely” or “Moderately” worried 
about getting cancer

171 (42.3) 494 (30.2) 159 (23.4) 110 (21.8)  < 0.0001  < 0.0001

  Perceived severity, N (%)
    “Every cancer detected by cancer screening 

grows to a life-threatening extent.”
41 (11.5) 130 (8.2) 44 (7.1) 37 (8.1) 0.0096 0.093

    “When I think about cancer, I automatically 
think about death.”

259 (68.5) 1248 (75.8) 492 (72.6) 391 (76.6) 0.0223 0.0392

  Perceived benefits of screening, N (%)
    “Getting checked regularly for cancer helps 

find cancer when it’s easy to treat.”
374 (96.2) 1622 (97.4) 662 (97.3) 506 (98.4) 0.3666 0.0944

    “These tests can definitely tell that a person 
has cancer.”

184 (48.3) 480 (28.9) 230 (33.9) 142 (27.1)  < 0.0001  < 0.0001

  Perceived barriers of screening, N (%)
    “Cancer screening can cause further physi-

cal burden depending on additional testing.”
129 (32.4) 586 (35.4) 216 (31.3) 169 (33.5) 0.2026 0.9438

  Likelihood of engaging in screening, N (%)
    “I will keep on undergoing cancer screening 

as long as I live no matter how old I get.”
288 (73.64) 1131 (68.52) 442 (65.9) 363 (71.8) 0.046 0.3939

  Information seeking and communication, N (%)
    “I have looked for information about cancer 

from some source.”
330 (82.9) 1088 (63.4) 356 (50.9) 194 (35.7)  < 0.0001  < 0.0001

    “I have friends or family members that I talk 
to about my health.”

376 (95.3) 1581 (94.0) 635 (92.4) 469 (90.0) 0.0062 0.0058
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CanSurvivors, 30.2% of FamCancer, 23.4% of FriendCan-
cer, and 21.8% of NoCancer participants indicated they were 
“extremely worried” or “moderately worried” about getting 
cancer (Table 3).

Analysis of the two items used to assess perceived sever-
ity revealed different results. When presented with the state-
ment, “Every cancer detected by cancer screening grows to 
a life-threatening extent,” 11.5% of CanSurvivors, 8.2% of 
FamCancer, 7.1% of FriendCancer, and 8.1% of NoCancer 
participants indicated agreement. However, when presented 
with the statement, “When I think about cancer, I automati-
cally think about death,” 68.5% of CanSurvivors agreed, 
while 75.8%, 72.6%, and 76.6% of FamCancer, FriendCan-
cer, and NoCancer participants indicated agreement, respec-
tively (Table 3).

Among the two items used to assess the perceived ben-
efits of screening, over 96% of individuals in all four groups 
agreed with the statement, “Getting checked regularly for 
cancer helps find cancer when it’s easy to treat,” and no 
statistically significant difference was observed. In contrast, 
significant differences were noted in the remaining item, 
“These tests can definitely tell that a person has cancer.” 
While 48.3% of CanSurvivors agreed with the statement, 
just 28.9% of FamCancer, 33.9% of FriendCancer, and 
27.1% of NoCancer agreed (p < 0.0001). Meanwhile, there 
was no statistically significant difference among the four 
groups regarding the item used to assess perceived barri-
ers, “Cancer screening can cause further physical burden 
depending on additional testing.”

Regarding the likelihood of engaging in cancer screen-
ing, 73.6% of cancer survivors agreed with the statement, “I 
will keep on undergoing cancer screening as long as I live 
no matter how old I get,” compared to 68.5%, 65.9%, 71.8% 
of FamCancer, FriendCancer, and NoCancer participants, 
respectively (p < 0.05). Among the four groups, the highest 
proportion of individuals in CanSurvivors had sought out 
cancer information, followed by the FamCancer, FriendCan-
cer, and NoCancer groups. Similarly, a greater proportion of 
individuals in CanSurvivors, followed by the FamCancer, 
FriendCancer, and NoCancer, indicated that they had friends 
or family members they talk to about their health.

Screening practices of cancer survivors for new 
primary cancers

We compared the screening practices of cancer survivors 
for other cancers and determined the adjusted OR in refer-
ence to the NoCancer group (Table 4). Overall, no signifi-
cant differences were observed in ORs in each cancer group 
compared to the NoCancer group. Gastric cancer screen-
ing was performed by 93.6% of colorectal cancer survivors, 
74.3% of lung cancer survivors, 84.4% of breast cancer sur-
vivors, 89.0% of cervical cancer survivors, 88.8% of prostate 

cancer survivors, and 100% of liver cancer survivors. The 
OR of colorectal cancer survivors performing gastric cancer 
screening compared to the NoCancer group was 3.19 (95% 
CI, 0.90–11.37).

The colorectal cancer screening rate exceeded 80% 
among gastric cancer survivors (84.7%), cervical cancer 
survivors (82.6%), and liver cancer survivors (100%). ORs 
of gastric cancer survivors and cervical cancer survivors 
performing colorectal cancer screening were 2.02 (95% CI, 
0.86–4.73) and 2.19 (95% CI, 0.80–5.96), respectively, com-
pared to the NoCancer group.

The lung cancer screening rate exceeded 80% among all 
cancer survivors. Further, the ORs of all cancer survivor 
groups exceeded one, although no statistically significant 
differences were observed.

Interestingly, although the PSA test is only recommended 
as an opportunistic screening method, 42.7% of colorectal 
cancer survivors, 42.6% of lung cancer survivors, and 76.1% 
of liver cancer survivors had taken the PSA test.

Discussion

Previous studies have suggested that a cancer diagnosis 
could be a “cue to action” to motivate positive health behav-
ior changes among cancer survivors [2, 54, 55] and their 
family and friends [2, 10]. The aim of this study was to fur-
ther explore the effect of a cancer diagnosis on the screening 
practices of survivors and their family and close friends. To 
our knowledge, this is the first study to compare the cancer 
screening practices and related beliefs of four populations 
(cancer survivors, individuals with a family member who 
experienced cancer, individuals with a close friend who 
experienced cancer, and individuals without any history of 
cancer). We also conducted subgroup analysis to identify the 
practices of cancer survivors related to non-primary cancer 
screening according to cancer type.

In our study, the adjusted screening rates for gastric, colo-
rectal, and lung cancer were highest among CanSurvivors fol-
lowed by FamCancer, FriendCancer, and NoCancer groups. 
These results indicate that a cancer history in oneself, a fam-
ily member, or close friend is positively related to screening 
practice. However, the trend was not equally observed among 
all cancer screens.

Compared to the NoCancer group, CanSurvivors were 
more likely to perform gastric cancer screening (OR, 1.75; 
95% CI, 1.04–2.95) and colorectal screening (OR = 1.56, 
CI: 1.03, 2.36). The positive finding for colorectal screening 
is comparable to the results of a meta-analysis by Corkum 
et al., who reported an OR for colorectal cancer screen-
ing of 1.19 (95% CI, 1.10–1.30) [12]. The present study 
also adds the new finding that a family history of cancer is 
positively associated with colorectal screening (OR, 1.43; 
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Table 4  Screening for new primary cancers in cancer survivors compared to the NoCancer group

Screening criteria (e.g., age) were based on Ministry of Health, Labor, and Welfare recommendations for the general population for all screening 
approaches except PSA. For the screening rate, weighted percentages are shown
Values indicate odd ratios and 95% confidence intervals obtained using multiple logistic regression analysis adjusted for age as a continuous 
variable
Data for the “other cancer” category (n = 88) are not shown
N/A: OR and 95% CI could not be obtained due to the 0 cell
* Five liver cancer survivors were men. One woman did not respond to the question about mammography and Papanicolaou test

Reported ever 
having

NoCancer 
(n = 519)

Gastric cancer 
survivor 
(n = 55)

Colorectal 
cancer survi-
vor (n = 48)

Lung cancer 
survivor 
(n = 16)

Breast cancer 
survivor 
(n = 70)

Cervical can-
cer survivor 
(n = 29)

Prostate can-
cer survivor 
(n = 30)

Liver cancer 
survivor 
(n = 7)

Multiple can-
cer survivor 
(n = 46)

Gastric cancer screening (men and women, ≥ 50 years)
  Weighted % 78.6 – 93.6 74.3 84.4 86.0 88.8 100 89.6
  N (screened/

eligible for 
screening)

129/166 – 41/44 12/16 53/62 16/19 26/29 6/6 38/42

  OR (95% CI) 
for screen-
ing

1 – 3.19
(0.90–11.37)

0.58
(0.17–2.04)

1.38
(0.60–3.16)

1.80
(0.52–6.16)

1.54
(0.41–5.84)

N/A 1.67
(0.51–5.47)

Colorectal cancer screening (men and women, ≥ 40 years)
  Weighted % 67.1 84.7 – 70.7 76.9 82.6 75.0 100 83.1
  N (screened/

eligible for 
screening)

188/281 45/54 – 11/16 55/68 21/26 23/30 6/6 40/46

  OR (95% CI) 
for screen-
ing

1 2.02
(0.86–4.73)

– 0.85
(0.26–2.80)

1.44
(0.70–2.95)

2.19
(0.80–5.96)

1.10
(0.39–3.06)

N/A 1.93
(0.72–5.18)

Lung cancer screening (men and women, ≥ 40 years)
  Weighted % 76.3 83.5 84.0 – 83.8 89.0 85.0 100 89.1
  N (screened/

eligible for 
screening)

219/288 45/54 38/46 – 59/70 22/25 26/30 6/6 42/46

  OR (95% CI) 
for screen-
ing

1 1.24
(0.51–3.03)

1.30
(0.48–3.55)

– 1.39
(0.65–2.96)

2.37
(0.67–8.31)

1.42
(0.46–4.45)

N/A 2.14
(0.68–6.72)

Breast cancer screening (mammography) (women, ≥ 40 years)
  Weighted % 72.1 82.7 62.5 64.8 – 80.5 – * 70.6
  N (screened/

eligible for 
screening)

95/132 11/14 12/19 2/3 – 22/26 – * 14/18

  OR (95% CI) 
for screen-
ing

1 2.55
(0.52–12.56)

0.92
(0.35–2.40)

1.06
(0.08–14.13)

– 1.67
(0.48–5.80)

– * 1.27
(0.39–4.11)

Cervical cancer screening (pap test) (women, ≥ 20 years)
  Weighted % 71.4 59.6 54.3 70.4 81.8 * 54.7
  N (screened/

eligible for 
screening)

189/260 8/14 9/19 2/3 58/70 – – * 12/18

  OR (95% CI) 
for screen-
ing

1 0.59
(0.14–2.41)

0.46
(0.15–1.44)

0.94
(0.07–11.89)

1.92
(0.88–4.19)

– – * 0.54
(0.19–1.54)

Prostate-specific antigen test (men, ≥ 40 years)
  Weighted % 17.7 31.9 42.7 42.6 – – – 76.1 65.3
  N (screened/

eligible for 
screening)

28/136 12/37 12/26 6/13 – – – 3/4 17/26

  OR (95% CI) 
for screen-
ing

1 0.78
(0.28–2.20)

1.50
(0.53–4.27)

1.23
(0.29–5.27)

– – – 5.45
(0.68–43.39)

2.26
(0.79–6.46)
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95% CI, 1.08–1.91). In addition, our subgroup analysis of 
survivors suggested an interrelation between gastric cancer 
screening and colorectal cancer screening, with 95.6% of 
colorectal cancer survivors indicating they had performed 
gastric cancer screening and 84.7% of gastric cancer survi-
vors indicating they had performed colorectal cancer screen-
ing. Given the historically high incidence and mortality of 
gastric cancer in Japan, the nation has a well-established 
gastric cancer screening system that facilitates widespread 
screening at both community and occupational sites, similar 
to the colorectal cancer screening program. Since stomach- 
and colon-related cancers are both treated in the gastroen-
terology department, patients with cancer at one site may 
have been provided information about and recommended 
by their physicians to undergo screening for the other site 
at follow-up.

To date, very few studies have examined participation 
in lung cancer screening as it is not recommended to the 
general population as part of organized mass screening pro-
grams in many countries. In contrast, Japan recommends 
mass screening for lung cancer using chest X-ray examina-
tion for non-high-risk groups in its screening guideline [56]. 
The present study showed that CanSurvivors and FamCan-
cer groups had significantly higher screening rates for lung 
cancer than the NoCancer group. Subgroup analysis showed 
that only the lung cancer screening rate exceeded 80% in all 
cancer survivors. The mortality of lung cancer is highest 
for men and second highest for women among all cancers in 
Japan [57]. The lung is also the most common site for cancer 
metastases [58]. Thus, both cancer survivors and their family 
members may perceive greater susceptibility to lung cancer, 
leading them to undergo screening for early detection.

The screening rate for PSA, which is not a recommended 
population-based screening approach in Japan [27, 59], was 
much lower (18–38%) than that for other cancer screens 
(69–87%). In our study, undergoing PSA was significantly 
associated with a friend’s cancer history (OR, 1.98; 95% 
CI, 1.19–3.30) but not with any other cancer history. This 
finding is consistent with other evidence that a cancer diag-
nosis in a friend can prompt an increase in prostate cancer 
screening behavior [60, 61]. The decision to undergo oppor-
tunistic screening approaches such as the PSA test is left to 
an individual. For men in higher-risk age groups, the impact 
of a friend’s diagnosis may be great enough to prompt them 
to undergo screening even at their own financial expense. 
Further studies are warranted to examine the reason for the 
different trends in PSA compared to other cancer screening 
approaches.

In our study, analysis using logistic regression adjusted 
for age did not show a statistically significant association of 
cervical and breast cancers with cancer history. In a prior 
meta-analysis, Uhlig et al. reported that cancer survivors 
were 27% and 38% more likely to undergo breast cancer 

screening and cervical cancer screening than cancer-free 
controls, respectively [33]. Similarly, another meta-analysis 
by Corkum et al. reported that cancer survivors were 19% 
and 22% more likely to undergo breast cancer screening and 
cervical cancer screening, respectively [12]. However, most 
of the studies included in the articles by Uhlig et al. and 
Corkum et al. were conducted in North America, mainly in 
the USA. Even within studies conducted in the USA, hetero-
geneity among study populations has led to disparate results. 
Analysis of data from the nationwide HINTS survey in the 
USA by Mayer et al. showed that being a cancer survivor 
significantly influenced colorectal cancer screening practice 
but had no effect on screening practices for cervical, breast, 
prostate cancers [32]. Our results show the same trend. One 
survey-based study in South Korea showed a weaker asso-
ciation than our study for breast cancer screening (OR, 1.12; 
95% CI, 0.87–1.45) and cervical cancer screening (OR, 1.16; 
95% CI, 0.92–1.47) [62]. One possible explanation for the 
discrepant results may be related to the national campaigns 
and efforts to increase screening rates for breast and cervical 
cancers in different countries. In Japan, movements like the 
“pink ribbon” and “teal and white ribbon” campaigns have 
brought attention to breast and cervical cancers, respectively, 
and television advertisements highlight the importance of 
screening for these diseases. Health insurers and municipali-
ties have also made efforts to improve invitation leaflets and 
brochures to increase breast and cervical cancer screening 
rates by tailoring messages to their target audience [63, 64], 
that the NoCancer group was also likely exposed to such 
campaigns and written material may explain why we did not 
observe differences among groups. However, further study 
is needed to explore explanations for the observed effect.

Overall, the four groups had different beliefs and percep-
tions about cancer and screening. CanSurvivors and Fam-
Cancer were more likely to perceive susceptibility and worry 
about getting cancer than the other two groups. However, 
among these two groups, although CanSurvivors strongly 
believed that screening can detect cancer, the FamCancer 
group did not have such a belief and showed lower likeli-
hood of engaging in screening than CanSuvivors. This result 
suggests that, for family members of cancer survivors, mes-
sages that increase their self-efficacy for screening to pre-
vent cancer may be more effective than messages based on 
fear appeals. As previous studies have suggested [63, 65], 
for those who are already aware of their susceptibility and 
the severity of the disease, using gain-frame messages such 
as “detecting cancer early can lead to a higher chance of 
cure” to increase self-efficacy can motivate them to undergo 
screening. In the present study, no statistical difference was 
observed in the four items of HBM between the FriendCan-
cer group and NoCancer group, even though a greater pro-
portion of the former group sought cancer information than 
the latter group. Given that we could not determine how 
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close the respondents were to the friend that had received 
a cancer diagnosis, further studies are needed to clarify the 
associations.

This study has several limitations. First, we performed 
analysis of data from INFORM Study 2020, which was not 
designed to evaluate survivorship-related outcomes, nor was 
the sampling designed to be representative of the population 
of Japanese cancer survivors. Thus, the actual response rate 
for each group may have been different. It is possible that 
those who were not interested in cancer did not complete 
the survey; in which case, we may have underestimated the 
impact of cancer experience on screening. Second, we did 
not have an adequate sample size to explore the screening 
practices of some subsets of cancer survivors (e.g., there 
were only seven liver cancer survivors). Third, self-report of 
cancer history and screening practices are subject to recall 
bias, and no verification of the self-report was conducted. 
Fourth, because of the cross-sectional nature of the data, we 
were unable to examine the temporality of screening prac-
tices. We were also unable to confirm whether survivors 
were encouraged to undergo screening as a result of their 
diagnosis. Fifth, the HBM has not been evaluated for its pre-
dictive ability. However, it has been used to guide the identi-
fication and inclusion of relevant variables for understanding 
screening behavior [49]. Despite knowledge that oncologists 
or primary care physicians can drive behaviors related to 
screening among cancer survivors, we were unable to deter-
mine whether they or other public health resources influ-
enced the survivors’ decision to undergo screening. Finally, 
data collection was conducted in the midst of the COVID-19 
pandemic. It is unclear how this may have affected partici-
pants’ responses to the survey.

Nevertheless, this population-based study of Japanese 
stratified into four relatively robust groups (survivors, indi-
viduals with a family history, individuals with history among 
close friends, and individuals with no history of cancer) 
uniquely explored how their cancer experience affects their 
screening practices and related perceptions and beliefs. Our 
findings suggest the importance of targeting and tailoring 
communication strategies to raise awareness of screening. 
For people with no experience with cancer, such messages 
as “Cancer is not someone else’s problem. It can happen to 
you and your loved ones at any time” to evoke familiarity 
of cancer may be effective to encourage them to undergo 
screening. For cancer survivors, physicians should recom-
mend screening for other cancers during follow-up care. 
The period during which patients are transitioning from a 
hospital-based specialist to follow-up care with a commu-
nity-based general practitioner may be a good opportunity to 
provide inclusive information about cancer screening.
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