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Hospitals reported widespread adoption of quality improvement
(QI) changes to improve on CMS quality measures, and QI
adoption was associated with improved performance on quality
measures.

ABSTRACT

Objectives: CMS measures and reports hospital performance to
drive quality improvement (QI), but information on actions that
hospitals have taken in response to quality measurement is
lacking. We aimed to develop national estimates of QI actions
undertaken by hospitals and to explore their relationship to
performance on CMS quality measures.

Study Design: Nationally representative cross-sectional survey of
acute care hospitals in 2016 (n = 1313 respondents; 64% response
rate).

Methods: We assessed 23 possible QI changes. Using multivariate
linear regression, we estimated the relationship between reported
QI changes and performance on composite measures derived from
26 Hospital Inpatient Quality Reporting Program measures (scaled
0-100), controlling for case mix and facility characteristics.

Results: Hospitals reported implementing a mean of 17 QI
changes (median [interquartile range], 17 [15-20]). Large hospitals
reported signi�cantly higher adoption rates than small hospitals
for 18 QI changes. Most hospitals that reported making QI
changes (63%-96% for the 23 changes) responded that the speci�c
change made helped improve performance. In multivariate
regression analyses, adoption of 92% of QI changes (90th
percentile among hospitals), compared with adoption of 50% of QI
changes (10th percentile), was associated with a 2.3-point higher
overall performance score (95% CI, 0.7-4.0) and higher process
(8.7 points; 95% CI, 5.7-11.7) and patient experience (3.0 points;
95% CI, 0.1-5.9) composite scores.

Conclusions: Hospitals reported widespread adoption of QI
changes in response to CMS quality measurement and reporting.
Higher QI adoption rates were associated with modestly higher
process, patient experience, and overall performance composite
scores.
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Takeaway Points

Hospitals reported widespread adoption of quality improvement
(QI) changes to improve on CMS quality measures, and higher QI
adoption was associated with higher process, experience, and
overall quality performance scores.

Most hospitals (ranging from 63% to 96% for the
23 changes) that reported making QI changes
responded that the speci�c change made helped
improve performance.
The strongest association between QI adoption
and performance was seen with clinical process
measures.
Given that CMS measurement programs have
shifted away from process measures toward
outcomes, hospitals need to determine which QI
actions provide the greatest impact on
improving outcomes.

_____

Annually, CMS measures the performance of more than 3000 acute
care hospitals as part of the Hospital Inpatient Quality Reporting
(IQR) Program with the goal of driving improved outcomes, better
care, and lower costs. CMS publicly reports the hospital
performance results on the CMS Hospital Compare website.  To
further encourage improvement, CMS adjusts hospitals’
reimbursements to re�ect the facilities’ performance on measures
used by programs such as the Hospital Value-Based Purchasing
(HVBP) Program, Hospital-Acquired Condition Reduction Program,
and Hospital Readmissions Reduction Program.  The collective
measurement, reporting, and payment activities aim to encourage
hospital quality improvement (QI) interventions or changes, which
include efforts to change the structure, process, and/or outcomes
of care using an organizational or structural change.  QI also
encompasses the combined efforts of providers, patients and
families, payers, and other stakeholders to continually improve
outcomes, system performance, and education.  Previous studies
showed that several QI changes improved hospital quality. For
example, adopting electronic health record (EHR) systems was
associated with reduced readmissions.  EHR use was also
associated with improved performance on measures of overall
process of care,  patient satisfaction,  venous
thromboembolism prevention,  and mortality,  but not ischemic
stroke or surgical care.  Another study found that hospitals
receiving assistance from Medicare QI Organizations had greater
improvement on 19 of 21 hospital quality measures.  Most
hospitals have implemented Lean practice improvement strategies
(with variable intensity and maturity), and most reported Lean
practices to be helpful in improving performance.  However,
although hospital leaders reported efforts to reduce readmissions
in response to the Hospital Readmission Reduction Program,
there has been limited study on whether hospitals are undertaking
a wide variety of QI actions in response to CMS programs and
whether those efforts are associated with improved quality
performance.

Our study sought to develop national estimates of the number and
type of QI changes (among 23 options) that hospitals reported
making in response to CMS measurement programs using a cross-
sectional national survey of nonfederal acute care hospitals.  To
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investigate whether reported QI changes were associated with
improvements in performance on quality scores, we described
hospitals’ self-assessments of whether QI changes were helpful in
improving performance and explored the association between
hospital-reported QI change adoption and performance on
composite measures derived from 26 CMS quality measures.

METHODS

We used data from the 2016 National Hospital Provider Survey,
which we conducted for CMS as part of its 2018 National Impact
Assessment of CMS Quality Measures.  The survey assessed
how hospitals were responding to CMS quality measurement,
reporting, and payment initiatives. We developed the survey
content based on a review of the hospital QI literature, formative
interviews with hospitals, and iterative pilot testing to ensure that
respondents correctly interpreted the terminology and intent of the
survey questions.  Based on the literature review and formative
interviews,  we identi�ed 23 QI changes that we
grouped into 7 categories: organizational culture, health
information technology (IT), care process redesign, provider
incentives, changes to sta�ng levels or responsibilities,
performance monitoring, and measure-speci�c QI initiatives and
technical assistance. (See eAppendix A for survey questions
[eAppendices available at ajmc.com].) The survey asked hospitals
to report whether they had implemented any of the 23 potential QI
changes to improve performance on CMS quality measures and
whether the reported changes were perceived to be helpful in
improving performance on the CMS measures.

The survey was sent to a nationally representative sample of US
nonfederal acute care hospitals that reported Hospital IQR
Program quality measures to be displayed on CMS Hospital
Compare as of December 2015.  We excluded hospitals without
su�cient performance data for computing an overall performance
score (n = 138) and hospitals that faced signi�cantly different CMS
quality reporting requirements: critical access hospitals (n = 1264),
hospitals in US territories (n = 54), children’s hospitals (n = 22), and
veterans hospitals (n = 129). After these exclusions, the universe
eligible for sampling included 3198 hospitals, of which we sampled
2045. We applied a strati�ed random sample design that used as
strata bed count (< 100, 101-299, and ≥ 300 beds, based on the
Medicare Provider of Services File from December 2015) and
quality performance (described below), given that QI efforts might
vary based on hospital size (a proxy for greater resources) and
quality.

Because no overall composite performance measure existed for all
eligible hospitals to stratify hospital performance as low, medium,
or high performing for sampling, we constructed an overall quality
performance score using an approach similar to the �scal year
(FY) 2016 Total Performance Score (TPS) used by CMS for its
HVBP Program.  We used 26 CMS quality measures from
4 measure domains used by CMS in 2016: clinical processes,
outcomes (including patient safety outcomes), patient experience
(from the Hospital Consumer Assessment of Healthcare Providers
and Systems survey), and e�ciency.  (See Table 1 for quality
measures and performance domains.) We transformed each
measure score into a percentile, which reduces the in�uence of
outliers ; we then calculated composite domain scores by taking
the mean of the transformed measure scores within each of the 4
domains. Eligible hospitals had to have at least 2 measures each in
at least 3 domains, which is less stringent than the FY 2016 TPS,
which required at least 4 measures in 2 domains. We computed a
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weighted average of the 4 domain scores using the FY 2016 TPS
weights: 10% for clinical processes, 40% for outcomes, and 25%
each for patient experience and e�ciency. The overall composite
performance measure was highly correlated (correlation
coe�cient = 0.83) with the HVBP Program TPS but allowed 157
additional hospitals to be included in the universe for sampling.

We �elded the survey between June 1, 2016, and January 6, 2017,
targeting senior quality leaders responsible for quality
measurement (eg, leaders with titles such as vice president for
quality).  Each sampled hospital’s quality leader was invited by
email to complete a web-based survey, drawing on the individual’s
understanding of quality measurement and improvement activities
at the hospital. To increase response rates, we sent phone and
email reminders and mailed paper surveys to nonresponders ;
we also designed the survey to be completed in less than 1 hour to
reduce respondent burden, although this limited our ability to
determine the intensity of QI implementation.

Analysis

For analysis, respondents needed to have completed at least
7 substantive items. To generate nationally representative
estimates, we applied sampling weights, which are the product of
nonresponse weights and design weights (ie, weights that account
for the strati�ed sampling design).  We used logistic regression to
derive nonresponse weights, based on the following hospital-level
characteristics from the Medicare Master Bene�ciary Summary
File, the Medicare Provider of Services File, and Hierarchical
Condition Category (HCC) �le (all represent administrative data
collected by CMS in 2015): mean age, mean HCC community risk
score, proportion Black, proportion Hispanic, proportion female,
proportion dually eligible for Medicare and Medicaid, proportion
with end-stage renal disease, proportion enrolled for disability,
mean income, nonpro�t status, urban status (metropolitan/mid-
size city, based on the hospital’s zip code), facility size, major
teaching status, disproportionate share hospital (DSH) quintile,
and cardiac surgery capabilities.

We estimated adoption rates of each of the 23 QI changes in the
overall hospital population. In addition, we calculated weighted
means within subgroups de�ned by size and quality performance,
and we used F tests to test for equality of the means among
subgroups being compared.

Next, we explored whether adoption of QI changes was associated
with performance. We �rst calculated the proportions of hospitals
(among those adopting each change) that reported that the
change was “de�nitely or somewhat” helpful in improving
performance on 1 or more measures. We then used multivariate
linear regression analyses to estimate the relationship between QI
changes reported and hospital performance. We controlled for
differences across hospitals in case mix, patient socioeconomic
characteristics, and facility characteristics described above; we
also controlled for having at least 1 (self-reported) competitor
hospital. These features have previously been used to account for
performance variation independent of QI efforts.

In the multivariate analysis, the outcome was the overall
composite performance score recomputed using August 2016
Hospital Compare data to align the time frame of survey responses
with performance scores available to survey respondents. The
primary explanatory variable of interest was the proportion of all 23
potential QI changes that hospitals reported adopting. Our primary
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analysis results can be interpreted as the association between
adopting all QI changes and the percentage increase in
performance, accounting for patient or facility characteristics that
might affect performance independent of QI actions. To facilitate
interpretation of the �ndings, we also estimated the change in
performance associated with a hospital moving from the 10th
percentile of QI changes adopted to the 90th percentile.

Additionally, we estimated the association between the proportion
of QI changes adopted and each of the 4 performance composite
domains (clinical processes, outcomes, patient experience, and
e�ciency). Each analysis controlled for the same patient and
hospital characteristics as the primary multivariate analysis
described above.

Analyses were performed in SAS version 9.4 (SAS Institute) and R
version 3.4.0 (R Foundation for Statistical Computing).

RESULTS

The survey response rate was 64.2% (n = 1313 responses from
2045 sampled hospitals); no signi�cant differences in response
rates were observed by hospital size or quality performance. Table
2 shows unweighted characteristics of respondents.

QI Change Adoption Rates

More than 99% of hospitals reported implementing at least 1 QI
change, with a median of 17 (interquartile range, 15-20 QI
changes). Among the 23 potential QI changes, the most frequently
adopted were providing routine feedback to physicians and other
clinical staff on performance and implementing standardized care
protocols, which were each reported by 97% of hospitals. In
addition, 95% of hospitals reported implementing a culture of
safety. In contrast, only 29% of hospitals described implementing
changes to deployment of nursing staff (Table 3).

In subgroup analyses, large hospitals reported signi�cantly higher
adoption rates than small hospitals for 18 of the 23 QI changes,
but no QI changes were adopted at higher rates among small
hospitals compared with large hospitals (Table 4). For example,
51% of large hospitals reported implementing pay based on
performance for clinical staff, compared with 30% of small
hospitals; 64% of large hospitals reported implementing internal
incentives for senior leaders, compared with 34% of small
hospitals. Hospitals in the highest DSH quintile reported
signi�cantly higher adoption rates than hospitals in the lowest
quintile for 19 QI changes; no individual QI change was adopted at
a higher rate among hospitals in the lowest DSH quintile (results
not shown). QI change adoption was not signi�cantly greater
among hospitals in the high-performance stratum compared with
those in the low- and medium-performance strata (eAppendix B).

Perceived Helpfulness of QI Changes in Improving Performance

High proportions of hospitals that reported making individual QI
changes (ranging from 63% to 96% for the 23 changes) perceived
the changes to be “de�nitely or somewhat” helpful in improving
performance on 1 or more CMS measures (Table 3). The 2 QI
changes that hospitals perceived to be most helpful were the
implementation of standardized care protocols (96%) and QI
initiatives for speci�c measures (96%).

Association Between QI Changes Undertaken 
and Quality Performance
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Implementation of all 23 QI changes (vs no changes) was
associated with a 5.9-point higher composite measure of
performance (95% CI, 1.7-10.0 points) (Figure). For context, the
range for the overall hospital performance composite was 13.2 to
92.2 points, and an increase of 5.9 points would shift a hospital at
the 50th percentile to the 62nd percentile of performance. We also
estimated that adoption of 92% of QI changes (90th percentile
among hospitals), compared with adoption of 50% of QI changes
(10th percentile), was associated with a 2.3-point higher overall
performance score (95% CI, 0.7-4.0 points).

The Figure also shows results examining the associations between
QI changes made by hospitals and the 4 subcomposite domains of
performance: clinical processes, outcomes, patient experience,
and e�ciency. The clinical processes domain showed a 22-point
increase (95% CI, 14.3-29.6 points) in scores associated with
implementing all QI changes vs no changes. Increasing adoption of
QI changes from the 10th percentile (50% of changes) to the 90th
percentile (92% of changes) was associated with an 8.7-point
increase in performance (95% CI, 5.7-11.7 points) on the clinical
processes composite.

We found that implementing all changes (vs none) was associated
with a 7.6-point increase in the patient experience composite score
(95% CI, 0.3-14.8 points) and a statistically nonsigni�cant 5.4-point
increase in the outcomes composite score (95% CI, –0.4 to 11.3
points). These increases can be translated into shifts from the
50th percentile to the 61st and 63rd percentiles of their respective
composite measure domains. Increasing adoption of QI changes
from the 10th percentile (50% of changes) to the 90th percentile
(92% of changes) was associated with smaller increases: an
increase in performance of 3.0 points (95% CI, 0.1-5.9 points) on
the patient experience composite and 2.2 points (95% CI, –0.2 to
4.5 points) on the outcomes composite score.

DISCUSSION

We found that hospitals report having adopted a substantial
number of QI changes in response to CMS quality measurement
initiatives, with the median hospital adopting 17 of 23 potential QI
changes. Larger hospitals were more likely to report having
adopted a greater number of QI changes, which may be due to
having more resources to make investments (such as EHR
implementation) and greater structural capacity. We also found
that hospitals in the highest DSH quintile adopted QI changes at
higher rates than those in the lowest quintile. Although hospitals in
higher DSH quintiles are generally considered to be disadvantaged
and might seem less likely to adopt high-cost QI changes, such
hospitals are also often large hospitals and may have additional
resources for implementing QI changes.

In investigating the association between having adopted QI
changes and quality performance, we found that the majority of
hospitals adopting each QI change reported the change to have
been helpful in improving their performance on CMS quality
measures. Although the latter �ndings are self-reported, in
quantitative multivariate analyses we found that greater adoption
of QI changes was associated with statistically signi�cant but
modestly higher performance on an overall composite score.
Implementing QI changes was strongly associated with better
performance on clinical process measures and with smaller
improvements on outcome and patient experience measures.
There were no signi�cant improvements on the e�ciency and
outcome measures. It is possible that QI changes reported by
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hospitals (such as care protocols and health IT order entry
prompts) are better suited for improving usage of clinical
processes of care rather than improving clinical outcomes and
e�ciency, which is consistent with �ndings of prior studies
suggesting that providers improve performance on process
measures more easily than on other measure types.  Hospitals
that have already implemented half of the 23 QI changes might
experience only modest performance improvements with
additional QI change adoption compared with hospitals that have
not yet adopted any QI changes. In addition, improving overall
performance might become more challenging as process
measures are deemphasized in programs such as the HVBP
Program. However, other QI improvement strategies beyond those
measured in the survey or more robust implementations of QI
strategies may show a relationship with performance on outcome
and e�ciency measures.

Previous studies identi�ed wide use of several QI changes
(especially implementation of health IT capabilities and
organizational changes) and showed modest associations
between some QI changes and performance on individual
performance measures.  For example, the results of one
study found organizational features such as computerized
physician order entry and a focus on identifying system errors to
be more prevalent in high-performing hospitals compared with low-
performing hospitals, but it did not evaluate the effects of multiple
simultaneous interventions.  Another study’s results noted that
direct employment of physicians (which represents a QI change
related to sta�ng) was not associated with improved quality.  Our
�ndings add to the literature by describing the extent to which
hospitals nationwide are using multiple QI changes to in�uence
their performance and by showing an association between
implementation of QI changes and quality performance.

Limitations

This study has several limitations. First, the survey captured a
cross-sectional (rather than longitudinal) perspective on changes
self-reported by hospitals. As a result, the associations between QI
changes and outcomes are exploratory; they cannot show
de�nitive causal relationships between QI changes and improved
performance. Second, our estimates of QI changes adopted do not
capture variation in the duration or intensity of QI implementation
by hospitals, so we may have underestimated the bene�ts of full QI
implementation.  Third, we did not control for case-speci�c
volume or �nancial resources, which are associated with quality
performance ; however, we controlled for hospital size and
urbanicity, which are related. Fourth, although it was the best
method available, DSH quintile does not precisely identify safety-
net hospitals; safety-net hospitals may face barriers to
implementing QI changes that were not identi�ed in the results.
Fifth, our study does not address the overall cost-effectiveness of
QI activities. Hospitals would incur substantial costs if they were
implementing a substantial number of QI changes directed toward
quality measures, which might reduce resources available in
potentially more clinically important areas.  Finally, the study
uses self-reported data, so QI adoption may be lower than reported
due to social desirability bias, and the perceived helpfulness of QI
changes may have been overestimated. To mitigate bias, we
assured respondents of con�dentiality. In addition, another study
(using the same survey data) identi�ed potential unintended
consequences of measurement, which implies that respondents
were not subject to signi�cant social desirability bias.
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CONCLUSIONS

Using quality measures, CMS has encouraged hospitals to make QI
changes to improve clinical care and outcomes. In this study,
hospitals reported broad investments in QI changes, and most
reported each change to be helpful. Furthermore, implementation
of substantially more QI changes was associated with modestly
better performance on CMS quality measures. Although QI
changes were associated with improved clinical outcomes and
patient experience, their strongest association was with clinical
process measures. Given that CMS measurement programs for
hospitals have shifted away from process measures toward
outcomes of care, hospitals will need to identify QI changes that
are more effective for improving outcomes. Analyses that identify
the costs and bene�ts from individual QI actions or combinations
thereof could help guide hospital investment of limited resources.
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