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Purpose: Healthcare-associated infections (HCAIs) have become a global public health problem, resulting in high mortality, serious 
morbidity, and heavy healthcare costs. Infection prevention and control (IPC) is a significant priority for healthcare workers (HCWs) to 
eliminate HCAIs. However, barriers exist in the IPC implementation in daily clinical work. This study aimed to explore the 
relationship between HCWs’ knowledge, attitudes, barrier perception, as well as their effects on IPC practice.
Patients and Methods: A structured questionnaire survey was conducted among HCWs who were responsible for IPC in a large 
tertiary hospital in China. Cronbach’s alpha, average variance extracted (AVE), composite reliability (CR), as well as confirmatory 
factor analyses (CFA) were performed for reliability and validity. Structural equation modelling (SEM) was applied to establish the 
relationship between knowledge, attitudes, barrier perception and IPC practice. A Multiple Indicators Multiple Causes (MIMIC) model 
was conducted to detect the effects of covariates on factor structure.
Results: In total, 232 valid questionnaires were eventually collected. The average score of knowledge, attitudes, barrier perception 
and IPC practice were 2.95±0.75, 4.06±0.70, 3.14±0.86, and 4.38±0.45, respectively. The instrument demonstrated good reliability and 
validity. The SEM results showed that knowledge was positively associated with attitudes (β=0.151, p=0.039), and attitudes had 
positive effects on IPC practice (β=0.204, p=0.001), whereas barrier perception was negatively associated with attitudes and IPC 
practice (β=−0.234, p<0.001; β=−0.288, p<0.001, respectively). Additionally, time proportion spent on IPC was significantly 
associated with attitudes and practice (β=0.180, p=0.015; β=0.287, p<0.001, respectively), and training on HCAIs was a predicator 
for barrier perception and practice (β=0.192, p=0.039; β=−0.169, p=0.038, respectively).
Conclusion: IPC practice was indirectly affected by knowledge through the mediation of attitudes, whereas barrier perception had 
a negative impact. Designing deficiency-based training programs, developing sustained IPC habits, and strengthening management 
support are recommended to optimize IPC practice.
Keywords: healthcare-associated infections, infection prevention and control, knowledge, attitudes, barrier perception, structural 
equation modelling

Introduction
Healthcare-associated infections (HCAIs) have become a major public health problem, threatening hundreds of millions 
of patients worldwide each year.1 It has been reported that the pooled HCAI prevalence in high-income countries was 
7.6%, while it was up to 10.1% in low- and middle-income countries (LMICs).2 As the most frequent adverse event 
threatening patient safety, HCAIs have become one of the top 10 leading causes of deaths in the USA, resulting in high 
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mortality, serious morbidity, and heavy healthcare costs.3,4 It was estimated that 4,131,000 patients were affected by 
approximately 4,544,100 episodes of HCAIs in Europe annually.5 The situation was even worse in LMICs, where the 
frequency of ICU-acquired infection was 2–3 times higher than in high-income countries, and the device-associated 
infection densities were up to 13 times higher than in America.5

Faced with such severe HCAIs situation, infection prevention and control (IPC) of healthcare workers (HCWs) is 
critical to ensuring patient safety and declining healthcare costs.6 It was estimated that HCWs’ compliance with 
disinfection and isolation may decrease the risk of HCAIs to 10.7%, and hand hygiene could contribute to a reduction 
of 15–30% of the HCAIs by breaking the chain of transmission of pathogens between patients and environment.7,8 

However, IPC practice was suboptimal in many circumstances. A literature review concluded that most studies revealed 
average or poor practice with respect to preventing and controlling HCAIs.9 For instance, the overall observed 
compliance of hand hygiene was only 23.9%.8

Poor knowledge is one of the most important factors resulting in high prevalence of HCAIs globally, and is 
detrimental to achieving optimal IPC practice.9 If guidelines were strictly followed, 69% of the infections could be 
avoided.10 However, the knowledge level regarding IPC guidance or protocol was not always optimal. Cutinho et al11 

found that only 13% of the nurses were aware of evidence-based guidelines of catheter-associated urinary tract infection. 
Shedu et al12 discovered that only 16% of the HCWs had good knowledge of hand hygiene. Laskar et al13 also reported 
that quite a few HCWs lacked basic knowledge about hand hygiene or proper use of gloves in patient care. In addition, 
many HCWs were not familiar with the guidelines for using alcohol hand rub, which actually had similar effect as hand 
washing.10

Suitable attitudes are regarded as another essential factor in IPC practice, which was necessary to promote the 
achievement of good IPC practice.9 The attitudes of HCWs towards IPC were not always positive. For instance, 
approximately 98% of HCWs believed hand hygiene could prevent the occurrence of HCAIs, of whom 56.9% believed 
HCAIs could be completely prevented, while 20% thought it was not their responsibility.14

In addition, many barriers exist in the IPC implementation in daily clinical work, which may impede the translation of 
good IPC practice. As a literature review summarized, common barriers included excess workload, understaffing, lack of 
knowledge, etc.10 Previous studies also reported that up to 67% of the physicians regarded hand hygiene as a difficult 
task, and over half of HCWs felt that excessive workload and lack of time hindered the hand hygiene adherence.13,14

In China, the prevalence of HCAIs varied between 1.73% and 5.45%, and caused a direct economic burden of 
$1.5 billion to $2.3 billion each year.15,16 Despite this, there are still gaps existed in current IPC practice.17 The average 
compliance rate of hand hygiene among HCWs in China was 54.34%, and up to 35.85% of the hospitals showed a poor 
IPC performance.18 However, little is known regarding the relationship between knowledge, attitudes, barrier perception 
and HCWs’ IPC practice in China. Although previous literature attempted to measure IPC knowledge, attitudes, and 
practice, few studies have considered the role of barrier perception on IPC or validated the constructed model. Therefore, 
there is an urgent need to assess the knowledge, attitudes, barrier perception towards IPC in China, and to explore how 
they affect IPC practice. This study aimed to build and validate the linkage between knowledge, attitudes, barrier 
perception, and IPC practice, so as to provide evidence-based instructions for optimizing IPC practice.

Materials and Methods
Settings and Participants
A structured cross-sectional study was conducted in November 2018 in a large tertiary public hospital in Wuhan, China. 
It is a comprehensive hospital integrating medical service, teaching, scientific research, and public health, with more than 
60 clinical and medical technology departments and over 6000 HCWs. The hospital has exceeding 6000 inpatient beds 
and provides approximately 6,317,152 outpatient and 272,002 inpatient services each year. The prevalence rate of HCAIs 
in the hospital was approximately 2.54%, and the overall compliance of hand hygiene among nurses was about 57.52%. 
The Nosocomial Infection Control Department was responsible for the hospital-wide IPC, and specific IPC work was 
performed by infection professionals from this department. Meanwhile, partial physicians or nurses were designated to be 
responsible for IPC in their own clinical departments or wards.
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Respondents in this study should meet the following inclusion and exclusion criteria. Inclusion criteria included (1) 
physicians or nurses engaged in clinical work; (2) physicians or nurses who were responsible for IPC in their own clinical 
departments or wards; (3) physicians or nurses who volunteered to participate in the survey. Exclusion criteria: HCWs 
who did not work in clinical departments, eg, hospital administrators. Consent was obtained from respondents prior to 
their inclusion in the study, and a total of 232 eligible HCWs were eventually included in the study.

Data Collection
Data were collected through a structured self-administered questionnaire, involving IPC knowledge, attitudes, barrier 
perception and practice, as well as demographic characteristics of participants. Respondents who met the inclusion and 
exclusion criteria were invited to fill in the questionnaire by themselves. Before filling in the questionnaire, a brief 
introduction to this survey was illustrated by trained interviewers. At the end of survey, the completed questionnaires 
were handed in and checked for completeness, whereas the incomplete questionnaires were returned to the corresponding 
participants to complete.

Theoretical Framework
The measurement tool in this study was mainly developed on the basis of knowledge, attitude, and practice (KAP) theory, 
which emphasized that the acquisition of knowledge, generation of attitudes and formation of behavior constituted three 
continuous processes of human behavior.19 To achieve the expected behavior change, knowledge is the foundation, while 
attitudes act as the driving force. Knowledge can influence behavior either directly or indirectly through attitudes, and 
attitudes usually have a direct impact on behavior.

In addition, barrier perception is another important factor influencing practice, especially in heavy clinical work 
environment.20 Considering potential barriers (eg, time constraints) may hinder IPC practice; thus, barrier perception was 
incorporated into the final theoretical framework in this study (Figure 1).
The research hypotheses in this study were proposed as follows:

Hypothesis 1: Knowledge has an impact on attitudes.

Hypothesis 2: Knowledge has an impact on IPC practice.

Hypothesis 3: Attitudes have an impact on IPC practice.

Hypothesis 4: Barrier perception has an impact on attitudes.

Hypothesis 5: Barrier perception has an impact on IPC practice.

Figure 1 Theoretical framework of knowledge, attitudes, barrier perception and IPC practice.
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In addition, potential risk factors (eg, demographic characteristics of participants) are likely to be associated with 
knowledge, attitudes, barrier perception as well as IPC practice.

Survey Instruments
A 25-item questionnaire was developed to measure IPC knowledge, attitudes, barrier perception and practice. 
Demographic characteristics of respondents were measured by another eight items.

Knowledge was measured using five items from previous studies, asking the respondents to make a judgment on the 
statement regarding IPC.11,21 The answer to each item is either “true” or “false”, and only one is correct. One point would 
be given on the correct answer, and the total points of correct answers per respondent were calculated. Attitudes were 
measured using five items, of which four items were adapted from previous studies and one item (A4) was developed in 
conjunction with actual situation of the surveyed hospital.21,22 Responses to each item was measured on a five-point 
Likert scale, ranging from “1=totally disagree” to “5=totally agree”. Barrier perception were measured using six items 
from previous studies, which were common problems occurring in daily IPC practice.20,23 Each item was given an option 
based on a five-point Likert scale, with a response from “1=almost none” to “5=very large”. Practice was measured using 
nine items, seven of which were adapted from previous studies, and the remaining two items (P8, P9) were developed in 
accordance with actual IPC requirements of the surveyed hospital.22,24,25 The answer to each item was measured on 
a five-point Likert scale, ranging from “1=never” to “5=always”. The specific items measuring knowledge, attitudes, 
barriers, IPC practice, and the sources of each item were shown in Table S1.

Statistical Analysis
Descriptive statistics were used to describe the demographic characteristics, as well as knowledge, attitudes, barrier perception, 
IPC practice of HCWs who participated in the survey. The difference between respondents in their knowledge, attitudes, 
barrier perception and IPC practice were examined using Mann–Whitney tests or Kruskal–Wallis tests, as the continuous 
variables were not normally distributed. The overall correct/desired responses for each item of questionnaire were summar
ized. Cronbach’s alpha was calculated to determine the reliability. The average variance extracted (AVE) and composite 
reliability (CR) were measured for convergent validity. The square roots of the AVE value and absolute values of correlation 
coefficients between constructs were calculated for discriminant validity. Confirmatory factor analyses (CFA) were used to 
validate whether the hypothetical model has a good fit. Structural equation modelling (SEM) analysis was applied to establish 
the linkage between knowledge, attitudes, barrier perception and IPC practice. Considering potential influencing factors may 
also have an impact on knowledge, attitudes, barrier perception and IPC practice, a Multiple Indicators Multiple Causes 
(MIMIC) model was conducted to detect the effects of covariates. Means and variance-adjusted weighted least squares 
(WLSMV) estimation was used for analysis as it was designed for ordinal variables, including five-point Likert scales.26

Generally, the minimum sample size for SEM research was 100 to 150, while others set this minimum to N=200.27 In 
our study, the number of eligible HCWs who were eventually included in this survey (N=232) met the minimum sample 
size requirement. To evaluate the fit of CFA, SEM and MIMIC model, goodness-of-fit indices were adopted in this study, 
including root mean square error of approximation (RMSEA: <0.08 is acceptable; <0.05 is excellent), comparative fit 
index (CFI: >0.90 is acceptable; >0.95 is excellent), Tucker–Lewis index (TLI: >0.90 is acceptable; >0.95 is excellent), 
standardized root mean square residual (SRMR: <0.10 is acceptable; <0.05 is excellent).28,29

All statistical analyses were performed using SPSS (version 23.0; Armonk, NY) in conjunction with MPLUS (version 
8.0; Los Angeles, CA). P value less than 0.05 was considered statistically significant.

Results
Characteristics of Participants
A total of 232 HCWs were investigated. Respondents involved in this survey included 45 physicians and 187 nurses, 
most of whom were female. The average age was 37.44 years. More than half of HCWs got intermediate titles and the 
majority achieved associate degrees. The average length of working experience for HCWs was 14.99 years. Most of them 
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have received training about HCAIs in the last year, whereas nearly half of them spent less than 10% of clinical working 
time on IPC (Table 1).

Overall, female HCWs had better IPC practice than male HCWs (P<0.001). Nurses had better IPC practice than 
physicians (P=0.048). Significant differences were found in the knowledge across job titles (P=0.012). There were also 
significant differences in the attitudes (P=0.007) and IPC practice (P<0.001) across HCWs who spent different proportion 
of time on IPC. Moreover, HCWs who received training about HCAIs in the last year had lower barrier perception and 
better IPC practice compared to those without training (Table 1).

Main results of Questionnaire
The average correct score of knowledge was 2.95 (SD=0.75). Of the HCWs surveyed, 66.38% knew the definition of 
HCAIs. A majority of HCWs knew that indwelling catheter would increase the risk of developing HCAIs, and care 
bundles can be used to reduce the risk of device-associated infections. However, only a few HCWs knew the major 
source of bacteria causing HCAIs and the function of alcohol hand rub in hand hygiene.

The average score of attitudes was 4.06 (SD=0.70). A majority of HCWs believed that IPC measures (eg, bundle care, 
hand hygiene) could effectively reduce risk of acquiring HCAIs. Of the HCWs surveyed, 82.33% believed that HCWs 
who do not perform hand hygiene or ignore IPC recommendations should be reprimanded. However, less than half of 
HCWs believed that they were able to implement IPC measures, even though most of them felt that they have received 
adequate training about HCAIs as a student.

The average score of barrier perception was 3.14 (SD=0.86). Most HCWs considered excess workload and time 
constraints as two major barriers. Nearly half of HCWs thought there was a lack of adequate facilities or resources. Only 
a minority of HCWs identified the lack of relevant knowledge, or absence of regular training as main barriers.

The average score of IPC practice was 4.38 (SD=0.45). A majority of HCWs performed hand hygiene as required, 
and performed disinfection after using reusable medical instruments. Besides, 61.64% of the HCWs informed the patient 
or family how to prevent and control HCAIs, and nearly half of them wore gloves when in direct contact with a patient 
(Table 2).

The Results of Reliability and Validity
This study proposed and validated the theoretical framework of knowledge, attitudes, barrier perception and IPC practice. 
The results demonstrated that the measurement tool had a good reliability, with Cronbach’s alpha values greater than 0.70 
(the minimum acceptable value). The Cronbach’s alpha values of attitudes, barrier perception and IPC practice were 
0.831, 0.862 and 0.764, respectively.

The factor loading of each item from attitudes, barrier perception and IPC practice ranged from 0.593 to 0.929, 0.391 
to 0.989, 0.514 to 0.866, respectively. The AVE values of attitudes, barrier perception and IPC practice were 0.627, 0.588 
and 0.478, respectively, and the CR values were all higher than 0.80. These results demonstrated a good convergent 
validity of the questionnaire constructs (Table 3). Additionally, the square roots of the AVE value were higher than the 
absolute values of correlation coefficients between attitudes, barrier perception and IPC practice, indicating that the 
questionnaire had a good discriminant validity (Table 4).

The initial results of CFA indicated that the three-factor model (attitudes, barrier perception and IPC practice were 
included as latent variables) with 20 items did not have a good fit (RMSEA=0.111, CFI=0.953, TLI=0.947, 
SRMR=0.107). However, the final CFA model was confirmed as providing a good fit to the data (RMSEA=0.074, 
CFI=0.980, TLI=0.977, SRMR=0.083), after drawing one error covariances according to the suggested modifications.

Associations Between Knowledge, Attitudes, Barrier Perception and IPC Practice
Associations between knowledge, attitudes, barrier perception and IPC practice were established using the SEM model. 
All the hypothesized paths were statistically significant (P <0.05), except for hypothesis 2. The final path model had 
a good fit (RMSEA=0.074, CFI=0.977, TLI=0.973, SRMR=0.088). Consistent with research hypotheses in this study, 
knowledge directly influenced attitudes (β=0.151, p=0.039), and had an indirect impact on IPC practice through attitudes 
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Table 1 Demographic Characteristics, Knowledge, Attitudes, Barrier Perception and IPC Practice of Respondents

Variable Demographic Characteristic Knowledge Attitudes Barrier Perception IPC Practice

Mean±SD */N (%) Mean±SD P value Mean±SD P value Mean±SD P value Mean±SD P value

Age (years) 37.44±6.82 NA

Gender
Male 35(15.1) 2.80±0.80 0.223 4.02±0.43 0.100 3.36±0.66 0.113 4.12±0.47 <0.001
Female 197(84.9) 2.97±0.74 4.07±0.74 3.10±0.89 4.42±0.43

Job position

Physician 45(19.4) 2.82±0.68 0.238 4.03±0.65 0.310 3.19±0.81 0.635 4.26±0.48 0.048
Nurse 187(80.6) 2.97±0.77 4.07±0.71 3.12±0.88 4.41±0.44

Job title

Junior 41(17.7) 2.63±0.73 0.012 3.90±0.82 0.355 3.22±0.60 0.875 4.23±0.47 0.072
Intermediate 131(56.5) 3.07±0.77 4.04±0.75 3.10±0.94 4.43±0.43
Vice-senior 42(18.1) 2.95±0.62 4.26±0.44 3.16±0.89 4.41±0.44

Senior 8(3.4) 2.88±0.83 4.13±0.35 3.33±0.65 4.29±0.27

Others (None) 10(4.3) 2.60±0.70 4.08±0.47 3.00±0.85 4.19±0.62

Education level

Vocational training 2(0.9) 3.50±0.71 0.153 4.00±0.28 0.695 3.08±1.53 0.880 4.00±0.16 0.086
Associate degree 165(71.1) 2.93±0.74 4.04±0.74 3.11±0.87 4.39±0.44

University degree 23(9.9) 3.22±0.90 4.23±0.41 3.22±0.85 4.51±0.48
Master degree and above 42(18.1) 2.83±0.70 4.04±0.68 3.21±0.83 4.29±0.45

Working experience (years) 14.99±8.72 NA

Time proportion spent on IPC accounting for clinical  

working time (%)
Less than 10% 104(44.8) 2.91±0.72 0.766 3.89±0.84 0.007 3.22±0.85 0.243 4.24±0.46 <0.001
10–20% 84(36.2) 2.98±0.84 4.18±0.55 3.05±0.88 4.42±0.42

20–30% 27(11.6) 3.04±0.71 4.28±0.42 3.01±0.90 4.62±0.35
More than 30% 17(7.3) 2.82±0.64 4.19±0.57 3.30±0.77 4.59±0.40

Training about HCAIs in the last year

Yes 209(90.1) 2.96±0.75 0.325 4.07±0.72 0.148 3.09±0.86 0.013 4.41±0.43 0.007
No 23(9.9) 2.78±0.74 3.97±0.55 3.55±0.76 4.12±0.50

Notes: P value derived from Mann–Whitney tests or Kruskal–Wallis tests. Boldface values indicate significance of P value (p<0.05). 
Abbreviations: SD, standard deviation; NA, not applicable.
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Table 2 Overall Knowledge, Attitudes, Barrier Perception and IPC Practice

Question Correct/Desired Responses, N(%)

Knowledge
Indwelling catheters increase the risk of developing healthcare-associated infections 206(88.79)

The environment (air, surfaces, water) is the major source of bacteria causing HCAIs 82(35.34)

HCAIs are infections occurring after at least 7 consecutive days in hospital 154(66.38)
Adequate hand hygiene can be achieved using alcohol hand rub instead of soap and water 21(9.05)

Care bundles can be used to reduce the risk of device-associated infections 228(98.28)

Attitudes (agree or totally agree)
I believe bundle care conducted in our hospital can effectively reduce risk of acquiring HCAIs 217(93.53)
I believe hand hygiene measures reduce the risk of HCAIs among medical professionals 223(96.12)

I believe HCWs who do not perform hand hygiene or ignore IPC recommendations should be 

reprimanded

191(82.33)

I believe I am able to implement IPC measures 106(45.69)

I believe I have received adequate training about HCAIs as a student 188(81.03)

Barrier perception (larger or very large)
Time constraints 140(60.34)

Excess workload 180(77.59)
Lack of adequate facilities or resources 106(45.69)

Lack of functional infection control committee 73(31.47)

Absence of regular training on infection control 50(21.55)
Lack of knowledge of standard precautions 49(21.12)

IPC practice (often or always)
Hand hygiene before patient contact 190(81.90)

Hand hygiene before an aseptic task 225(96.98)

Hand hygiene after body fluid exposure risk 229(98.71)
Hand hygiene after patient contact 222(95.69)

Hand hygiene after contact with patient surroundings 193(83.19)

Wearing gloves when in direct contact with a patient 134(57.76)
Hand hygiene before going to another patient 174(75.00)

Inform the patient (family) how to prevent and control HCAIs 143(61.64)

Disinfection after using reusable medical instruments 211(90.95)

Table 3 Factor Loading of Each Item and the Convergent Validity, Composite 
Reliability Measurement

Construct Item Factor Loading AVE CR

Attitudes A1 0.929 0.627 0.891
A2 0.917
A3 0.664

A4 0.593

A5 0.798

Barrier perception B1 0.395 0.588 0.885
B2 0.391

B3 0.746

B4 0.897
B5 0.989

B6 0.937

(Continued)
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(β=0.204, p=0.001). Barrier perception had negative effects on both attitudes (β=−0.234, p<0.001) and IPC practice (β= 
−0.288, p<0.001) (Figure 2).

Effects of Covariates on Knowledge, Attitudes, Barrier Perception and IPC Practice
The MIMIC model was applied to access the effects of covariates on factor structure. Time proportion spent on IPC was 
significantly associated with attitudes and IPC practice (β=0.180, p=0.015; β=0.287, p<0.001, respectively), while 
training about HCAIs was significantly related to barrier perception and IPC practice (β=0.192, p=0.039; β=-0.169, 
p=0.038, respectively). The results of the MIMIC model are shown in Table 5.

Discussion
Comparison with Other Studies
This study found that knowledge, attitudes, barrier perception, and IPC practice varied between different characteristics 
of HCWs, such as gender, job position, job title, etc. Consistent with our findings, Laskar et al13 reported that female 
HCWs usually had better IPC practice than male. In addition, it was found that nurses usually had better IPC practice 
than physicians.10,30 As regards training, Wu et al31 found a similar situation to ours, and suggested that training 
programs concerning IPC should be designed for HCWs. Besides, HCWs with intermediate title had a better knowledge 
than those with junior title, which may attribute to the accumulation of IPC expertise with the increasing working 
experience in the early stage of career.14,32 HCWs who spent more time on IPC indicated a greater emphasis on HCAIs, 
and as a result both their attitudes and IPC practice were more likely to perform better.

IPC practice is not totally guided by perfect logic but is instead led by potential factors that might cause 
inconsistencies.30 The overall IPC practice in this study was suboptimal, of which wearing gloves when in direct contact 
with a patient, and informing the patient or family how to prevent and control HCAIs were two poorer performances. 
Moreover, hand hygiene was less adhered before patient contact and before going to another patient, which was familiar 
to the findings by Laskar et al.13 The reason for the poor practice above was possibly that HCWs tend to have better IPC 

Table 3 (Continued). 

Construct Item Factor Loading AVE CR

IPC practice P1 0.676 0.478 0.889

P2 0.692
P3 0.716

P4 0.866

P5 0.810
P6 0.563

P7 0.657

P8 0.656
P9 0.514

Abbreviations: AVE, average variance extracted; CR, composite reliability.

Table 4 Correlation Matrix of Attitudes, Barrier Perception and IPC Practice

Construct Attitudes Barrier Perception IPC Practice

Attitudes 0.792

Barrier perception −0.240** 0.767

IPC practice 0.272** −0.292** 0.691

Notes: **P<0.01; Boldface values indicate the square roots of the AVE value.
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practice when they were at risk of acquiring HCAIs from patients, rather than from the perceptive of protecting 
patients.13

This study revealed that knowledge had positive effects on attitudes directly, whereas had no direct impact on IPC 
practice, proving that knowledge does not always directly translate into good practice.33 Previous studies also reported 
a know-do gap in IPC, where there was a contradiction between what physicians knew and what they actually did.33,34 

Consistent with our findings, Russel et al35 discovered that there was no significant relationship between knowledge and 
self-reported IPC compliance, indicating that knowledge alone was not sufficient to account for variations in practice and 
emphasizing the importance of attitudes as a mediator between them. A systemic literature review showed that 
compliance of hand hygiene remains poor despite sound knowledge, suggesting that hand hygiene was an acquired 

Figure 2 Structural equation model on knowledge, attitudes, barrier perception and IPC practice. 
Notes: Only significant pathways (p<0.05) were reported with standardized path coefficients.

Table 5 MIMIC Results of Covariates on Knowledge, Attitudes, Barrier Perception and IPC Practice

Construct Covariates β SE P value

Knowledge Age 0.251 0.309 0.417
Gender 0.089 0.567 0.876

Job position 0.233 0.143 0.102
Job title −0.030 0.075 0.686

Education level 0.182 0.146 0.214

Working experience −0.124 0.310 0.690
Time proportion spent on IPC accounting for clinical working time −0.043 0.076 0.570

Training about HCAIs in the last year −0.056 0.099 0.571

(Continued)
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habit.30 Nwaokenye et al36 also reported that good hand hygiene was not necessarily due to sufficient knowledge, but 
more out of habit and self-protection.

A mediating role of attitudes was found between knowledge and IPC practice in this study. Consistent with our 
findings, Nasiri et al9 concluded that positive attitudes could help facilitate the translation of professional knowledge into 
good IPC practice. Huang et al10 also pointed out that only when subliming knowledge into belief, can one take a positive 
attitude to change the behavior. As for the direct positive link between attitudes and IPC practice, this may lie in the fact 
that IPC practice was more likely to be driven by subjectively held information.35 Similarly, Sunkwa-Mills et al37 

demonstrated that positive attitudes of some HCWs promoted standard IPC practice. Previous studies also indicated that 
believing one’s own behavior can change HCAIs outcomes is essential to achieving sustained behavior change.30,38

In addition, it was necessary to eliminate barriers as they were detrimental to implementing IPC measures. More than 
half of HCWs perceived time constraints and excess workload as two major barriers in our study. Similarly, previous 
studies demonstrated that lack of time and excess workload were main barriers hindering adherence to IPC precautions, 
particularly in busy clinical work environment.14,33 Sunkwa-Mills et al37 also reported that HCWs sometimes regarded 
HCAIs concerns as secondary when faced with heavy clinical workload. Lien et al34 also found that physicians 
complained that patient overload was a dominant barrier for their IPC compliance. The surveyed hospital in our study 
was crowded with patients most of time, as it was well known in central China. HCWs working there were usually in the 
face of heavily workload and often had to deal with emergencies within limited time, which may fail to ensure a good 
IPC practice all the time.

Table 5 (Continued). 

Construct Covariates β SE P value

Attitudes Age −0.033 0.250 0.895
Gender 0.060 0.471 0.898

Job position 0.058 0.150 0.700

Job title 0.045 0.080 0.579
Education level 0.156 0.155 0.315

Working experience 0.170 0.254 0.503

Time proportion spent on IPC accounting for clinical working time 0.180 0.074 0.015
Training about HCAIs in the last year −0.047 0.078 0.543

Barrier perception Age −0.275 0.296 0.354
Gender −0.205 0.506 0.686

Job position 0.075 0.174 0.667

Job title 0.007 0.078 0.932
Education level 0.129 0.163 0.431

Working experience 0.249 0.294 0.397

Time proportion spent on IPC accounting for clinical working time −0.042 0.070 0.549
Training about HCAIs in the last year 0.192 0.093 0.039

IPC practice Age 0.513 0.274 0.061

Gender 0.151 0.358 0.674

Job position 0.254 0.181 0.160
Job title −0.034 0.086 0.695

Education level 0.201 0.191 0.292

Working experience −0.306 0.279 0.272
Time proportion spent on IPC accounting for clinical working time 0.287 0.069 <0.001
Training about HCAIs in the last year −0.169 0.082 0.038

Note: Boldface values indicate significance of p value (p<0.05). 
Abbreviations: SE, standard error.
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Policy Implications
Policy interventions targeting major IPC-related factors are critical. To reduce the barriers revealed in this study, three 
key intervention strategies have been proposed to improve current situation.

Firstly, deficiency-based training programs concerning standard IPC knowledge should be designed according to local 
clinical circumstance.39 As HCWs in the surveyed hospital are generally faced with excess workload and time 
constraints, short-term online training programs targeting specific HCWs groups with poor IPC practice may be more 
effective. Moreover, providing local data on HCAIs to HCWs in the training programs are advocated. This can help 
awaken them to be aware of the need for IPC, thereby motivating them to put the knowledge into IPC practice.34

Secondly, policy interventions targeting experiential thinking of HCWs are recommended, as some IPC measures are 
acquired habits.30 Great efforts need to be made to motivate HCWs to have positive beliefs towards changing HCAIs 
situation and to develop sustained IPC habits in daily clinical work. Also, it is necessary to promote patient safety culture 
in the hospital, so as to help HCWs transform self-protective attitudes into patient-safety attitudes when faced with 
HCAIs risk.36

Thirdly, management support for IPC should be further strengthened, as it has been found to be pivotal in combating 
HCAIs.40 In the overcrowded hospital, enhanced management support is recommended to ensure adequate supply of 
resources, especially human resources, to alleviate time constraints and heavy workload.

Strengths and Limitations
This study explored the associations between knowledge, attitudes, barrier perception and IPC practice among HCWs 
based on a validated model. The findings of this study enriched the evidence to combat HCAIs and filled some gaps in 
literature in China.

There are some limitations in this study. Firstly, the respondents in this study were all recruited from a large tertiary 
hospital, thus sampling bias may exist to some extent. Future research could validate the generalization of these findings 
using a wider survey. Secondly, although the current study has met the minimum sample size requirements of CFA and 
SEM, a larger study population could also be applied to confirm the results in the future.27 Thirdly, self-assessment 
questionnaires may lead to overestimation when measuring IPC, though they have been a common measurement. Future 
studies could try to apply more objective measures, for instance, direct observation.

Conclusion
A well-fitting path model of knowledge, attitudes, barrier perception and IPC practice was established. Improving 
knowledge may contribute to positive attitudes, and thereby promote better IPC practice. However, heavy workload, 
and time constraints can be major barriers in IPC implementation. It is recommended to design deficiency-based training 
programs, develop sustained IPC habits, and strengthen management support to optimize IPC practice.
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