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Abstract: O0bjective: To explore the relationships between Chinese nurses’ knowledge, perceptions, and attitudes and their behavior and actual
implementation of safety measures when handling antineoplastic drugs (ADs) in their daily work.
Methods: This was a multisite study conducted in 8 public hospitals in China. A self-administered questionnaire was sent to
participants querying the degree of contact with ADs. The hypothesized relations were explored using structural equation modelling
via the bootstrap method. Mediation analysis was applied to explore the mediating role of protective knowledge regarding AD exposure
on the associations among protective training, using warning labels, and using protective masks.
Results: A total of 305 nurses were enrolled. The average age of all participants was 30.2 (standard deviation [SD]: 6.2) years. Nurses
who had received protective training for AD exposure were more likely to use labels for ADs after age, body mass index (BMI), length
of service, marital status, education, and department were controlled as covariates. The bias-corrected bootstrap of 95% confidence
interval (Cl) indicated that protective knowledge significantly mediated (23.4%) the association between protective training and using
labels (indirect effect = 0.202, 95% Cl: 0.009, 0.495); the proportion of mediation was 23.4%. Protective knowledge significantly
mediated the association between protective training and using protective masks (indirect effect = 0.157, 95% ClI: 0.048, 0.325); the
proportion of mediation was 27.2%.
Conclusions: The findings of this study have provided baseline information on the current state of Chinese nurses’ perceptions,
knowledge, and preventive behaviors toward ADs as the crisis is happening. Training is also recommended to improve nurses’
perceptions of the risks associated with ADs.
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1. Introduction

To our knowledge, this is the first study to evaluate
the knowledge, attitudes, and perceptions of nurses
regarding the handling of antineoplastics drugs (ADs) in
well-developed areas in China. This study gives a vivid
picture of the situation in southern China, which is an
economically developed area, and it gives us insights
into the relationships between nurses’ knowledge, per-
ceptions, and attitudes and their behavior and actual
usage of safety measures when handling ADs, provid-
ing us a route for developing solutions to their issues.

Hence, the current study sought to highlight the
weak points in our system with respect to managing
the concerns of nurses regarding their handling of ADs
in their daily work and to determine whether protective
knowledge mediates the relationship between protec-
tive training and warning label use.

ADs are widely used agents for the treatment of
cancer. Recent studies have shown an increase in the
potential risks due to occupational exposure to ADs."?
Nurses are the main group exposed to these drugs in
hospitals. They are typically exposed while administrat-
ing ADs.> ADs may cause adverse effects in nurse.*®
Given this, there is a risk to nurses who handle and
administer ADs.*67

Although nurses are knowledgeable regarding the
risk of exposure to ADs, they often do not adhere to
safe work practices.?>® However, the knowledge, percep-
tions, and behavior in other healthcare job categories at
risk of exposure have yet to be determined.®'* Nieweg
et al." found that although 80% of respondents indicated
they were aware that patient excreta may contain drug
residual, only 21% of the nurses wore a gown, 18%
wore a mask, and 3% used goggles. However, most of
the research has been carried out in low-income coun-
ties, and research on this topic from high-income areas
in the mainland of China is limited. There are no base-
line occupational health data available and no occupa-
tional disease surveillance systems in place. As such,
research on occupational exposure to ADs among
Chinese nurses in developed cities is scarce.

Few studies have focused on the association
between protective knowledge and occupational expo-
sure to ADs. Thus, there is limited evidence on the
association between protective knowledge and nurses’
behaviors regarding ADs. To date, there have been no
published investigations on this issue. The current study
therefore aimed to survey a range of nurses from the
Shenzhen Special Economic Zone, China, about their
knowledge, perceptions, and behaviors regarding ADs
as well as the mediating role of protective knowledge.

A self-administered questionnaire was sent to nurses to
assess their degree of contact with ADs, knowledge of
the risks associated with ADs, perceptions of personal
risk, previous training with respect to ADs, and safe
work practices. Participants were recruited from 8 public
hospitals in Shenzhen. The results of this research will
identify gaps in knowledge and point to where improve-
ments can be made to promote safe handling of ADs
and minimize occupational exposure to ADs in nurses.
In addition, we also aimed to explore the association
between protective training regarding AD exposure, pro-
tective knowledge, the use of warning labels, and the
use of protective masks. Given these aims, the hypoth-
eses of this study are as follows:

(1) Protective training regarding AD exposure will be
associated with protective knowledge when han-
dling ADs.

(2) Protective knowledge regarding AD exposure will
be associated with using warning labels and pro-
tective masks when handling ADs.

(3) There will be a significant mediation effect of pro-
tective knowledge on the association of protective
training regarding AD exposure with using warning
labels and using protective masks.

These jobs were selected based on evidence from
observations and exposure measurement studies that
identified them as being at risk of exposure. The results
of this study will identify gaps in knowledge and point
to where improvements can be made to promote safe
handling of ADs and minimize occupational exposure.

2. Methods
2.1. Aims

The survey was conducted between July 2018 and April
2019 and explored the associations among protective
knowledge regarding AD exposure, protective training,
label use, and protective mask use. Moreover, the study
examined whether protective knowledge regarding ADs
exposure mediated the associations among protec-
tive training, using warning labels, and using protective
masks. A multisite study was conducted among nurses
from 8 public hospitals in a southern city of China. Data
on protective knowledge regarding AD exposure, protec-
tive training, warning label use, and protective mask use
were collected. Mediation analysis was applied to explore
the mediating role of protective knowledge regarding AD
exposure on the associations among protective training,
warning label use, and protective mask use.
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2.2. Design

A cross-sectional design was used to collect the data.
To improve the quality of the research, we carried out
the study in line with the Strengthening the Reporting
of Observational studies in Epidemiology (STROBE)
checklist.

2.2.1. Subjects

The Shenzhen Special Economic Zone is a developed
area in China that neighbors Hong Kong and Macao,
and 2/3 of the Fortune 500 companies have a pres-
ence here. It is the world’s most successful special eco-
nomic zone. The region is representative of nurses with
respect to working conditions and geographical distribu-
tion. Therefore, a survey of nurses from this region can
accurately represent the status of nurses in developed
cities in China. Nurses who participated met the follow-
ing inclusion criteria: (a) had worked for at least 1 year
in the current hospital and (b) were willing to participate
in this study. Wu' proposed that a sample size 2200
is needed to construct a stable model. Therefore, we
aimed to collect at least 300 valid questionnaires.

2.2.2. Instrument design and pre-testing

The questionnaire was developed using the Delphi
expert consultation method. The finalized questionnaire
was divided into multiple sections as follows:

(1) Researcher-developed demographic question-
naire collecting information on sociodemographic
factors, including age, sex, marital status, fertility,
work department, education, height, weight, num-
ber of years as an registied nurse (RN), and num-
ber of years as an oncology nurse;

(2) Lifestyle, smoking, and other habits;

(3) Personal and family medical, occupational, and
exposure history;

(4) Degree of contact with ADs;

(5) Knowledge of the proper implementation of protec-
tive measures during the preparation and adminis-
tration of ADs and knowledge of the potential risks
of ADs;

) Perceptions of personal risk;
) Protective training with respect to ADs;
(8) Use of a protective mask; and
) Hand hygiene practices and use of warning labels.

A draft version of the questionnaire was pre-tested
on a small group of nurses who were representative of
the population of interest but worked at facilities that did

not participate in the research project. Where necessary,
draft questions were modified based on the feedback of
the pre-test group and a second version of the survey
was re-tested on a smaller subset of the pre-test group.
A final version of the questionnaire was vetted by the
relevant research ethics boards prior to distribution to
nurses.

Returned questionnaires were reviewed for com-
pleteness. When questions were unanswered, the
nurse was contacted by a trained research assistant
who subsequently requested that the subject respond
to any unanswered questions via WeChat (a Chinese
social communication app) or telephone.

2.3. Data collection

Convenience sampling was carried out between July
2018 and April 2019. A self-administered questionnaire
was sent to participants querying the degree of contact
with ADs. Knowledge of risks associated with ADs, per-
ceptions of personal risk, previous training with respect
to ADs, and safe work practices. Nurses were recruited
from 8 public hospitals in Shenzhen, China, using con-
venience sampling. After filtering, 305 questionnaires
were considered valid.

2.4. Quality control

Participants were contacted first by email and then by
follow-up telephone calls to explain the study. During
the face-to-face field survey, trained research assistants
explained how to fill in the questionnaires and helped
nurses complete them. The procedure lasted 18 min
on average. Questionnaires that were <80% complete
were rejected. The database was established by Epi
Data 3.02 (Epi Data Association, Odense, Denmark),
and double input was conducted to ensure accuracy.

2.5. Statistical analysis

We conducted descriptive analyses of the sociodemo-
graphic characteristics of the participants. Continuous
variables are expressed as the mean = standard devia-
tion (SD), and categorical variables are described as
proportions. T-tests or ANOVA was used to compare the
differences in the continuous variables between differ-
ent groups, and y? tests were performed to compare cat-
egorical variables across groups. Correlation analyses
were used to estimate the associations among protec-
tive training courses regarding AD exposure, protective
knowledge regarding AD exposure, the use of warning
labels for ADs, and the use of protective masks when
handling ADs.
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Furthermore, to determine whether protective knowl-
edge regarding AD exposure served as a mediator of
the association of protective training with using warning
labels for ADs and using protective masks when han-
dling ADs, we performed the mediation analysis pro-
posed by MacKinnon et al.”® with a series of multiple
linear regression and logistic regression models after
controlling for potential confounders. First, an associa-
tion (coefficient: c) exists between the independent vari-
able (protective training regarding AD exposure, X) and
the dependent variable (using warning labels for ADs/
using protective masks when handling ADs, Y). Sec-
ond, an association (coefficient: a) exists between the
independent variable and the hypothesized mediating
variable (protective knowledge regarding AD exposure,
M). Third, the mediator is related (coefficient: b) to the
dependent variable when the independent variable is
controlled in the model. Then, the indirect effect of the
independent variable on the dependent variable through
a mediator is evaluated as exp (a x b) (namely, OR;
dichotomous outcome), and the direct effect of X on Y
is estimated as exp (¢’) (namely, ORPE). A bootstrapping
procedure using MPLUS was conducted using 5000
resamples to test the mediation effect. In this approach,
effects are assessed with bias-corrected bootstrap con-
fidence intervals (Cls) that are considered significant if
the upper and lower bounds of the bias-corrected 95%
Cls do not contain zero.

The proportion of mediation is interpreted as the
proportion of the effect of the independent variable on
the dependent variable that is mediated by the mediator.
The proportion of mediation is calculated as follows'3'*:

OR™ x (OR" -1)
OR™ x OR" -1

All the analyses were performed using R 3.6.1
(R Development Core Team 2019, https://www.r-project.

U

org), and the R packages with the terms “car”, “psych”,
“multcomp”, “Hmisc”, “corrplot”, and “vcd” were the main
ones used. All the tests were two-sided, and P < 0.05

was considered to be statistically significant.

3. Results

3.1. General characteristics of the study
population

A total of 305 participants were ultimately included in

the present analyses. The general characteristics of the

participants are described in Table 1. The average age

of all participants was 30.2 (SD: 6.2) years: 37 (12.1%)

were overweight, 104 (34.1%) worked as nurses for

more than 10 years, 150 (49.2%) were married, 225
(73.8%) had more than 16 years of education, and 143
(20.0%) worked in oncology.

3.2. Association among protective training
regarding AD exposure, regarding
protective knowledge, using warning
labels, and using protective masks

Figure 1 shows that protective training regarding AD
exposure was positively associated with protective
knowledge regarding AD exposure (r = 0.19, P < 0.01),
using warning labels for ADs (r = 0.22, P < 0.001) and
using protective masks when handling ADs (r = 0.18,
P = 0.003). Protective knowledge regarding AD expo-
sure was positively associated with using warning labels
for ADs (r=0.13, P =0.013) and using protective masks
when handling ADs (r = 0.19, P = 0.002).

3.3. Mediation effect of protective knowledge
on the association of protective training
regarding AD exposure with using
warning labels and using protective

masks

The following variables were controlled as covariates:
age, body mass index (BMI), length of service, marital
status, education, and department. The results showed
that nurses receiving protective training regarding AD
exposure were more likely to use labels for ADs (OR =
4.270, 95% CI: 1.424, 12.806; Table 2, Model 2). After
protective knowledge regarding AD exposure was added
to the model, the association between protective training
and label use was attenuated (OR=3.762,95% Cl: 1.242,
11.396; Table 2, Model 3), and the associations between
protective knowledge and label use were positive and
significant (OR = 1.751, 95% CI: 1.019, 3.010; Table 2,
Model 3). The bias-corrected bootstrap 95% CI indi-
cated that protective knowledge significantly mediated
the association between protective training and label
use (indirect effect = 0.202, 95% CI: 0.009, 0.495), and
the proportion of mediation was 23.4% (Figure 2).

The results also showed that nurses receiving
protective training regarding AD exposure were more
likely to use protective masks when handling ADs
(OR = 2.087, 95% CI: 1.314, 3.317; Table 3, Model 2).
After protective knowledge regarding AD exposure was
added to the model, the association between protective
training regarding AD exposure and protective mask
use was attenuated (OR = 1.836, 95% CI: 1.145, 2.944;
Table 3, Model 3), and the association between protec-
tive knowledge and protective mask use was positive
and significant (OR = 1.545, 95% CI: 1.165, 2.047;
Table 3, Model 3). The bias-corrected bootstrap 95%
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Protective training

Protective knowledge

Using warning label

Using protective mask

Figure 1. Association matrix of protective training for AD exposure, protective knowledge, using warning labels and using protective masks.

Items Protective knowledge Warning label use
(M, B, 95% ClI) (Y, OR, 95% ClI)
Model 1 Model 2 Model 3
X—M X=Y X+M-=Y
Protective training (X)
No Reference Reference Reference

Yes

Protective knowledge (M)

0.361 (0.173, 0.550)***

3.762 (1.242, 11.396)*
1.751 (1.019, 3.010)*

4.270 (1.424, 12.806)**

Note: All effect sizes were adjusted for age, BMI, length of service, marital status, education, and department; ***P < 0.001, **P < 0.01, *P < 0.05.

Table 2. Association between protective training regarding AD exposure, protective knowledge, and use of warning labels.

Protective knowledge

a=0.361" b=0.560"

=1.325
[ Protective training =

c=1.452"

Warning label use ]

Figure 2. Mediation effect of protective knowledge on the association of protective training regarding AD exposure with warning label use.
Note: The proportion of mediation = 23.4%.

Cl indicated that protective knowledge significantly 4. DiSCussion

mediated the association between protective training

and protective mask use (indirect effect = 0.157, 95%  In our study, we attempted to explore the influence of Chi-
Cl: 0.048, 0.325), and the proportion of mediation was nese nurses’ knowledge, perceptions, and attitudes on
27.2% (Figure 3). their behavior and their actual usage of safety measures
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ltems Protective knowledge Protective mask use
(M, B, 95% ClI) (Y, OR, 95% Cl)
Model 1 Model 2 Model 3
X—>M X=Y X+M-=Y
Protective training (X)
No Reference Reference Reference
Yes 0.361 (0.173, 0.550)*** 2.087 (1.314, 3.317)** 1.836 (1.145, 2.944)*

Protective knowledge (M)

1.545 (1.165, 2.047)*

Note: All effect sizes were adjusted for age, BMI, length of service, marital status, education, and department; ***P < 0.001, **P < 0.01, *P < 0.05.

Table 3. Association between protective training regarding AD exposure, protective knowledge, and using protective masks.

[ Protective knowledge ]

whx

a=0.361

¢’=0.607

b=0.435"

[ Protective training ]

¢=0.736"

> [ Protective mask use ]

Figure 3. Mediation effect of protective knowledge on the association of protective training regarding AD exposure with protective mask use.

Note: The proportion of mediation =27.2%.

when handling ADs in their daily work. These issues
have been investigated in a broad range of nurses,
and researchers have thoroughly assessed occupa-
tional exposure to ADs and the practices involved in the
manipulation of these agents.

The results showed that, notwithstanding the rules
and regulations pertaining to ADs, participants in this
study did not comply with them fully and reported that
regular ongoing supervision was not sufficient. In accor-
dance with earlier studies, the interaction between
knowledge and preventive behavior was weak.’® The
following variables were controlled as covariates: age,
BMI, length of service, marital status, education, and
department. The results showed that nurses receiving
protective training for AD exposure were more likely
to use labels for Ads. After protective knowledge for
AD exposure was added to the model, the associa-
tion between protective training for AD exposure and
label use was attenuated. Moreover, the bias-corrected
bootstrap 95% CI indicated that protective knowledge
significantly mediated the association between protec-
tive training and protective mask use, and the propor-
tion of mediation was 27.2%. Due to the cross-sectional
nature of this study, a temporal association between
AD-related knowledge and training and overall precau-
tionary behavior could not be established. Hence, in the
future, we will conduct a longitudinal study to identify the
true impact of AD training on improving the knowledge
of nurses.

Our findings regarding AD exposure protective train-
ing were positively associated with protective knowledge
regarding the handling of ADs in nurses, which was con-
sistent with our first hypothesis and with the results of
several previous studies. For example, Hon et al.'® sug-
gested that knowledge regarding the risks associated
with ADs can be improved. There is also a gap between
knowledge and compliance with glove usage and hand
hygiene. Protective training is also recommended to
improve health care nurses’ perceptions of the risks
associated with ADs. Papadopoli et al.! reported that a
higher perception of risk is related to a greater likelihood
of behaving safely; therefore, investigation of percep-
tions of risk is very useful for predicting behavior.

Our findings that nurses’ protective knowledge
regarding AD exposure was associated with using warn-
ing labels and using protective masks when handling
Ads were consistent with our second hypothesis as well
as with previous studies. Although our study focused on
occupational exposure to ADs in nurses, it is conceiv-
able that friends and family members are also at risk of
exposure, as suggested by Sorsa et al."”

To our knowledge, this is the first study to evaluate
the knowledge, attitudes, and perceptions of nurses
regarding the handling of ADs in well-developed areas
in China. This study gives a vivid picture of the situa-
tion in southern China, which is an economically devel-
oped area, and it gives us insights into the relationships
between nurses’ knowledge, perceptions, and attitudes
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and their behavior and actual usage of safety measures
when handling ADs, providing us a route for develop-
ing solutions to their issues. Hence, the current study
sought to highlight the weak points in our system with
respect to managing the concerns of nurses regarding
their handling of ADs in their daily work and to determine
whether protective knowledge mediates the relationship
between protective training and warning label use.

The current study had a few limitations as well. One
limitation of this study is that the questionnaire data
are self-reported and we were unable to confirm the
accuracy of responses regarding behaviors, i.e., hand
hygiene practices and glove usage. Another limitation
was that the survey was conducted in a developed area
of China where upper socioeconomic classes predomi-
nate. Therefore, we could not differentiate the percep-
tions of nurses according to socioeconomic strata.

5. Conclusions

In conclusion, this is the first study to find evidence for
the effect of the combination of protective knowledge,
protective training, warning label use, and protective
mask use among Chinese nurses in developed cities.
Exposure to ADs is a known risk in hospitals in China
and globally; in addition, the study provides information
that can be used to formulate policies and to implement
control measures to protect nurses. The findings of this
study have provided baseline information on the current
state of Chinese nurses’ perceptions, knowledge, and
preventive behavior toward ADs as the crisis is happen-
ing. Training is also recommended to improve nurses’
perceptions of the risks associated with ADs.

Relevance to clinical practice

The safety protection of nurses is the key point in the
field of medical and health care. Itis helpful to know their
knowledge, belief, and practice about the occupational
environment of tumors and provide reference and basis
for the management department to formulate nurse train-
ing plan and occupational protection countermeasures.
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