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Abstract

Objective: : China have implemented population-based esophageal cancer (EC) screening programs, however,

the participant rates were relatively low. This study was conducted to examine the association between cancer

prevention knowledge and EC screening participation rates (PRs).

Methods: :  Data in the analyses were obtained from a population-based cancer screening program in four

provinces in China since 2007. In the course of 2007−2016, participants who were evaluated as high risk for EC and

subsequently recommended for endoscopy examination were included in the final analysis. One-way analysis of

variance test, Chi-square test and logistic regression analysis were applied.

Results: : A total of 28,543 individuals assessed as high-risk population for EC were included in this study, with

13,036 males (45.67%) and 15,507 females (54.33%). The prevalence rates of current smoking and alcohol drinking

were  higher  in  males  (58.25% and 44.22%,  respectively)  than in  females  (5.35% and 4.05%,  respectively).

Participants of females, and those who had older age, lower income, as well as higher education level and cancer

prevention knowledge level were more likely to undergo endoscopy. Multivariable analysis showed that higher

cancer  prevention  knowledge  was  associated  with  higher  PR for  endoscopic  screening  [adjusted  odd  ratio

(aORQ4/Q1) =1.511, 95% confidence interval (95% CI): 1.398−1.632] among our study subjects. This association

between cancer prevention knowledge and compliance with endoscopic screening also tends to be strong within

subgroups of males, females, aged below 60 years, aged 60 years and above, and lower level of education (illiterate

individuals and those with junior high education or less).

Conclusions: : Our results displayed a positive relationship between cancer prevention knowledge and PRs for

endoscopic screening, implying cancer prevention awareness being an independent influence factor for compliance

with EC screening. Promoting public campaigns about comprehensive knowledge of cancer prevention seemed to

be a reasonable and effective strategy to improve population PRs for EC screening.
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Introduction

Esophageal  cancer (EC) was the seventh most  common

cancer and sixth leading cause of cancer death in the world,
with appropriately 570,000 new EC cases and 510,000 EC
deaths in 2018 (1). The global distribution of EC burden
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nevertheless  showed  a  huge  variation  geographically.
According to International Agency for Research on Cancer
(IARC), 53.73% and 55.73% of global EC cases and deaths
occurred in China, respectively (1). To date, there were
about 240,000 new EC cases and 190,000 EC deaths every
year in China, accounting for 6.26% of all new cancer cases
and  8.04%  of  all  cancer  deaths  nationwide  (2).  The
5-year  survival  rate  for  EC was  only  30.3% in Chinese
population (3).

The prevention of  EC could  be  broadly  divided into
primary and secondary prevention (4). Primary prevention
is essentially behavioral modification, seeking to control the
etiological agents of EC (4), such as smoking and alcohol
drinking.  Compared  with  non-smokers,  the  risk  of
developing EC could be 1.47 and 1.24 fold in male and
female  smokers,  respectively,  and  the  relative  risk  of
alcohol drinking for esophageal squamous cell carcinoma
(ESCC) could be 1.78 for both males and females (5). In
China, the proportions of EC attributed to smoking and
alcohol drinking were 18.6% and 19.2% for males,  and
1.7% and 3.6% for females according to a pooled analysis
targeting Chinese population (5). China had the highest
number  of  tobacco  users  and alcohol  consumers  in  the
world while tremendous difference remained between two
genders. In 2010, the prevalence of current smoking was
54.0% for males and 2.6% for females in China and the
percentage for alcohol drinking were 57.7% and 14.5%,
respectively (6,7).

Secondary  prevention  for  EC  mainly  relies  on  early
detection and treatment, which can be achieved by cancer
screening  (4).  Many  population-based  researches  on
Chinese  population  in  high-risk  regions  showed  that
endoscopy screening, early diagnosis and treatment could
effectively reduce incidence and mortality rates of EC, as
well  as  increase 5-year survival  to more than 88.9% for
patients  discovered by  esophageal  endoscopy screening
(8-10). The promotion strategies for early detection and
treatment  of  EC  were  enhanced  in  China  since  2005,
however,  the  compliance  of  EC  screening  in  Chinese
population was still unsatisfactory (11,12). Therefore, it is
of vital importance to further explore influencing factors
that could increase participation rates (PRs) for population-
based EC screening.

Many epidemiological studies showed that poor public
awareness was the predominant factor of negative health
seeking  behaviors  and  low  PRs  for  cancer  screening
programs (13-16).  In  addition,  an  ecological  study also
revealed the relationship between low cancer awareness and

poor  cancer  prognosis  (17).  In  China,  although  cancer
prevention knowledge or awareness as well as PRs for EC
screening  has  been  reported  before,  the  evidence  on
whether cancer prevention awareness could influence their
behaviors of participating in EC screening was scarce but
desperately needed for EC prevention and control.

Thus, we undertook this study to explore the association
between cancer prevention knowledge and EC screening
PRs  in  an  ongoing  population-based  cancer  screening
program in rural China.

Materials and methods

Study design and subjects

We  performed  cross-sectional  surveys  under  the
framework  of  Esophageal,  Stomach  and  Liver  Cancer
Screening Program (ESLCSP) in four provinces in China.
In the ESLCSP for EC screening, all  targeted residents
aged 40−69 years old living in the selected areas will receive
the invitation from our program. In the first year of any
selected  area  in  the  program,  cancer  prevention  core
knowledge  questionnaires  were  investigated  by  trained
medical staff. Signed informed consent was obtained for
each participant.

For the present study, data were obtained from ESLCSP
for EC screening from 2007 to 2016. The inclusion criteria
were:  1)  permanent  residents  in  the  target  counties  or
villages, aged 40−69 years old, and no history of endoscopic
examination within 3 years before the initial interview; 2)
no  history  of  cancer,  mental  disorder,  or  any  contra-
indications for endoscopy; 3) completed questionnaires of
core knowledge on cancer prevention and EC-related risk
factors at baseline; 4) received endoscopy examination; and
5) signed informed consents with agreement to complete
all phases. In this study, a total of 70,071 participants from
13  counties  in  Jiangsu,  Anhui,  Shandong  and  Henan
province, conducting investigations of core knowledge on
cancer prevention in the first  year of  the program were
recruited from 2007 to 2016. After excluding participants
with  invalid  risk  assessment  results  (n=1,154),  and
participants who were diagnosed with cancer (n=8) before
recruitment,  as  well  as  those  assessed  as  non-high-risk
individuals  for  EC  (n=40,366),  28,543  remaining
participants were included for the final analysis.

Investigations of core knowledge about cancer prevention

Basic information, including name, gender, date of birth as
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well as identity number, was collected. Contents of core
knowledge on cancer prevention include 9 items consisting
of  5  single-choice  questions  and  4  multiple-choice
questions. A detailed description of the items and primary
results  can  be  found  in  our  previous  articles  (18).  We
allocated 1 point for each correct answer of single item and
1 point for each correct answer of multiple items, resulting
in a total score of 0−20 (Supplementary Table S1). The total
scores  for  each  individual  was  finally  converted  to  a
percentage system to provide a knowledge score on cancer
prevention (ranged 0−100 points).

Investigation of risk factors and risk assessment

Information on demography (marital status, educational
level, yearly income per household unit), source of drinking
water,  cigarette  smoking,  alcohol  consumption,  dietary
habits,  character  and  mental  health,  history  of  major
digestive diseases, family history of cancer, and body mass
index  (BMI)  were  col lected  in  the  one-on-one
questionnaire of EC-related risk factors.  For those who
were evaluated as high-risk individuals based on factors of
cigarette  smoking,  alcohol  drinking,  dietary  intake  of
pickled  food,  hot  food  and  mildew  food,  unexplained
esophageal symptoms and family history of major digestive
system cancers (EC or stomach cancer or liver cancer), we
recommended  them  to  undergo  further  endoscopic
examination.

Statistical analysis

In  addition  to  the  descriptive  analysis  regarding  the
characteristics of the study population, overall and group-
specific  PRs were calculated and reported.  The general
characteristics, behaviors of cigarette smoking and alcohol
drinking were examined using one-way analysis of variance
(ANOVA) tests for continuous variables, and Chi-square
test for categorical variables. Cancer prevention knowledge
scores were divided into four groups based on quartile of
knowledge scores: Q1 (<40), Q2 (40−55), Q3 (56−70), and
Q4 (>70). Crude odds ratios and 95% confidence interval
(95% CI) were analyzed by univariate logistic regression,
while adjusted odds ratio (aOR) and 95% CI were analyzed
by multivariable logistic regression after adjustment for
cancer prevention knowledge levels (categorized into <40,
40−55,  56−70,  and  >70),  sex  (male  and  female),  age
(categorized  into  40−49,  50−59,  and  60−69  years  old),
educational background (illiterate, primary school, junior
high school and above), income status (<5,000 yuan yearly
per household unit, and ≥5,000 yuan yearly per household

unit), as well as status of cigarette smoking (yes, no), status
of alcohol drinking (yes, no), dietary habits of pickled food
(≥once per week,  <once per week),  hot food (≥once per
week, <once per week), and mildew food (≥once per week,
<once per week), unexplained esophageal symptoms (yes,
no), family history of cancer (yes, no), and study regions.

Results

Baseline characteristics of participants

Demographic characteristics of participants in this survey
were  summarized  in  Table  1.  Overall,  a  total  of  28,543
participants [13,036 (45.67%) males and 15,507 (54.33%)
females] were included with an average age of 54.40 years
old.  Mean baseline cancer prevention knowledge scores
were 57.10±20.37, and males and females shared a similar
score of 58.47 and 55.95, respectively. Among participants
with  high  risk  for  EC,  the  prevalence  rates  of  current
smoking and alcohol drinking were 29.51% and 22.39%
(58.25% and 44.22% for males and 5.35% and 4.05% for
females), respectively. The rate of family history of cancer
was around 23.80% (25.39% with males and 22.46% with
females).  Compared  with  females,  higher  educational
background  and  economic  status  could  be  observed  in
males.

PRs in EC screening endoscopy

Characteristics  of  PRs  in  endoscopic  screening  were
displayed in Table 2. Overall, a total of 28,543 participants
were estimated as high-risk individuals for EC, and 15,810
of  them  undertook  endoscopy  as  recommended,  with
overall PR of 55.39%. The PRs for all participants under
quartiles  of  cancer  prevention  knowledge  scores  were
54.90%, 53.82%, 54.68% and 58.52%, respectively, with
the highest PR for EC screening among participants in the
highest quartile cancer prevention knowledge score. PRs
were  higher  among  females  than  males  (58.95%  and
51.15%, respectively), and were higher among those aged
60−69  (58.90%)  than  other  age  groups.  In  addition,
participants  with  higher  educational  background  and
relatively lower incomes are more likely to participate in
screening endoscopy according to univariate analysis.

Cancer prevention knowledge in relation to EC screening
rates

The association  between  cancer  prevention  knowledge
scores and PRs for EC screening was displayed in Table 3.
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After adjusting potential confounding factors such as age,
sex,  socioeconomic  status,  EC-related  behavioral  and
dietary factors, clinical symptoms, family history of cancer,
as well as study regions, significantly increased PRs were
found related to higher cancer prevention knowledge levels
(aORQ4/Q1=1.511, 95% CI: 1.398−1.632, aORQ3/Q1=1.225,
95%  CI:  1.138−1.319,  and  aORQ2/Q1=1.086,  95%  CI:
1.012−1.165).

After stratified by major demographic factors, association
between  cancer  prevention  knowledge  and  PR  of  EC
screening  also  tends  to  be  strong  in  both  males
(aORQ4/Q1=1.186,  95%  CI:  1.056−1.331)  and  females
(aORQ4/Q1=1.856,  95%  CI:  1.670−2.064),  in  illiterate
individuals (aORQ4/Q1=1.422, 95% CI: 1.211−1.671) and
those  with  primary  or  junior  high  school  diploma
(aORQ4/Q1=1.446,  95%  CI:  1.320−1.583).  In  addition,
multivariable  analysis  showed higher cancer  prevention
knowledge among participants aged below 60 years and
those aged 60 years and above was also positively related to
higher PR for EC screening, with aORsQ4/Q1 of 1.371 (95%
CI:  1.248−1.506)  and  1.868  (95%  CI:  1.630−2.141),

respectively (Figure 1).

Discussion

Epidemiological evidence about the link between cancer
prevention  knowledge  and  cancer  screening  rates  is
important but scarce for EC prevention and control. Here,
we  presented  the  report  on  the  association  of  cancer
prevention knowledge with  EC screening PRs targeted
rural population in Chinese mainland. The analysis showed
that a higher cancer prevention knowledge,  reflecting a
higher  awareness  towards  cancer  prevention,  was
significantly related to an increased PR for EC screening,
and the association was also robust after adjusting multiple
important confounding factors (age, sex,  socioeconomic
status, behavioral and dietary factors, clinical symptoms,
family  history  of  cancer,  as  well  as  study  regions).  In
addition, we observed that the positive association between
cancer  prevention  knowledge  and  compliance  with  EC
screening  occurred  in  most  subgroups  such  as  males,
females, those aged below 60 years and those aged 60 years

Table 1 Demographic and behavior characteristics among 28,543 participants, 2007−2016

Variables
n (%)

P
Total (N=28,543) Male (n=13,036) Female (n=15,507)

Age ( ) (year) 54.40±8.17 54.62±8.33 54.21±8.03 <0.0001

Cancer prevention knowledge scores ( ) 57.10±20.37 58.47±20.37 55.95±20.30   0.6991
Education level

　Illiterate 7,621 (26.70) 1,523 (11.68) 6,098 (39.33) <0.0001

　Primary school or junior high school 20,425 (71.57) 11,142 (85.48) 9,283 (59.87)

　Senior high school and above 492 (1.72) 369 (2.83) 123 (0.79)

　Missing (n) 5 2 3

Yearly income per household unit (RMB)

　<5,000 13,139 (47.11) 5,564 (43.80) 7,575 (49.87) <0.0001

　≥5,000 14,752 (52.89) 7,138 (56.20) 7,614 (50.13)

　Missing (n) 652 334 318

Cigarette smoking

　No 20,120 (70.49) 5,443 (41.75) 14,677 (94.65) <0.0001

　Yes 8,423 (29.51) 7,593 (58.25) 830 (5.35)

Alcohol drinking

　No 22,151 (77.61) 7,272 (55.78) 14,879 (95.95) <0.0001

　Yes 6,392 (22.39) 5,764 (44.22) 628 (4.05)

Family history of cancer

　No 21,693 (76.20) 9,697 (74.61) 11,996 (77.54) <0.0001

　Yes 6,775 (23.80) 3,300 (25.39) 3,475 (22.46)

　Missing (n) 75 39 36
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and  above,  illiterate  individuals  and  participants  with
primary  or  junior  high school  diploma.  These  findings
supported the hypothesis that cancer prevention awareness
could be an independent influence factor for compliance
with EC screening.

Previous  studies  showed  that  early  diagnosis  and
treatment by endoscopy screening could effectively reduce
ESCC incidence and EC-related mortality (10). High PRs

in  cancer  screening  are  essential  for  a  successful  EC
screening  program (11).  The  acceptance  of  endoscopy
screening increased gradually in an organized EC screening
program  in  China  (19).  The  overall  compliance  with
screening in our study was 55.39%, which was still lower
than the recommended rate of 70% (12). Our findings that
females, the aged participants, and participants with high
education  level  had  a  higher  compliance  with  cancer

Table 2 PRs by different groups among 28,543 high-risk population of EC, 2007−2016

Variables
n (%)

PR (%) P
Participants with high-risk EC Participants undertaking endoscopy

Total 28,543 15,810 55.39 NA

Cancer prevention knowledge levels

　Q1 (<40) 5,769 (20.21) 3,167 (20.03) 54.90 <0.0001

　Q2 (40−55) 8,660 (30.34) 4,661 (29.48) 53.82

　Q3 (56−70) 7,228 (25.32) 3,952 (25.00) 54.68

　Q4 (>70) 6,886 (24.13) 4,030 (25.49) 58.52

Sex

　Male 13,036 (45.67) 6,668 (42.18) 51.15 <0.0001

　Female 15,507 (54.33) 9,142 (57.82) 58.95

Age (year)

　40−49 9,224 (32.32) 4,676 (29.58) 50.69 <0.0001

　50−59 10,246 (35.90) 5,790 (36.62) 56.51

　60−69 9,073 (31.79) 5,344 (33.80) 58.90

Education level

　Illiterate 7,621 (26.70) 4,238 (26.81) 55.61 0.0208

　Primary school or junior high school 20,425 (71.57) 11,266 (71.28) 55.16

　Senior high school and above 492 (1.72) 302 (1.91) 61.38

Yearly income per household unit (RMB)

　<5,000 13,139 (47.11) 7,670 (49.35) 58.38 <0.0001

　≥5,000 14,752 (52.89) 7,873 (50.65) 53.37

PR, participation rate; EC, esophageal cancer.

Table 3 Association between cancer prevention knowledge levels and PR for EC screening among 28,543 participants, 2007−2016

Cancer prevention
knowledge levels

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Q1 (<40) Ref Ref Ref

Q2 (40−55) 0.968
(0.905−1.036)   0.3497 0.994

(0.929−1.065)   0.8709 1.086
(1.012−1.165)   0.0221

Q3 (56−70) 1.020
(0.951−1.095)   0.5785 1.087

(1.012−1.168)   0.0219 1.225
(1.138−1.319) <0.0001

Q4 (>70) 1.201
(1.118−1.290) <0.0001 1.271

(1.181−1.367) <0.0001 1.511
(1.398−1.632) <0.0001

PR, participation rate; EC, esophageal cancer; OR, odds ratio; 95% CI, 95% confidence interval; Model 1, Adjusted for cancer
prevention knowledge levels; Model 2, Additionally, adjusted for sex, age, educational background and income status; Model 3,
Additionally, adjusted for status of cigarette smoking, alcohol drinking, dietary habits of pickled food, hot food, and mildew food,
unexplained esophageal symptoms, family history of cancer, and study regions.
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screening  were  consistent  with  the  results  of  previous
studies (15,20-24). Economic index showed a conflicting
influence  on  compliance  with  cancer  screening  among
previous existing studies (16,20,21,25,26). In our study, we
observed that participants with lower income were more
likely to uptake endoscopy screening, which was consistent
with the results targeting rural population (20,25), but was
inconsistent with results from many previous studies that
explored  determinants  of  screening  PRs  on  cancers  of
stomach, liver, colorectal, breast, and cervix, where higher
incomes  were  associated  with  higher  PRs  (21,26).  One
possible explanation is that the involved people with lower
income  had  greater  disadvantages  in  health  service
utilization in rural China (27), therefore they would prefer
to participate in screening without financial cost.

Several studies have examined the association between
high cancer prevention knowledge and practice of cancer
screening for other cancers (13-16). A cross-sectional study
for 548 African-American males in Jordan reported that
knowledge of prostate cancer seemed to be a significant
predictor of adherence in cancer screening (aOR=2.3, 95%
CI: 1.2−4.2) (13). An Indian study about knowledge and
practice  in  cervical  cancer  screening  found that  female
participation  behaviors  were  closely  associated  with
knowledge of cervical cancer screening (OR=2.753, 95%
CI:  1.034−7.331),  and  the  knowledge  of  Pap  test
(OR=7.098, 95% CI: 2.999−16.796) (15). Additionally, a
systematic  review  based  on  3  cohort  studies,  27  cross-
sectional, and 3 case-control studies targeting indigenous
populations living in the USA, Canada, Austria, Nigeria,
New Zealand and Norway showed that knowledge about
cancer and screening was the second most common factors
in relation to affecting behaviors of cancer screening (16).
Generally,  poor awareness of cancer-related risk factors
and  early  symptoms  was  considered  as  predominant
barriers for establishment of healthy lifestyle and was also

regarded  as  primary  reasons  for  the  delay  of  detection
cancer patients at early stage, ultimately resulting in a poor
cancer prognosis (17,28,29). This situation could be well
explained  by  the  theory  of  health  belief  model  that
perceived seriousness and susceptibility of a certain disease
could influence perceived threat and can positively affect
individuals’  medical  behaviors (30,31).  Our finding that
higher cancer prevention knowledge was related to higher
PR of endoscopy examination (aORQ4/Q1=1.169, 95% CI:
1.089−1.255)  was  consistent  with  the  existing  results
mentioned above, and provided a new evidence on cancer
prevention  awareness  in  relation  to  behaviors  of  EC
screening.

In  our  stratified  analysis,  there  was  no  significant
association among participants  with  higher  educational
level  (senior  high  school  and  above),  which  might  be
explained by limited statistical power and competing risk
factors among this sub-population. However, we found a
positive  association  pronounced  in  most  subgroups  of
males, females, those aged below 60 years and those aged
60 years and above, and those with lower level of education
(illiterate individuals and those with junior high education
or  less),  after  adjusting  major  confusing  factors.  These
findings revealed that cancer prevention awareness could be
an independent influence factor for compliance with EC
screening.

Some strengths in our research were as followed. The
thirteen communities were chosen after carefully assessing
incidence and mortality rates of EC, work foundations of
population-based  cancer  registry,  work  ski l l  of
epidemiological investigation and hospital levels. Besides, a
detailed  protocol  and  management  pattern  have  been
established in the population-based EC screening program.
Questionnaires of core knowledge on cancer prevention
and  risk  factors  related  to  EC  were  collected  in  the
standardized manner by trained staffs to ensure the quality

 

Figure 1 Association between quartiles of cancer prevention knowledge scores (Quartile 4 vs. Quartile 1) and participation rates (PRs)
stratified by different factors. OR, odds ratio; 95% CI, 95% confidence interval.
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of  data.  In  addition,  capacity  training  and  review  of
endoscopy and pathology reports by expert panel were also
conducted yearly to enhance the consistency and accuracy
of  clinical  diagnoses.  Limitations  in  this  study  mainly
included that participants in our study could not represent
for the whole general Chinese rural population. Although
the  thirteen  communities  in  4  provinces  were  chosen
carefully by expert panel, selection bias cannot be ruled out.

Conclusions

Our results indicated a positive relationship between cancer
prevention  knowledge  and  PR  for  EC  screening,  with
similarities  within  most  subgroups  which  implied  that
cancer  prevention  awareness  could  be  an  independent
influence factor for compliance with EC screening. These
findings  suggested  that  public  campaigns  about
comprehensive knowledge of cancer prevention, especially
in terms of cancer screening should be given priority to
improve public compliance with cancer screening.
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Table S1 Items for cancer prevention knowledge and associated points

Items Point

Single-choice items

　Cancer has been a common disease in China (yes, no) 1

　Cancer has been a common cause of death in China (yes, no) 1

　Do you know that the number of people who has cancer getting more and more since the 70’s (yes, no) 1

　One out of three cancers can be reduced by effective preventive measures (yes, no) 1

　One out of three cancers can be cured if they are discovered, diagnosed or treated in the early stage (yes, no) 1

Multi-choices items

　Which cancers do you think are common in China

　　Lung cancer, liver cancer, stomach cancer, esophageal cancer (yes, no) 1

　　Breast cancer, cervical cancer (yes, no) 1

　　Colonic cancer, rectal cancer (yes, no) 1

　Do you know the main factors of cancer in China

　　Smoking, drinking (yes, no) 1

　　Inappropriate dietary habit (yes, no) 1

　Various infectious factors (yes, no) 1

　Hazard of occupational factors (yes, no) 1

　What kind of preventive measures can reduce cancer

　　Quit smoking, drinking less (yes, no) 1

　　Balanced diet and proper workout (yes, no) 1

　　Inoculation against the hepatitis vaccine (yes, no) 1

　　Eliminate the occupational hazard (yes, no) 1

　Which of the following symptoms do you think that you have to check up

　　Lump, pain (yes, no) 1

　　Inexplicable bleeding (yes, no) 1

　　Inexplicable abdominal discomfort (yes, no) 1

　　Change or dysfunction in defecation habit (yes, no) 1
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