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Hybrid multi-criteria decision-making model 2
for assessing perceived significance of 23
potentially modifiable cancer risk factors

among senior nursing officers
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Abstract

Background Potentially modifiable cancer risk factors have been increasingly recognized among the Chinese
population. In this study, we aimed to investigate the perceived significance of these risk factors among senior
nursing officers, who play a crucial role in providing healthcare services. We also sought to determine senior nursing
officers’ performance in reducing these risk factors.

Methods A questionnaire survey regarding 23 potentially modifiable cancer risk factors was conducted in
November 2023 with 58 senior nursing officers at Taizhou Hospital in Zhejiang Province, China. The consistent fuzzy
preference relation method and importance—performance analysis were used to determine the attribute weights and
performance levels.

Results The senior nursing officers considered diabetes, ultraviolet radiation exposure, PM, s exposure, excess body
weight, physical inactivity, alcohol consumption and secondhand smoking significant. However, performance in
reducing secondhand smoking, physical inactivity, excess body weight, PM, s exposure, and ultraviolet radiation
exposure required improvement.

Conclusions The proposed hybrid multiple-criteria decision-making model enhances our understanding of the
perceived significance of 23 modifiable cancer risk factors and performance in reducing them, which could facilitate
improvements in health education efforts.
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Background
Cancer prevention has long been a prominent field
within the research community, as it involves the exami-
nation of lifestyle choices, genetic predispositions, and
environmental factors that contribute to the develop-
ment of various types of cancer [1, 2]. Chen et al. pub-
lished a comprehensive risk assessment focused on the
Chinese population and utilized cancer death data from
31 provinces in China [3]; they successfully identified 23
potentially modifiable risk factors for cancer, including
those related to lifestyle and the surrounding environ-
ment. Among the numerous approaches and strategies
used for cancer prevention, health education has con-
sistently demonstrated effectiveness, as supported by a
wealth of evidence [4—6]. Health education plays a cru-
cial role in integrated care [7, 8] and is essential for both
healthy individuals and cancer survivors [9, 10]. Nurses,
at the forefront of patient care, play a critical role in deliv-
ering health education to patients and the general public.
However, while nurses’ knowledge of cancer risk factors
is essential for effective education, their personal percep-
tions may not always translate into self-care practices
[11]. Nevertheless, nurses’ perceptions can significantly
influence the knowledge and attitudes of patients and the
general public regarding cancer prevention. Therefore,
ensuring that nurses possess adequate knowledge and
training in cancer prevention is crucial for maximizing
the effectiveness of health education initiatives and ulti-
mately improving cancer prevention outcomes [12].
Despite the crucial role of nurses and senior nursing
officers (SNOs) in promoting cancer prevention, research
exploring their knowledge and understanding of modifi-
able cancer risk factors remains limited. In the Chinese
healthcare system, SNOs are responsible for the man-
agement of clinical care, teaching, scientific research,
and continuing medical education in the departments to
which they belong. They bear the primary responsibility
for ensuring nursing quality and safety management and
continuous improvement of the department. Typically,
each department has only one SNO. While SNOs do not
directly deliver patient health education, their knowledge
and perceptions of cancer risk factors play an impor-
tant role in shaping hospitals’ overall cancer prevention
efforts. In this study, we address a critical gap in the lit-
erature by investigating SNOs’ current understanding
regarding 23 potentially modifiable cancer risk factors
identified by Chen et al. [3]. Specifically, we aim to (1)
determine the perceived significance (i.e., weight) of each
dimension and criterion related to these risk factors and
(2) evaluate SNOs’ cancer prevention performance by
assessing their efforts to reduce these risk factors. Unlike
Chen et al. [3], who presented a list of 23 risk factors, we
employ a multi-criteria decision-making (MCDM) model
utilizing a consistent fuzzy preference relation (CFPR)
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method and importance—performance analysis (IPA) to
provide a more comprehensive understanding of SNOs’
knowledge and practices related to cancer prevention.

Methods

Study design

We aimed to create an MCDM model for hospital imple-
mentation. A questionnaire was designed based on Chen
et al. [3]. Dimensions and criteria for perceived signifi-
cance were developed using the CFPR method (see sup-
plementary material for English version). The intended
application of this model is to evaluate the perceived sig-
nificance of the 23 cancer risk factors among SNOs and
improve future health education.

Participants
The participants were 58 conveniently sampled SNOs
from Zhejiang Taizhou Hospital.

Potentially modifiable cancer risk factors

Chen et al. provided a comprehensive systematic analy-
sis of the site-specific cancer burden in 31 Chinese prov-
inces, focusing on 23 potentially modifiable risk factors
[3]. According to their findings, the implementation
of preventive measures could prevent over one mil-
lion annual cancer-related deaths. They focused on five
dimensions: behavioral factors (C,), dietary factors (C,),
metabolic factors (Cs;), environmental factors (C,), and
infectious agents (C;) (Table 1). Detailed descriptions can
be found elsewhere [3]. This analysis considers the influ-
ence of both personal and environmental factors on can-
cer risk.

CFPR method

The analytic hierarchy process (AHP) is a widely
employed decision model used to determine the weights
of criteria, indicating their relative significance. To con-
duct pairwise comparisons for n criteria in the AHP,
n(n-1)/2 comparisons must be made [13]. However,
inconsistencies have been identified in the pairwise com-
parisons made using the AHP [13, 14]. The CFPR method
was developed to address this issue and reduce the time
required for comparison. The CFPR method requires
significantly fewer pairwise comparisons than the AHP,
only n-1 [15]. This method allows decision makers to
express their preferences for a set of attributes or alter-
natives while avoiding the need to check for inconsis-
tency in the decision-making process [16]. CFPR and the
AHP provide similar results; however, as the number of
criteria increases, the traditional AHP may encounter
problems with questionnaire consistency [17]. Consider-
ing the number of items in our questionnaire, CFPR was
the preferable method. CFPR has been applied in vari-
ous fields, including human resources [18] and hazard
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Table 1 Modifiable cancer risk factors based on Chen et al. [3]
Risk factors

C, Behavioral factors C;; Smoking

C,, Secondhand smoking
C,5 Alcohol drinking

C,4 Physical inactivity

G, Dietary factors C,; Low fruit intake

C,, Low vegetable intake

C,; Low dietary fiber consumption

C,, Low dietary calcium consumption

C,5 Red meat consumption

C,¢ Processed meat consumption

C,; Salt-preserved vegetable consumption
C5; Excess body weight

Cs, Diabetes

Ca1 PMys

C,, Ultraviolet radiation

Cs; Helicobacter pylori

Cs, Hepatitis B virus

Cs3 Hepatitis C virus

C; Metabolic factors
C, Environmental factors

Cs Infectious agents

Cs4 Human immunodeficiency virus
Cs5 Human papillomavirus

Css Epstein-Barr virus

Cs; Clonorchis sinensis

Csg Human herpes virus type 8

Note The risk factors were derived from Chen et al.’s [3] study

s
High
Quadrant B Quadrant A
Possible overkill Keep up the good work
Performance
Quadrant C Quadrant D
Low priority Concentrate here
Low >
Low High

Importance

Fig. 1 Importance—performance analysis for the four-quadrant chart

assessment [19]. We calculated the confidence level of
weights based on the following formula:
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IPA method

The IPA method, introduced in 1977 in the business
field [20] (Fig. 1), is commonly utilized in the assess-
ment of service quality [21] and identification of key fac-
tors within fields such as marketing [22, 23]. IPA is also
widely employed in healthcare settings to assess service
quality [24] and job satisfaction [25]. The IPA method is
structured and rigorous; its use across disciplines also
indicates its adaptability and robustness. Compared to
other qualitative methods, IPA is simple and useful, and
it clearly shows the items that need the most improve-
ment [26]. As for the procedures, participants are tasked
with ranking attributes based on their levels of impor-
tance and performance. These rankings are subsequently
mapped onto a two-dimensional plane, where the inter-
section point represents the average value of importance
and performance. The plane is divided into four quad-
rants. In our study, Quadrant A consisted of criteria that
trainee nurses perceived as important with good per-
formance, suggesting the need for continued improve-
ment in these areas. Quadrant B consisted of criteria
that trainee nurses perceived as unimportant with good
performance, indicating the need to maintain the cur-
rent state. Quadrant C encompassed criteria perceived
as unimportant with poor performance, highlighting
the need for future improvement. Finally, Quadrant D
included criteria perceived as important with poor per-
formance, emphasizing the need for dedicated attention
and improvement.

Data collection

The participants completed a questionnaire in November
2023, which comprised three sections: (1) assessing the
relative significance of the 23 criteria, (2) self-assessment
of performance in reducing cancer risk factors, and (3)
demographic information. The participant characteristics
are presented in Table 2.

Results

Perceived significance

Table 3 presents the perceived significance of 23 cancer
risk factors. Among the dimensions considered, infec-
tious agents (Cs) was the most important, with an aver-
age weight level of 0.240, followed by behavioral factors
(C;) and metabolic factors (C;). Environmental factors
(C,) was the least influential dimension. Diabetes (Cs,)
had the highest average global weight of 0.142, whereas
low fruit intake (C,;) had the lowest average global
weight of 0.015.

Performance in reducing cancer risk factors among SNOs

Table 4 and Fig. 2 presented the outcomes of the
IPA for the performance of reducing cancer risk fac-
tors. Quadrant A encompassed risk factors such as
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Table 2 Senior nursing officers’ characteristics

n (%)

Gender

Men 0

Women 58 (100)
Education

Bachelor's degree 52(89.7)

Master's degree 6(10.3)
Age (years)

<40 32(55.2)

> 4] 26 (44.8)
Professional title

Nursing director 18(31.0)

Deputy nursing director 33(57.0)

Assistant nursing director 101.7)

Reserve officer 6(10.3)
Nursing management experience (years)

<5 22 (37.9)

5-9 14 (24.2)

>10 22 (37.9)

alcohol consumption (C,5) and diabetes (C,,). Quadrant
B included risk factors such as smoking (C,;), Hepatitis B
virus (Cs,), Hepatitis C virus (Cg3), human immunodefi-
ciency virus (Cs,), human papillomavirus (C;), Epstein—
Barr virus (Csg), Clonorchis sinensis (Cs;), and Human
herpes virus type 8 (Cgg). Quadrant C comprised risk

Table 3 Perceived significance of cancer risk factors
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factors such as low fruit intake (C,,), low vegetable intake
(Cyy), low dietary fiber consumption (C,;), low dietary
calcium consumption (C,,), red meat consumption (C,s),
processed meat consumption (C,), salt-preserved veg-
etable consumption (C,;), and Helicobacter pylori (Cy,).
Quadrant D encompassed risk factors such as second-
hand smoke (C;,), physical inactivity (C,,), excess body
weight (C;;), PM, 5 exposure (C,;), and ultraviolet radia-
tion (C,,).

Discussion

The results indicated that diabetes, ultraviolet radiation
exposure, PM, s exposure, excess body weight, physical
inactivity, alcohol consumption and secondhand smoking
were considered significant by the participants. More-
over, secondhand smoking, physical inactivity, excess
body weight, PM, : exposure, and ultraviolet radiation
required the most caution among participants.

The participants’ perceptions indicated that infectious
agents were considered the most important dimension.
This finding is consistent that of Chen et al. [3], who
found that the proportion of cancer deaths attributable
to infectious agents was the highest across all age groups
in women. As all participants in our study were women,
it is understandable that they were concerned about
infectious agents. The second most important dimen-
sion identified by the participants was behavioral factors,

Local weight Ranking Criteria Local weight Ranking Global weight Ranking

G 0.224 2 G 0.209 4 0.047 9
Cpy 0.251 3 0.056 7
Ciz 0.264 2 0.059 6
Ciy 0.277 1 0.062 5

G, 0.180 4 Cy 0.068 7 0.015 23
Cy 0.134 4 0.030 15
Cys 0.133 5 0.030 16
Cos 0.120 6 0.027 20
Cys 0.150 3 0.034 12
Cy 0.185 2 0.042 11
Cy; 0.211 1 0.047 8

G 0.190 3 G, 0.365 2 0.082 4
Gy, 0.635 1 0.142 1

Cy 0.167 5 Cy 0410 2 0.092 3
Cyy 0.590 1 0.132 2

G 0.240 1 (@ 0.204 1 0.046 10
Cs,y 0.100 7 0.023 21
Css 0.098 8 0.022 22
Csy 0.131 4 0.029 17
Css 0.128 6 0.029 19
Css 0.129 5 0.029 18
Gy, 0.136 3 0.030 14
Csg 0.146 2 0.033 13

. .1 n ‘U'?Sfu'}j%il‘ 07 07 . I .
Note: The confidence level of weights is b i=1 1%58 x 100% = 0.3% <5%, i.e., significance confidence is 99.7%
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Table 4 Performance results for reducing cancer risk factors
Criteria Risk factor Importance Performance Quadrant
Cyy Smoking 0.209 4.759 B
C Secondhand smoking 0.251 3759 D
Cys Alcohol drinking 0.264 4362 A
Ciy Physical inactivity 0.277 3172 D
Cy, Low fruit intake 0.068 3.690 @
Cyy Low vegetable intake 0.134 3.983 @
Cys Low dietary fiber consumption 0.133 3810 C
Cyy Low dietary calcium consumption 0.120 3.345 @
Cys Red meat consumption 0.150 3310 C
Cys Processed meat consumption 0.185 3517 C
Cy; Salt-preserved vegetable consumption 0211 3672 @
Cy Excess body weight 0.365 3621 D
G5, Diabetes 0.635 4.397 A
Cy PM, 5 0410 3672 D
Cy Ultraviolet radiation 0.590 3672 D
Cs, Helicobacter pylori 0.204 3741 @
Cs, Hepatitis B virus 0.100 4.466 B
Css Hepatitis C virus 0.098 4.535 B
Cyy Human immunodeficiency virus 0.131 4.655 B
Css Human papillomavirus 0.128 4310 B
Css Epstein-Barr virus 0.129 4.397 B
Cs; Clonorchis sinensis 0.136 4466 B
Csg Human herpes virus type 8 0.146 4.362 B
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Fig. 2 Quadrant diagram analysis of performance for reducing cancer risk factors
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including smoking, alcohol consumption, and physical
inactivity. These three factors are among the four target
behaviors recommended by the World Health Organiza-
tion for reducing the prevalence of non-communicable
diseases [27]. Furthermore, the participants identified
secondhand smoking, alcohol consumption, physical
inactivity, excess body weight, diabetes, PM, 5 exposure,
and ultraviolet radiation as significant. Previous studies
have demonstrated that healthcare workers with healthy
behaviors may be better at promoting health behav-
iors than those without [28, 29]. Therefore, an aware-
ness of these potentially modifiable cancer risk factors is
important.

Moreover, our findings indicated that, despite aware-
ness of cancer risk factors, the participants failed to take
appropriate actions in some areas, consistent with the
findings of a previous study [30]. Our study highlighted
the need for decisive improvements in addressing risk
factors such as secondhand smoking, physical inactivity,
excess body weight, PM, ; exposure, and ultraviolet radi-
ation. The global prevalence of overweight and obesity
among nurses has been identified as a significant concern
[31]. Moreover, environmental risk factors, such as PM, -
exposure and ultraviolet radiation, for which individu-
als can employ tools such as air purifiers and sun-proof
creams, respectively, should be addressed. Furthermore,
the effect of secondhand smoking on global mortal-
ity rates is considerable, with a significant proportion
of deaths occurring among women (47%) and children
(28%) [32].

Strengths and limitations
We used a hybrid MCDM model that employed CFPR
and IPA to assess SNOs’ perceptions. This model offers
a novel approach to understanding the relative impor-
tance of and performance related to cancer risk factors,
providing a framework for future research and develop-
ment of targeted interventions. While we focused on
SNOs’ perspectives, the identified significant risk fac-
tors that require appropriate actions and the model itself
can inform the development of tailored health educa-
tion materials and training programs for nurses and
other healthcare professionals, thereby improving the
overall effectiveness of cancer prevention strategies. The
strengths of this study include its extensive examination
of cancer risk factors among Chinese participants, allow-
ing for better application of the findings to a broader
Chinese context. Moreover, this study emphasized the
importance of knowledge training and sharing sessions
specifically aimed at nurses. This finding is important for
paving the way for health education.

However, some limitations must be noted. First, as a
retest was not performed, trends or changes in the per-
ceived significance and performance related to reducing
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cancer risk factors could not be discerned. Therefore,
future research could focus on the trends of the per-
ceived significance and performance using longitudi-
nal design together with retest. Second, while the use of
CEPR overcomes certain shortcomings of the AHP and
enhances its practical value, the approach is still based
on an independent relationship among attributes. How-
ever, from the clinical viewpoint, there may exist inter-
dependencies among these attributes. Third, we did not
distinguish cancer risk factors by types or sites; only gen-
eral risk factors were considered. However, it is difficult
to conduct such studies owing to the limitation of valid
findings. Fourth, we acknowledge that the findings of this
study, based on a sample of 58 SNOs from a single hospi-
tal in Zhejiang, may not be directly generalizable to other
places or settings, which indicated that interventions and
strategies need to be tailored in different settings. How-
ever, this study serves as an exploratory investigation
into the knowledge and perceptions of SNOs within this
specific context. Understanding these aspects is impor-
tant for informing strategies to improve the effectiveness
of cancer prevention efforts at the hospital level. Fifth,
the sample size is larger compared to previous studies
using the same methods [25, 33], which may therefore
only slightly bias our results; future research with larger
samples and diverse settings is needed to validate and
generalize our findings. Nevertheless, this study offers
insights into the knowledge and perceptions of SNOs
regarding cancer prevention, which can contribute to a
more comprehensive understanding of the factors that
influence cancer prevention efforts within healthcare sys-
tems. Sixth, as this study was based on convenience sam-
pling, research based on multi-center data is needed to
validate our findings. Seventh, findings of our study can-
not be used for drawing causal inference as this is only
an observational study [34]. Eighth, we could not com-
pare the perceived significance and performance among
SNOs from different departments, especially between
those from the oncology department and those from
non-oncology departments, because the participants’
information is anonymous. Finally, we acknowledge that
the use of voluntary participation for SNO selection
could have introduced selection bias. Those who chose to
participate may indeed have been more engaged in and
enthusiastic about professional development, and more
interested in such research, than those who did not vol-
unteer. This self-selection could have skewed the repre-
sentativeness of our sample toward individuals who are
more proactive and possibly more proficient in their
roles.
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Conclusion

This study contributes valuable insights to the field
of cancer prevention by examining the perceived sig-
nificance of 23 modifiable cancer risk factors and per-
formance related to reducing them among SNOs in a
Chinese hospital. Our findings highlight the importance
of knowledge training and sharing sessions in enhancing
SNOs’ understanding of these risk factors, particularly
those need to be improved, such as secondhand smoking,
physical inactivity, excess body weight, PM, - exposure,
and ultraviolet radiation. This information is crucial for
informing future health education interventions aimed
at improving cancer prevention awareness and practices
within healthcare settings.

Abbreviations

AHP analytic hierarchy process

CFPR consistent fuzzy preference relation
IPA importance—performance analysis
MCDM  multi-criteria decision-making

SNO senior nursing officer
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