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Abstract
Background—Changes in resident outcomes may be driven by many factors, including changes
in nursing home care processes. Understanding what processes, if any, lead to successful
improvements in resident outcomes could create a stronger case for the continued use of these
outcome measures in nursing home report cards.

Objective—To test the extent to which improvements in outcomes of care are explained by
changes in nursing home processes, a setting where, to our knowledge, this link has not been
previously studied.

Research Design/Measures—We describe facility-level changes in resident processes and
outcomes before and after outcomes were publicly reported. We then assess the extent to which
the changes in outcomes are associated with changes in nursing home processes of care, using the
public release of information on nursing home outcomes as a source of variation in nursing home
outcomes to identify the process-outcome relationship.

Subjects—All 16,623 U.S. nursing homes included in public reporting from 2000 to 2009 in
OSCAR and the nursing home Minimum Data Set

Results—Of the 5 outcome measures examined, only improvements in the percentage of nursing
home residents in moderate or severe pain were associated with changes in nursing home
processes of care. Furthermore, these changes in the measured process of care explained only a
small part of the overall improvement in pain prevalence.

Conclusions—A large portion of the improvements in nursing home outcomes were not
associated with changes in measured processes of care suggesting that processes of care typically
measured in nursing homes do little to improve nursing home performance on outcome measures.
Developing quality measures that are related improved patient outcomes would likely benefit
quality improvement. Understanding the mechanism behind improvements in nursing home
outcomes is key to successfully achieving broad quality improvements across nursing homes.
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Introduction
Establishing a link between processes and outcomes of care has become an essential part of
current efforts to improve health care quality. Many quality measures focus on process of
care with the implicit assumption, first noted by Donabedian, that improvements in process
will lead to improvements in patient outcomes (1). Indeed, the use of processes of care is
most often well supported by scientifically rigorous efficacy studies suggesting that if care is
appropriately delivered, patient outcomes will improve (2, 3). Despite this evidence base,
research on the effectiveness of these processes in real-world settings has found that
improved processes do not always translate to improved outcomes at the individual (4–6) or
provider level (7, 8). As a result, questions remain about whether measuring and providing
incentives to improve processes of care will lead to improved patient outcomes.

An alternative approach is to focus measurement and incentives directly on outcomes
because this is the endpoint that patients care most about. This approach is being
increasingly adopted across multiple health care settings, including hospitals, nursing
homes, and home health agencies (9–11). However, disadvantages of tying incentives to
outcome measures are often cited. Unlike process measures, which can directly inform
quality improvement activities, outcomes may be difficult to change and may be perceived
as being somewhat beyond the control of the provider. For outcome measures to be effective
tools for quality improvement, providers must know what processes affect patient outcomes
and how these inputs can be targeted to improve outcomes.

Linking processes and outcomes is thus a vital part of the quality-improvement agenda.
However, establishing a link between process and outcomes measures has proven
challenging. Prior work, primarily in the setting of hospitals (7, 8) and outpatient care (4, 5)
has found small effects when using cross-sectional data to test the correlation between
process and outcome measures. Potential endogeneity also limits the conclusions as
providers who perform well on process measures may also perform well on outcome
measures for reasons other than a direct link between process and outcomes—other,
unobserved factors may determine both types of performance.

Our objective in this paper is to test the extent to which improvements in outcomes of care
are explained by changes in nursing home processes, a setting where, to our knowledge, this
link has not been previously studied on a large scale. We also take advantage of a public
reporting initiative in nursing homes initiated by the Center for Medicare and Medicaid
Services (CMS), Nursing Home Compare, as an exogenous source of outcome
improvements in nursing homes to address potential endogeneity. Our goal is not to test an
all-encompassing or exhaustive list of organizational changes that could lead to improved
patient outcomes. Rather, we focus on the set of process measures that are commonly used
in nursing homes as the focus of state surveys of nursing home quality.

Background and Setting
Public reporting is a frequently adopted policy initiative designed to improve health care
quality in two ways (12). First, public reporting may motivate improvements in the quality
of individual providers, increasing provider-specific quality of care. Second, public
reporting may increase the likelihood that patients select high-quality providers, thus
increasing the number of patients receiving high-quality care. If either of these effects is
realized, quality will improve.

In an effort to improve quality in nursing homes, the CMS began publicly rating all U.S.
nursing homes on the quality of care they deliver on their website, Nursing Home Compare,
in 2002.1 When Nursing Home Compare was launched it included 10 clinical quality
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measures covering the care of long-term and post-acute nursing home residents as well as
measures of nurse staffing and deficiencies. The 10 clinical quality measures captured
information about short-term outcomes (such as the percent of nursing home residents with
moderate or severe pain or the percent with pressure sores) and adverse outcomes (such as
insertion of bladder catheter or use of physical restraints). In both cases we refer the quality
measures as outcome measures as they are clinical endpoints that are thought to be affected
by inputs such as processes of care.

A number of studies have documented improvements in these outcomes related to the launch
of public reporting (13, 14). However, these quality improvements have been modest and
the mechanisms through which nursing homes successfully improved performance is
unknown.

Changes in resident outcomes may be driven by many factors, including changes in nursing
home processes of care. A number of nursing home processes are routinely tracked in
nursing homes by state surveys including the number of patients receiving special services
designed to improve quality, such as use of bladder training programs or skin care to prevent
pressure ulcers. Some work has found that nursing home process is often related to resident
outcomes. For example, use of skin care prevention programs were associated with
improved pressure sore outcomes (2, 15). Understanding whether processes of care lead to
improvements in resident outcomes could help elucidate the mechanism for the observed
improvements and create a stronger case for the continued use of these outcome measures in
nursing homes.

Methods
Empirical Approach

Our goal is to examine the extent to which changes in nursing home outcomes can be
explained by changes in processes of care. Because the relationship between process and
outcomes is potentially endogenous (e.g. unobserved factors such as nursing home finances
or nursing home culture could explain nursing home performance on both process and
outcome measures) we use nursing home fixed effects to control for omitted variables bias
and take advantage of the introduction of public reporting as exogenous shock that
motivated changes in the outcomes of care that are reported on Nursing Home Compare. We
thus test the extent to which outcome improvements observed under Nursing Home
Compare could be explained by changes in nursing home processes of care over the period
2000 to 2009 among all U.S. nursing homes that were included in public reporting for long-
term care.

Data
We combined two data sources for this study. First, we used the nursing home Minimum
Data Set (MDS) to measure resident outcomes in the 17,237 nursing homes included in
Nursing Home Compare for long-stay measures during our study period. The MDS contains
detailed clinical data collected at regular intervals for every resident in a Medicare- and/or
Medicaid-certified nursing home. These data are collected and used by nursing homes to
assess needs and develop a unique plan of care for each resident. Because of the validity and
reliability of these data (16, 17) and the detailed clinical information contained therein, they
are also the data source for the facility-level clinical quality measures included in Nursing
Home Compare.

1Nursing Home Compare was first launched as a pilot program in 6 states in April 2002 (in Colorado, Florida, Maryland, Ohio, Rhode
Island, and Washington). Seven months later, in November 2002, Nursing Home Compare was launched nationally
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Second, to measure nursing home processes, we merge the MDS data with the Online
Survey, Certification and Reporting (OSCAR) dataset. OSCAR is a state survey of all
Medicare- and/or Medicaid-certified nursing facilities that is conducted every 12 to 15
months and is used to determine regulatory compliance. OSCAR provides the most
comprehensive national source of facility-level information on the operations, resident
characteristics, and regulatory compliance of nursing homes and contains numerous process
measures that can be reasonably linked to Nursing Home Compare outcomes. Because
quality measures from MDS are measured quarterly and OSCAR-based process measures
are measured approximately annually, we merge each OSCAR-based observation with the
approximately four MDS-based observations that occurred after the given OSCAR survey
date (but prior to the next OSCAR survey date). We thus ensure that processes of care (the
inputs) occur prior to the outcomes.2 Six hundred fourteen of the 17,237 nursing homes
identified in MDS were dropped, as they were not in the OSCAR data (dropping 3.6% of the
original sample), leaving 16,623 nursing homes in the final sample.

Quality measures
Our dependent variables were facility-level chronic care outcome measures published on
Nursing Home Compare (see Table 1 for a list of these outcomes). To obtain quality
measures both before and after each measure was publicly reported, we calculate the quality
measures for each facility from MDS following CMS’s method for Nursing Home Compare
(18): Each measure is calculated quarterly based on the three months preceding the score’s
calculation; includes one assessment per nursing home resident per quarter; and includes all
facilities with at least 30 cases during the target time period. While we initially assessed all
chronic care outcomes included in Nursing Home Compare, our final analysis is limited to
those outcome variables that significantly improved with the release of Nursing Home
Compare (as we are interested in understanding drivers for this improvement) and that had
associated processes of care included in OSCAR (as described below).

Our main independent variables were facility-level measures of processes of care that could
directly influence the outcomes of interest. These are calculated from OSCAR as the percent
of residents receiving each process of care. We limited our choice of outcomes and process
measures to those that could arguably be tied quite closely to each other, subject to data
availability and excluding outcomes that had no associated processes in OSCAR and
processes that could not plausibly directly affect measured patient outcomes. The associated
outcome and process measures are summarized in Table 1.

Covariates
We controlled for facility-level characteristics. Time-varying facility characteristics included
each facility’s average resident age, Cognitive Performance Scale (19) and activities of daily
living summary scale (20) in each quarter (calculated from MDS). We also controlled for the
percentage of care in each facility-quarter devoted to each of the following special services:
radiation therapy, chemotherapy, dialysis, intravenous therapy, respiratory treatments,
tracheostomy care, ostomy care, suctioning, and injections (from OSCAR). We included
three indicator variables reflecting the four quarters of the year to adjust for typical seasonal
patterns in the outcomes measures. Finally, we controlled for time-invariant facility
characteristics using facility fixed effects.

2Merging OSCAR and MDS one to one (deleting the remaining three unmatched MDS observations per nursing home-year) did not
change our results.
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Analyses
We first assessed changes in facility-level processes and outcomes (separately) with the
release of Nursing Home Compare by estimating the following equation using ordinary least
squares:

(1)

where facility processes or outcomes (Yj, t) are a function of a post Nursing Home Compare
dummy variable (Postt), facility-level covariates (Xj, t), and facility fixed effects (ϕj). The
pre-post variable is specific to the timing of the public release of each outcome measure (see
Table 1 for public release dates of each measure). In addition, we accounted for the 7-month
early release of the initial measures in the six pilot states. The coefficient on the pre-post
dummy, α, is the parameter of interest and represents changes in processes and outcomes
with implementation of Nursing Home Compare.

We next assessed directly the relationship between changes in processes of care and facility-
level outcomes. We did this using the following linear model:

(2)

where facility outcomes are a function of all related facility processes, a dummy variable for
each time quarter (or quarterly fixed effects), the interaction between process and quarter
fixed effects, facility-level covariates, and facility fixed effects. We included quarterly fixed
effects to control for secular trends in nursing home quality that occurred over the study
period. The interaction between these quarterly fixed effects and the facility processes of
care allow us to estimate the relationship between nursing home processes and outcomes in
each quarter. We estimate the process-outcome relationship quarterly as this relationship
might be changing over time. We run this regression five times—once for each outcome
variable.

Based on these models, we employed predictions to demonstrate the process-outcome
relationship. First, we calculate two trends in outcomes over time–risk-adjusted observed
outcomes in each quarter, and outcomes in each quarter as predicted only by process
performance. We first used the results from equation (2) to predict risk-adjusted outcomes in
each study quarter (i.e. using the predict command in Stata, which multiplies regression
coefficients by observed values in the data). These risk-adjusted predictions capture the total
variation over time in outcomes due to any source of change, including changes in measured
processes. We then generated a second set of predictions from equation (2) after setting the
un-interacted quarterly fixed effects equal to zero but retaining the observed values of the
process measures. This set of predictions represents the risk-adjusted outcomes in each study
quarter that are associated with the observed processes of care in that quarter. The difference
between these two predictions captures outcome-based performance not predicted by our
process measures--a residual category that may include unobserved process-based
performance as well as other unobserved determinants of reported outcomes.

Second, we estimate how much of the change in outcomes with public reporting was due to
process-based performance. We do this using the predicted values of the quarterly estimates
of outcomes associated with processes of care described in the previous paragraph
(described above as the “second set of predictions”). We first calculate the mean of the
predicted quarterly estimates before and after public reporting was initiated. We then
calculate the difference between these means. For all five outcomes, we test whether the
difference between these two means is significantly different from zero using bootstrapping,
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sampling observations by nursing home using 500 iterations to calculate the standard errors
and 95% confidence intervals around the difference in means.

Results
A total of 16,623 nursing homes were included in the study over the 10-year period of 2000
to 2009. Average nursing home performance on chronic care outcomes and on related
processes of care are displayed in Table 1.

Changes in processes of care associated with the release of Nursing Home Compare are
displayed in Table 2. Measured processes improved in only two cases—processes associated
with pain management and preventive skin care. Paradoxically, process measures associated
with preventing weight loss worsened after Nursing Home Compare was launched.

Figure 1 displays the trends in nursing home outcomes over time for each outcome measure,
with the black line representing overall outcomes and the grey line representing outcomes
associated with measured processes of care. We find that outcomes associated with process
of care declined less over our study period than overall changes in outcomes for most
measures. For example, the percentage of residents with moderate or severe pain dropped at
the time public reporting was initiated, an apparent improvement in quality. When we
examine the percentage of residents in pain associated with an increased enrollment of
residents in pain management programs, we continue to see a decline in pain levels over the
study period but the decline is substantially smaller (Figure 1a). In other words, something
other than enrollment in pain management programs is driving much of the reduction in
reported pain. Perhaps most striking is that the relationship between process and outcomes
became less strong after public reporting was initiated for most outcome measures, indicated
by diverging trend lines, suggesting that observed processes are explaining a smaller amount
of the variations in outcomes over time and that changes in outcomes are being driven by
other unobserved factors.

Finally, we find that while the launch of Nursing Home Compare was associated with
statistically significant overall improvements in outcomes, few of these changes could be
explained by changes in processes of care (Table 3). For example, the percentage of
residents in moderate or severe pain was 2.3 percentage points lower in the post-Nursing
Home Compare period compared to the pre-Nursing Home Compare period (95% CI −2.42
to −2.26; p-value<.001). However, only 0.7 percentage points of the decline in the
prevalence of pain that could be explained by changes in process of care, though this decline
was still statistically different from zero (95% CI −0.79 to −0.61; p-value <.001). For three
of the outcome measures (pressure sores for high-risk residents, pressure sores for low-risk
residents, and significant weight loss) none of the statistically significant improvements in
outcomes associated with Nursing Home Compare could be explained by changes in
process. One outcome, catheter inserted in bladder, improved at the time of Nursing Home
Compare, but viewed as a function of changes in processes of care related to bladder
training, worsened.

Discussion
In this study we test whether changes in nursing home outcomes can be explained by
changes in observed processes of care. We find that despite statistically significant
improvements in outcomes associated with Nursing Home Compare, process-based
performance could explain improvements in only one of the five outcome measures we
examined.
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There are numerous possible explanations for the larger improvements in outcomes
compared to the relatively small changes that are explained by processes of care. First,
nursing homes may have instituted other process measures that were not observed in our
data. Thus, we selected processes of care monitored in state surveys that are important
elements of care and are related to each clinical outcome. Nonetheless, each process
measure encompasses only part of the pathway of care that contributes to resident outcomes.

It is possible that additional processes of care that were not measured by OSCAR, and not
included in our analyses, are used by nursing homes to improve resident outcomes. It is also
possible that outcome improvements could be driven by non-process-based changes in care.
There are likely other ways in which nursing homes change the delivery of care to improve
outcomes that are unobservable to us. For example, changes in the structure of a nursing
home’s staff, staff assignments, staff quality, and staff training could result in improvements
in clinical outcomes that are not directly linked to the processes of care we measure (21, 22).
There is also evidence that factors such as organizational culture and employee satisfaction
affect nursing home quality and resident outcomes (23). While prior work has shown no
improvement in nurse staffing levels over the time period when Nursing Home Compare
was released (24), it is possible that outcome improvements may result from other non-
process measures. However, due to data limitations, we cannot the role of many other
factors in observed improvements in nursing home outcomes.

Finally, it is also possible that the observed processes explain a relatively small proportion
of the changes in outcomes because there is a weak relationship between processes and
outcomes. The process-outcome relationship has been inconsistent in numerous heath care
settings. For example, it has been repeatedly found that in the hospital setting changes in
hospital processes of care have little effect on patient outcomes such as mortality rates (7, 8,
25). Similarly, interventions to improve processes of care in outpatient settings have not
always resulted in improved patient outcomes (4, 5). It is possible that the same is true in
nursing homes. There may be a weak relationship between process and outcome for many
reasons, including poor measures, inadequate risk-adjustment (26), the quality of the process
of care may be poor (e.g., a preventive skin care program may be poorly implemented), or,
while efficacious in controlled settings, the processes may be less effective in real-world
settings.

We also found that processes of care seemed to explain less of the variation in outcomes
after Nursing Home Compare is released, based on the diverging trend between overall and
process-driven changes in outcomes. There is no inherent reason why the underlying clinical
process-outcomes relationship should have changed dramatically at the time that Nursing
Home Compare was implemented and suggests that other explanations for changes in
reported outcomes became stronger. There are plausible explanations for this. First, the case
mix of nursing home residents may be increasing over time in ways that we do not control
for. Because the Nursing Home Compare quality measures that we use are minimally risk
adjusted, this might cause more unexplained variance in the outcomes. Second, and more
troubling, outcomes may have been coded differently in response to Nursing Home
Compare, causing processes of care to be less important in explaining variations in
outcomes. The possibility of upcoding or downcoding is consistent with prior research in
this field. In the case of pain, past research has found a decline in the incidence of pain when
residents were admitted to nursing homes, a finding that was most consistent with
downcoding as these changes were not associated with changes in other resident
characteristics associated with pain levels (27).

While we cannot definitively say what other factors are driving changes in reported
outcomes, our finding of a significant relationship between changes in pain levels and pain-
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related processes of care is very important. In past studies on nursing home quality
improvements after the implementation of Nursing Home Compare, the largest
improvements have been in the percent of residents in pain (13, 14). There has been
speculation that the documented improvements in pain levels may be an artifact of the data,
related in part to the subjective nature of this measure and difficulties with accurate
assessment of pain (28, 29), making it particularly prone to changes in data coding. Our
findings suggest that these changes in pain levels are explained, at least in part, by the
increasing enrollment in pain management programs.

These results have important implications. First, our study adds to accumulating evidence
that nursing homes responded to the quality improvement incentive of publicly reporting
quality information. At least in the case of pain management and preventive skin care, it
appears that nursing homes responded to public reporting by improving their management of
at-risk residents. Second, these results also suggest a mechanism for improving resident
outcomes under Nursing Home Compare, though only for one measure. This information
can be useful in thinking about how to further incentivize nursing homes to improve the care
they provide, including the possibility of including well-supported process measures in
incentive programs. Third, given the known limitations of currently used outcome measures
and the lack of support for commonly used process measures, developing quality measures
that are closely linked to patient outcomes would make it more likely that improvements in
quality measures would lead to improved patient outcomes. Fourth, our findings suggest that
perhaps the data used for incentives should be monitored to ensure its accuracy and validity.
Financial incentives are being increasingly used in an attempt to improve health care quality,
particularly under health care reform of the Affordable Care Act. Pay-for-performance has
been increasingly adopted by state Medicaid agencies (30) and there is an ongoing
Medicare-sponsored pay-for-performance demonstration in some states. With increased use
of financial incentives to improve quality, the incentives for providers to change the coding
of their data will remain. Monitoring of the data that is used to determine these incentives
will be key to ensuring true improvements in quality of care. Finally, these results raise the
possibility that incentives might be more effective if tied to both processes of care and
outcomes. Using these in combination could help ensure not only that providers are doing
the right thing to improve resident care but also focusing on what ultimately matters most to
consumers—the resulting outcomes.
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Figure 1.
Nursing home outcomes overall and predicted by process of care over the study period for
five nursing home outcomes. The black line represents overall trends in the outcome over
time and the grey line represents trends in the outcome that are predicted by changes in
measured processes of care. The vertical line represents when the outcome information was
publicly released on Nursing Home Compare.
Graphed quarterly outcomes are based on predictions from Equation (2) where the black line
represents predictions directly from the observed data and the grey line represents
predictions after the quarterly time dummies were set equal to zero.
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Table 2

Change in processes of care with the publication of the outcome measures on Nursing Home Compare (NHC)

Change with NHC*

Mean (95% CI) P-value

Processes of care, %

 Enrolled in pain management program 9.00 (8.76 to 9.24) <.001

 On written bladder training program 0.02 (−0.15 to 0.19) 0.82

 Receiving preventive skin care 9.43 (8.98 to 9.87) <.001

 Receiving mechanically altered diets −1.61 (−1.76 to −1.46) <.001

 Receiving tube feeds −0.87 (−0.92 to −0.81) <.001

 With assist devices while eating −0.09 (−0.19 to 0.00) 0.06

*
Results and tests of statistical significance based on the coefficient α in Equation (1)
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Table 3

The effect of Nursing Home Compare (NHC) on resident outcomes. The first two columns show the overall
(risk-adjusted) change in facility-level outcomes when NHC was launched for each measure. The second two
columns show the changes in facility-level outcomes associated with NHC that were associated with changes
in nursing home processes of care.

Change in overall outcome with NHC*
Change in outcome associated with change in process

with NHC**

mean (95% CI) P-value mean (95% CI) P-value

Moderate or severe pain −2.21 (−2.29 to −2.12) <0.001 −.70 (−.79 to −.61) <.001

Catheter inserted in bladder −.37 (−.43 to −.32) .001 .38 (.33 to .41) <.001

Pressure sores (high-risk residents) −1.05 (−1.14 to −.96) <.001 .08 (−.11 to .26) .42

Pressure sores (low-risk residents) −.12 (−.15 to −.08) <.001 −.05 (−.12 to .02) .20

Significant weight Loss −.89 (−.94 to −.84) <.001 −.03 (−.15 to .09) .60

*
Results and tests of statistical significance based on the coefficient α in Equation (1)

**
Results based on predictions from Equation (2) where quartert was set to equal zero. The reported effect is the difference in mean quarterly

outcome predictions before and after Nursing Home Compare. Tests of statistical significance are based on bootstrapping.
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