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Objectives. To investigate the association between hospital safety culture and 30-day
risk-adjusted mortality for Medicare patients with acute myocardial infarction (AMI)
in alarge, diverse hospital cohort.

Subjects. The final analytic cohort consisted of 19,357 Medicare AMI discharges
(MedPAR data) linked to 257 AHRQ Hospital Survey on Patient Safety Culture sur-
veys from 171 hospitals between 2008 and 2013.

Study Design. Observational, cross-sectional study using hierarchical logistic models
to estimate the association between hospital safety scores and 30-day risk-adjusted
patient mortality. Odds ratios of 30-day, all-cause mortality, adjusting for patient
covariates, hospital characteristics (size and teaching status), and several different types
of safety culture scores (composite, average, and overall) were determined.

Principal Findings. No significant association was found between any measure of
hospital safety culture and adjusted AMI mortality.

Conclusions. In a large cross-sectional study from a diverse hospital cohort, AHRQ
safety culture scores were not associated with AMI mortality. Our study adds to a
growing body of investigations that have failed to conclusively demonstrate a safety
culture—outcome association in health care, at least with widely used national survey
instruments.
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Organizational culture and its association with performance in business and
manufacturing have been studied for decades, using a variety of methods,
including surveys (Kotter and Heskett 1992; Schein 2010; Waterson 2014).
Culture is multidimensional, but one element receiving particular attention is
safety culture (Zohar 1980; Guldenmund 2000; Hansen, Williams, and Singer
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2011; Waterson 2014), the “knowledge, beliefs, and attitudes that reflect the
role of safety in the organization” (Zohar 1980; Hansen, Williams, and Singer
2011). A related concept is safety climate, the “policies, procedures, and prac-
tices, which can be more easily measured through workforce perceptions”
(Singer et al. 2009a). We employ these two terms interchangeably, although
safety culture is more commonly used in current practice (Waterson 2014).

While early research was focused on improving safety culture or climate
in order to reduce industrial accidents, that concept has now expanded. Many
of the same attitudes and behaviors that create a safer environment for
workers—management support, communication openness, feedback and
nonpunitive responses to error, a continuous learning environment, and team-
work—are also features of high reliability organizations that produce consis-
tently higher products and services (Reason 2000; Weick and Sutcliffe 2007
Chassin and Loeb 2013).

Because health care has not achieved the degree of safe, error-free, and
consistent results achieved by other high-stakes enterprises such as commer-
cial and military aviation and nuclear power (Singer et al. 2010), considerable
attention is now focused on the measurement and improvement of safety cul-
ture in hospitals. Theoretically, this might identify areas of organizational vul-
nerability which, if addressed, would improve quality and safety for patients.
However, the association of organizational culture with health care safety and
quality outcomes has proven difficult to demonstrate, despite evidence of such
a relationship from other fields (Zohar 1980, 2000; Reason 1997; Clarke
2006).

We sought to characterize the association of safety culture and patient
outcomes using Agency for Healthcare Research and Quality (AHRQ) survey
data from a large, diverse sample of US hospitals, and corresponding risk-
adjusted mortality outcomes from these hospitals for elderly patients with
acute myocardial infarction (AMI).
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METHODS
Data Sources

The AHRQ Hospital Survey on Patient Safety Culture (HSOPS; AHRQ
2017) includes 42 items measuring 12 patient safety culture domains, as well as
a summary grade for overall patient safety. Westat (Rockville, MD), an
AHRQ vendor for HSOPS, distributed our research request to all participat-
ing hospitals, seeking permission to use their individual institution, de-identi-
fied, aggregate HSOPS safety culture data. Ultimately, 264 hospitals granted
permission, accounting for 384 surveys between 2008 and 2013. This is, to
our knowledge, the largest number of hospital-level AHRQ HSOPS observa-
tions that have been available to study the association of safety culture and out-
comes. Hospital characteristics (teaching status, bed size, and geographic
regions) were also provided by Westat.

We obtained data from the Medicare Provider Analysis and Review
(MedPAR) file, including beneficiary demographic characteristics; principal
and secondary diagnoses and procedures; and dates of admission, discharge,
and death. Patient enrollment information (e.g., fee-for-service and Medicare
Part A/B enrollment) was obtained from the CMS Master Beneficiary Sum-
mary File.

Using the hospital Medicare provider ID, we merged HSOPS data from
the 264 hospitals providing safety culture information with MedPAR patient-
level data for AMI discharges from the same institutions.

Patient Population

We included Medicare beneficiaries age 65 or older discharged with a princi-
pal diagnosis of AMI between September 2007 and November 2013 and
excluded children’s hospitals, government hospitals, rehabilitation and psy-
chiatric hospitals, two women’s hospitals that did not provide heart services,
and hospitals that could not be matched with MedPAR data using their Medi-
care Provider ID. For 11 hospitals with multiple sites under the same Medicare
Provider ID, we combined HSOPS surveys from the same year from different
sites and averaged their composite scores to represent hospital group perfor-
mance. In most instances, overall and domain-specific safety culture scores
did not vary substantially between different sites under the same Medicare
Provider ID, suggesting that there were common behaviors and practices
across sites within a system.
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In the final study cohort, 257 surveys from 171 hospitals were
analyzed. Among these 171 hospitals, 44 administered multiple surveys dur-
ing the study period, and these multiple surveys were included as separate
observations.

We used the survey date as the midpoint and linked surveys to AMI dis-
charges that occurred 180 days before and after the survey date, a time frame
during which neither safety culture nor AMI performance would likely
change substantially. For nine hospitals with two overlapping surveys adminis-
tered in less than a 12-month window (range, 611 months), we assigned an
AMI discharge to the closest survey to avoid double counting.

We initially matched 34,665 discharges from September 2007 to
November 2013 with HSOPS-participating hospitals. Further exclusions were
then applied using criteria derived from the CMS AMI 30-day mortality mod-
els (Yale New Haven Health Services Corporation/Center for Outcomes
Research and Evaluation 2013). Using the CMS Master Beneficiary Summary
File, we only included patients who were enrolled in Medicare Part A fee-for-
service for at least 12 months prior to the current admission (for patients dis-
charged in 2007, 8-11 months of continuous enrollment). We excluded
patients discharged alive within 1 day after admission and not transferred to
another hospital (likely coding errors or misdiagnosis), patients who left
against medical advice, and patients enrolled in hospice during the previous
12 months.

Management of transfer patients merits particular attention. Unlike
CMS, which assigns transfer patients to the first hospital in a referral chain,
even if the majority of their care was rendered at the second hospital, for the
purposes of this study we assigned AMI patients to the receiving hospital
where they presumably received the majority of their care (e.g., often a PCI or
CABG). It is the safety culture of this hospital that is most likely related to their
subsequent outcomes. However, if safety culture data were unavailable for the
receiving hospital, these patients were deleted from the study (N = 1,609).
Finally, if a patient had multiple discharges linked with the same survey, we
randomly selected one discharge per survey.

Figure S1 provides a flow diagram of our cohort selection process.

Safety Culture Scores

Each HSOPS domain contains three to four items scored on a 5-point Likert
scale (e.g., from “strongly disagree” to “strongly agree”, or from “never” to “al-
ways”). The percent positive responses for each item were defined as number
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of positive responses (e.g., “agree” or “strongly agree” for positively worded
questions; “disagree” or “strongly disagree” for negatively worded questions)
divided by number of respondents to this item within a hospital. All safety
scores were represented as a fraction (range, 0-1). Three different methods
were used to characterize safety culture scores in the subsequent analyses.
First, the percent positive scores for each item within a domain were averaged
to create a composite score for each individual domain. Next, we estimated an aver-
age composite score by calculating the mean percent positive scores across the 12
composite domains. Finally, for the overall safety grade (a specific question on
the AHRQ survey), the score was the percent of respondents who answered
“excellent” or “very good.”

Primary Endpoint and Covariates

The primary endpoint was 30-day all-cause mortality, measured from the first
day of admission. Patient date of death was obtained from MedPAR files.
Patient covariates such as age, gender, medical history, and comorbidities
were selected based on published CMS risk-adjusted 30-day mortality mod-
els, and discharges of the same patient in the preceding 12 months (8-
11 months for 2007 discharges) were used to determine whether a specific
condition was likely present on admission (e.g., a comorbidity) rather than a
complication of hospitalization.

Hospital teaching status and bed size were controlled in multivariable
models. Survey year was coded as a continuous variable starting from 0 and
was included in the models. We also included in the model a dummy variable
that was set to 1 if the hospital had multiple surveys during the study period
and 0 otherwise.

Statistical Analyses

Descriptive analyses were performed for patient characteristics. Safety culture
percent positive scores were compared with data from the 2011 AHRQ User
Comparative Database Report (AHRQ 2011) to determine whether our
results, derived from a subset of all hospitals surveyed nationally, differed sig-
nificantly from overall national data, at least at the midpoint of our study
timeframe.

We also compared hospital characteristics among our study hospitals, all
CMS hospitals with at least one AMI discharge in 2011, and all hospitals par-
ticipating in the 2011 AHRQ User Comparative Database Report. We used
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the 2011 AHA hospital survey to ascertain study hospital characteristics in
2011 (study midpoint); we also linked the 2011 hospital survey to 2011 CMS
MedPAR data to determine hospital characteristics for all CMS hospitals with
at least one AMI discharge.

We initially estimated each study hospital’s unadjusted 30-day mortal-
ity rate and created a scatter plot to display the association between the
logit of a hospital’s mortality rate and their positive safety culture scores for
12 safety domains. Next, hierarchical logistic models with hospital-specific
random effects were used to characterize the association between safety cul-
ture and adjusted 30-day AMI mortality. Because of potential collinearity
among the 12 safety culture domains, we performed these analyses using all
the three scoring approaches previously described: separate models for
each of the 12 domains; average of domain scores; and single overall safety
score.

To reduce the number of covariates in the hierarchical model and
improve computational efficiency, we developed a summary risk score for
each patient. This score was estimated with logistic regression using a popula-
tion of Medicare AMI patients from 2011 that excluded patients from the hos-
pitals in our main study cohort. Twenty-seven patient covariates from the
CMS AMI 30-day mortality model were entered into this new model, and
coefficients were estimated for each patient variable. These coefficients were
then used to calculate a summary score for our study patients, thereby reduc-
ing the number of patient-level variables in our final hierarchical model from
27 to 1. For each patient, we subtracted from their summary score the mean
score of all AMI patients treated at the hospital during the time period relevant
to a specific survey. To address potential case mix confounding by hospital, we
also included a centered hospital summary score (difference between the
mean risk of all patients within a survey and the grand mean for the 257 sur-
veys) in the hierarchical models.

Subsequently, three separate modeling strategies were used. The first set
of models to estimate the association between safety culture and 30-day mor-
tality only included the centered patient and hospital summary risk scores,
safety culture domain score, year of survey, and an indicator for multiple sur-
veys. The second set of models included all the covariates in the first model
plus hospital teaching status and bed size. The final set of models added inter-
action terms between safety culture score and hospital characteristics to the
second model to test whether the hospital factors moderated the relationship
between safety score and mortality. Our primary interest was estimation of the
association of the safety culture score and mortality, adjusting for patient risk
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and other factors. Thus, we computed adjusted odds ratio for a one standard
deviation increase in safety culture scores across 257 surveys.

We also performed various sensitivity analyses: (1) eliminated surveys
with fewer than 10 matched discharges in our linked population; (2) excluded
surveys with less than 50 percent overall survey response rate; (3) randomly
selected one survey if a hospital had multiple surveys in the study; (4)
restricted our analyses to hospitals with the highest and lowest 10 percent of
safety culture scores, and compared risk-adjusted AMI mortality between
high and low safety score hospitals; and (5) weighted the safety culture scores
by survey response rate using logistic regression models.

A forest plot was used to display the adjusted odds ratios (95% confi-
dence intervals) from the analyses of mortality and hospital safety culture
scores for AMI discharges.

Most statistical analyses were performed using SAS software, version 9.4
(SAS Institute, Inc., Cary, NC); statistical significance was defined as an error
rate of <0.05. PASS (NCSS Statistical Software, LLC, Kaysville, UT) was used
for power calculations.

This study was approved by the Partners IRB.

RESULTS

In the final analytic cohort, 19,357 AMI discharges were linked to 257 surveys
from 171 hospitals. Among these 257 surveys, 41 (16.0 percent) had fewer than
10 discharges to which they could be linked, but all surveys were included in
the primary analysis.

Mean patient age was 79.0 years (SD 8.6), and 52 percent of patients
were male. The mean summary score of patient risk factors was —2.09 (SD
0.78). Teaching hospitals contributed 62.4 percent of the discharges, and 64.1
percent of discharges were from hospitals with more than 300 beds. Overall
unadjusted 30-day mortality was 12.2 percent at the patient level (Table 1),
and 16 percent averaged across 257 unique hospital-survey combinations
(Table 2).

Among these 257 surveys, the average number of staff surveyed was
1,984 (min: 85, max: 28,950), average number of staff respondents was 834
(min: 43, max: 7,806), and average response rate was 54 percent (min: 5 per-
cent, max: 100 percent). This average response rate was slightly higher than
the national average (52 percent) in the 2011 AHRQ HSOPS database; 75
percent of surveys in our sample had response rates greater than 35 percent,
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N (%)
Patient characteristics
Age, years, mean (std) 79.0 (8.6)
Male 10,099 (52.2%)
Cardiovascular history
History of PCI 2,115 (10.9%)
History of CABG 1,662 (8.6%)
Heart failure 3,691 (19.1%)
Myocardial infarction 2,722 (14.1%)
Anterior MI 1,765 (9.1%)
Inferior/lateral/posterior MI 2,727 (14.1%)
Unstable angina 942 (4.9%)
Chronic atherosclerosis 14,781 (76.4%)
Respiratory failure 1,349 (7.0%)
Valvular heart disease 1,123 (5.8%)
Coexisting conditions
Hypertension 13,455 (69.5%)
Stroke 411 (2.1%)
Cerebrovascular disease 885 (4.6%)

Renal failure
COPD
Pneumonia
Diabetes
Protein-calorie malnutrition
Dementia
Functional disability
Peripheral vascular
Metastatic cancer
Trauma in last year
Major psychiatric disorder
Chronic liver disease
Summary score, mean (std)
Survey year associated with discharge
2008
2009
2010
2011
2012
2013
Teaching status
Teaching hospital
Nonteaching hospital
Bed size
1: 6-24 beds
2:25-49 beds

(

2

(
3,283 (17.0%)
4,027 (20.8%)
1,627 (8.4%)
6,668 (34.4%)
949 (4.9%)
1,616 (8.4%)
570 (2.9%)
1,610 (8.3%)
463 (2.4%)
918 (4.7%)
397 (2.1%)
(
(

9
8.3
2.4

7

113 (0.6%)
~2.09 (0.78)

2,443 (12.6%)
3,215 (16.6%)
3,405 (17.6%)

389 (2.000)
6,128 (31.7%)
3,777 (19.5%)

12,084 (62.4%)

7,273 (37.6%)

2(0.01%)
125 (0.7%)

continued
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Table 1: Continued

N (%)
3:50-99 beds 814 (4.2%)
4:100-199 beds 1,757 (9.1%)
5:200-299 beds 4,258 (22.0%)
6: 300-399 beds 2,816 (14.6%)
7: 400-499 beds 3,505 (18.1%)
8: 500 or more beds 6,086 (31.4%)
30-day mortality (patient level) 2,366 (12.2%)

and only two surveys had response rates below 10 percent. The highest safety
performance domain was teamwork within units (mean 0.80 [min: 0.65 max:
0.92]); the lowest performance domain was handoffs and transitions of care
(mean 0.42 [min: 0.26 max: 0.73]).

The domain scores in our study cohort were generally similar to national
averages from the 2011 AHRQ SOPS Comparative Database (Table 2).
Comparing characteristics of our study hospitals with all CMS hospitals that
had at least one AMI discharge in 2011, and with all hospitals in the 2011
SOPS Comparative Database, we excluded more small hospitals (<50 beds)
and included more Central region hospitals.

Preliminary examination of the bivariate associations between positive
safety culture domain scores and unadjusted 30-day mortality (Figure 1) sug-
gested no or weak correlations. After adjusting for patient and hospital factors,
no statistically significant relationships were found (Figure 2) between risk-
adjusted 30-day mortality and any measure of safety culture (individual
domain scores, average safety scores across domains, or overall safety score)
in any of the three sets of models. Because no interaction term was statistically
significant, we only show the results from the first two models described
previously.

When we restricted our analyses to surveys with greater than 50 percent
response rates, higher performance on supervisor actions promoting safety
was paradoxically associated with increased mortality (OR 1.13 [1.01, 1.25]).
However, when we further adjusted for hospital characteristics and added
interaction terms, no significant association was found (Figure 3). The other
sensitivity analyses revealed similar lack of significant associations.

A postpower calculation indicated we had more than 90 percent power
to detect an odds ratio of 0.90 (or smaller) associated with a one standard devi-
ation increase in the safety score.
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Table 2:  Comparison of Hospital Characteristics and Safety Culture Survey
Scores among Study Hospitals, Hospitals with at Least One CMS AMI
Discharge between 2007 and 2013, and Hospitals in the 2011 AHRQ SOPS

User Comparative Database

CMS Hospitals with>1  Hospitals in 2071
AMI Discharge AHRQ Database Study Hospitals

Hospital characteristics
No. of hospitals 3,268 hospitals 1,032 hospitals 171 hospitals
Data source of characteristics 2011 AHA survey AHRQ website 2011 AHA survey
Teaching status

Teaching 815 (24.94%) 351 (34%) 57 (33.33%)

Nonteaching 9,453 (75.06%) 681 (66%) 114 (66.67%)
Bed size

1: 6-24 beds 75 (2.29%) 69 (7%) 1(0.58%)

2:25-49 beds 341 (10.43%) 163 (16%) 10 (5.85%)

3: 50-99 beds 583 (17.84%) 185 (18%) 1 (18.13%)

4:100-199 beds 925 (28.30%) 231 (22%) 36 (21.05%)

5:200-299 beds 550 (16.83%) 170 (16%) 38 (22.22%)

6: 300-399 beds 342 (10.47%) 82 (89%) 19 (11.11%)

7: 400-499 beds 181 (5.54%) 60 (6%) 16 (9.36%)

8: 500 or more beds 271 (8.29%) 72 (7%) 20 (11.70%)
Region

1: New England 139 (4.25%) 69 (7%) 4 (2.34%)

9: Mid-Atlantic 369 (11.29%) 26 (3%) 90 (11.70%)

3: South Atlantic 575 (17.59%) 185 (18%) 91 (12.28%)

4: Central 1,523 (46.60%) 573 (56%) 108 (63.16%)

5: Mountain 217 (6.64%) 73 (7%) 6 (3.51%)

6: Pacific and associated 445 (13.62%) 106 (10%) 12 (7.02%)

territories
Safety Culture Survey Mean Mean (SD, Min, Max)
No. of surveys n/a 1,032 surveys 257 surveys
Data source n/a AHRQ website Westat data
Communication openness n/a 0.62 0.61 (0.06, 0.39, 0.83)
Frequency of events reported n/a 0.63 0.62 (0.06, 0.43, 0.82)
Feedback and communication n/a 0.64 0.64 (0.07, 0.41, 0.82)
about error

Handoffs and transitions n/a 0.45 0.42 (0.08, 0.26, 0.73)
Management support for patient safety n/a 0.72 0.69 (0.08, 0.43, 0.90)
Nonpunitive response to error n/a 0.44 0.43(0.07,0.23,0.72)
Organizational learning n/a 0.72 0.71(0.06,0.54,0.89)
Overall perception of patient safety n/a 0.66 0.65 (0.06, 0.48, 0.85)
Staffing n/a 0.57 0.55(0.07,0.38,0.80)
Supervisor actions promoting safety n/a 0.75 0.74 (0.05,0.56,0.92)
Teamwork across units n/a 0.58 0.56 (0.08, 0.36, 0.84)

continued
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Table 2: Continued

Safety Culture Survey Mean Mean (SD, Min, Max)
Teamwork within units n/a 0.80 0.80(0.05, 0.65, 0.92)
Overall Safety Grade n/a 0.75 0.73 (0.08,0.52, 0.94)
Average domain scores n/a 0.63 0.62 (0.06, 0.45, 0.82)
Average 30-day mortality rate n/a n/a 0.16 (0.13)

across 257 unique hospital-
survey combinations, mean (std)

Figure 1: Logit Hospital Mortality Rate (Unadjusted) for AMI Discharges,
Plotted against Safety Culture Percent Positive Domain Scores

# of events Communication Feedback about error Handoffs
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Note: The logit mortality for 23 hospitals (8.9 percent) with no mortality and 2 hospitals (0.8
percent) with 100 percent mortality could not be defined and these hospitals/surveys were
excluded from the scatter plot. These hospitals had low volume and were matched with only a few
eligible discharges, ranging from 1 to 12.

DISCUSSION
The Potential Impact of Safety Culture in Health Care

Health care experiences higher rates of adverse safety events compared with
most high-reliability industries and professions, and consequently, patients
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Figure 2: Multivariable Adjusted Odds Ratios (95% CI) for Acute Myocardial
Infarction Mortality, Given Various Hospital Safety Culture Scores

Safety Domains OR (95% Confidence Interval) Adjusted Odds Ratio
Communication openess

Model 1 1.03(0.96,1.10) ——

Madel 2 1.01(0.94,1.09) —_——
Frequency of event report

Model 1 1.03(0.96,1.11) —_—

Madel 2 1.03(0.95,1.11) _—
Communication about error

Madel 1 1.04 (0.97,1.42) —_——

Madel 2 1.04 (0.96,1.11) _ .
Handoffs and transitions

Madel 1 0.98(0.91,1.05) _——

Madel 2 0.96 (089, 1.04) —_——
Management support

Model 1 0.99 (0.3 ,1.06) —_————

Madel 2 0.97 (0.91,1.04) —_———
Nenpunitive response to error

Madel 1 1.04(0.97,1.11) S e —

Madel 2 1.03(0.96,1.10) _
Organizational leaming

Madel 1 1.02(0.96,1.08) —_——

Madel 2 1.01(0.95,1.08) _—
Overall perception of safety

Model 1 1.01(0.95,1.08) —_—

Madel 2 1.00 (0.93 , 1.08) —_—
Staffing

Madel 1 1.00 (0.94,1.07) —_—

Model 2 0.89(0.93,1.08) —_——————
Supervisor actions

Madel 1 1.04 (0.98,1.11) —_—

Madel 2 1.03(0.97,1.11) —_—
Teamwork across units

Model 1 0.98 (092, 1.08) —_———

Madel 2 0.57 (090, 1.04) _—-
Teamwark within units

Madel 1 1.01 (0.94,1.09) — .

Model 2 1.00 (0.93 , 1.08) —_——
Overall safety grade

Model 1 1.03(0.96,1.10) e

Madel 2 1.01(0.95,1.08) —_——————
Average domain score

Madel 1 1.01(0.94,1.08) —_—

Madel 2 0.69(0.92,1.07) R —

T T
08 1.0 1.2

Note: Model 1 only included the patient and hospital summary scores, safety culture domain score,
year of survey, and a multiple survey indicator; model 2 included all the covariates in model 1 plus
hospital teaching status and bed size.

may not achieve their optimal quality outcomes. There is substantial interest
in studying those attitudes, structures, and processes that may facilitate
improvements in this critical area, including the role played by safety culture
(Zohar 1980; Gaba 2000; Singer et al. 2010; Hansen, Williams, and Singer
2011; Chassin and Loeb 2013; Waterson 2014).

In other industries, safety culture has correlated with worker safety, satis-
faction, and stress, and with some objective outcomes such as industrial acci-
dents. In a meta-analysis of 32 studies, mostly outside of health care, Clarke
and colleagues found that safety culture correlated with better compliance and
staff engagement; the correlation of better safety culture and reduced accident
rates was weaker, observed mostly in prospective studies (Clarke 2006). If the
safety culture of a health care institution were conclusively shown to impact
not just worker safety but patient outcomes, then the results of safety culture
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Figure 3: Multivariable Adjusted Odds Ratios (95% CI) for Acute
Myocardial Infarction Mortality, Given Various Hospital Safety Culture
Scores: Surveys with Greater Than 50 percent Response Rate

Safety Domains OR (95% Confidence Interval) Adjusted Odds Ratio
Communication openess
Madel 1 1.42(0.99,1.27)
Model 2 1.09(0.95,1.25)
Frequency of event report
Model 1 1.01(0.80,1.13) —_—
Madel 2 0.98(0.87,1.10) _—-——
Communication about error
Madel 1 1.11(0.98,1.24)
Model 2 1.08 (0.85,1.22)
Handoffs and transitions
Madel 1 1.03(0.93,1.16) —_————
Madel 2 1.01(0.90, 1.14) -—
Management support
Madel 1 1.04(0.93,1.15) —_—-——
Madel 2 1.01(0980,1.13) -—
Nonpunitive response ta error
Model 1 1.07 (0.87,1.18) — .
Madel 2 1.06 (0.95, 1.18) _
Organizational leaming
Model 1 1.06 (0.85,1.19) —
Model 2 1.03(0.92,1.16) e
Overall perception of safety
Madel 1 1.04(0.94,1.16) —.
Madel 2 1.00 (0.89,1.13) ————————
Staffing
Model 1 1.05(0.95,1.16) —
Model 2 1.03(0.92,1.14) —_—
Supervisor actions
Madel 1 143 (1.01,1.25) _
Model 2 1.11(0.89,1.24) -
Teamwork across units
Model 1 1.06(0.95,1.19) —_—-———
Madel 2 1.03(0.91,1.18) -
Teamwork within units
Madel 1 1.07 (0.93,1.22)
Model 2 1.04(0.90, 1.20) -
Overall safety grade
Model 1 1.06(0.85,1.18) e
Madel 2 1.03(0.91,1.15) _
Average domain score
Madel 1 1.08(0.96,1.22) =
Madel 2 1.04(091,1.19)
T T
08 1.0 12 1.4

Note: Model 1 only included the patient and hospital summary scores, safety culture domain score,
year of survey, and a multiple survey indicator; model 2 included all the covariates in model 1 plus
hospital teaching status and bed size.

surveys would allow hospitals to assess areas of strength and weakness, and to
implement initiatives that would improve both safety culture and the quality
of care delivered to patients (Halligan and Zecevic 2011; Morello et al. 2013;
Singer and Vogus 2013). Survey results would also provide additional infor-
mation to patients and the general public seeking care at “safer” institutions.

Health Care Safety Culture Surveys

Standardized national safety culture surveys are the major tools used by health
care institutions to assess safety culture and climate. Numerous instruments
have been developed including the AHRQ HSOPS; the Safety Attitudes
Questionnaire (Sexton et al. 2006); and the Patient Safety Culture in
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Healthcare Organizations Survey (Singer et al. 2009b). These surveys are
used to measure existing safety culture institutionally and within specific units
and role groups, to benchmark results against national data, and to focus sub-
sequent improvement initiatives.

The Association of Safety Culture Scores and Patient Outcomes

Given the potential implications of safety culture survey results, considerable
research has been devoted to investigating associations between health care
safety culture and objective indicators of staff and patient safety. Results have
been mixed despite a variety of endpoints studied, including patient experi-
ence of care (Hofmann and Mark 2006; Sorra et al. 2012); nursing sensitive
indicators (Brown and Wolosin 2013; DiCuccio 2015); complications of baria-
tric surgery (Birkmeyer et al. 2013); AHRQ Patient Safety Indicators (Singer
et al. 2009a; Mardon et al. 2010; Rosen et al. 2010); treatment errors (Katz-
Navon, Naveh, and Stern 2005); 30-day readmissions after hospitalizations
for acute myocardial infarction, heart failure, or pneumonia (Hansen, Wil-
liams, and Singer 2011); surgical site infections after colon surgery (Fan et al.
2016); ICU mortality, medication errors, and length of stay (Pronovost et al.
2005; Huang et al. 2010); use of safe practices (Zohar et al. 2007); medication
errors (Hofmann and Mark 2006; Vogus and Sutcliffe 2007; Zohar et al.
2007); urinary tract infections (Hofmann and Mark 2006); surgical morbidity
and mortality among hospitals participating in the National Surgical Quality
Improvement Program (Davenport et al. 2007); staff-reported adverse events
(Smits et al. 2012); adverse events identified using the Global Trigger Tool
(Farup 2015; Najjar et al. 2015); adherence to care guidelines in primary care
teams (Hann et al. 2007); staff satisfaction and turnover (MacDavitt, Chou,
and Stone 2007); and nurse back injuries (Hofmann and Mark 2006). In aggre-
gate, current evidence regarding the association between health care safety
culture and patient outcomes is modest, inconsistent, and sometimes even
counterintuitive (Scott et al. 2003; Hoff et al. 2004; Weingart et al. 2004;
MacDavitt, Chou, and Stone 2007). In a 2011 review of 23 studies, the Health
Foundation (2011) found “limited evidence” to support a simplistic, linear
association between culture and outcomes; there was stronger evidence for
linkages with staff outcomes than with patient outcomes.

Numerous explanations have been invoked to explain the seemingly
weak and inconsistent associations between safety culture and patient out-
comes. For example, the determination of relevant adverse outcomes can be
problematic. Staff-reported adverse events may not accurately or completely
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capture all relevant safety outcomes, and some errors resulting from weak
safety culture may have no impact on outcomes (Hoff et al. 2004). Also, high
event rates could characterize hospitals with poor safety cultures, or they
might conversely indicate a strong and transparent safety culture where event
reporting is encouraged (Sorra and Dyer 2010). Certain endpoints used in
some studies are especially problematic, such as the AHRQ Patient Safety
Indicators, or PSIs (Rosen et al. 2012; Rajaram, Barnard, and Bilimoria 2015).
The apparent association between safety culture and outcomes also varies by
work area and discipline, and it appears stronger when assessed by frontline
staff, whose evaluation of culture may be more realistic than that of higher
level managers and leaders (Singer et al. 2009b; Rosen et al. 2010; Hansen,
Williams, and Singer 2011). Some studies describe response strength, charac-
terized by the consistency of scores across different respondents and role
groups, which is thought to reflect the institutional pervasiveness of safety cul-
ture. All these variations in study design may help explain the inconsistent
findings in many culture—outcomes studies.

Specific methodological concerns with culture—outcomes studies
include inadequately adjusted aggregate hospital results (Mardon et al. 2010;
Fan et al. 2016), quantitative versus qualitative methodologies (Mannion,
Davies, and Marshall 2005), insufficient sample size and power, measurement
error, and lack of generalizability when studies are conducted at just one or
two hospitals. Culture—outcomes associations may exist, but their impact may
be obscured by unmeasured confounders, patient complexity, and external
forces such as production pressure (Smits et al. 2012). Finally, because the
impact of safety climate on safety motivation, participation, and accidents
may be lagged up to several years, simultaneous measurement of safety cul-
ture and outcomes may not be optimal (Neal and Griffin 2006). Most studies
including ours are cross-sectional in design, with only a few documenting the
longitudinal association of positive changes in safety culture with concomitant
improvements in objective outcomes (Timmel et al. 2010; Berry et al. 2016).

AMI-Focused Studies of Safety Culture, Adverse Event Rates, and Outcomes

Although our study focus was on the widely used, generic AHRQ HSOPS
survey instrument, several safety culture studies targeting AMI outcomes
have been performed using customized survey tools. Bradley and colleagues
conducted two surveys (Bradley et al. 2012, 2014), in 2010 and 2013, adminis-
tered to more than 500 hospitals, with the goal of identifying strategies for
improving AMI care and to determine the associations between these hospital
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strategies and risk-adjusted AMI mortality rates. In the original survey
(Bradley et al. 2012), most of the survey items were AMI-focused and related
to structural organization at the hospital level (e.g., CPOE, computer alerts
and prompts, assignment of case managers, on-site cardiology coverage, role
of pharmacists, and ED physicians), and several culture-related questions
were included. Regarding the latter, in univariate analyses all four AMI com-
munication and coordination questions, and several questions on problem
solving for AMI care, were significantly associated with risk-adjusted mortal-
ity. In multivariate analyses, among the culture variables most similar to the
AHRQ HSOPS survey, regular meetings with EMS providers (which argu-
ably measures coordination and communication), and creative problem solv-
ing were statistically significant. In their longitudinal follow-up study based on
2013 data (Bradley et al. 2014), three of the four organizational culture ques-
tions had lower scores in 2013 compared with 2010, as did the question regard-
ing regular meetings with EMS providers. These studies do, however, raise
the question as to whether an association between culture and outcomes for
specific conditions might exist, but they may not be captured by more generic
surveys such as AHRQ HSOPS.

Adverse event rates might also serve as an indicator of hospital safety
culture. Wang and colleagues (Wang et al. 2016) used 20092013 data from
793 acute care hospitals to study the association between 21 adverse event
rates (e.g., central-line-associated bloodstream infection, catheter-associated
urinary tract infection, pressure ulcers, Clostridium difficile infection, medica-
tion-related events, ventilator-associated pneumonia) and their corresponding
risk-adjusted mortality rates for AMI. A 1 percentage point change in the risk
standardized adverse event rate was associated with an average change in the
mortality rate of 4.86 percentage points. The authors consider several poten-
tial explanations for this association, one of which is that adverse event rates
reflect underlying hospital safety culture, which in turn may impact care for
AMI and other conditions. Given the possible link between adverse events,
safety culture, and outcomes in this study, as well as the findings of Bradley
and associates (Bradley et al. 2012, 2014), it is possible that generic safety cul-
ture scores such as the AHRQ HSOPS which we studied may not adequately
capture this latent construct.

Contributions of the Current Study

Our study addresses many of the methodological limitations of previous
investigations. First, we employed a large national sample of hospitals, to
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our knowledge the largest in the published literature that uses the AHRQ
HSOPS instrument. Access to these AHRQ results required the individ-
ual consent of all hospitals prior to their release to us. All geographic
regions, hospital sizes, and teaching intensity are represented, and the dis-
tributions of most characteristics are reasonably similar to the overall
Medicare hospital population and to those hospitals participating in the
AHRQ national survey. We had access to patient-level AMI data from
these hospitals, as submitted to the federal government. Our power calcu-
lations demonstrated that we had adequate sample sizes to detect mean-
ingful associations.

Second, we used a risk-adjusted endpoint (30-day AMI mortality), based
on peer-reviewed and published methodologies, which has been a core com-
ponent part of the Hospital Compare program since its inception. AMI
patients are seen with reasonable frequency at most institutions, and mortality
rates are high enough to assure adequate endpoints. AMI patients often
require complex care in multiple hospital venues, they receive numerous
medications, and their care involves many different providers including
attending and resident physicians, nurses, and therapists. Thus, there are
ample opportunities for various domains of safety culture to impact patient
survival, including teamwork within and between units, staffing, and handoffs
and transitions. If safety culture has a major impact on outcomes, it seems rea-
sonable to assume that their impact would be reflected in mortality rates for
this index condition.

We explored a variety of safety culture measures (individual domain,
average domain score, and overall safety score) and performed sensitivity
analyses, including the addition of potential hospital confounders. Despite
these varied analyses, we could not demonstrate an association of any individ-
ual domain, average, or overall safety culture scores with patient-level, risk-
adjusted mortality for AMI.

Limitations

In addition to its cross-sectional rather than longitudinal design, as discussed
above, another limitation of our study is the measurement of safety culture at
the hospital level. Safety culture varies across units within hospitals (Singer
et al. 2009b), so it is possible that our aggregate scores missed important
within-hospital differences, especially in units where AMI patients were cared
for. However, attributing AMI care to specific units would be difficult as the
care location of such patients varies across hospitals. Sample sizes for both
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surveys and mortality outcomes are also small at the unit level, which would
make analyses problematic (Waterson 2014). Because we could not attribute
care to specific units within the hospital, we had no option but to use the over-
all hospital safety culture scores.

There is currently no consistent approach to survey administration
across hospitals (e.g., timing and duration of the survey period, numbers and
roles of staff surveyed). These hospital-level sampling differences are not well
documented but may impact aggregate results (Waterson 2014).

Our study focused solely only on one patient outcome, mortality. It is
possible that there could be an association between safety culture and other
outcomes, or with staff satisfaction as demonstrated in some other studies
(MacDavitt, Chou, and Stone 2007; Timmel et al. 2010; The Health Founda-
tion 2011; Daugherty Biddison et al. 2016). These other outcomes were not
within the scope of our study. It is also possible that safety culture is in fact
related to outcomes, but that the AHRQ survey does not adequately or accu-
rately capture the underlying safety culture.

Our study spanned 6 years during which secular decreases in mortality
occurred; however, each survey was linked to safety culture data from the
same period. Furthermore, results in our own study cohort were relatively
stable (results available upon request).

For 11 hospitals with multiple sites but one Medicare Provider Num-
ber, we averaged scores across sites, as we assumed common approaches to
safety across these systems. Some error could be introduced by this assump-
tion. However, we performed a sensitivity analysis excluding discharges
from hospitals with multiple sites, and no significant changes were found in
any results.

Due to the number of statistical tests performed, multiple comparisons
are a theoretical issue. However, the lack of any significant associations except
for one domain in one sensitivity analysis (in which some patient and hospital
characteristics of the sensitivity population differed substantially from the rest
of the original population) suggests that this was not a practical issue. Our pri-
mary interest was the association of safety culture scores and outcomes, and
the sensitivity analyses were of secondary importance.

As noted in the Discussion, our study focused on the association of AMI
outcomes and scores from the commonly used, generic AHRQ safety culture
survey instrument. More AMI-focused survey instruments (Bradley et al.
2012, 2014) and other proxy indicators of safety culture such as adverse event
rates (Wang et al. 2016) have demonstrated associations not found in our

study.
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Finally, our safety culture data were obtained from a subset of hospitals
which agreed to voluntarily release their results for our study. Although gener-
ally comparable to overall national data, these self-selected hospitals may be
more safety conscious and have higher safety scores or lower mortality rates
than other US hospitals, making it harder to detect any significant associa-
tions. This could also limit the generalizability of our findings. However,
despite this limitation, our analyses still had the largest and most diverse group
of hospitals in any similar study of which we are aware.

CONCLUSION

Based on safety culture survey data from a large, geographically diverse
sample of hospitals, and using CMS risk models for AMI mortality, our
analyses could not detect any association between safety culture and 30-day
risk-adjusted mortality. These findings are relevant, as hospitals devote con-
siderable time, effort, and money to administering and analyzing survey
results, communicating these to staff, and designing programs to address
low scoring areas, all in an effort to improve safety. If the culture—outcome
association is not robust, then perhaps these resources might better be used
in other ways.

It is possible that our fundamental understanding of the culture—out-
comes association may be flawed or inadequate. Rather than simplistic, unidi-
rectional causal associations, they may be complex and bidirectional;
processes and performance may sometimes shape culture rather than the con-
verse (The Health Foundation 2011). It is also conceivable that there is no sig-
nificant association of health care safety culture and patient outcomes as
currently measured, but that there might be if other survey instruments, safety
culture indicators, or outcomes were used. Additional research in this area is
warranted to determine whether continued reliance on existing widely used
safety culture surveys to guide safety improvement efforts is warranted.
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