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ABSTRACT

Objective: This study aimed to investigate the level and influencing factors of nurses’ antimicrobial
stewardship (AMS) engagement in China based on the capability, opportunity, motivation, and behavior
(COM-B) theory, providing valuable insights for developing effective strategies to improve nursing
quality in AMS.

Methods: This cross-sectional study was conducted in 17 tertiary hospitals in Hunan, China, from
November 2021 to January 2022. A total of 4,514 nurses were selected. The Nurse AMS Engagement
Questionnaire (NAEQ), developed using the COM-B theory, was used for evaluation. The questionnaire
included capability (14 items), opportunity (7 items), motivation (6 items), and behavior (12 items) four
dimensions, 39 items.

Results: The total NAEQ score was 155.08 + 27.12, indicating a moderate level. The score of the capability,
opportunity, motivation, and behavior dimensions were 52.33 + 13.48, 28.64 + 5.76, 24.57 + 4.57 and
49.53 + 8.83, respectively. Significant differences in nurses’ AMS engagement were based on professional
titles, whether working as a part-time infection control nurse, whether knowing the AMS teams and the
defined daily doses of antibiotics, department type, the deployment of clinical pharmacists, and fre-
quency of antimicrobial training and physician-nurse joint rounds (P < 0.05). Nurses with junior titles
had higher scores on the NAEQ than nurses with intermediate titles (P < 0.05). Nurses who worked as
part-time infection control nurses, knew the AMS team, and the defined daily doses of antibiotics had
higher NAEQ scores than those who didn’t (P < 0.01). Nurses working in the ICU and infectious disease
department had lower NAEQ scores than those in other departments, such as the ear, nose, and throat
(ENT) department (P < 0.01). Nurses who had clinical pharmacists deployed in their department had
higher NAEQ scores than those without or unclear deployment (P < 0.01). Furthermore, nurses who
received more frequent antimicrobial training and participated in physician-nurse joint rounds had
higher NAEQ scores (P < 0.01).

Conclusion: Multiple strategies, including enhanced education and training and improved multidisci-
plinary communication and collaboration, are expected to improve nurse AMS engagement. It is
important to give more attention to nurses with intermediate professional titles, less experience, and
those working in specific departments.

© 2023 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

What is known?

e There are few multi-center, theory-based, and comprehensive
studies on nurses’ AMS engagement in China.

e Nurses’ antimicrobial stewardship (AMS) engagement is crucial e The COM-B model has been widely used in research on anti-

to successful AMS execution.
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biotic use to understand behavior changes and to guide in-
terventions to optimize antimicrobial prescriptions.
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What is new?

e Nurses’ AMS capability in China was at a moderate level, while
opportunity, motivation, and behavior were at a relatively high
level.

o Nurses’” AMS engagement was mainly associated with profes-
sional titles, working as a part-time infection control nurse,
knowing the AMS teams and the defined daily doses of antibi-
otics, department type, the deployment of clinical pharmacists,
and frequency of antimicrobial training and physician-nurse
joint rounds.

1. Introduction

Antimicrobial resistance (AMR) is among the top 10 global
public health crises caused by the overuse and misuse of antimi-
crobials, which may lead to the resistance of pathogens to antibi-
otics and ineffective anti-infective treatment [1]. Antimicrobial
stewardship (AMS), defined as coordinated efforts to promote the
appropriate use of antibiotics, represents the cornerstone of the
global effort in fighting AMR [2]. AMS emphasizes multisectoral
participation and multidisciplinary cooperation to achieve the
maximum benefits of antibiotic treatment [3]. Its significant ben-
efits have been widely demonstrated in several reviews and meta-
analyses, which include decreased antibiotic use, delayed drug
resistance, reduced antimicrobial-related adverse events, short-
ened patient hospital stay, and reduced treatment costs [4,5].

China is a large consumer of antibiotics, and AMR was associated
with increased mortality, prolonged hospital stays, and additional
medical expenses in China [6]. To combat AMR, the Chinese gov-
ernment issued multiple policies and plans to promote AMS [7].
China’s recent National Action Plan to Contain Antimicrobial
Resistance (2022—2025) clearly states that all healthcare staff
should receive training on appropriate antimicrobial use, with an
accurate knowledge rate reaching over 80% [8]. Nurses represent
the largest workforce in health care, and their active engagement is
crucial to successfully executing AMS [9]. Evidence consistently
shows that multiple nurse-engaged AMS programs have achieved
meaningful outcomes [10,11]. Thus, exploring nurses’ engagement
in AMS and its associated factors is crucial in providing empirical
evidence for developing targeted interventions to improve nursing
quality in AMS.

Much research has investigated nurses’ engagement in AMS
using various models in multiple countries. A wide range of influ-
encing factors have been identified as barriers or enablers to affect
nurses’ AMS engagement, which can broadly be classified into two
categories: socio-demographic (such as age, gender, education
level, title, and working years) and work-related factors (such as the
types of hospital and department, previous knowledge, experience,
and training of AMS) [12—15]. Specifically, AMS-related education
and training have been consistently emphasized in almost all
studies, with well-established positive effects in improving nurses’
AMS engagement and patient outcomes [12—15]. However, local-
ized assessment tools based on a theoretical framework are lacking
in China to comprehensively examine nurses’ AMS engagement
and influencing factors.

In this multi-center, cross-sectional study, we aimed to inves-
tigate nurses’ engagement in AMS and influencing factors based on
the capability, opportunity, motivation - behavior (COM-B) model
[16]. COM-B is one of the most widely used behavioral science
theories to explain the determinants of certain behaviors and guide
subsequent behavioral interventions [13,17]. COM-B is an over-
arching model derived from multiple health behavior models such
as social cognitive theory, health belief model, and the theory of
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planned behavior [17]. COM-B can explain up to 37% of the variance
in behavior, exceeding the predictive validity of other compelling
health behavior models [17]. COM-B conceptualizes behavior as the
result of an interaction between three core elements: capability,
opportunity, and motivation [16]. For a given behavior to occur,
these three factors have to interact over time to shape behaviors in
a dynamic system [ 16]. Motivation is a core part of the model, while
capability and opportunity influence the relationship between
motivation and behavior [16]. COM-B has been widely used in
research on antibiotic use to understand behavior changes and to
guide interventions to optimize antimicrobial prescriptions [18,19].
Based on the COM-B model, we aimed to examine nurses’ capa-
bility, opportunity, motivation, and behavior of engagement in AMS
in tertiary hospitals in Hunan. In addition, we comprehensively
compared nurses’ AMS engagement by multilevel factors that
included socio-demographic and work-related characteristics.

2. Methods
2.1. Study design and participants

A multi-center, cross-sectional study was conducted among
nurses working in tertiary hospitals in Hunan from November 2021
to January 2022. A multistage stratified cluster random sampling
was used to determine eligible participants. In the first stage, one
prefecture-level city was randomly selected from each of the
eastern, western, southern, northern, and central geographic re-
gions of Hunan. In the second stage, at least one general and one
specialized tertiary hospital were chosen from each city by purpose
sampling. We expanded this method for cities with bigger pop-
ulations, more hospitals, and more registered nurses, and 17 hos-
pitals were finally selected.

We calculated the sample size according to the formula for the
cross-sectional study: n = z2 P (1 — P)/E%, where P represents the
prevalence of low AMS engagement (the proportion of participants
who scored below 80% on the scale). Our pilot investigation showed
that the prevalence of low AMS engagement ranged from 38.8% in
the motivation dimension to 67.9% in the capability dimension. This
study’s sample size calculation was based on the lowest number of
38.8% to allow for maximal power. Z was set as 1.96 at a confidence
interval of 95%, and allowable error was fixed as 5%*P, leading to a
minimal sample size of 2,424. Considering a rejection or loss-to-
follow-up rate of 20%, we expanded our sample size to 3,030. The
effective sample size of this study met the requirements. Inclusion
criteria of participants included: 1) age >18, 2) licensed nurses with
official registration, 3) currently employed full-time, 4) working in
the department with antimicrobial use, and 5) providing direct care
to patients with at least one year of work experience. We excluded
nurses on leave or working in non-clinical departments. Fig. 1
shows the sampling procedure.

2.2. Instrument

A self-assessment questionnaire was used to assess participants’
general characteristics. It consisted of all potential influencing
factors related to nurse AMS engagement under the following two
categories based on the literature review [12—15]: 1) socio-
demographic factors, including gender, age, professional title,
years working as a nurse, and education degree; 2) work-related
factors, including whether working as a part-time infection con-
trol nurse, whether knowing the AMS team, whether knowing the
defined daily doses of antibiotics, hospital type, department,
deployment of clinical pharmacists in the department, frequency of
antimicrobial training, and frequency of physician-nurse joint
rounds.



H. Nie, L. Yue, H. Peng et al.

Tertiary hospitals

in Hunan province

East: Changsha
Fourteen general and
thirteen specialized
hospitals

West: Huaihua
Three general and
three specialized
hospitals

4 N
South: Yongzhou
Four general and

two specialized
hospitals

-

North: Changde
Seven general and
one specialized
hospitals

Central Area: Loudi
Two general and
one specialized
hospitals
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Two general hospitals
Three specialized
hospitals

Two general
hospitals
Two specialized
hospitals

One general
hospital
One specialized
hospital

Three general
hospitals
One specialized
hospital

One general
hospital
One specialized
hospital

Seventeen hospitals
were selected based
on proportion and
willingness of
nursing directors

General hospital
nurses (n = 1,239)
Specialized hospital
nurses (n = 154)

General hospital
nurses (n = 812)
Specialized hospital
nurses (n = 135)

General hospital
nurses (n =371)
Specialized hospital
nurses (n = 87)

General hospital
nurses (n = 1,464)
Specialized hospital
nurses (n = 87)

General hospital
nurses (n = 225)
Specialized hospital
nurses (n = 107)

Cluster sampling
was adopted and the
electronic
questionnaire was
sent to all eligible
nurses

Involved participants
(n=4,681)

Excluded:

Final total participants
(n=4,514)

Not meeting inclusion criteria (n = 108)
Answer time less than two min (n = 59)

Fig. 1. Flowchart of participant selection in tertiary hospitals in Hunan, China.

The study utilized the Nurse AMS Engagement Questionnaire
(NAEQ), which was designed based on the COM-B theory [16,20].
This questionnaire was developed via a literature review, semi-
structured interviews, and two rounds of expert consultation. De-
tails of the questionnaire development and initial validation have
been described elsewhere in Chinese [20]. The questionnaire con-
sisted of 39 items and 4 dimensions: capability (14 items), oppor-
tunity (7 items), motivation (6 items), and behavior (12 items). Each
item is rated on a 5-point Likert scale from 1 (strongly disagree/
never) to 5 (strongly agree/always). Each dimension’s total score
ranges from 14 to 70, 7—35, 6—30, and 12—60, respectively, with a
higher score indicating a higher level of AMS capability, opportu-
nity, motivation, and behavior. For easy comparison with other
studies using different measurement tools, we transformed the
questionnaire scores into percentages using the modified Bloom’s
categorization for scores [21,22]. According to this study, nurses had
a “high” level of AMS engagement if the score ranged between 80%
and 100% (156—195 points for NAEQ, 56—70 points for capability
dimension, 28—35 points for opportunity dimension, 24—30 points
for motivation dimension, and 48—60 points for behavior dimen-
sion); “moderate” if the score was between 50% and 79% (98—155
points for NAEQ, 35—55 points for capability dimension, 18—27
points for opportunity dimension, 15—23 points for motivation
dimension, and 30—47 points for behavior dimension); and “low” if
the score was less than 50% (39—97 points for NAEQ, 14—34 points
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for capability dimension, 7—17 points for opportunity dimension,
6—14 points for motivation dimension, and 12—29 points for
behavior dimension). Good reliability was established by the con-
tent validity index of 0.97 and the Cronbach’s a coefficient of 0.96
for the total scale and 0.92—0.94 for its four dimensions [20].

2.3. Data collection

The survey was posted on Wenjuanxing (https://www.wjx.cn/),
China’s biggest online questionnaire design, distribution, and data
collection platform. Research assistants who underwent unified
and standard research training were assigned to each hospital. They
first contacted the nursing directors, explained the study objec-
tives, and assisted in advertising the survey. After obtaining
approval from the nursing directors, a survey link or QR code
containing the questionnaire was sent to the head nurses, who then
forwarded it to the department nurse WeChat group. It took an
average of 15 min to complete the questionnaire, and each IP
address was limited to one response to avoid repeated submission.

2.4. Data analysis

Data were analyzed using IBM SPSS version 26. Continuous
variables were described using means and standard deviations,
whereas categorical variables were presented using frequencies
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and percentages. All data were normally distributed. We used two-
sample independent t-tests for two-group comparisons, with a P-
value < 0.05 considered statistically significant. We used one-way
ANOVA for multiple-group comparisons, followed by Post Hoc
Tests using the LSD Method, with adjusted P-values by Bonferroni
corrections.

2.5. Ethical considerations

This study was approved by the Behavior Medicine and Nursing
Ethics Review Committee of Xiangya School of Nursing of Central
South University (ID: E202161). All eligible nurses participated in
the survey voluntarily and provided electronic informed consent
before completing the questionnaire. All participants were
informed that no private information was collected, and the study
procedure followed rigorous rules to ensure confidentiality, pri-
vacy, and anonymity.

3. Results
3.1. Participants characteristics

Most of the respondents were female (n = 4,377, 97.0%) who
worked under a junior professional title (n = 2,628, 58.2%) and held
a bachelor’s degree or above (n = 3,772, 83.6%). Their mean age was
31.42 years, with an average of 9.93 years of work experience. A
total of 755 (16.7%) respondents also worked as part-time infection
control nurses. Although the majority of nurses (n = 3,405, 75.4%)
knew the AMS teams, only a minority of them (n = 777, 17.2%) were
aware of the defined daily doses of antibiotics. Most participants
were from general hospitals (n = 3,966, 87.9%). Regarding the work
department, about half of the participants were from medicine and
surgery (n = 2,420, 53.6%). Only one-third of nurses (n = 1,532,
33.9%) acknowledged the deployment of clinical pharmacists in
their department. A total of 349 (7.7%) nurses had never received
AMS training, and 611 (13.6%) worked in a department without
joint ward rounds (Table 1).

3.2. Overall status of the nurse AMS Engagement Questionnaire

The overall NAEQ score was 155.08 + 27.12, indicating a moderate
level. The score of the four dimensions of capability, opportunity,
motivation, and behavior were 52.33 + 1348, 28.64 + 5.76,
24.57 + 4.57, and 49.53 + 8.83, respectively, which represent a mod-
erate level of AMS capability and a relatively high level of AMS op-
portunity, motivation, and behavior. Capability dimension included
14 items, among which the highest-scored item was related to the
management of adverse reactions to commonly used antimicrobials
(C12), while the three lowest-scored items were associated with the
knowledge of infection assessment, diagnosis, treatment, and
awareness of AMS policy (C4, C3, C2). Opportunity dimension con-
sisted of 7 items, among which the highest-scored item was “hospitals
encourage nurses to report antimicrobial-related adverse events or
adverse reactions” (04), while the two lowest-scored items were
“hospital policy advocacy of nurse engagement in AMS” (O1) and
“opportunities of participating in multidisciplinary clinical activities”
(02). Motivation dimension included 6 items, among which the
lowest-scored item was related to advocating patient engagement in
AMS (M3), while the highest-scored item was associated with re-
sponsibilities of collaborative AMS (M1). Behavior dimension
included 12 items, among which the two lowest-scored items were
linked to participation in multidisciplinary consultations of infection
cases (B2) and antimicrobial discussions (B12), while the highest-
scored item was regarding collecting specimens of pathogenic mi-
croorganisms correctly (B6) (Table 2).
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3.3. Influencing factors of AMS engagement among nurses

There were significant differences in the total NAEQ by the
following eight factors: professional titles, whether working as a
part-time infection control nurse, whether knowing the AMS team,
whether knowing the defined daily doses of antibiotics, depart-
ment type, deployment of clinical pharmacists in the department,
frequency of antimicrobial training, and frequency of physician-
nurse joint rounds (P < 0.05). The pairwise comparison results
were as follow. Nurses with junior titles had higher NAEQ scores
than nurses with intermediate titles (P < 0.05). Nurses who worked
as part-time infection control nurses, knew the AMS team, and
knew the defined daily doses of antibiotics had higher NAEQ scores
than those who didn’t (P < 0.01). Nurses in the ICU and infectious
disease department had lower NAEQ scores than those in other
departments, such as the ear, nose, and throat (ENT) department
(P < 0.01). Nurses with deployment of clinical pharmacists in the
department had higher NAEQ scores than those without or unclear
deployment (P < 0.01). In addition, nurses with more frequent
antimicrobial training and physician-nurse joint rounds had higher
NAEQ scores (P < 0.01). (Table 1).

For each dimension of the NAEQ, capability dimension scores
showed statistically differences by all socio-demographic and
work-related factors except for gender. Besides, opportunity
dimension scores showed statistically differences in all socio-
demographic and work-related characteristics except gender and
hospital type. Motivation dimension scores showed statistically
differences by all work-related factors but not socio-demographic
factors. In addition, behavior dimension scores showed differ-
ences by age, professional title, and all work-related factors except
hospital type (Table 1).

4. Discussion

This study found that nurses had moderate levels of AMS
engagement, suggesting that there is much room for improvement
in the quality of care related to AMS. Our study showed that the
three lowest-scored items of nurse AMS capability were related to
the knowledge of infection assessment, diagnosis, treatment, and
awareness of AMS policy. Our results identified a lack of knowledge
as the main obstacle to nurse engagement in AMS, consistent with
the findings from other countries that consistently show low levels
of AMS knowledge [23—25]. These findings emphasize the lack of
AMS knowledge worldwide and indicate the urgent need to
strengthen AMS nursing education and training. Our conclusion
that nurses had low awareness of AMS protocols and policies was
similar to Kirby et al’s study, which showed that nurses felt
excluded from education about new prescribing policies [26]. Thus,
nurses should be involved in developing, implementing, and
training AMS guidelines and policies to empower their antimicro-
bial decisions and enhance their AMS capabilities.

For the opportunity dimension, the two lowest-scored items
were related to the lack of policy to engage in AMS and the op-
portunity to participate in multidisciplinary activities; previous
studies showed that both were critical enablers of AMS nursing
quality [11,27]. Nurses play an essential role in AMS involvement
and multidisciplinary collaboration, and strong administrative
support and more opportunities are required to improve their
engagement. A national survey in China showed that the AMS
leadership committee paid little attention to nursing staff [28].
Therefore, stewardship leaders should acknowledge nurses’ value
in AMS policies and explore supporting measures such as inviting
nurses to participate in the AMS committee and integrating AMS
teamwork into nursing routines [29].

In general, nurses showed high motivation (24.57 + 4.57) in AMS
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Table 1
Comparison of the Nurse AMS Engagement Questionnaire score among nurses with different characteristics (n = 4,514).

Characteristics n (%) Overall score t/F P Capability t/F P Opportunity t/F P Motivation t/F P Behavior t/F P
Gender
Men 137 (3.0) 151.73 +27.67 -147 0142 5052 +13.06 -160 0110 2823+532 -0.85 0396 2450+420 -0.17 0.866 4847 +874 -142 0.155
Women 4,377 (97.0) 155.18 + 27.09 52.39 + 1349 28.66 + 5.78 24.57 + 458 49.56 + 8.83
Age (years)
<30 2,242 (49.7) 15551 +056  1.40 0240 51.65+029 7.84 <0.001 29.12+0.12 12.14 <0.001 24.70 +0.09 1.43 0233  50.05+0.18 5.21 0.001
31-40 1,906 (42.2) 15424 + 0.64 52.58 + 0.31 28.26 + 0.14 2441 + 0.11 48.99 + 0.21
41-50 324 (7.2) 156.47 + 1.42 55.23 + 0.64 27.54 + 0.36 24.60 + 0.25 49.09 + 0.49
>51 42 (0.9) 159.14 + 4.28 5533 +2.14 29.40 + 0.79 24.76 + 0.60 49.64 + 1.29
Professional title
Junior 2,628 (58.2) 155.71+0.53  3.12 0.044 5192+027 10.74 <0.001 29.08 +0.11 2442 <0.001 24.67 +0.09 2.17 0.114 50.03 +0.17 10.62 <0.001
Intermediate 1,686 (37.4) 153.84 + 0.66 52.49 +0.32 28.20 + 0.14 2439 + 0.11 48.77 +0.22
Senior 200 (4.4) 157.27 + 1.68 56.46 + 0.79 26.68 + 0.47 24.73 + 030 49.41 + 0.57
Years working as a nurse
<10 2,916 (64.6) 154.79 + 050  0.50 0682 51.54+025 1228 <0.001 2894 +0.10 9.44 <0.001 24.61 +£0.08 0.37 0.773  49.69 +0.16 1.30 0.272
11-20 1,255(27.8) 155.33 +0.78 53.28 + 0.37 28.25 £ 0.17 2449 + 0.14 49.31 £ 0.25
21-30 286 (6.3) 156.59 + 1.48 55.57 + 0.67 27.35+0.36 24.55 + 0.26 49.12 £ 0.51
>31 57 (1.3) 156.56 + 3.70 55.79 + 1.66 28.51 + 0.84 24.18 £ 0.58 48.09 = 1.29
Education degree
College or below 742 (16.4) 15468 + 1.05 -042 0.673 51.03+1470 -2.69 0007 29.25+572 3.14 0.002  24.63 +4.55 0.39 0699  49.77 + 894 0.82 0415
Bachelor or above 3,772 (83.6) 155.16 + 0.44 52.59 + 13.22 28.53 +5.76 24.56 + 4.58 49.48 + 8.81
Working as a part-time infection control nurse
No 3,759 (83.3) 154.03+044 564 <0.001 51.84+ 1337 -552 <0.001 2854+565 -265 0.008 2444 +451 -401 <0.001 49.21+883 -545 <0.001
Yes 755 (16.7) 160.32 + 1.03 54.80 + 13.77 29.19 + 6.26 25.21 +4.85 51.12 + 8.69
Knowing the AMS team
No 1,109 (24.6) 14034 +0.78 -2191 <0.001 4524 +13.78 -20.17 <0.001 26.35+538 -15.66 <0.001 2299 +439 -1346 <0.001 4576+891 -16.89 <0.001
Yes 3,405 (75.4) 159.88 + 0.44 54.64 + 12.55 29.39 + 5.69 25.08 + 4.51 50.76 + 8.45
Knowing the defined daily doses of antibiotics
No 3,737(82.8) 15236 +044 -16.15 <0.001 5090+ 13.51 -1845 <0.001 2833 +566 -810 <0.001 24.29+453 -921 <0001 4885+884 -1232 <0.001
Yes 777 (17.2) 168.15 + 0.87 59.25 + 11.01 30.16 + 6.01 25.93 + 454 52.81 + 8.02
Hospital type
General hospital 3,966 (87.9) 15534+ 043 1.78 0.076 5249 + 1347 2.09 0.037  28.66 +5.78 0.60 0546  24.63 +4.58 239 0.017 49.56 +8.88 0.63 0.530
Specialized hospital 548 (12.1) 153.15 + 1.11 51.20 + 13.55 28.51 + 5.63 2413 + 449 49.31 + 8.46
Department
ENT 150 (3.3) 16033 +2.15 925 <0.001 54.02+1.09 6.77 <0.001 30.31+0.40 6.61 <0.001 2552 +0.33 5.52 <0.001 50.49 +0.69 7.99 <0.001
ICU 327 (7.3) 146.38 + 1.40 48.65 + 0.72 27.36 + 0.30 2342 + 023 46.95 + 0.47
Internal medicine 1,328 (294) 15520 +0.77 52.10 + 0.39 28.51 +0.17 24.75 + 0.13 49.84 + 0.25
Surgery 1,092 (24.2) 156.38 +0.81 53.21 +£0.39 28.79 £ 0.17 2471 £ 0.14 49.68 + 0.27
Obstetrics & gynecology 438 (9.7) 160.18 = 1.22 54.72 + 0.62 29.29 + 0.28 2494 + 0.22 51.23 £ 0.38
Pediatrics 456 (10.1) 156.84 + 1.21 52.81 + 0.62 29.24 + 0.25 24.70 + 0.21 50.09 + 0.39
Infectious diseases 137 (3.0) 149.70 + 2.23 50.28 + 1.18 2743 + 0.52 23.74 + 036 48.25 + 0.68
Operating room 329 (7.3) 152.54 + 1.52 5135+ 0.74 28.69 + 0.31 2424 + 0.27 48.27 + 0.50
Emergency 257 (5.7) 151.16 = 1.67 50.93 + 0.81 27.79 £ 035 23.99 + 0.28 48.44 + 0.55
Deployment of clinical pharmacists in the department
No 2,241 (49.7) 150.56 + 0.56  164.68 <0.001 5037 +0.29  153.08 <0.001 27.88 +0.12 63.52 <0.001 24.06 +0.09 66.43 <0.001 48.24 +0.18 119.83 <0.001
Unclear 741 (16.4) 148.46 + 0.96 48.62 + 0.50 28.23 +0.19 23.87 £ 0.16 47.74 £ 032
Yes 1,532(33.9) 164.89 + 0.65 57.00 + 0.31 29.96 + 0.15 25.64 + 0.12 5229 +0.21
Frequency of antimicrobial training
Never 349 (7.7) 13355+ 142 19363 <0.001 4237 +0.74 14029 <0.001 2496 +0.31 130.60 <0.001 22.38+0.23 81.39 <0.001 43.84 +0.47 133.83 <0.001
Once a year 1,493 (33.1) 147.57 + 0.66 49.33 + 0.34 2717 £ 0.14 23.66 + 0.12 4741 +0.23
Half a year 918 (20.3) 155.11 + 0.81 52.21 + 0.41 28.85 +0.18 24.58 £ 0.14 49.47 + 0.27
Quarterly 1,043 (23.1) 161.73 +0.77 55.46 + 0.38 29.81 £ 0.16 25.18 £ 0.14 51.28 £ 0.25
Every month 711 (15.8) 171.61 + 0.92 59.10 + 0.46 31.58 £ 0.20 26.64 + 0.17 54.29 + 0.29
Frequency of physician-nurse joint rounds
Hardly 611 (13.6) 140.03 + 1.03  64.79 <0.001 46.21 +0.53  43.69 <0.001 25.65+0.24 5234 <0.001 2298 +0.18 23.64 <0.001 45.19+0.35 52.86 <0.001
Once a month 849 (18.8) 153.76 + 0.93 51.56 + 0.47 28.72 £ 0.19 24.52 £ 0.16 48.96 + 0.32

(continued on next page)
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Table 1 (continued )

Behavior t/F

P

tIF

Motivation

P

Opportunity

P

tIF

Capability

P

tF

Overall score

n (%)

Characteristics

50.51 ;0.19
51.14 + 0.30

49.44 + 0.47

24.53 + 0.24
24.92 + 0.10

28.88 + 0.29
29.15 +0.13

52.60 + 0.71
53.69 + 0.30

155.45 + 1.41
158.26 + 0.60

362 (8.0)

Every 2 weeks

2500 + 016

2954 + 019

5445 1+ 0.45

160.14 + 0.93

1,838 (40.7)
854 (18.9)

1 to 3 times a week
4 to 7 times a week

Note: Data are n (%) or Mean + SD. AMS = antimicrobial stewardship. ENT = ear, nose and throat.
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engagement in our study, comparable to that reported in other
countries [21,30]. The highest-scored item was related to nurses’
sense of responsibility, indicating responsibility may be a primary
driver of nurses’ AMS engagement and that it is necessary to define
nurses’ responsibilities in AMS policies. Nurses expressed the
lowest motivation in engaging patients in AMS, indicating much
room for improvement in encouraging nurses to strengthen their
communication with patients and families and provide patient
education on AMS.

For the behavior dimension, the two lowest-scored items were
related to multidisciplinary consultation and discussion with phy-
sicians. In general, nurses had high compliance with the current
protocols and guidelines in AMS, which may reflect the successful
implementation of the National Action Plan on AMS in China. As
shown in our study, nurses performed well in independent AMS
practices, such as microbial specimen collection, best practices of
antimicrobial use, and patient education. Previous studies showed
that these roles had been well perceived and recognized [31].
However, our results revealed nurses’ poor engagement in multi-
disciplinary AMS activities and discussions with physicians on
appropriate antimicrobial prescriptions. This may be due to the
deeply rooted professional boundaries between nurses and physi-
cians/pharmacists, including prescribing capability, power/author-
ity, and responsibility that prevent nurses’ participation in
multidisciplinary collaborations [32]. Other reasons may include a
lack of role perception, knowledge, and time. These findings sug-
gest that more policies and support are needed to encourage
nurses’ communication and collaboration with other health pro-
fessionals to improve their multidisciplinary AMS engagement.

Our study revealed that nurses with junior professional titles
had higher AMS engagement, which may be related to junior
nurses’ young age and more openness and enthusiasm to learn and
practice AMS. This suggests nurses with higher professional titles
should be motivated and encouraged to learn and engage AMS. In
addition, nurses who had previously worked as part-time infection
control nurses also had higher AMS engagement than those with no
work experience. This finding suggests that involving nurses in
different departments in infection control work may be an excel-
lent way to improve their AMS engagement. Furthermore, our
study showed that nurses who knew the AMS team and the defined
daily doses of antibiotics had significantly higher scores of AMS
engagement. This result was consistent with previous findings
showing a positive relationship between familiarity with AMS and
engagement in AMS [25]. These findings suggest that hospitals
should establish and advertise AMS teams and strengthen nurses’
education and training on antimicrobial prescriptions to improve
their engagement in AMS.

Nurses working in the ICU and infectious disease department had
lower AMS engagement than nurses in other departments, such as
the ENT department. The relatively heavier workloads may explain
this, as well as a more severe shortage of nursing staff and more
obvious professional boundaries in the ICU and infectious disease
department, which are well-established barriers to nurses’ AMS
engagement [33]. These findings suggest that more attention should
be paid to nurses in specific departments, with training, staffing, and
collaboration provided when needed. Additionally, our study
revealed that deploying clinical pharmacists in the department was
associated with higher nurse AMS engagement. This result was
similar to a previous study in Korea, showing that nurses with easy
access to infectious disease specialists had more insightful attitudes
about antimicrobial use and resistance and, thus, better AMS
engagement [34]. Considering the shortage of clinical pharmacists in
China, it is imperative to improve the education system of clinical
pharmacy and share clinical pharmacists with multiple wards, which
may help enhance nurses’ engagement in AMS.
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Table 2
The three highest and lowest-scored items in capability, opportunity, motivation, and behavior dimensions (n = 4,514).
The three highest-scored items in each dimension Mean + SD The three lowest-scored items in each dimension Mean + SD
C12.1have mastered the management of adverse reactions to commonly 4.20 + 1.05 C2. 1 am aware of the antimicrobial stewardship policy and 343 +£1.32
used antimicrobials, such as rash, laryngeal edema, and anaphylactic classification management system.
shock.
C11. I know the observation points and health education about using ~ 3.97 + 1.13 C3. I know the diagnosis and treatment protocols for common 341 +1.27

commonly used antimicrobials. infections.

C13. For patients’ infections, I can determine nursing problems and 3.95 + 1.12 C4.1can initially assess the type and severity of the infection based on 3.40 + 1.28
implement effective nursing measures. the symptoms, signs, and test results.

04. Hospitals encourage nurses to report antimicrobial-related adverse 4.31 + 0.92 O7. Antimicrobial stewardship-related courses are included in nurses' 4.02 + 0.97

events or adverse reactions. continuing education.

05. When nurses challenge antibiotic orders, doctors listen to the advice 4.25 + 0.88 O1. Hospital policy advocates nurses’ engagement in antimicrobial ~ 3.97 + 0.99
patiently. stewardship.

03. Hospitals or departments carry out training on antimicrobial 4.07 + 0.96 02. Nurses can participate in multidisciplinary clinical activities for ~ 3.97 + 0.98
stewardship for nurses. special infectious cases.

M1. I am responsible for participating in antimicrobial stewardship in ~ 4.24 + 0.81 M4. My participation in antimicrobial stewardship can promote the 4.04 + 0.88
collaboration with medical, pharmacy, infection control, microbiology, rational use of antimicrobials and reduce the economic burden on
etc. patients.

M6. Appropriate performance incentives can facilitate my involvement in 4.19 + 0.83 M2. If I have prescribing rights, I would prefer to engage in 4.01 + 0.92

antimicrobial stewardship. antimicrobial stewardship.

MS5. Positive feedback from doctors, nurses, and patients can increase my 4.14 + 0.81 M3.1play a key role in advocating patient engagement in antimicrobial 3.95 + 0.93
motivation to participate in antimicrobial stewardship. stewardship.

B6. I follow the aseptic technique to collect specimens of pathogenic 4.36 + 0.79 B1.Iimplement antimicrobial stewardship in accordance with
microorganisms or instruct patients to collect specimens correctly. infection-related protocols, guidelines, norms, standards, consensus,

etc.

B8. I follow well-established procedures and standards for the use of ~ 4.35 + 0.77 B12. I discuss the choice, dosage, duration, administration route, and 3.81 + 1.10
antimicrobials. effects of antimicrobials with physicians.

B10. I closely monitor the use of antibiotics and promptly detect and deal 4.27 + 0.82 B2. I actively participate in multidisciplinary consultations or ward
with adverse reactions or adverse events of antibiotics. rounds of infection cases.

392 +1.01

3.65+ 1.12

Our study showed that nurses with frequent AMS training had
higher AMS engagement. This result was consistent with previous
studies demonstrating that training improved nurses’ and nursing
students’ knowledge, attitudes, and beliefs of AMS [35]. It can be
explained by utilizing the “COM-B” model, i.e., capability and op-
portunity impact motivation; capability, opportunity, and motiva-
tion impact behavior [16]. These findings further highlight the
importance of providing intensive and continuous AMS training for
nurses to improve their AMS engagement. In addition, our study
demonstrated that more frequent physician-nurse joint rounds
were associated with higher AMS engagement. This finding aligned
with previous interventional studies showing that incorporating
nurses into AMS and infection prevention rounds decreased anti-
microbial use [10,27]. Joint rounds enable bidirectional communi-
cation and mutual learning between nurses and physicians about
preventing, diagnosing, and treating infections. Besides, the joint
round was cost-effective and accessible. This finding suggests that
ward managers should consider including physician-nurse joint
rounds into work routines to improve nurses’ engagement in AMS.

This study has several limitations. First, all data collection was
based on the self-report survey, which is subject to social desir-
ability bias and may result in nurses reporting higher levels of AMS
capability, opportunity, motivation, and behavior. Second, our
study samples were recruited from tertiary hospitals in Hunan and
may not represent other hospitals. Third, the online survey method
may have excluded nurses who encountered difficulties using the
internet or answering an online survey. Of note, the study was
performed during the pandemic, which may be a limitation due to
unusual work conditions for most nurses.

5. Conclusion

This study reveals that nurse AMS engagement was at a mod-
erate level. Our findings provide important implications for future
research and intervention programs to improve nurses’ AMS
engagement through multiple strategies, such as strengthening
education and training and improving multidisciplinary commu-
nication and collaboration. Besides, more attention should be paid
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to nurses with intermediate professional titles, less experience, and
working in specific departments in designing intervention pro-
grams to improve nurses’ AMS engagement.
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