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Healthcare-associated infections (HAIs) are a leading cause of morbidity and mortality in 

the U.S.,1 with an annual incidence estimated at two million cases,2 with up to 99,000 

patients dying each year.1 These statistics make HAIs the fifth leading cause of death in 

acute-care hospitals.3,4 Infection prevention interventions to reduce the incidence of HAIs in 

hospitals, such as the central line bundle interventions to prevent central line-associated 

bloodstream infections (CLABSI),5 have been tested and resulted in improvements for 

individual organizations.6 Unfortunately, examples of sustained program success to reduce 

HAIs and other adverse events are rare.6–10 This has been attributed to the lack of attention 

to the organizational context in which these interventions are implemented.11,12 The aim of 

this study was to test for a relationship between adherence to the central line bundle 

interventions, organizational context, and CLABSI outcomes, and establish a method of how 

to study organizational context within infection prevention programs in acute-care hospitals.

 PREVIOUS RESEARCH

The prevention of HAIs are a worldwide priority, as witnessed by the number of large-scale 

initiatives that are underway nationally,13,14 and globally.15,16 In the U.S., the Department of 

Health and Human Services has developed a National Action Plan to Prevent HAIs that 

targeted a 50% reduction in CLABSIs in intensive care units (ICUs) by 2013,13 and the 

elimination of all HAIs by the year 2020.17 These lofty goals have been set due to the 

existence of evidence-based practice interventions that, when consistently implemented 

>95% of the time,18 decrease HAI incidence. One of the most well known HAI prevention 

interventions is the central line bundle, originally tested by Pronovost et al.19 The central 

line bundle consists of a checklist of five individual interventions that, when performed 

together, have demonstrated a reduction in CLABSIs.10,19 The central line bundle includes 

(1) hand hygiene prior to line insertion, (2) the use of maximal barrier precautions for line 
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insertion, (3) the use of chlorhexidine gluconate (CHG) for skin preparation, (4) the 

selection of an optimal catheter site, and (5) checking the central line daily for necessity.5

Organizational context has been defined as the environment in which healthcare is practiced, 

and includes the sub-concepts of organizational culture, climate, and the work 

environment.12 Context has been identified as an integral component in the successful 

implementation of patient safety programs. Due to a lack of measurement and reporting of 

contextual factors in research projects and publications, translation of successful 

interventions from one site to another is challenging.11,12 To facilitate the spread of 

successful patient safety strategies, researchers are encouraged to use theory-based 

frameworks to describe, evaluate, and empirically test the key contextual elements that 

positively influence patient safety interventions.12 Recent examples include studies that have 

investigated the role of organizational culture on a patient safety culture,20 long-term 

hospital performance,21 an improvement in processes (specifically hand washing frequency), 

and outcomes (vancomycin-resistant enterococci incidence),22 and nursing turnover.23 

Studies that have evaluated the influence of the work environment on patient outcomes have 

reported that nurse staffing,24,25 nursing skill mix,26,27 nurse education levels,28 working 

conditions and level of burnout,24,28–30 along with employing intensivists in ICUs,31 and 

high levels of relational coordination,32 have been positively associated with patient 

outcomes in some studies. Lastly, the influence of a positive safety climate has been studied 

for its relationship to nurse and patient outcomes,33–36 but the findings are inconsistent at 

this time.

An improved understanding of the role contextual factors play in healthcare could identify 

the factors that help or hinder program implementation and improved patient outcomes, and 

allow for translation of findings across systems.11,12 To meet this end, a systems-level, 

theory driven research approach is needed, for implementing and sustaining complex patient 

safety interventions to decrease adverse events is a challenging process.12

 THE CONCEPTUAL MODEL

The Quality Health Outcomes Model (QHOM) proposes relationships between the system or 

context, healthcare interventions, client characteristics, and patient outcomes.37 The model 

adapts the traditional structure-process-outcome framework of Donabedian, that suggests 

that interventions or treatments directly produce expected outcomes, as adjusted for client 

characteristics38 into a dynamic model that recognizes that feedback occurs among clients, 

the context in which the care is provided, and interventions.37 The QHOM is presented in 

Figure 1.

The QHOM was developed to encourage researchers to view the practice of healthcare as an 

active process that is impacted by both contextual and client factors.37 The relationships in 

the model are presented with bi-directional influence, suggesting that interventions impact 

and are impacted by both context and client characteristics in producing desired outcomes. 

In addition, the connection between context and client suggests that no single intervention 

acts directly through either context or client alone. In essence, the effect of an intervention is 

mediated by client or context characteristics, but is not thought to have an independent direct 
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effect on outcomes.37 While the relationships proposed in the model are intuitively 

appealing, testing of the theory is necessary to empirically document the intervening 

mechanisms by which contextual and client factors influence interventions and outcomes.

The QHOM has been tested in the obstetrical and oncology setting to evaluate quality and 

system interventions to improve care,39–42 but has not been applied to the field of infection 

prevention. The significance of this study is that it addresses critical gaps in current HAI 

prevention research, for the study will add to the body of literature that is investigating how, 

why, and in what contextual setting patient safety programs improve patient outcomes.

 SAMPLE

The sample for these analyses came from data collected as part of the Prevention of 

Nosocomial Infection and Cost-effectiveness-Refined (P-NICER) study (National Institutes 

of Health, RO1NR010107: Stone, P.). P-NICER was a three-year study that surveyed 

eligible National Health Safety Network (NHSN) hospitals.43 In 2011, an electronic survey 

was sent to participating hospital infection prevention departments with a request for a single 

Infection Preventionist (IP) to respond and provide data on adherence rates to the central line 

bundle interventions for their largest ICU, their perceptions of the climate and work 

environment in their unit, and permission to allow the researchers to access CLABSI 

outcomes for the largest ICU through the NHSN database.43

IPs were the target population due to their primary role as leaders in organizational programs 

to decrease HAIs, and owners of the process to monitor and report adherence to the central 

line bundle interventions and surveillance and reporting of CLABSI outcomes in ICUs. A 

total of 1,013 surveys were collected (response rate of 29% for overall survey).43 The P-

NICER study was approved by the Columbia University Medical Center, New York 

University Medical Center, and RAND Corporation. The Colorado Multiple Institutional 

Review Board approved the secondary data analysis study.

This study included 614 hospitals from the P-NICER dataset that completed the items 

associated with the three constructs of interest in the QHOM conceptual model: calendar 

year 2011 rates of adherence to the central line bundle interventions, organizational context, 

and calendar year 2011 rates of CLABSI outcomes. Data pertaining to client characteristics 

were not available. Due to the large sample size, the dataset was randomly split to allow for 

the exploration of the measurement models in the first half (n=307) and confirmation in the 

second half (n=307). Table 1 provides demographic data for the respondents’ organizations. 

The level of analysis for this study was the organizational level.

 VARIABLES

 Adherence to Central Line Bundle Interventions

Four evidence-based interventions that are performed at the time of central line insertion 

were selected from the P-NICER dataset to represent the central line bundle interventions. 

The variables included monitoring for hand hygiene, using maximal barrier precautions, 

using CHG to prepare the skin, and selecting the optimal catheter site. Respondents reported 
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aggregated, monthly, unit-based compliance with these interventions on a six-point scale. 

Scores ranged from one to six, with one = all of the time (95–100%), two = usually (75–

94%), three = sometimes (25–74%), four = rarely/never (<25%), five = we monitor, don’t 

know the proportion, and six = no monitoring. For this analysis, the results were collapsed to 

one = all of the time (95–100%), zero = all else, due to recent research that has reported that 

only when organizations have a policy in place and report >95% compliance with the 

interventions do CLABSIs decrease.18

 Organizational Context

The measurement model for the organizational context variable was derived from survey 

items from two instruments, the Leading a Culture of Quality Instrument for Infection 

Prevention (LCQ-IP), and the Relational Coordination Survey (RCS). The LCQ-IP 

questionnaire was selected by the P-NICER team as the primary measure of organizational 

climate, and modified to make the content more specific to infection prevention (i.e. 

“quality” changed to “infection prevention”).44 The original LCQ was developed by a 

Minnesota health care collaborative and tested amongst managed care groups with the goal 

of improving clinical standards. The tool consists of 27 items organized into nine subscales: 

alignment (four items), quality focus (four items), change orientation (three items), change 

actions (two items), openness (three items), psychological safety (four items), accountability 

(two items), work group cooperation and respect (three items), and workload (two items). 

Responses are indicated on a Likert scale of one to five, where one corresponds to strongly 

agree, and five corresponds to strongly disagree or from one (never) to five (very often). 

Reverse coding for two items was necessary prior to analysis to maintain the integrity of the 

scoring responses.

The original 27-item LCQ instrument has undergone content and face validity, while the 

modified 27-item LCQ-IP that was used in the P-NICER survey has demonstrated internal 

consistency, with a Cronbach alpha (α) of .92, and criterion validity between the LCQ-IP 

and the number of evidence-based policies for the prevention of CLABSIs.44 Nine LCQ-IP 

items that represented individual level concepts, versus unit level concepts, as indicated by 

questions that started with “I” or were unique to the infection prevention department, were 

removed prior to analysis. Ultimately, 18 items from the LCQ-IP underwent validity testing 

and statistical analysis. Confirmation of the validity of the LCQ-IP as a measure of 

organizational climate in this sample was performed. A copy of the LCQ-IP can be 

requested from the P-NICER research team.45

The RCS used in the P-NICER study was a 28-item questionnaire adapted from the original 

instrument developed by Gittell et al.46 The survey questions were modified for the P-

NICER study to query relational coordination between IPs and physicians (MDs), bedside 

nurses (RNs), environmental services, and hospital administration. This RCS asked 

responding IPs to rate the frequency, timeliness, accuracy, and problem-solving nature of 

communication with each professional group on a one to five scale (one indicating never and 

five indicating always). The next section asked, “when problems arise regarding infection 

control, does the professional group tend to blame others or work with infection control to 

solve the problem” (one indicating always blame and five indicating always solve). The final 
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questions assessed how much the professional group knew about the role of infection 

control, how much they respect the role, and how much they share the departments goals 

(one indicating nothing and five indicating everything).47 For this study, the scoring 

structure was modified to improve variance in the response and be in alignment with the 

LCQ-IP scaling structure. The 1–5 scale items were collapsed to dichotomous results with 

the never/rarely/occasionally (1–3) responses recoded to a score of zero, the often/always 

(4–5) responses to a score of one.47 The RCS has previously demonstrated internal 

consistency, inter-rater agreement and reliability (α = 0.80), content and structural validity.48 

Confirmation of the validity of the RCS as a measure of the work environment in this sample 

was performed. A copy of the RCS can be requested from the Relational Coordination 

Research Collaborative.49

 CLABSI Outcomes

The outcome variable was validated CLABSI events reported through the NHSN system 

from adult ICU patients who had contracted a CLABSI during inpatient care in the calendar 

year 2011. A CLABSI event was defined, and a weighted mean was calculated, in 

accordance with NHSN guidelines.50 The variable was included in the model as a single 

measured item.

 ANALYSIS

Latent variable modeling, within a structural equation modeling (SEM) framework was used 

to test the relationships proposed in the QHOM. The measurement models were developed 

from covariance matrices that were created in the statistical software program Mplus™ 

version 7.11, using raw data from the P-NICER dataset. The matrices are not included in this 

manuscript due to the large size of each matrix, but are available upon request. The 

individual instruments underwent descriptive analysis, including mean and standard 

deviation (SD), and psychometric analysis, including internal reliability using SPSS™, 

version 22. This was followed by exploratory factor analysis (EFA) conducted in the first-

half of the randomly split dataset and the creation of measurement models for adherence to 

the central line bundle variable and organizational context variable. The factor structure of 

these variables was then confirmed using confirmatory factor analysis (CFA) methods in the 

second-half of the dataset. Finally, a structural model, presented in Figure 2 was created that 

included the confirmed measurement models for adherence to the central line bundle 

interventions and organizational context, and the single measured CLABSI outcome item.

To account for the categorical, non-normal data used to represent organizational context, the 

analyses were conducted using a robust weighted least mean square estimation estimator 

(WLSMV). The WLSMV estimator is appropriate for non-normal, categorical data if sample 

size is 200 or better.51 Based on an a priori power calculation to determine the sample size 

needed to detect difference between the models, this study minimally required 312 

respondents.52,53 The sample of 614 was an adequate sample to allow for splitting of the 

dataset for exploration (n = 307) and confirmation (n = 307) of the measurement models.

The fit of the models was evaluated by assessing various statistics that assess the closeness 

of the model fit of the estimated population covariance matrix to the sample covariance 
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matrix.51 The chi-square (x2) statistic was initially used to assess the magnitude of the 

discrepancy between the sample and the fitted covariance matrices. One of the challenges 

with the x2 statistic is that it is sensitive to large sample size, for a small discrepancy may 

lead to rejection of the model, even though the model fit the data well.51 Due to this, 

additional goodness of fit indices were used to assess the model fit, such as the comparative 

fit index (CFI) and the root mean square of error of approximation (RMSEA). (Table 2: 

Guideline for Goodness of Fit Indices)

 RESULTS

 Adherence to Central Line Bundle Interventions

The means, standard deviations (SD), and the factor loadings from the EFA for the central 

line bundle model are presented in Table 3. Overall, respondents reported the highest 

compliance with CHG use at insertion (mean = .74, SD = .44), and the lowest compliance 

with optimal site selection (mean = .48, SD, .50). For the EFA, a principal component 

analysis (PCA) was conducted with orthogonal rotation (varimax). The Kaiser-Meyer-Olkin 

(KMO) measure verified the sampling adequacy for the analysis, KMO = .813.54 Bartlett’s 

test of sphericity x2 (6) 543.43, p < .000 indicated that correlations between items were 

sufficiently large for PCA.54 A single component had an eigenvalue over Kaiser’s criterion 

of one. This single component explained 70.54% of the variance. The scree plot 

demonstrated inflexion at one component number. The overall α for the instrument was .86, 

indicating that the measured items represented the dimension very well.55 The CFA 

measurement model fit statistics for the central line bundle model are presented in Table 4 

(Central Line Bundle CFA). The model fit statistics suggested that the central line bundle 

measurement model was a good fit to the data (x2 (2) = 1.97, p <.374; CFI = .99; RMSEA 

= .00).

 Organizational Context

The process to create a single measurement model that represented organizational context 

required the exploration and confirmation of a model for organizational climate, represented 

by the items of the modified LCQ-IP, and the work environment, represented by the items of 

the RCS. The two models, once confirmed, were correlated and combined into a single, 

second-order model representing organizational context.

 LCQ-IP Measurement Model—The means, SD, and factor loadings for the EFA on 

the modified LCQ-IP are presented in Table 5. Overall, respondents agreed that there was a 

positive organizational climate in their organization, as demonstrated by mean responses of 

1 (strongly agree) and 2 (agree) for the survey items. The EFA was conducted using a PCA 

with orthogonal rotation (varimax). The KMO measure verified the sampling adequacy for 

the analysis, KMO = .93.54 Bartlett’s test of sphericity x2 (153)= 2,819.66, p < .000 

indicated that correlations between items were sufficiently large for PCA.54 An initial 

analysis was run to obtain eigenvalues for each component in the data. Three components 

had eigenvalues over Kaiser’s criterion of one and in combination explained 60.46% of the 

variance. The scree plot demonstrated inflexion at three component numbers.
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The modified LCQ-IP items that clustered on the same components suggested that 

component one represents climate, component two represents leadership, and component 

three represents psychological safety. The factor structure and conceptual grouping for the 

modified LCQ-IP used in this study were similar to the P-NICER LCQ-IP.44 The overall α 

for the modified LCQ-IP scale was .93, while the α for the climate variable was .84, the α 

for the leadership variable was .84, and the α for the psychological safety variable was .86, 

indicating that the measured items represented the dimensions well.55

The CFA measurement model fit statistics for the modified LCQ-IP organizational climate 

model are presented in Table 4 (Organizational Climate Model CFA & 2nd Order). Though 

the initial model resulted in adequate fit, post-hoc model modifications were performed in an 

attempt to develop a better fitting and more parsimonious model. Modification indices 

indicated that the model was significantly improved by the addition of correlations between 

error terms for the items “Results of our infection prevention efforts are measured and 

communicated regularly to staff “ and “There is good information flow among departments 

to provide high quality patient safety and care”. In addition, correlation of error terms for the 

item “My organization’s senior leadership has focused the organization in the right 

direction” and the item “My organization is making the changes necessary to compete 

effectively” improved model fit. This was theoretically appropriate for the items queried 

similar concepts. Though the final modelx2 was statistically significant, this was attributed 

to the large sample size. The CFI and RMSEA fit indices supported an adequate fit to the 

data (x2 (130) = 396.85, p <.00; CFI = .96; RMSEA = .08).

To create a measurement model from the CFA results, correlation terms were created 

between the three latent variables. Psychological safety was positively correlated (.77, p <.

01) with climate and leadership (.85, p<.01), while, climate was positively correlated (.88, 

p<.01) with leadership. The three-factor model fit indices listed in Table 4 (Organizational 

Climate Model CFA & 2nd Order), and the significantly positive correlations between the 

latent constructs, permitted the construction of the concept as a second-order factor model as 

depicted in Figure 3. The second-order model resulted in an adequate fit to the data (x2 (130) 

= 396.85, p <.00; CFI = .96; RMSEA = .08), and was selected for testing as a sub-concept of 

organizational context.

 RCS Measurement Model—The RCS model representing the work environment 

underwent descriptive analysis, reliability and validity testing and resulted in a four-factor 

measurement model with latent variables labeled as healthcare administration, 

environmental services, physician (MD), and nurse (RN) relational coordination. The results 

of the exploration and confirmation of the measurement model have been reported 

elsewhere.47 Ultimately, the second-order work environment model, was adequately 

supported (x2 (346) = 699.38, p <.00; CFI = .94; RMSEA = .06), and was selected for 

testing as a sub-concept of organizational context (Figure 4).

 Organizational Context Model—The QHOM conceptual model suggested a 

relationship between the work environment and organizational climate. To confirm this, 

correlation paths were set between the two second-order models. The resulting model 

adequately fit the data (x2 (979) = 1,593.33, p <.00; CFI = .95; RMSEA = .04). The 

Gilmartin and Sousa Page 7

Qual Manag Health Care. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



correlated second-order model is presented in Figure 5. A third-order, organizational context 

model was theoretically possible. The model was attempted by removing the path between 

the correlated second-order model of the work environment and organizational climate and 

placing organizational context as a third-order factor with paths to the work environment, 

organizational context, and their latent variables and measured items. The model could not 

be estimated though, for SEM requires at least three, second-order factors to be just 

identified.56

Due to this, organizational context was ultimately designed as a second-order model using 

the sub-concepts of psychological safety, climate, and leadership along with the concepts of 

MD, RN, environmental services, and healthcare administration relational coordination and 

their respective measured items. The model is presented in Figure 6. The measurement 

model fit indicated an adequate fit to the data (x2 (980) = 1,736.89, p <.00; CFI = .94; 

RMSEA = .05). This model was then entered into the structural model to estimate the 

relationships suggested in the QHOM.

 CLABSI Measured Item

The CLABSI outcome measure ranged from zero to 17 infections (mean = 1.8, [SD 2.5]), 

one to 11,546 central line days (mean=1,740 [SD 1,630]) and an average weighted mean of .

97 (range: 0–18 [SD 1.5]). Two hundred and fifty-five of the 614 hospitals in the dataset 

(41.5%) reported zero infections in 2011.

 QHOM for Infection Prevention in Hospitals Structural Model

The conceptual model guiding this study proposed that organizational context would 

demonstrate an indirect effect on adherence to the central line bundle interventions and 

CLABSI outcomes (Figure 2). A structural model was developed to test for a relationship 

between the central line bundle variable to organizational context and from organizational 

context to CLABSI outcomes. The resulting model, depicted in Figure 7, was noted to have 

a good fit (x2 (1,215) = 1,906.86, p <.00; CFI = .94; RMSEA = .04). There was a positive, 

statistically significant direct effect (β = .23, p <.01) between the adherence to the central 

line bundle model and organizational context, such that when adherence to the central line 

bundle was higher, perceived organizational context was higher. The R2, or residual 

variance, for organizational context equaled 0.31, which suggested that adherence to the 

central line bundle explained 31% of the variance in organizational context. The relationship 

between organizational context and CLABSI outcomes was statistically not significant (β = 

−.20, p = .78).

 DISCUSSION

Using data from a large national survey that queried adherence rates to the central line 

bundle interventions, perception of organizational context, and CLABSI outcomes for adult 

ICU patients, a latent variable model within an SEM framework was examined to 

empirically test the proposed relationships within the QHOM. The final model, as shown in 

Figure 7, yielded partial support for the QHOM. The model demonstrated that high levels of 

adherence to the central line bundle interventions had a relationship with high levels of 
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organizational context. The relationship between organizational context and CLABSI 

outcomes was not supported. Due to this, the theory that organizational context had an 

indirect effect on adherence to the central line bundle and CLABSI outcomes was not 

supported in this dataset. Additional study findings included confirmation of the construct 

validity of the RCI and LCQ-IP representing concepts of the work environment and 

organizational climate, respectively. Educators and quality management staff should use 

these two instruments to assess the context in their organizations prior to the role out of new 

patient safety programs.

The study findings add to the knowledge base regarding how context impacts patient safety 

programs, for a relationship was revealed between higher levels of adherence to CLABSI 

interventions and higher perceived organizational context. The lack of a statistically 

significant relationship between organizational context and CLABSIs, and the lack of an 

indirect effect between the central line bundle interventions, organizational context, and 

CLABSIs is possibly due to the low rates of CLABSI in this population. Future steps for this 

program of research include the opportunity to test the QHOM using diverse, objectively 

collected patient safety measures that have a greater incidence of adverse outcomes.

 LIMITATIONS

The original P-NICER study was a cross-sectional survey of self-reported data with a 29% 

response rate. Though this is considered a moderate response rate, the availability of 

complete data from 614 hospitals that were deemed representative of U.S. hospitals balanced 

the reported response rate. The dataset did not include client characteristic variables, which 

may have confounded the confirmation of the model, for the QHOM suggests that 

interventions and outcomes are impacted by context and client characteristics. Additional 

limitations included the selection of intervention and outcome data from a single ICU to 

represent an organization and the use of a non-risk adjusted weighted mean as the outcome 

variable.

 CONCLUSIONS

The prevention of HAIs is a complex topic of research. Organizational context is believed to 

be a key factor in the success or failure of HAI initiatives. This study suggests that you have 

to understand the context to influence practice. The QHOM, as a middle range theory, 

provides a framework to select variables that can be used to evaluate and compare health 

care quality initiatives. The inclusion of context, client, intervention, and outcome concepts 

will expand our understanding of the complex and dynamic influences that impact patient 

care. Though the study only partially confirmed the relationships proposed in the QHOM, 

we are able to offer that the context of an organization has a relationship with high levels of 

adherence to the central line bundle interventions. In the future, we encourage the 

assessment and description of organizational context, through instruments such as the LCQ-

IP and the RCS, as part of HAI prevention programs.

The findings of this study are important for quality management professionals for they 

support the recommendation that organizational context be measured, using 

Gilmartin and Sousa Page 9

Qual Manag Health Care. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



psychometrically valid instruments, in HAI prevention studies to determine the role of 

context in the success or failure of patient safety programs.12 The contextual information 

may help determine if an organization is able to foster high levels of adherence to prevention 

interventions, or if components of the climate and work environment need to be altered. In 

addition, replication of this work using other commonly used and validated instruments 

would allow consumers of research to evaluate whether published results are applicable to 

their own settings.12
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Figure 1. The Quality Health Outcomes Model (with permission)
Mitchell PH, Ferketich S, Jennings BM. Quality health outcomes model. Image J Nurs Sch. 
1998;30(1):43–46.
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Figure 2. The QHOM applied to Infection Prevention in Hospitals Conceptual Model
Abbreviations: CHG, chlorhexidine gluconate; Max Barrier, maximal sterile barrier 

precautions; CLABSI, central line-associated bloodstream infection.
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Figure 3. Second Order Factor Model: Organizational Climate
Abbreviations: Org Climate, organizational climate; Psych Safety, psychological safety; 

WLSMV, weighted least mean square estimation estimator; CFI, comparative fit index; 

RMSEA, root mean square of error of approximation
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Figure 4. Second-order Factor Model: Work Environment
Abbreviations: Work Environ, work environment; MD, physician; RN, nurse; EVS, 

environmental services staff; HA, healthcare administration; RC, relational coordination; 

WLSMV, weighted least mean square estimation estimator; CFI, comparative fit index; 

RMSEA, root mean square of error of approximation
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Figure 5. Correlated Second-order Model: Work Environment and Organizational Context
Abbreviations: Org Climate, organizational climate; Work Environ, work environment; MD, 

physician; RN, nurse; EVS, environmental services staff; HA, healthcare administration; 

RC, relational coordination; WLSMV, weighted least mean square estimation estimator; 

CFI, comparative fit index; RMSEA, root mean square of error of approximation
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Figure 6. Second-order Factor Model: Organizational Context
Abbreviations: Org Context, organizational context; Psych Safety, psychological safety; 

MD, physician; RN, nurse; EVS, environmental services staff; HA, healthcare 

administration; RC, relational coordination; WLSMV, weighted least mean square 

estimation estimator; CFI, comparative fit index; RMSEA, root mean square of error of 

approximation
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Figure 7. The Quality Health Outcomes Model for Infection Prevention in Hospitals
Abbreviations: CLABSI, central line-associated bloodstream infection; Psych Safety, 

psychological safety; MD, physician; RN, nurse; EVS, environmental services staff; HA, 

healthcare administration; RC, relational coordination; WLSMV, weighted least mean 

square estimation estimator; CFI, comparative fit index; RMSEA, root mean square of error 

of approximation
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Table 1

Demographic Characteristics of Samples

EFA (n=307) CFA (n=307)

Characteristics Mean SD Mean SD

Hospital Patient Days 56,348 61,463 61,356 60,585

# ICU beds 30 37 39 48

Frequency Percentage Frequency Percentage

Setting

 Urban 67 22 96 31

 Suburban 106 35 104 34

 Rural 131 43 106 35

Location

 Northeast 61 20 65 21

 South 102 33 102 33

 Midwest 96 31 82 27

 West 45 15 54 18

 Other (AK, PR, HI) 3 1 4 1

Bedsize

 <200 beds 158 52 142 48

 201–500 beds 106 35 111 37

 501–1,000 beds 32 10 41 14

 >1,001 beds 1 1 4 1

ICU Type

 Medical/Surgical 238 78 218 71

 Medical 37 12 41 13

 Other 32 10 48 16

Abbreviations: EFA, exploratory factor analysis; CFA, confirmatory factor analysis; SD, standard deviation
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Table 2

Guideline for Goodness of Fit Indices1

Fit Index Range for fit Description

CFI 0 = poor fit to 1.00 = perfect fit
< 0.90 = adequate fit

Uses the non-central x2 distribution with non-centrality parameters

RMSEA 0.05 or less = good fit
0.51 to .799 = adequate fit
0.80 to .10 = mediocre fit
> 0.10 = poor fit

Measure of discrepancy between the observed and model implied covariance matrices adjusted 
for degrees of freedom

Abbreviation: x2, Chi-square; CFI, comparative fit index; RMSEA, root mean square of error of approximation
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Table 3

Central Line Bundle Model: Items, Means, Factor Loadings a (n=307)

CL Bundle Interventions Mean SD Factor Loading
1

Hand hygiene at insertion .62 .487 .877

CHG use at insertion .74 .438 .870

Maximal barrier precautions .64 .480 .878

Optimal catheter site selection .48 .500 .724

Percentage of variance explained 70.54%

Abbreviation: SD, standard deviation

a
Extraction method: principal component analysis. Rotation method: varimax

Scoring Structure: 1 = all the time (>95%); zero = all else (<94% of the time)
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Table 4

Fit Statistics for the Measurement and Structural Models (n=307)

X2 DF CFI RMSEA

Central Line Bundle CFA 1.97* 2 .99 .00

Organizational Climate Model CFA & 2nd Order 396.85** 130 .96 .08

Work Environment Model 2nd Order 699.38** 346 .94 .06

Organizational Climate & Work Environment Correlated Model 1593.33** 979 .95 .04

Organizational Context Model 1,736.89** 980 .94 .05

QHOM for Infection Prevention in Hospitals 1,906.86 ** 1,215 .94 .04

Abbreviation: X2, Chi-square; DF, degrees of freedom; CFI, comparative fit index; RMSEA, root mean square of error of approximation

*
p.value >.05 – indicates good model fit

**
p.value <.05 – expected in large samples
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