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Background: Hand hygiene among healthcare workers is the leading measure to reduce healthcare-associated infections. However, 
hand hygiene behavior is complex and not readily understood. This study aimed to identify the determinants and the underlying 
mechanism of hand hygiene behavior based on the capability, opportunity, motivation-behavior model.
Methods: A self-constructed questionnaire survey was conducted among healthcare workers in Chongqing, China. Capability, 
opportunity, and motivation were designed as independent variables, and hand hygiene behavior was measured as a dependent 
variable. Internal consistency reliability analysis and confirmatory factor analysis were applied to examine the reliability and validity 
of the questionnaire. Structural equation modeling was performed to explore the relationships among capability, opportunity, 
motivation, and hand hygiene behavior.
Results: Four hundred and ninety-nine physicians and nurses were investigated. The Cronbach’s α coefficients were above 0.764. 
Confirmatory factor analysis was confirmed with good data fitness. The structural equation modeling had a good fit (root mean square 
error of approximation=0.070, comparative fit index=0.960, Tucker–Lewis index=0.956). Both opportunity (β=0.265, p<0.05) and 
motivation (β=0.333, p<0.05) directly affected hand hygiene behavior. Both capability (β=0.194, p<0.001) and opportunity (β=0.719, 
p<0.001) were indirectly linked to hand hygiene behavior through motivation.
Conclusion: To improve hand hygiene behavior, more efforts need to be focused on resource provision and motivation enhancement 
in the future compared to training.
Keywords: hand hygiene, behavior, COM-B model, healthcare workers

Introduction
Healthcare-associated infections (HAIs) represent the global challenge for patient safety, which increase the burden, 
prolong hospital stays, and threaten the lives of patients.1 It is estimated that 7 out of every 100 hospitalized patients in 
high-income countries and 10 out of every 100 hospitalized patients in low- and middle-income countries acquire one or 
more HAIs at any given time, according to the estimate by the World Health Organization (WHO) in 2019. Hand hygiene 
among healthcare workers (HCWs) is considered to be an important low-cost measure to reduce HAIs.2–4 However, hand 
hygiene compliance across the world is poor, at approximately 40%–60%.5–7

Poor compliance is attributed to the complexity of hand hygiene behavior,8–10 which includes multiple determinants 
covering knowledge, skills, attention, infrastructure, and motivation.11–15 Many interventions and strategies issued by 
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WHO that were developed to improve hand hygiene compliance are proved to be a partial success.14,16–19 One of the 
reasons why the improvement of hand hygiene behavior is not ideal is that the interventions and strategies are usually not 
based on behavioral or psychological theory.13 Understanding the underlying mechanisms (the determinants of current 
and desired behavior) of hand hygiene behavior based on a theory can be effective to improve the hand hygiene 
compliance of HCWs.15 However, limited evidence is available in developing countries.16,20

The Capability, Opportunity, Motivation-Behavior (COM-B) model is regarded as a promising and systematic 
theoretical framework of behavior change21,22 and is cited as a key theoretical framework for understanding and 
supporting behavior change by the UK National Institute for Health and Care Excellence.23 It originates from 
a variety of health behavior models, so it can capture all factors that influence behavior change.23,24 It demonstrates 
that the change in human behavior results from one or more of the following: capability, opportunity, or motivation, 
which can guide the design of the most effective interventions for targeted behavior.21,23,24 Capability includes physical 
and psychological capacity about behavior. Motivation involves reflective and automatic processes that control behavior. 
Opportunity that is encompassed by external factors addresses all physical and social factors beyond one’s control.25

Previous studies have applied COM-B model to understand the barriers and facilitators of hand hygiene behavior and 
other infection control measures in HCWs to inform the design of intervention about behavior change.26,27 Recently more 
research has been performed with respect to the quantitative studies based on COM-B models. For example, Lydon et al 
mainly developed a valid questionnaire and found that capability and motivation make a significant contribution to hand 
hygiene behavior in Ireland.28 Tomsic et al reported that capability is associated with orthopedic physicians’ self-reported 
compliance with surgical site infection prevention.29 However, how capability, opportunity and motivation together affect 
hand hygiene behaviors and what are the pathways between them are scarcely known. Besides, more studies should be 
performed in the different background to examine the generalization of COM-B model. Although Miller et al have 
explored the pathways among UK population,30 the evidence in HCWs is limited. The exploration of the pathway based 
on COM-B model among HCWs with respect to hand hygiene will help to understand the barriers and facilitators of 
infection control and improve hand hygiene. Therefore, this study aimed to identify the underlying mechanisms of hand 
hygiene behavior in HCWs in China based on the COM-B model.

The theoretical framework was adapted from the COM-B model. The model holds that capability, opportunity, and 
motivation are determinants of behavior, and capability and opportunity influence motivation. Therefore, capability and 
opportunity affect behavior through direct and indirect paths.28 The following hypotheses were proposed in this study 
(Figure 1).

H1: Capability affects motivation.
H2: Capability affects hand hygiene behavior.
H3: Opportunity affects motivation.
H4: Opportunity affects hand hygiene behavior.
H5: Motivation affects hand hygiene behavior.
H6: Motivation mediates the association between capability and hand hygiene behavior.
H7: Motivation mediates the association between opportunity and hand hygiene behavior.

Figure 1 Hypotheses of the COM-B model of hand hygiene behavior of HCWs.
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Methods
Settings
Chongqing is located southwest of China and has a population of 31 million. The economic development of Chongqing is 
at the middle level in China, wherein the GDP was 2.16 trillion (yuan) in 2018, ranking 17 among 31 provinces. Tongnan 
District is located northwest of Chongqing, with a land area of 1583 km2 and a population of 1.03 million. The annual 
GDP of Tongnan reached 38.10 billion (yuan) in 2018, just above the average level of all counties in Chongqing. With its 
medium level of economic development in China, the Tongnan District in Chongqing Municipality was selected for this 
study because of its good representativeness. The survey was conducted in two secondary general hospitals in Tongnan 
District, which received 0.6 million patient visits per year.

Participants and Data Collection
All of the clinical physicians and nurses on duty during the period of the survey were invited to participate in the survey. 
Data were collected over the period from 22nd to 26th July 2019 by five trained investigators (recruited from 
postgraduate research students in social sciences and medicine). To guarantee the data quality, investigators explained 
the objective and procedure of the study to the participants. On average, the survey took about 10 min to complete. 
A token (roughly $1.65) was given to the respondent after completing the questionnaire.

Independent Measures
The questionnaire was derived based on previous studies and focus group discussion to guarantee content validity. Firstly, 
the questionnaire items from previous studies on hand hygiene were collected.8,10,16,21,31 Then, items with the same or 
similar meaning were merged, and 45 items were retained. Meanwhile, all of the items were translated from English into 
simplified Chinese by two translators. Then, a focus group discussion was held to confirm the necessity, appropriateness, 
understandability, and accuracy of each item, and five items were revised. The focus group comprised graduate students 
and teachers who worked on HAI prevention and control and were aware of the COM-B model. Finally, a 45-item 
questionnaire with four constructs was designed (Supplementary Table 1).

To guarantee the quality of formal investigation, we conducted a pilot survey in a general hospital. Sixteen physicians 
and nurses were face-to-face invited to fill in the questionnaire and provide suggestions. Participants reported that the 
items covered almost all factors related to hand hygiene.

The capability construct which comprised 10 items was developed to assess whether the respondent believed that he/ 
she had the knowledge, skills, memory, attention, and decision processes to perform hand hygiene behavior. The 
opportunity construct which comprised 11 items was designed to assess whether the environmental context and resources 
were available to make hand hygiene behavior possible and whether the social environment influenced the personal hand 
hygiene behavior. The motivation construct which comprised 19 items aimed to assess whether the respondent had 
beliefs about consequences and capabilities and whether the social/professional role and identity, goals, and emotion 
supported personal hand hygiene behavior. Socio-demographic characteristics including gender, career type, age, 
working year and education degree were recorded.

Dependent Measures
Self-reported hand hygiene behavior was measured using the “Five moments of hand hygiene behavior” proposed by the 
WHO: (1) before patient contact, (2) before aseptic technique, (3) after body fluid exposure, (4) after patient contact, and 
(5) after patient surrounding contact. For each item, respondents indicated the frequencies with which they complied 
hand hygiene last year. Each item was scored from 1 “never” to 5 “always” by using a 5-point Likert scale.

Statistical Analysis
Descriptive statistics were used to describe the demographic and clinical characteristics of the sample. Internal 
consistency reliability and confirmatory factor analyses (CFA) were applied to examine the reliability and validity of 
the questionnaire. Because the responses were ordinal variables (5-Likert scale), factor analysis with the means and 
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variance-adjusted weighted least squares extraction (WLSMV) estimation were used in CFA and structural equation 
modeling (SEM).32

CFA was applied to validate whether the hypothesized latent variables could represent item load on constructs. Firstly, 
the CFA for capacity, opportunity, and motivation constructs was conducted separately. Items with a standardized 
coefficient above 0.6 on measured latent variables were considered effective measure items for targeted latent variables 
and were retained. Secondly, the CFA for capacity and opportunity, capacity and motivation, and opportunity and 
motivation was conducted. There was no cross loading when goodness-of-fit indices were up to standard. Thirdly, the 
CFA for capacity, opportunity, and motivation was conducted to examine whether the construct was acceptable. 
Furthermore, the reliability was determined by calculating Cronbach’s α. After the measurement was validated, SEM 
was conducted to construct the COM-B model of hand hygiene behavior. If some modification indexes were very high, 
then modifications were made.33

Goodness-of-fit indices were used to evaluate the fitness of the CFA and SEM model:34 root mean square error of 
approximation (RMSEA; <0.08 acceptable, <0.05 excellent), comparative fit index (CFI; >0.90 acceptable, >0.95 
excellent), and Tucker–Lewis index (TLI; >0.90 acceptable, >0.95 excellent).35

The Statistical Package for Social Sciences for Windows (version 24.0, SPSS Inc., Chicago, IL, USA) and MPLUS (version 
7.0, Muthén & Muthén, Los Angeles, CA, USA) were used to conduct analyses. The significance level was set at 0.05.

Results
Characteristics of Respondents
A total of 585 HCWs were willing to fill the questionnaires. Among the 585 HCWs, 499 (85.3%) were valid respondents. 
A number of 86 questionnaires were excluded to analyze for incomplete information and low quality. Most of the 
respondents were female (75.3%) and nurses (61.0%). The average age and working years were 32.5±8.7 and 10.2±8.9 
years, respectively. About 69.5% of respondents obtained a bachelor’s degree or above (Table 1).

Reliability and Validity of Measures
According to the CFA results, three items from the capability construct, three items from the opportunity construct and 
eight items from the motivation construct were removed. The three-factor model with 26 items was confirmed with good 
data fitness: RMSEA=0.078, CFI=0.964, and TLI=0.960.

The Cronbach’s α coefficient values were acceptable for all constructs. The specific reliability values for the 
constructs were as follows (Table 2): (1) capability (0.850), (2) opportunity (0.764), (3) motivation (0.877), and (4) 
hand hygiene behavior (0.808).

A total of 499 respondents were included for SEM analysis. Figure 2 reports the results of standardized path 
coefficients with statistical significance (p<0.05). Only one hypothesized path (H2) was insignificant. After three 
modifications, the final SEM model had good data fitness: chi-square=1450.809, chi-square/DF=3.414, 
RMESA=0.070, CFI=0.960, TLI=0.956, and SRMR=0.059.

As initially hypothesized, capability (β=0.194, p<0.001) and opportunity (β=0.719, p<0.001) had direct effects on 
motivation (R2=0.773), and opportunity (β=0.265, p<0.05) and motivation (β=0.333, p<0.05) directly affected hand 
hygiene behavior (R2=0.328). Capability (β=0.065, 95% CI=0.052–0.102) and opportunity (β=0.239, 95% CI=0.170– 
0.314) had indirect effects on hand hygiene behavior. To sum up, hypotheses H1, H3, H4, H5, H6 and H7 were accepted, 
while hypothesis H2 was rejected.

Discussion
This study confirmed how capacity, opportunity and motivation affect hand hygiene behavior among HCWs. Opportunity 
and motivation directly affect hand hygiene behavior. Capability is not a significant predictor of hand hygiene behavior, 
while it has an indirect effect on hand hygiene behavior through motivation. Opportunity has a direct and indirect impact 
on hand hygiene behaviors.
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Opportunity is found to be the important predictor of hand hygiene behavior in this study, which is inconsistent with 
the results of a similar study conducted in an intensive care unit in Ireland.28 In Lydon et al’s study, opportunity was not 
found to be a significant predictor in the Irish sample, but they speculated that opportunity may be the predictive factor of 
behavior in less-resourced healthcare systems with inadequate and inconvenient hand hygiene facilities and may not be 
relevant in better-resourced healthcare systems.28 The allocation of resources about HAIs was limited and the lack of 
fund was the barrier to many hospitals, which contributed to inadequate and inconvenient hand hygiene facilities and 
other limited infrastructure.36,37 This study confirms Lydon et al’s hypothesis. Previous recommendations also have 
pointed out that limited hand hygiene infrastructure was a key factor in developing and low-income countries.5,28,38–40 

Several studies have explored approaches to increase opportunity to improve hand hygiene behavior. For example, 
a systematic review indicated that increased accessibility of hand sanitizers and placement of dispensers in more visible 
places can increase hand hygiene compliance.41 Moreover, a heavy workload is a barrier to hand hygiene. In some 
situations, hand hygiene is not being performed because staff are too busy or called away to a more urgent task.19,40–42 

Heavy workload on the working nurses makes them distracted and gives priority to clinical and nursing procedures more 
than hand hygiene.43,44 Furthermore, better opportunity can indirectly promote hand hygiene behavior through motiva-
tion, which is consistent with other studies. For example, Smiddy et al reviewed 11 qualitative research studies, and the 
results indicated that opportunity (eg, social influences, use of cues) was a factor in hand hygiene motivation.45 In 
summary, greater efforts need to be made to provide more adequate resources and staff in the future.20 For example, 

Table 1 Demographics and Clinical Characteristics of Respondents

Characteristics Mean±SD†/N (%)

Age (years) 32.5±8.7
Gender

Male 123 (24.7)

Female 375 (75.3)
Profession

Physician 194 (39.0)

Nurse 304 (61.0)
Department

Internal medicine 184 (36.9)
Surgery 107 (21.4)

Obstetrics and gynecology 32 (6.4)

Pediatrics 42 (8.4)
ICU 42 (8.4)

Acupuncture/massage/rehabilitation 34 (6.8)

Ophthalmology/otolaryngology/dermatology 19 (3.8)
Emergency 16 (3.2)

Anesthesiology 23 (4.6)

Educational background
Associate degree 152 (30.5)

Bachelor’s degree 333 (66.9)

Master’s degree 12 (2.4)
Doctoral degree 1 (0.2)

Technical title

To be appraised 53 (10.7)
Junior 271 (54.9)

Middle 105 (21.3)

Senior 63 (12.8)
Working years (years) 10.2±8.9

Abbreviation: †SD, standard deviation.
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pediatric-friendly reminder posters, pamphlets and increased accessibility of hand sanitizers were proved to improve 
HCW hand hygiene compliance.41,46

In our study, capability was not directly linked to hand hygiene behavior but indirectly linked to hand hygiene 
behavior through motivation, which is an interesting finding. Many studies have revealed that inadequate capability (eg, 
knowledge and skills) was one of the key reasons for low hand hygiene compliance.28,47,48 Thus, “training and 
education” is one of the most frequent components of multimodal intervention strategies for hand hygiene.11,14,19,20,49 

Contrary to these studies, De Wandel et al identified that good theoretical knowledge was not a significant predictor of 
hand hygiene practice,50 and there was a disconnect between hand hygiene knowledge and behavior.20 Moreover, 
a previous study showed that educational intervention would not lead to higher compliance if knowledge was 
lacking.11 Furthermore, although capability alone does not contribute to changes in practice,1,21 this study revealed 
that capability may indirectly increase hand hygiene compliance by increasing hand hygiene motivation. However, 
various studies have found that the majority of HCWs had good hand hygiene knowledge.41,49,51–53 Whether education 
and training will be the priority of multimodal intervention strategies for hand hygiene requires further study.

According to the SEM results, motivation was a significant predictor of hand hygiene behavior, which is consistent 
with previous results.28 Many social cognition theories reveal that effective behavioral changes are primarily caused by 
motivated individuals.54 Salamati et al showed that composite hand hygiene scores increased after a motivational 

Table 2 Constructs for Capability, Opportunity, Motivation and Behavior

Constructs Items β p-value Mean SD† Cronbach’s α

Capability C1 0.825 <0.001 4.45 0.425 0.850
C2 0.886 <0.001

C3 0.783 <0.001

C4 0.749 <0.001
C5 0.780 <0.001

C6 0.735 <0.001

C7 0.770 <0.001
Opportunity O1 0.661 <0.001 4.155 0.472 0.764

O2 0.681 <0.001
O3 0.417 <0.001

O4 0.390 <0.001

O6 0.658 <0.001
O8 0.849 <0.001

O9 0.873 <0.001

O10 0.713 <0.001
Motivation M1 0.822 <0.001 4.329 0.407 0.877

M2 0.739 <0.001

M5 0.763 <0.001
M6 0.713 <0.001

M7 0.670 <0.001

M9 0.746 <0.001
M11 0.850 <0.001

M13 0.634 <0.001

M14 0.808 <0.001
M15 0.769 <0.001

M18 0.808 <0.001

Behavior B1 0.738 <0.001 4.524 0.474 0.808
B2 0.762 <0.001

B3 0.802 <0.001

B4 0.920 <0.001

Abbreviation: †SD, standard deviation.
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interviewing intervention.55 Motivation not only can directly affect hand hygiene behaviors, but also can mediate the 
relationship between capacity and hand hygiene behaviors as well as opportunity and hand hygiene behaviors. 
Interestingly, Miller found the same pathways among UK population.30 These findings suggest that policymakers or 
hospital administrators should focus on improving HCWs’ motivation (eg, by setting a goal, modeling, or incentivizing) 
to increase hand hygiene compliance. With respect to the items in the questionnaire compared to previous study, the 
items in our study were characterized by the thought of HCWs30 and hold broad meanings about motivation like the 
concern for others and fear about transmission.28

This study has some limitations. First, this study was conducted in one province of China. Thus, we should remain 
cautious in our attempts to generalize the findings of this study. Second, we measured self-report hand hygiene behavior 
instead of practices, which may result in an overestimation of hand hygiene compliance.21,56 Aside from this, self-reports 
remain an important source of information about hand hygiene behavior.21 Third, as SEM was constructed using cross- 
sectional data, which was difficult to make causal inferences and results would differ if another time frame had been 
chosen, longitudinal analyses should be used to assess relationships across time. Fourthly, because this study was 
conducted based on COM-B model, the main variables are confined to capability, opportunity, motivation and behavior. 
Thus, the empirical evidence of the effect of workload and level of training or beliefs was not supported.

Conclusion
This study confirmed the pathway in which capacity, opportunity and motivation affect hand hygiene behavior among 
HCWs. The results show that opportunity and motivation are significant predictors of hand hygiene behavior. Capability 
plays an important role in motivating HCWs to perform hand hygiene. Although capability is not a significant predictor 
of hand hygiene behavior, it has an indirect effect on hand hygiene behavior through hand hygiene motivation. 
Opportunity has an impact on hand hygiene behaviors through both direct and indirect channels. To improve hand 
hygiene behavior, more efforts should focus on resource provision and hand hygiene motivation enhancement. 
Practically, reminder posters, pamphlets, increased accessibility of hand sanitizers and incentivizing can be conducted 
in hospital. Future study can be conducted in a different context to examine the generalization and robustness of the 
model and the potential factors that may moderate the pathway in COM-B model.

Figure 2 Final SEM model of hand hygiene behavior of HCWs.
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