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Objective. To examine the effect of reductions in hospital-based (HB) skilled nursing
facility (SNF) bed supply on the rate of rehospitalization of patients discharged to any
SNF from zip codes that lost HB beds.
Data Source. We used Medicare enrollment records, Medicare hospital and SNF
claims, and nursing homeMinimumDataset assessments and characteristics (OSCAR)
to examine nearly 10 million Medicare fee-for-service hospital discharges to SNFs
between 1999 and 2006.
Study Design. We calculated the number of HB and freestanding (FS) SNF beds
within a 22 km radius from the centroid of all zip codes in which Medicare beneficia-
ries reside in all years. We examined the relationship between HB and FS bed supply
and the rehospitalization rates of the patients residing in corresponding zip codes in dif-
ferent years using zip code fixed effects and instrumental variable methods including
extensive sensitivity analyses.
Principal Findings. Our estimated coefficients suggest that closure of 882 HB homes
during our study period resulted in 12,000–18,000 extra rehospitalizations within
30 days of discharge. The effect was largely concentrated among the most acutely ill,
high-need patients.
Conclusions. SNF patient-based prospective payment resulted in closure of higher
cost HB facilities that had served most postacute patients. As other, less experienced
SNFs replaced HB facilities, they were less able to manage high acuity patients without
rehospitalizing them.
Key Words. Hospital-based skilled nursing facility, prospective payment policy,
instrumental variables, rehospitalization

Faced with increasing medical care costs, policy makers introduced prospec-
tive payment systems (PPSs) for Medicare reimbursement of hospitals in
1983, skilled nursing facilities (SNFs) in 1998, and finally home health care
agencies in 2000. In the years following the introduction of hospital PPS in
1983, many hospitals responded to incentives to reduce inpatient length of
stay by purchasing skilled nursing facilities or establishing a skilled unit in an
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unused wing or on the grounds of the hospital (Bishop and Dubay 1991; Man-
ton, Stallard, and Woodbury 1994). As these facilities were reimbursed on a
cost basis, hospitals faced few financial constraints to owning a SNF, although
they were substantially more costly than freestanding nursing homes (Schlen-
ker, Shaughnessy, and Yslas 1983; Zimmerman et al. 2008). However, since
the introduction of PPS for SNFs in 1998, SNFs are reimbursed based on the
average cost of treating patients with certain needs and characteristics. As a
result, hospitals lost their incentive to own SNFs and by 2008 only some 1,000
hospital-based facilities continued to operate, compared to around 2,500 a
decade earlier (Kitchener, Bostrom, and Harrington 2004; Feng et al. 2011).

The goal of this study is to understand the impact of this market response
to policy changes on the rate of rehospitalization of SNF patients over the
period of SNF PPS implementation and its aftermath (1999–2006). Over 40
percent of all Medicare fee-for-service hospitalizations are discharged to a
postacute care setting and about 20 percent of them are rehospitalized within
30 days ( Jencks et al., 2009). Mor and colleagues (2010) found that the rate of
rehospitalization from SNF has been growing over the last decade and is
higher than the overall rate of rehospitalization of all Medicare patients. These
hospitalizations are known to be frequent (Intrator et al. 2007), costly
(Grabowski, O’Malley, and Barhydt 2007), and often preventable (Saliba
et al. 2000; Intrator, Zinn, and Mor 2004). MedPAC has identified the
rehospitalization of Medicare residents as a particularly salient measure of
postacute nursing home quality (Donelan-McCall et al. 2006).

This study focuses on the local SNF market, seeking to determine how
closure of hospital-based (HB) facilities in a given market affects the outcomes
experienced by the population of SNF patients. More specifically, we used zip
code as our unit of analysis and show how change in both types of SNF bed
supply affects the rehospitalization of SNF patients within a zip code. Our
analysis estimates the effect of exogenous changes in the supply of beds in a
given area. The number of SNF facilities has been targeted by both federal
policies (like BBA or Medicare and Medicaid certification) and state policies
(like the requirement of Certification of Need [CON] to open up new facilities
or increase the number of beds). Thus, this study not only estimates the aggre-
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gate effect of the closure of HB facilities but also informs policy makers about
the possible impact of any policies that may affect the bed supply.

CONCEPTUAL FRAMEWORK

The observed number of beds in a given market can be considered in an equi-
librium state, endogenously determined by bed demand and supply. Demand
side factors include average health and wealth of the potential nursing home
population, whereas supply side factors include the cost of different inputs,
technology, and policy shocks. Changes in supply will, on average, affect the
aggregate nursing home quality experienced by residents, one measure of
which is hospitalization (Grabowski et al. 2008; Konetzka, Spector, and
Limcangco 2008). An exogenous change in the supply of HB SNF beds can
affect the rehospitalization of SNF patients in several ways.

First, the equilibrium number and/or the average health of patients
discharged to SNF may change. In the absence of HB SNF, patients with
certain characteristics may go to inpatient rehabilitation facilities or long-term
care hospitals for postacute care.

Second, HB and freestanding (FS) SNFs may not be perfect substitutes
with respect to available clinical resources and quality of care, so a change in
bed supply of one type of facility may not be met by the availability of beds in
the other. HB facilities had more than a decade of experience serving patients
intending to return home following a hospitalization and short recuperation in
SNF, a market that most FS SNFs had not entered prior to 1998. However,
the empirical findings regarding the substitutability of one type of facility for
the other are mixed. Stearns et al. (2006) found that patients who were good
candidates for quicker recovery were more likely to be admitted to HB facili-
ties. Nevertheless, even after controlling for such selection using a propensity
score matching approach, they found that being treated in a HB facility
instead of an FS SNF had significant positive effects on health outcomes (e.g.,
quicker discharge to home and lower rehospitalization). On the other hand,
White and Seagrave (2005) compared hospitals that closed their SNFs with
those that kept SNFs operating between 1997 and 2001, using all discharges
irrespective of their destination, or previous long-term care utilization history;
they found no differences in the rehospitalization rates between such hospi-
tals.

Third, change in HB bed supply may affect the quality of care in both
types of SNFs through change in competition in the market and spillover
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effects. Competition was found to be positively associated with quality
measure scores (Castle, Engberg, and Liu 2007); expenditures on clinical,
hotel, and administrative activities (Mukamel, Spector, and Bajorska 2005);
reduced staffing (Zinn 1994); and average expenditures per patient (Nyman
1988). There is also limited evidence of intersegment spillover effects, for
example, nonprofit SNFs have been shown to have a positive external effect
on quality of for-profit SNFs in the market (Hirth 1999; Grabowski and Hirth
2003).

While this study seeks to estimate the aggregate effect of a change in HB
bed supply, we do not attempt to distinguish between the mechanisms by
which this change occurs. However, we control for the change in characteris-
tics of the patients discharged to SNF and for the share of fee-for-service
Medicare beneficiaries discharged to any SNF from a given zip code in
different years and estimate the net effect of substitutability, competition, and
spillover effects on quality as measured by rehospitalization. The exogenous
policy shock to SNF supply that prompted the exit of HB facilities from the
market in many areas allows us to test the causal relationship between bed sup-
ply and quality of care by specifically examining an aspect of quality sensitive
to facilities’ experience with postacute patients’ needs. From this perspective,
we hypothesize that the loss of HB facilities in a given area results in higher
rehospitalization rates of nursing home residents.

METHODS

Data

This study relies upon two types of individual‐level data: Medicare claims and
enrollment records and the nursing home minimum dataset (MDS) resident
assessments completed around the time of admission to SNF. Nursing home
characteristics were obtained from the On-line Survey & Certification Auto-
mated Record (OSCAR) and facility addresses were geo coded. We also use
zip code tabulation area (ZCTA) and census population estimates of zip codes
for the year 2000.

As our main explanatory variable, bed supply, is measured at the zip
code level, our unit of analysis is the zip code. The Medicare enrollment
record, which is updated annually, includes Medicare beneficiaries’ mailing
address zip code, which we treat as patients’ home address. We assume that
this home address is exogenous, that is, not affected by the choice of type
of care or facility. Most beneficiaries’ address does not change following
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postacute SNF use unless they become long stay residents, and we know
when this occurs based upon the presence of repeated MDS assessment
records.

The patient population includes all fee-for-service Medicare beneficia-
ries (MB) who entered a skilled nursing facility following a hospitalization
event between 1999 and 2006 and who did not reside in a NHwithin 120 days
before that hospitalization. We are able to identify prior nursing home
residence using the Residential History File methodology (Intrator et al.,
2011), which tracks Medicare beneficiaries’ daily location by concatenating
dates associated withMedicare claims andMDS records. Our working sample
is composed of approximately 10 million acute hospital discharges, originat-
ing from approximately 26,000 zip codes in 48 contiguous states, excluding
Washington, DC.

Each hospital discharge is linked to the beneficiary’s home zip code
and demographic characteristics from enrollment records, characteristics of
the hospital stay (e.g., length of stay, ICU use, comorbidities, and primary
diagnoses), characteristics of the postacute stay in a SNF, including the out-
come of rehospitalization and various MDS-based clinical characteristics
(e.g., the CHESS comorbidity index) (Hirdes, Frijters, and Teare 2003),
activity of daily living (ADL) score (Morris, Fries, and Morris 1999), and
case mix index (CMI) using resource utilization groups (RUGs) 5.12 (Fries
et al. 1994).

We aggregated discharge‐level records to the level of the zip code to
create the number of discharges, the fraction of patients rehospitalized,
average acuity, and selected demographic characteristics. From the Medi-
care enrollment records, we also calculated the total number of MB and
the fraction enrolled in managed care, and the fraction dying in the year.
We merged these data with bed supply variables, which we computed by
aggregating OSCAR (1999–2006) data and merging with ZCTA (2000)
data.

Outcome Variable

The outcome we are examining is rehospitalization, defined as returning to
any acute general hospital within 30 days of the date of discharge from an
acute general hospital to an SNF, although not necessarily to the same dis-
charging hospital. To explore the effects of HB facility loss on particular types
of rehospitalizations, we split the 30-day period into three mutually exclusive
periods: 1–3 days, indicative of either premature discharge or inappropriate
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placement; 4–7 days, a sign of poor communication of clinical information
between the hospital and SNF; and x 8–30 days, an indicator of SNF resources
and quality.

Bed Supply

The bed supply, by type of SNF, in a given zip code in a particular year is
defined by the total number of beds in that year across all facilities located
within a 22 km radius from the centroid of that zip code. Several alternative
definitions of market have been used in the SNF literature based on geograph-
ical area, that is, standard metropolitan statistical area, zip code (Feng et al.
2011), county (Zinn 1994) (Banaszak-Holl, Zinn, and Mor 1996), and physi-
cian referral regions (Garnick et al. 1987). Although county and zip codes
may be a poor proxy for market because of heterogeneity in size and popula-
tion density (Zwanziger, Mukamel, and Indridason 2002), all these definitions
assume that markets do not overlap. We do not need to apply this restrictive
assumption and use a distance-based definition following the argument of
Garnick et al. (1987). We chose 22 km which is the 80th percentile of the
distance of the destination SNF from the origin zip code of the patients in our
sample.

To calculate bed supply we used the zip code centroids obtained from
ZCTA for the year 2000.Wematched each zip code with all the nursing homes
available in a given year and calculated the distance of each zip code centroid
from a given nursing home using the Haversine formula of distance.We calcu-
lated the total number of beds of both types of SNFs for each year. Change in
the bed supply of a certain type in a zip code not only reflects closures but also
new facility entrants as well as bed size changes among existing facilities.

Statistical Model

Equation (1) describes the baseline statistical model that we estimated in this
study.

RHzt ¼ aþ bB HBzt þ cB FSzt þ Xztq þ dz þ ht þ uzt ð1Þ

Here, RHzt is the average rehospitalization of patients who were admitted to a
SNF from zip code z in year t; B_HBzt is the supply of HB SNF beds within
22 km radius of zip code z in year t; B_FSzt is the supply of FS SNF beds
within 22 km radius of zip code z in year t; Xztq z is a vector of zip code fixed
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effects; and ht is a vector of time fixed effects; Xzt is a vector of control vari-
ables: total number of MB, share of MB enrolled in managed care, share of
MB who died in the same year, share of FFS MB who are in our sample,
demographic variables from Medicare enrollment records, and acuity
indexes, that is, average hospital length of stay, reimbursement, ICU usage
rate, Deyo and Elixhauser comorbidity scores from hospital claims; and uzt is
the error term.

We estimated this equation using OLS and 2SLS methods and the total
number of discharges in the corresponding zip code year as an analytical
weight. The zip code-specific fixed effects assume that the demand factors in a
zip code are time invariant and also capture the effects of neighborhoods as
argued by Chandra and Skinner (2003).

Instrumental Variable

We estimated the effect of HB bed supply using an instrumental variable (IV)
defined as the interaction of time and zip code population density (PD). Our
measure of PD, that is, the population 65+ per square mile for each zip code, is
derived from 2000 census data and therefore is time invariant. Time is a count
variable, which is zero for year 1999, increasing by one for each subsequent
year. We used a linear trend here because of its simplicity and the absence of
any theoretical reason for nonlinearity. Our IV emerges because HB SNF
closures after PPS were not uniformly distributed across zip codes. As hospi-
tals are located in densely populated zip codes, the decline in HB beds is much
higher in those zip codes. Given that the first‐stage relationship holds, our
exclusionary restriction assumption is that changes in rehospitalization over
time do not vary systematically across zip codes with different population
density, except through changes in HB bed supply.

We undertook a variety of modified versions of our baseline mode to test
its robustness. The second alternate model includes aggregated MDS assess-
ment acuity measures, which are not included in the baseline model because
of nonrandom missing values in the MDS. Some 8.9 percent of SNF admis-
sions do not have a MDS assessment, generally because they had very short
stays. As the MDS acuity measures are constructed from many data items,
missing values in any of these items further increased the missing data;
roughly 21 percent of study patients were missing the CHESS score, 9 percent
the ADL score, and 14 percent the case mixmeasure.

Our third model examines the exclusionary restriction assumption.
Zip codes with high population density are likely to be in urban areas that
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may have different trends in average acuity of SNF patients and availability
of substitutes of SNF care. Indeed, Dalton and Howard (2002) showed that
increases in the number of HB SNFs in urban areas after hospital PPS was
higher than in rural areas, meaning that decline in HB beds following SNF
PPS will also be much greater in urban areas. In the presence of a differential
trend in unobserved acuity in rural and urban areas, both of our estimation
approaches will produce biased estimates. So our third model includes sev-
eral differential trends with respect to different zip code characteristics: dis-
tance of the nearest hospital (DNH), percentage of rural population (PRP),
and per capita income (PCY). All three variables are time invariant and
included in the model interacted with time, like the instrumental variable.
These interactions should identify the effects of unobserved, time variant
severity of the admitted SNF patients and the availability of different post-
acute services.

The fourth version of the model estimates our baseline model but
without weights. The fifth and sixth versions estimate the baseline model
separately for the years 1999–2002 and 2003–2006 on the assumption that
early response to the introduction of SNF PPS might differ from later
response.

The seventh model alters the form of the dependent variable by deflat-
ing bed supply variables by the number of beneficiaries in the corresponding
zip code year. We did not use the number of discharged individuals because
they might be determined by bed supply, and, as such, endogenous. As an
alternative to model 7, we estimated the effect of change in bed supply on the
number of rehospitalization events, after controlling for total number of
discharges. In this case we did not use any weights as the number of discharges
is used as a control variable.

One may expect that HB SNFs have comparative advantage in treating
high acuity. To test this, we divided our observations with nonmissing MDS-
based SNF CMI into two groups based on the median (1.06) of that variable;
that is, high versus low acuity cases. We then recalculated zip code year level
aggregates and reestimated our baseline model separately for both the groups.
We hypothesized that effect of HB bed supply will be larger on high acuity
patients as they are at higher risk of rehospitalization.

Finally, we tried to separate out the effect of substitutability between HB
and FS SNFs and the effect of reduced competition due to loss of HB beds.
We calculated the Herfindahl–Hirschman Index (HHI) using number of beds
by the different types of facilities within a 22 km radius of all zip codes for
different years. We substituted two bed supply variables in the baseline model
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with share of HB beds among all bed supply and HHI. In this case, only share
of HB beds has been instrumented.

Our multivariate analysis is based on a balanced panel of zip codes
obtained by dropping the zip codes for which we do not have at least one
patient in each study year. All the t-statistics reported are robust, obtained
from clustering the error term by state. Clustering is expected to correct for
autocorrelation of error terms, which might result from state-level policy
shocks. We used STATA procedures developed by Schaffer (2010) designed
for panel data fixed-effect instrumental variable regression.

RESULTS

Trends in the Structure of the Nursing Home Industry

Table 1 presents the raw data over all study years regarding bed supply, patient
characteristics, and the hospitalization rate outcome variables. As can be seen,
the number of fee-for-service hospital discharges to SNF increased from about
1.1 million in 1999 to 1.4 million in 2006. In 1999, some 40 percent of com-
munity hospitalizations discharged to SNF went to an HB SNF, but by 2006,
this figure was only about 19 percent. Over the 8-year study period, about 40
percent of HB facilities exited the industry, whereas the total number of FS
SNFs remained relatively constant. The average number of beds located
within a 22 km radius of zip code centroids declined by almost a third among
HB facilities, but remained relatively constant among FS facilities.

The 30-day rehospitalization rate of HB SNF patients declined by one
percentage point, whereas among freestanding (FS) facilities, the rehospital-
ization rate climbed by several percentage points. Rapid “bounce-back”
(1–3 days) rehospitalizations increased for both types of facilities but more for
FS. Other rehospitalizations decreased for HB facilities and increased for the
FS ones.

Table 1 also presents the trends in acuity measures of patients admitted
to different types of SNFs. Although these findings are not definitive evidence
that hospitals have tended to discharge patients with more severe conditions
to FS SNFs, the average acuity of patients admitted to FS SNFs has increased
over time. The proportion of discharges that had spent time in the hospital
ICU increased overall during the study period, but substantially more for
patients entering FS facilities. Similarly, the average length of hospital stay
and the average age of discharges to SNF declined more sharply for FS in
comparison with HB facilities.
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The First Stage

To show the relationship between our instrument and SNF closures, we
plotted the change in both types of beds between 1999 and 2006 against zip
code population density using a local linear regression smoother in Figure 1.
It is obvious that zip codes with high population density lost more HB beds
(and not FS beds) during our study period. Table 2 quantifies this observed
relationship in the first stage of 2SLS estimation of the baseline model. We find
that the interaction of time and population density is very highly correlated
with the supply of HB beds with a t-statistic of 13.3, whereas there is no such
statistically significant relationship with respect to the number of FS beds in
the area. In addition, the acuity indices as well as the share of FFS MBs dis-
charged to SNF are not correlated with HB bed supply, suggesting that
changes in bed supply do not affect the observed acuity of the patients dis-
charged to SNF significantly (see Appendix; Table 1).

The Multivariate Model

The results of the baseline two-stage least-squares model are shown in Table 3
along with the results of the ordinary least-squares analysis. The coefficients of
the effect of HB bed supply on SNF rehospitalizations using the 2SLS model
are larger than the ones obtained fromOLS for all four measures of rehospital-
ization. We tested the endogeneity of HB bed supply using Durbin-Wu-Haus-
man chi-square test and rejected the null hypothesis of exogeneity at .1
percent level of significance.

Figure 1: Local Linear Regression Plotting of Change in Bed Supply of HB
and FS SNFs between 1999 and 2006 onto Zip Code Population Density
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We undertook a variety of sensitivity tests of our basic model to test it
under alternative assumptions. Each row in Table 4 presents the result of an
alternative specification of the baseline model. Inclusion of MDS assessment
case mix acuity measures reduces the number of zip codes in the model, result-
ing in a slightly diminished estimated effect of HB bed supply (row 2 of
Table 4).

Row 3 of Table 4 shows the results after including the differential trend
with respect to different zip code characteristics. Changes in HB bed supply
over time within zip codes vary significantly with the fraction of the rural pop-
ulation in zip codes but not with per capita income or distance to the nearest
hospital (column 3 of Appendix Table 1). Inclusion of interactions (especially
with the fraction of rural population) as additional control variables reduces
the magnitude of the effect of HB bed supply obtained.

Row 4 presents the baseline model without weighting by the number of
hospital discharges to SNF. When the baseline model is estimated without
weights, the effect of HB bed supply becomes larger (�.238 vs �.194), likely
due to the heterogeneous effect of bed supply, that is, an increase of 100 HB
beds in an area with a large number of hospital discharges to SNF will have a
much smaller effect compared with similar increases in areas with fewer dis-
charges.

Table 2: Estimated Effect of Instrumental Variable (Population Density
Interacted with Time) on Different Types of NH Bed Supply

(1) (2)
100 HB Beds within 22 km 100 FS Beds within 22 km

Time 9 Population density �0.0293*** 0.0062
[�13.26] [0.41]

Control variables Yes Yes
Year fixed effects Yes Yes
Zip code fixed effects Yes Yes
Observations 201,360 201,360
R-squared 0.985 0.999

Notes. Each observation is weighted by the number of patients discharged to NH from that zip
code in that year. Control variables include average age, fraction of black, fraction of female, aver-
age length of stay at the hospital before discharge, fraction of patients treated in ICU, average
Medicare reimbursement, mean Deyo and Elixhauser indexes among the patients in our sample,
number of Medicare beneficiaries (MB), fraction of MB enrolled in Managed care, fraction of MB
died in corresponding year, and fraction of MB who are in our sample of corresponding zip code
year. Robust t-statistics calculated by clustering the errors at state level are in the square brackets.
Detailed results of regression presented in column (1) are presented in column (1) of Appendix
Table 1.
***p < .01.
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Rows 5 and 6 present our baseline model separately for 1999–2002 and
for 2003–2006 to determine whether the strength of the HB bed loss effect is
stronger when temporally closer to the BBA. The effect is much larger in the
first 4 years after the introduction of PPS for SNF than is the case for
subsequent years (row 5 vs 6 of Table 4).

Models 7 and 8 show that similar effects of HB bed supply are observed
when we use per capita bed supply instead of the absolute number of beds or
absolute number of rehospitalizations instead of the rehospitalization rate.
The estimated coefficients in these two models are not directly comparable
with the baseline model as we calculated the effect size in terms of extra
rehospitalizations due to closure and this figure is slightly larger than the
benchmark model. As shown in rows 9 and 10 of Table 4, the effect of HB bed
supply has a statistically insignificant effect on rehospitalization of patients

Table 4: Estimated Effect of HB Bed Supply on 30-Day Rehospitalization
under Different Model Specifications

Model Specification N OLS 2SLS

(2) IncludingMDS variables as zip code aggregates 199,861 �0.104*** �0.166***
(3) Including zip code variables interacted with time 201,280 �0.0770*** �0.125***
(4) Unweighted by discharge volume 201,360 �0.106*** �0.238***
(5) For years 1999–2002 100,680 �0.167*** �0.352***
(6) For years 2003–2006 100,680 �0.0509 �0.109**
(7) Bed supply per 1,000 MB as explanatory variable 201,360 �0.00731 �0.124***
(8) No. of patients rehospitalized as dependent variable 201,360 �0.333 �0.701***
(9) RUGs CMI less thanmedian 192,297 �0.0489** �0.0402
(10) RUGsCMImore than or equal to median 190,905 �0.164*** �0.224***
(11) % of HB beds among all bed supply andHHI
as explanatory variable

183,212 �.005 �.924***

Note.All the regressions are estimated using zip code fixed effects. All the regressions except rows 4
and 8 are weighted by the number of patients discharged to any NH from a given zip code in a
given year. T-statistics and the *s are robust obtained clustering by state. Different row represent
different specification and corresponding first stages are reported in same numbered columns in
Appendix Table 1. Row 2 presents the result with three patient average acuity variables calculated
using CHESS, ADL, and NCMI indexes fromMDS. Third row includes interaction of time with
distance of the nearest hospital, percentage of rural population, and per capita income, which are
time-invariant zip code level variables calculated from census 2000. Row 4 is the estimation of the
baseline with our weights. Rows 5 and 6 show the result using observations between 1999 and
2002 and 2003 and 2006, respectively. Row 7 represents model where the bed-supply variables
are deflated with number of Medicare beneficiaries in corresponding zip code year. Row 8 repre-
sents the model where the dependent variable is total number of rehospitalization event in a given
zip code year. Rows 9 and 10 are based on 50% of the individuals divided using RUGs CMI. Row
11 presents the coefficient of share of HB beds among all supplied beds and obtained using a
model where HB and FS bed supply variables in baseline are substituted with share of HB beds
andHHI.
***p < .01, **p < .05, *p < .1.
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with low CMI acuity but a large effect on the patients with high CMI acuity.
Finally, model 11 shows that FS facilities are not perfect substitutes for HB
SNFs and increases in the share of HB beds in total bed supply reduce the
rehospitalization rate. The estimated coefficient suggests that if the percentage
of HB beds among the total bed supply in that area increases by 1, the percent-
age of patients rehospitalized within 30 days of admission to SNF declines by
1. We did not find any significant relationship between competition and
rehospitalization, which is most likely due to the fact that HHI in this case is
endogenous.

The negative effect of HB SNF closures on SNF patient rehospitaliza-
tion in a given area is a relationship that is robust across most specifications.
The most conservative estimate (IV estimate of model 4) suggests that a
decrease of 100 HB nursing home beds within a 22 km radius of a zip code
increases the 30-day rehospitalization rate by 0.13 percent. Thus, had the
number of HB beds remained constant over the study period, about 12,000
rehospitalizations could have been avoided. Alternatively, if rehospitalization
had remained at the 1999 rate throughout the study period, we would have
observed about 100,000 fewer 30-day rehospitalizations, with about 12
percent of these extra hospitalizations due to closure of HB homes. Similarly,
about 20 percent of 1–3 days, 13 percent of 4–7 days, and 9 percent of 8–30
days extra rehospitalizations over the study period could have been avoided if
there had been no reduction in HB beds. Using the baseline model, the esti-
mated number of rehospitalizations that could have been avoided is 18,000.

DISCUSSION

PPS for Medicare nursing home reimbursement was introduced to limit the
growing cost of postacute care. One consequence of this policy was that many
HB facilities were closed or sold by their parent hospital corporations due to
lower reimbursements under PPS relative to their operating costs. Before
SNF PPS, 40 percent of all hospital discharges to postacute SNF care were
sent to HB SNF facilities. As these facilities closed, FS facilities filled the
breach. Our study finds that a consequence of this policy change was increased
rehospitalization from SNF, a phenomenon that contributed to the general
increase experienced by Medicare beneficiaries over the past decade ( Jencks
et al., 2009; Mor et al. 2010).

The increasing acuity of patients discharged from hospital to SNF over
the course of our study clearly reveals a faster increase for those entering FS
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facilities, apparently in direct response to closure of HB facilities. Our results
indicate that after the implementation of BBA, hospitals discharged their
patients to a wider array of SNFs in the area rather than concentrating them in
a small number of partners. As this group of SNFs began to fill the gap left by
closing HB facilities, hospitals were increasingly discharging less medically
stable patients to SNF. As FS SNFs historically had fewer nurses and a
less-skilled complement of staff, they may have had more difficulty serving
these complex patients, particularly given the limited role of physicians in FS
SNFs (Angelelli et al. 2002; Katz et al. 2000). The fact that we see a much
stronger effect of HB bed loss shortly after BBA than later is consistent with
this interpretation. This suggests that over time FS SNFs may have become
more capable of handling more acute patients.

Although the proportion of rapid bounce back (i.e., within 72 hours)
rehospitalizations increased much faster than the other two types of rehospital-
ization over the course of the study, our results reveal that HB facilities were
more effective in restraining growth of such bounce backs. This implies that
HB facilities may be more effective at avoiding early rehospitalizations,
perhaps due to the proximity of physicians and higher levels of nurse staffing.
Consistent with these findings, our results reveal that closure of HB SNFs has
a much larger adverse effect on patients with higher case mix. As the case mix
acuity of hospital discharges to SNFs has continued to increase, we might
expect rehospitalizations to increase without significant improvements in the
levels of clinical care available in FS SNFs.

One major limitation of our analysis is that the exclusion restriction
assumption of the IV might be too strong. Population density is correlated
with variables like urban location, and a differential trend in patient character-
istics or policies affecting the health outcome might be present with respect to
such variables. We explicitly controlled for a few such differential trends by
incorporating the share of the rural population, proximity to hospital, and per
capita income that might be correlated with population density in zip codes.
In addition, we did not observe differential trends in any of our observed
acuity variables with respect to population density or share of rural population
in the zip code.

Another limitation is that we only included patients using postacute care
in an SNF. White and Seagrave (2005) found that if a hospital loses its HB
SNF, patients are somewhat more likely to go to non-SNF-based postacute
care such as an independent rehabilitation facility (IRF). However, in our
data, we did not find any association between share of FFS patients discharged
to SNF and supply of HB SNF beds.
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The fact that we observe an increase in rehospitalization in those areas
which lost HB facilities and beds, presumably because hospital discharges
went to FS SNFs that were not prepared to care for such sick patients, has
substantial implications for the future of hospital-SNF collaborations. It is crit-
ical that we better understand what it is about the relationship between a hos-
pital and a SNF that facilitates smooth transfer of patients during the discharge
process. Indeed, in light of the ACA-imposed policy changes governing rehos-
pitalizations, it will be imperative for hospital and SNF administrators as well
as clinicians in both settings to develop protocols to insure smooth transitions
of patients from hospital to SNF.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix SA1: AuthorMatrix.
Table S1: Regression of Hospital-Based (HB) Bed Supply onto and

Instrumental and Other Explanatory Variables (First-Stage Relationship)
under Alternative Specification.

Table S2: Estimated Effect of Different Types of Bed Supply on Rehospi-
talization by Different Day Interval under DifferentModel Specifications.

Please note: Wiley-Blackwell is not responsible for the content or func-
tionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author
for the article.
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