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A new modality of colorectal cancer screening ==
based on chronic disease management

Mo Liu', Shi-Jun Liu?, Ming-Jun Chen? and Tingting Ning"”

Abstract

Background To develop a new modality of colorectal cancer screening based on chronic disease management
(CDM) to improve the participation rate of screening, and maximize the benefits of limited resources.

Methods Patients under CDM were assigned to screening intervention group (SI) and screening control group1
(SC1), residents from natural community were assigned to screening control group2 (SC2). A parallel controlled
community intervention study was performed. Only SI would achieve “one-to-one” intervention services. Meanwhile,
200 subjects were selected from each of the three groups for the Knowledge-Attitude-Practice (KAP) questionnaire
before and after intervention, named questionnaire intervention group(Ql), questionnaire control group1(QCT1)

and questionnaire control group2(QC2). The outcome of the intervention was evaluated using the difference-in-
differences method and multiple regression analysis.

Results The preliminary screening participation rate was 43.63%(473/1084) in SI, 14.32%(132/922) in SCI, and
5.87%(105/1789) in SC2. The baseline questionnaire showed low knowledge scores in the three questionnaire groups
with no statistically significant differences, while attitude scores in Ql and QC1 were significantly higher than QC2. The
differences between baseline and terminal showed Ql increased larger in knowledge and attitude scores than QCT
and QC2, while no difference was detected between QC1 and QC2.

Conclusion The colorectal cancer screening model based on chronic disease management effectively improved
the screening participation rate, and the “one-to-one”intervention and the inherent characteristics of the patient
population under CDM were the core elements of the new modality.
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Background

Colorectal cancer screening modalities and their
characteristics

Colorectal cancer (CRC) has a high incidence rate in
countries worldwide [1, 2]. Studies have shown that
precancerous lesions and early cancer can be detected
through screening, which can effectively reduce the mor-
bidity and mortality of cancers [3-5].

At present, two modalities of CRC screening are
adopted internationally, population-based screening and
opportunistic screening [6]. Considering the characteris-
tics of CRC, such as the fact that most patients do not
manifest symptoms at an early stage, large-scale screen-
ing in the asymptomatic natural population (population-
based screening) is the most ideal screening method [7,
8]. However, it is difficult to conduct large-scale popula-
tion-based screening in China, mainly due to issues such
as poor compliance with population-based screening [9],
the large population base, high financial costs, and the
shortage of health and human resources [10]. Although
opportunistic screening is a simple and economical
screening method [11, 12] and can achieve a high par-
ticipation rate, it is usually conducted at a gastroenterol-
ogy clinic in secondary and tertiary general hospitals and
covers a relatively small population. Thus, compared to
population-based screening, opportunistic screening has
limited social benefits.

Therefore, it is imperative to develop a new screening
modality with the advantages of both modalities, which
not only retains a high screening participation rate and
has an economical and simple operation but also covers
a larger population, to maximize the benefits of limited
resources and meet the needs of the current situation in
China and other developing countries.

Colorectal cancer screening modality based on chronic
disease management

China has a large population with chronic noninfectious
diseases [13]. In recent years, with continuous improve-
ment of the community health service system, chronic
disease management (CDM) has gradually undergone
standardization, and the population under CDM is grow-
ing. The CDM team at community health service centers
establishes chronic disease files for patients; develops sys-
tems for regular examinations and follow-up; organizes
regular activities such as health seminars to increase the
awareness, knowledge, and operational skills related to
disease management and healthy life styles; and estab-
lishes a beneficial and stable doctor-patient relationship
[14, 15].

Compared to secondary and tertiary general hospi-
tals, community health service centers cover a broader
range of patients under CDM, most of whom meet the
age requirements for CRC screening (40—74 years). These
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patients have a high degree of health awareness and com-
pliance, which provides a basis for the screening. The
regular follow-up evaluations of the CDM system ensure
the accessibility of intervention, while their well-devel-
oped health record system facilitates follow-up evalua-
tions after screening.

Therefore, by utilizing the inherent characteristics
of the population under CDM and the features of the
management system, the exploration of a new modality
of CRC screening based on CDM will improve the par-
ticipation rate of CRC screening, reduce screening costs,
and maximize the benefits of limited resources.

Materials and methods

Population

The screening groups

The Youanmen Community in Beijing, China, was
selected as the study site in March 2014. Patients who
had undergone visits within 3 months and had medical
records in the CDM system at the health service centers
of Yowanmen Community were enrolled into screen-
ing intervention group (SI, center 1, 1084 subjects) and
screening control groupl (SC1, center 2, 922 subjects).
Residents from one of Youw'anmen sub-communities reg-
istered at the neighborhood committee were enrolled
into screening control group2 (SC2, 1789 subjects). CRC
screening was performed in those groups within the
same time period.

The Questionnaire Groups
A total of 600 subjects were selected from these three
screening groups (200 subjects selected respectively
from each group). The sampling method was based on
the chronological order of the visits of the subjects in SI
and SCI. These first 200 subjects who visited the center
1 were enrolled as the questionnaire intervention group
(QI). Likewise, the first 200 subjects who visited the cen-
ter 2 were enrolled as the questionnaire control groupl
(QC1). The rest 200 subjects in questionnaire control
group2 (QC2) were randomly selected from the SC2.

Inclusion criteria: subjects aged 40—74 years.

Exclusion criteria: (1) subjects who had been definitely
diagnosed with CRC; (2) subjects who had severe heart,
brain, lung, liver, or kidney dysfunction or mental illness.

Study Design

The community intervention study was adopted with
a parallel control. There was a CRC screening program
holding at the Yowanmen Community during our study.
Anyone could participate in this program for free. All
these three screening groups could realize the program
by educational materials placing at the public area, such
as the health service centers and communities. Educa-
tional materials included display panels, banners, and
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pamphlets. However, only the SI would achieve the “one-
to-one” intervention services which are recommending
CRC screening and distributing educational pamphlets
by physicians and nurses at the time of outpatient follow-
up or telephone follow-up.

Those who wished to participate in the screening com-
pleted the high risk factors questionnaire (QA) in combi-
nation with the fecal occult blood test (FOBT), according
to the “Technical Program for Cancer Screening and
Early Diagnosis and Treatment in China” The healthcare
personnel issued a QA and 2 FOBT Kkits to participants,
and instructed participants to complete the QA and col-
lected them back once done. In the next two weeks, the
participants collected their stool samples twice with the
issued FOBT kits, and returned them to hospital respec-
tively. A positive result from either of the two tests was
considered a positive FOBT. Subjects with any positive
results on the QA or FOBT during the screening were
classified into the high-risk population and were recom-
mended to be checked by colonoscopy (Fig. 1).

Meanwhile, 600 subjects from these three question-
naire groups completed the Knowledge-Attitude-Practice
(KAP) questionnaire before and after the intervention.
The survey was conducted by trained college students
and community healthcare personnel. The baseline ques-
tionnaire was conducted in March 2014, and the ques-
tionnaire content was described in a previously published
study [16]. The terminal questionnaire survey was con-
ducted in December 2014, and its content was consistent
with that of the baseline questionnaire (Fig. 2).

Outcome measurement

The main indicators for evaluation of the intervention
effects in this study were as follows: (1) participation
rate of CRC screening and (2) differences of knowledge
and attitude scores between baseline and terminal. The
knowledge items involved a total of ten questions, includ-
ing seven single-choice questions and three multiple-
choice questions, for a total of 24 points. The attitude
items were measured using the Likert five-point method,
with answers ranging from “completely agree” to “com-
pletely disagree”, with a score of 5 to 1 points based on a
positive statement. In contrast, for a negative statement,
the grades ranged from 1 to 5. A total of nine questions
were asked, with a total of 65 points.

Statistical analysis

Binary non-conditional logistic regression analysis was
used to compare the differences of participation rates
among these three groups. Then, t test, ANOVA or rank-
sum test were used to compare the differences of knowl-
edge and attitude scores among these three groups before
and after the intervention. The difference-in-differences
model of independent pooled cross-sectional data was
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used to evaluate the effects of interventions regard-
ing the knowledge and attitude of the subjects, which
involved the establishment of multiple linear regression
model that included knowledge and attitude scores as the
dependent variables, group, time points, interaction of
time points and group, age groups, and sex as the inde-
pendent variables.

The difference-in-differences model of independent
pooled cross-sectional data was calculated as follows:

Y, ;=by+b; T;+byA;+bs-T;-Aj+e, where Y repre-
sents the dependent variable, T and A represent the time
points and groups respectively, T-A represents the inter-
action of time points and group, e indicates the residual
error, i=0 and 1 represent the control and intervention
groups respectively, and t=0 and 1 indicate the baseline
and terminal survey. All statistical analyses were per-
formed using STATA version 12.0.

Results

Screening rate

A total of 1084, 922, and 1789 subjects were enrolled in
SI, SC1 and SC2, respectively. The participation rates
in the screening were 43.63% (473/1084) in SI, 14.32%
(132/922) in SC1, and 5.87% (105/1789) in SC2.

To exclude interference from factors such as age and
sex and determine the difference in the screening par-
ticipation rates among these three groups, the group, age,
and sex were included in the logistic regression model. A
regression model was obtained for the population rep-
resented by these three groups through screening of the
variables via the stepwise regression method, using SC2
as the control. The results showed a statistically signifi-
cant difference when the SI and SC1 compared with SC2,
both with P<0.001. The participation rate of the screen-
ing intervention group was 39.72% higher than that of
SC2, while the participation rate of SC1 was 10.85%
higher than that of SC2 (Table 1).

A regression model was used to analyze the data of
the SI and SC1 through screening of the variables via the
stepwise regression method, with the group, age, sex,
marital status, educational level, occupation and aver-
age household monthly income per capita included in
the logistic regression model. The results showed a sta-
tistically significant difference in the group identity with
P<0.001. The participation rate of the SI was 29.01%
higher than that of SC1 (Table 2).

Changes in knowledge-attitude-practice scores

In the baseline survey, 200 copies of the questionnaire
were distributed in each of three questionnaire groups,
and 193 (96.5%), 189 (94.5%), and 188 (94.0%) valid copies
were returned from the QI, QC1, and QC2, respectively.
No significant differences were found in the basic infor-
mation including sex, age, marital status, educational
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Fig. 2 Screening and Intervention Programs with Questionnaire

Table 1 Screening Participation among Three Screening Groups

Variable Odds Ratio dy/dx P
(95% Conf.
Interval)
Screening Control Group Reference - -
2(SC2)
Screening Intervention 11.72(9.29,14.79) 0.397 <0.001
Group (SI)
Screening Control Group 2.34(1.78,3.07) 0.109 <0.001
1(SC1)
Age 1.02(1.01,1.03) 0.003 0.001
Gender 0.58(0.48,0.71) -0.066 <0.001
Constant 0.02(0.01,0.05) <0.001

level, occupation and average monthly household income
per capita (P>0.05) (Table S1). In the terminal survey,
the subjects were followed up according to the subject
list from the baseline survey. A total of 412 subjects were
surveyed, including 149 (77.2%) subjects from QI, 139
subjects (73.5%) from QC1, and 124 subjects (66.0%)
from QC2. No statistically significant differences were
found in the basic information of the subjects in the

Table 2 Screening Participation between Screening
Intervention Group and Screening Control Group 1

Variable Odds Ratio dy/dx P
(95%Conf.Interval)

Group 4.66(3.71,5.85) 0.290 <0.001
Age 1.01(0.99,1.03) 0.002 0333
Gender 0.70(0.56,0.87) -0.067 0.001
Marital Status 28(0.79,2.06) 0.047 0314
Education 1 2.10(1.33,3.31) 0.126 0.001
Education 2 2.25(1.31,3.86) 0.162 0.003
Occupation 1.36(0.96,1.92) 0.055 0.081
Income/Capita/Month 1.00(1.00,1.00) -0.00001 0.366
Constant 0.05(0.02,0.17) <0.001

terminal survey among these three groups (P>0.05)
(Table S2). In addition, no statistically significant differ-
ences in the basic information of the subjects between
the baseline and terminal survey in each of these three
groups (Table 3).

The statistical analysis results showed that the base-
line knowledge scores of the QI, QC1, and QC2 were



Page 6 of 10

(2023) 23:78

Liu et al. BMIC Gastroenterology

0S20

6¢L0

9s¥'0

0020

8850

7950

651

€6l

€€0
X

(%8'7)9
%LE)LL
(%8'SL)6

(%9'6)/

(%5°18)101
(%S'81)EC

(%ST1)81
(%8'62)66
(%96)L

(6T S6)81 1L
(%81)9

(%59)8
(%' 71)SS
(%6'L¥)TS

(%€ )6

(%697
(%€0%)0S

|euiwd)

(%L°€)L
e LL)lT
%LL0)SPL
(%0'8)S L

(%0°£1)TE
(%0°€8)95 L

9L 11)CT
(%E6L)617L
(%06)/1

(%65)LL
%1L¥6)LL1

(%5'8)91
(%S 1¥)8L
(%68'8€)€L
@z L)l

(%t'95)901
(%9€v)T8

aujeseg

G650

1880

9980

6C/0

8660

L¥S0

00

6C0

Lo

700

9¢0
X

%t 1)C
%S 91)eC
(%¥€L)0L
(%9°8)C L

(%6'68)ST L
lopL

(%S9)6
(%648)81 L
(%98)CL

(G6L'76)8C1
G611

(CAANINA
(%2'8%)£9
(%7961

(%05)L

(9%7'99)26
(%8°€E) /v

|euiwid]

(%C'€)9
%EY 1)L
(%6'0L)¥EL
%91 1)z

(%901)0C
(%7'68)69 1

(%62)S1
(%1 +8)65 1
(%6'4)S1

(%0°6)L1
(%016)TL 1

(%901)0C
(%9'£1)06
(%0°£€)0L

(%8%)6

(%0°€9)61 1
(%0£€)0L

sujeseg

8/60

£190

6660

LS80

££80

LS50

€C0

1000

00

G80

SE0
X

(©%€'1)C
%81z
(%CL)SLL
(%£°9)01

(9998)6C L
(%¥€1)0C

(AR
%191l
%L 1)L

(%906)5€ L
Ger )l

%L°0L)S1
(%T9E)VS
%L LY)LL
(%09)6

(%8'59)86
(T rEILS

|euiwd)

(%9'1)€
%0¥L)LT
(%C8/)1SL
(%79)TL

(%6°11)€T
(%1°88)0LL

%0 1)/2
(%E18)2S1
(%L 1)6

(%881
(%T 16)9L1

(%8'8)LL
(%6'01)6L
91'S¥)28

(%TS)0L
%L 29)1TL

(%€ LE)TL

auleseg

3I0W pue 0009
~000%
~000¢

000¢ Moleg

yiuowy eyded /awodu|
9DIAIDS-U|

BuIOM-UON
uonednddQ

anoge pue a63|0D Jolun(

[00Y2S YBIH / |00Y2S 3|PPIA

|00YDS Aleullld /21e11)||
uonesnp3
paLeWUN
pallep
snjejs [eyep
/-0,

69-09

65-09

6v—0%

aby

Slews

oe

19puan

Z dnouo |o13u0) a11eUUONISIND

L dnoio |o13u0) dJ1RUUONSAIND

dnoun uouaAIdu| dileUUONISIND

sdnolo) 2J1PULOISIND 9344 Ul ASAINS [UILLID| PUR 2UI[9SRY U92MIQ UOIIRWION| Jiseg JO suosiedwo)) € ajqer



Liu et al. BMIC Gastroenterology (2023) 23:78

N
S

&
0
&
5

Knowledge Score

Page 7 of 10

P<0.001

E3 Q

& QC1
E QC2
=
s
|
Terminal
P<0.001 m al

T E3 QcCt
BE Qc2

i
]

o
s
|
Baseline
80.
P<0.001
® 60- -
(o]
Q
(7]
S 40
-
< 20- :
0-
Basleline

Terminal

Fig. 3 Knowledge and Attitude Scores Comparisons of Baseline and Terminal Survey among Three Questionnaire Groups

9.58, 9.67, and 8.90, respectively, and the baseline atti-
tude scores were 49.89, 49.20, and 45.15, respectively.
No significant difference was observed in the knowledge
scores among these three groups (P=0.446), while the
attitude scores exhibited statistically significant differ-
ences (P<0.001, no difference was found between the
QI and QC1). The terminal knowledge scores of these
three groups were 14.99, 13.40, and 12.16, respectively,
and the terminal attitude scores were 55.04, 51.68, and
47.20, respectively. These three groups showed statisti-
cally significant differences in the terminal knowledge
and attitude scores (P<0.001), with the highest scores in
QL followed by QC1, and the lowest scores were found in
QC2 (Fig. 3). Compared to the baseline scores, all groups
exhibited increases in terminal knowledge and attitude
scores, with statistically significant differences (Table S3).

To control for the effect of baseline and confound-
ing variables on the changes in knowledge and attitude
scores and to understand the net effect of the interven-
tion, the data were further analyzed using the differ-
ence-in-differences method. The results showed the
greatest increases of knowledge and attitude scores were
in QI. The increase of the knowledge score in QI was 1.68
points higher than that in QC1 (P=0.005) and 2.14 points
higher than that in QC2 (P=0.004), while the increase of
the attitude score in QI was 2.67 points higher than that
in QC1 (P<0.001) and 3.11 points higher than that in
QC2 (P=0.001). No significant differences were observed
in the increase of the knowledge and attitude scores
between QC1 and QC2 (Fig. 4).



Liu et al. BMIC Gastroenterology (2023) 23:78 Page 8 of 10
Comparison AScores (95% Cl) P
Knowledge  QIVS QC1 —_— 1.68 (0.50, 2.87) 0.005
Ql VS QC2 * 214 (0.70, 3.59) 0.004
QC1 VS QcC2 - 0.46 (-0.96, 1.88) 0.530
Attitude QI VS QC1 267 (1.20, 4.15)  <0.001
QlVS QC2 3.11 (1.26, 4.95) 0.001
QC1 VS QcC2 0.43 (-1.61, 2.48) 0.680
T T T
2 0 2 5

Fig. 4 Differences of Knowledge and Attitude Scores between Baseline and Terminal Survey among Three Questionnaire Groups

Discussion

Colorectal cancer screening based on chronic disease
management effectively improved the screening
participation rate

The screening participation rate is the most direct indica-
tor for evaluation of the effect of an intervention. In this
study, the screening participation rate was 43.63% in SI,
14.32% in SC1, and 5.87% in SC2. Multivariate logistic
regression analysis showed the highest screening partici-
pation rate in the population under CDM who received
the “one-to-one” intervention (SI), which was followed
by the participation rate of the population under CDM
who did not receive the “one-to-one” intervention (SC1).
The lowest screening participation rate was found in
the natural population who did not receive the “one-to-
one” intervention (SC2). This result demonstrated that
CRC screening based on CDM effectively improved the
screening participation rate.

“One-to-one” intervention and the inherent charac-
teristics of the population under chronic disease man-
agement were the core elements of the chronic disease
management modality.

The analysis results showed the highest increases of
knowledge and attitude scores were all in the population
under CDM who received the “one-to-one” intervention
(QI). In addition, although the subjects in QC1 and QI all
belonged to the population under CDM and had higher
baseline attitude scores in the screening, the increases of

the knowledge and attitude scores in QC1 were smaller
than those in QI, suggesting that the “one-to-one” inter-
vention improved the knowledge and attitude scores of
the population under CDM. Other articles also indicated
that intervention from a physician is very important for
determining whether a patient is screened for CRC, espe-
cially for individuals who have access to and make use of
healthcare services [17, 18].

Although no significant differences were observed in
the increases of knowledge and attitude scores between
QC1 and QC2, the baseline and terminal attitude scores
in QC1 were higher than those in QC2, indicating that
the population under CDM had a better understanding
of the screening, might have paid more attention to their
health due to their chronic diseases, and were more will-
ing to participate in a variety of activities conducive to
their health. Therefore, more “one-to-one” interventions
could more effectively improve the screening participa-
tion rate.

Improving the intervention capability of healthcare
personnel and the quality of educational materials spe-
cifically based on the characteristics of the population
under chronic disease management are indispensable.

This study fully showed the critical role of healthcare
personnel in the education of population under CDM.
Therefore, it is necessary to provide education training
to healthcare personnel and to stress their obligation to
improve the screening participate rate. When providing
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intervention to the population under CDM, healthcare
personnel should reduce the use of professional termi-
nology and avoid sensitive topics such as mortality. More
importantly, healthcare personnel should focus more on
explaining the value of the screening and praising tar-
get population’s existing high health awareness. There-
fore, they will have a stronger desire to participate in the
screening and complete all screening procedures.

Meanwhile, because the population under CDM is
mostly middle-aged or elderly and has decreased literacy
levels, the educational materials for screening should be
easy to understand, i.e. with more figures, illustrations,
shorter descriptions. High-quality posters or manuals
will also reduce the workload of healthcare personnel,
facilitate a deeper understanding of related knowledge by
the target population, and further improve screening par-
ticipation rate.

Potential implications for clinical practice needs further
research

The modality of this study is not a new clinical screen-
ing tool, but a new screening management modality.
However, it would achieve better effect for improving the
screening rate and efficiency along with clinical screening
tools, such as some bio-makers and colonoscopy, et al.,
because it based on the specific population’s high com-
pliance, smooth doctor-patient relationship and easy to
educate. In addition, it can also help the established clini-
cal screening tools play a bigger role in routine clinical
practice.

Furthermore, the potential implications of the new
modality in the surveillance also provide profound sig-
nificance. Generally, it is efficient to perform a regular
follow-up for the population under CDM, as they have
continuous health records and stable doctor-patient
relationship. In this circumstance, it would be a better
choice if we take full advantages from the above model
to establish a long-term surveillance to provide evidence
for screening strategy, i.e. screening frequency and clini-
cal tools, etc.

Limitation

This study was conducted in Beijing, the capital of China,
where the chronic disease management was at a higher
level due to the developed economics and higher level of
education. Therefore, colorectal cancer screening based
on chronic disease management needs to be further vali-
dated among other regions.

In addition, CRC screening based on CDM does not
require excessive human and material resources, which
reduces the cost and time. Further study could focus on
the economic evaluation of the cost-benefit of screening
which will facilitate validation of the feasibility and effec-
tiveness of this screening modality.
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Conclusion

Population under CDM is widely found in commu-
nity groups, and these individuals usually have a higher
screening rate due to their increased compliance and
more opportunities for “one-to-one” intervention. There-
fore, a long-term effective CRC screening mechanism
based on CDM should be established in China and other
developing countries, in which the population under
CDM receives health interventions from community
healthcare personnel according to the KAP principles
at the time of regular follow-up evaluations. This will
improve the screening efficiency and better utilize lim-
ited resources.
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