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Objective. To compare the effectiveness of two “treatments”—early, intensive home
health nursing and physician follow-up within a week—versus less intense and later
postacute care in reducing readmissions among heart failure (HF) patients discharged
to home health care.
Data Sources. NationalMedicare administrative, claims, and patient assessment data.
Study Design. Patients with a full week of potential exposure to the treatments were
followed for 30 days to determine exposure status, 30-day all-cause hospital readmis-
sion, other health care use, and mortality. An extension of instrumental variables meth-
ods for nonlinear statistical models corrects for nonrandom selection of patients into
treatment categories. Our instruments are the index hospital’s rate of early aftercare for
non-HF patients and hospital discharge day of the week.
Data Extraction Methods. All hospitalizations for a HF principal diagnosis with dis-
charge to home health care between July 2009 and June 2010 were identified from
source files.
Principal Findings. Neither treatment by itself has a statistically significant effect on
hospital readmission. In combination, however, they reduce the probability of read-
mission by roughly 8 percentage points (p < .001; confidence interval = �12.3, �4.1).
Results are robust to changes in implementation of the nonlinear IVestimator, sample,
outcomemeasure, and length of follow-up.
Conclusions. Our results call for closer coordination between home health and medical
providers in the clinical management of HF patients immediately after hospital discharge.
Key Words. Heart failure, hospital readmission, home health care, transitional
care, instrumental variable
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Heart failure (HF) is increasingly common in our aging population and
difficult for patients and their clinicians to manage (Go et al. 2014; McLean
and Jessup 2013). Many individuals are frequently hospitalized despite more
than a decade of innovation aimed at improving the transition from hospital
to home (Feltner et al. 2014) and implementation of national campaigns and
financial penalties to reduce readmissions (Bradley et al. 2013; CMS.gov
2014a). Among Medicare beneficiaries, HF hospitalizations have the highest
30-day all-cause readmission rate (24.5 percent), the greatest number of read-
missions (134,500), and the largest estimated total cost ($1.7 billion) among
conditions with large numbers of readmissions in 2011 (Hines et al. 2014).
Thus, the high readmission rate of HF patients remains a critical health care
quality and cost issue, underscoring the need for successful interventions that
can be rapidly disseminated into practice.

A growing number of Medicare beneficiaries hospitalized for HF are
discharged to home health care (Bueno et al. 2010; Jones et al. 2015) where
patients receive in-home skilled nursing and other services that might be
expected to reduce readmission rates. However, the 30-day hospital readmis-
sion rate of HF patients discharged to home care is roughly 25 percent (Madi-
gan et al. 2012). To address this persistently high rate, some agencies report
providing more intensive services early in the home health episode. The evi-
dence base for this practice is weak (Briggs Corporation 2006; Rogers, Perlic,
and Madigan 2007), and a recent meta-analysis of randomized controlled tri-
als concludes that there is low strength of evidence that “high-intensity” home-
visiting programs reduce 30-day all-cause readmission (Feltner et al. 2014).
Other research suggests that an early physician visit has the potential to reduce
HF patient readmissions (Hernandez et al. 2010), although the potential for
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unmeasured confounding in this observational study limits confidence in the
results.

Our study employs national Medicare data and rigorous statistical meth-
ods designed to address unmeasured confounding in observational studies to
advance knowledge about effective strategies for reducing the high readmission
rate of HF patients discharged to home health care. Specifically, we use instru-
mental variables (IV) methods to compare the effectiveness of early, intensive
home health nursing services and outpatient physician follow-up during the
week after hospital discharge on 30-day all-cause readmission rates. We focus on
postacute care shortly after discharge because it is a particularly vulnerable time
for HF patients with many readmitted relatively quickly (Dharmarajan et al.
2013). We select 30-day all-cause readmission as the primary outcome since the
effects of transitional care may weaken over time and because of its salience in
an era of hospital financial penalties for high 30-day readmission rates.

METHODS

Study Population

We use 2009 and 2010 Medicare administrative, claims, and home health
patient assessment data to identify all HF hospitalizations with discharge to
home health care between July 1, 2009, and June 30, 2010, and we examine
health care use andmortality for 30 days after hospital discharge. The Centers
for Medicare and Medicaid Services (CMS) administrative and claims files
obtained for the study include the Medicare Beneficiary Summary (Enroll-
ment) file, Medicare Beneficiary Annual Summary (chronic condition indica-
tors) file, Medicare Provider Analysis and Review (MedPAR) file, Outpatient
Standard Analytic File (SAF), Home Health SAF, Hospice SAF, and Carrier
file (Part B SAF). The Outcome and Assessment Information Set (OASIS)—
the comprehensive federally mandated assessment tool designed to collect
nearly 100 items related to a home care patient’s functional and clinical status
—is a source of important patient information that is not available inMedicare
administrative or claims data.

Figure 1 describes the sample selection process. Key steps include the
identification of all short-term general and critical access hospital admissions
with: (1) a principal diagnosis of HF using the ICD-9 CM codes employed by
the federal Chronic Conditions Data Warehouse (CCW) to identify HF
patients; and (2) a medical Medicare Severity Diagnosis Related Group (MS-
DRG) (N = 334,087). HF hospitalizations assigned to a surgical MS-DRG
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(N = 21,664; data not shown) were excluded since wound care and not HF
management may be the primary reason for postacute care.

A total of 149,955 HF hospitalizations were followed by a home health
visit within 7 days (81.7 percent of first visits occurred within 2 days of hospi-
tal discharge). In a subsequent step, 9,294 hospitalizations with an admission
date within 30 days of a preceding HF hospital discharge were not counted as

98,730 HF hospital discharges to home health care selected for analysis

9,051 HF hospital discharges excluded 
due to outcome event in the first 
week after hospital discharge

107,781 Potentially eligible index hospital discharges 

9,650 HF hospital discharges excluded 
due to ESRD eligibility 

121,514 HF hospital discharges with complete OASIS data

117,431 HF hospital discharges of beneficiaries enrolled in fee-for-service 
Medicare Parts A and B for 3+ months after discharge or until death 

135,979 Potentially eligible index hospital discharges

3,613,948 Medicare beneficiaries living in 1 of the 50 states or D.C. who had 
home health care use at some point in a 1-year interval (07/01/2009 
through 06/30/2010) 

334,087 Hospital discharges between 07/01/2009 and 06/30/2010 with a HF 
principal diagnosis and a medical MS-DRG

149,955 HF hospital discharges with at least 1 home health visit in the first 
week after hospital discharge 

9,294 HF hospital discharges classified as 
readmissions (admission date is within 30 
days of a preceding HF hospital discharge) 

145,273 HF hospital discharges without intervening hospice or inpatient 
admission between HF discharge and first home health visit 

Figure 1: Selection of Sample (N = 98,730)
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index hospital stays since they represent readmissions. Exclusions include
9,650 beneficiaries receiving end-stage renal disease (ESRD) services, which
may attenuate study treatment effects. We also exclude 9,051 discharges with
one of the following “events” in the first 7 days after hospital discharge to
home health care that preclude a full week of exposure to treatments: hospital
readmission (83.7 percent), hospice admission (7.3 percent), skilled nursing or
other health care facility admission (4.2 percent), or death (4.7 percent). We
discuss the implications of this final exclusion at the end of the article.

Exposure to Early and Intensive Home Health Nursing and Physician Follow-Up

There is little empirical research and no universally accepted definition of what
the home health industry refers to as “frontloading” of visits (O’Connor et al.
2014). We convened a panel of home health and HF experts led by a study inves-
tigator (K. B.) that considered the timing of the first nursing visit critical since
postacute HF patients can deteriorate rapidly if they do not follow prescribed clin-
ical care. The panel recommended that “early and intensive” be defined as at least
one nursing visit on the day of or day after hospital discharge and at least three
nursing visits (including the first visit) in the first posthospital week.

The two physician investigators (A. S. and J. K.) recommended that
early physician follow-up be defined as an outpatient visit for “evaluation and
management” (E&M) services—Common Procedural Terminology (CPT)
codes between 992.xx and 994.xx—in the week after hospital discharge. The
same CPT codes have been used by others (Hernandez et al. 2010; Sharma
et al. 2009; Wolff et al. 2009). We exclude a small number of E&M visits by
specialists unlikely to be managing HF (Table S1).

The four mutually exclusive treatment, or exposure, categories are as
follows: (1) early and intensive home health nursing only, (2) early physician
visit only, (3) both treatments, and (4) neither treatment (the reference cate-
gory in our statistical models). Note that for category 3 above, there are only
89 individuals (0.72 percent of those who receive both treatments) who have a
physician visit prior to the first home health nursing visit. Our analysis, there-
fore, does not distinguish the rare cases in the “both treatments” group where
the physician visit comes before a nursing visit.

Patient Outcome Measures

Our primary outcome is 30-day all-cause hospital readmission. We follow the
CMS approach to defining index HF hospital stays and 30-day all-cause
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hospital readmissions with an important exception. Because our objective is to
compare the effectiveness of exposure to two early treatments among patients
discharged to home health care, we do not count hospital readmissions that
follow discharge from home health care and admission to a hospice program,
skilled nursing facility (SNF), or some other inpatient setting other than a
short-term general hospital (e.g., a rehabilitation facility). An example is when
home health services end 15 days after hospital discharge with a patient’s
admission to a SNF followed a week later by hospital readmission. We do not
count this type of readmission, which occurs rarely, because early treatment
effects have been attenuated by services provided in another postacute care
setting. Instead, we identify five mutually exclusive 30-day outcome cate-
gories based on the first “event” following home health care admission: (1)
hospital readmission, (2) admission to a hospice program, (3) admission to a
SNF or other inpatient care setting, (4) death, and (5) none of these events. In
multivariate statistical analyses, relatively rare outcomes are combined with
others to create three mutually exclusive categories: (1) hospital readmission
or other health care facility admission, (2) hospice admission or death, and (3)
no event (the reference category). We examine the effect of the aggregation of
study outcomes into three categories in sensitivity analyses (see below).

Other Study Variables

Medicare administrative data are the source of most sociodemographic vari-
ables, although Hispanic ethnicity is from OASIS to address underreporting
in administrative data. The beneficiary’s ZIP code was linked to Census data
to obtain the median family income in the patient’s area of residence. Medi-
care claims during the 6 months preceding index stay discharge are the source
of medical history measures including “new HF patient” (defined as no HF
diagnosis on a claim up to the week prior to the index stay admission date),
atrial fibrillation, acute myocardial infarction (acute MI), coronary artery
bypass graft (CABG), stroke or transient ischemic attack (TIA), peripheral vas-
cular disease, and metastatic cancer. Alzheimer’s disease and related disorders
(ADRD) as well as depression are CCW indicators based on a multi-year
look-back period which should ameliorate underreporting on claims.

The index hospital stay claim is the source of the patient’s MS-DRG:
291 (HF with major complications or comorbidities), 292 (HF with compli-
cations or comorbidities), 293 (HF without complications or comorbidities)
or some other MS-DRG. It also is the source of index stay medical comor-
bidities (Elixhauser et al. 1998) and two services: (1) number of days in an
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intensive care unit and (2) number of diagnostic procedures during the
index stay.

The OASIS assessment conducted shortly after hospital discharge is the
source of information on respiratory status, oxygen therapy, activities of daily
living (ADLs) and instrumental activities of daily living (IADLs), cognitive
functioning, anxiety, and behavioral symptoms. In most cases, this is an
admission OASIS assessment conducted when patients start a new episode of
home health care. We also include in our analyses patients resuming a home
health episode that began before the index hospital stay. A “resumption of
care”OASIS assessment must be conducted at the point care resumes and the
assessment is virtually identical to an admission assessment. We include a “re-
sumption of care” indicator in multivariate analyses to control for any unmea-
sured differences between these two types of patients.

The reliability of OASIS items varies. Dyspnea and oxygen therapy
have Kappa values of 0.42 and 1.00, respectively, when patients are observed
by two different nurses at the same time. Activities of daily living all have
Kappa values greater than 0.60 with the exception of grooming
(Kappa = 0.50) and eating and meal preparation (Kappa = 0.38 for both).
The cognitive, emotional, and behavioral items have Kappa values that range
from 0.46 to 0.50 (Kinatukara, Rosati, and Huang 2005). Following the
approach of Spector and Fleishman (1998), binary indicators were created for
each of eight ADLs and IADLs (i.e., whether the person receives human help
with the activity) and then summed to create a single scale of the number of
dependencies. In addition, we created two indicators of more severe disabil-
ity: (1) chairfast or bedfast and (2) human help required with both upper and
lower body dressing.

Provider characteristics and contextual factors are from the CMS Provi-
der of Services and the Area Health Resources Files (CMS.gov 2014b;
HRSA.gov 2014).

Statistical Analyses

Our study design relies on observational data to assess the effect of early and
intensive home health nursing and physician follow-up on hospital readmis-
sion. Both observed and unobserved characteristics can lead to biased esti-
mates of treatment effects in observational designs due to confounding. The
confounding effects of observed characteristics can be taken into account
using standard regression methods, but unobserved characteristics cannot.
We use the control functionmethod, an extension of IVmethods for nonlinear
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statistical models, to eliminate the effects of unobserved confounding
(Heckman and Robb 1985; Newey, Powell, and Vella 1999). As in IVestima-
tion, it requires the existence of at least one “instrument” that predicts assign-
ment to treatment but is not correlated with the outcome, after taking
observed characteristics into account, except via its effect on treatment.

The control function approach to estimating consistent effects of treat-
ments on outcomes consists of two estimation stages: (1) a multinomial logit
model of the four exposure categories on the IVs and the full set of observed
covariates to calculate response residuals of each exposure category (i.e.,
observed exposure minus the predicted probability of exposure); and (2) a
multinomial logit model of 30-day study outcome categories on the exposure
categories, residuals from the first-stage regression (the control functions), and
all covariates except the instruments. We estimate a nonlinear IV model
because neither first nor second stages in this model can be linearized in a con-
ceptually sensible way. There are four treatment possibilities; each is clinically
distinct and cannot be a priori ordered. The second stage has three distinct val-
ues. While our focus is hospital readmissions, a small but substantial share of
individuals die or are admitted to a hospice program. If we linearize by drop-
ping these individuals, our estimates will suffer from sample selection bias
(Angrist and Krueger 2001).

In addition to identification of instruments that predict treatment but are
uncorrelated with the outcome, the correct functional form of first-stage resid-
uals is required for the instruments to yield consistent treatment effect esti-
mates. Our preferred specification is with residuals from the first stage
included linearly in the second stage. We explore the robustness of this specifi-
cation to other functional forms of the residuals as suggested by Garrido et al.
(2012).

The parameters of the multinomial logit models are estimated using
maximum likelihood in Stata 12.1. Standard errors of the parameters are cal-
culated via a sandwich estimator of the covariance matrix that takes clustering
of observations at the home health agency level into account.

Model of Treatment Choice. The Andersen Behavioral Model (Andersen and
Newman 1973) provides the framework for the study with health care use (ex-
posure to the treatments) modeled as a function of societal and health care sys-
tem factors, and three types of individual determinants: (1) predisposing
factors (e.g., age, gender, and race); (2) enabling factors (e.g., health insurance
and income); and (3) need/illness level (e.g., acute and chronic disease,
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cognitive and physical functioning, and symptoms such as pain and anxiety).
Indicators of need/illness level tend to have the greatest impact on health care
use in empirical work (O’Connor et al. 2016). In our study, unmeasured
aspects of patient acuity (e.g., cardiac ejection fraction) are probable con-
founders because, consistent with the Andersen model, they contribute to
more severely ill patients being more likely to receive the treatments and to be
readmitted to a hospital.

Instruments are needed, therefore, that predict selection into treatment
but are uncorrelated with the likelihood of readmission except via selection
into treatment. Our instruments are the index hospital’s rate of early aftercare
for non-HF medical patients and indicators of index hospital discharge day of
the week. Both are examples of health care systems determinants in the
Andersen model. Four IVs were created from sample data on each index hos-
pital’s rate of early aftercare for patients with a medical MS-DRG who did not
have a principal diagnosis of HF: (1) the rate of early and intensive home
health nursing only; (2) the rate of physician follow-up only; (3) the rate of
both treatments; and (4) the rate of neither treatment (the reference category).
We expect the rate of early follow-up instruments, as proxies for practice style
at the index hospital, to predict HF patient selection into treatment. In addi-
tion, we expect a hospital’s early follow-up rates, especially for non-HF admis-
sions, to be uncorrelated with a particular HF patient’s unobserved acuity.

Three IVs were created from the day of the week of index hospital stay
discharge: (1) Friday, (2) Saturday or Sunday, and (3) all other days (the refer-
ence category). Home health agencies tend to have limited weekend staffing.
Discharge on Friday, Saturday, or Sunday is expected to lower the probability
of exposure to early and intensive home health nursing and possibly early
physician follow-up.

We note that health care practice patterns and service dates have been
used as instruments elsewhere (Garrido et al. 2012; Hauck and Zhao 2011;
Matsui et al. 2010; Rassen et al. 2009). In our robustness checks, we estimate
models with subsets of these instruments.

Interpretation of Nonlinear IV Model Results. We report marginal (incremental)
effects of the exposures calculated as the average effects over the characteris-
tics of the sample. As with all IV methods, interpretation depends on expecta-
tions about who is impacted by treatment. The local average treatment effect
(LATE) is the average among those whose treatment status changes in
response to the instruments. Our rate of early aftercare instruments affects
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treatment rates monotonically across a wide range of possible rates of
treatment, suggesting that the “local” interpretation applies to a large propor-
tion of observations in the sample (Figure S1). In sensitivity analyses, we esti-
mate effect magnitudes separately for the treated and untreated samples to
examine variation in estimated effects across sample observations.

The Visiting Nurse Service of New York IRB first approved the study in
November 2011.

RESULTS

The total number of index hospital stay discharges sampled is 98,730. The
great majority of beneficiaries (89.7 percent) had only one index stay in the
sample, 8.8 percent had two, and 1.5 percent had three or more (data not
shown). Table 1 presents the distribution of selected patient characteristics by
treatment group. Sample exposure rates are 40.1 percent neither treatment,
23.0 percent nursing only, 24.3 percent physician only, and 12.6 percent both
treatments. Outcomes for the full sample (bottom of Table 1) are 20.8 percent
readmitted to a short-term general or critical access hospital, 0.5 percent
admitted to a skilled nursing or other inpatient health care facility, 1.6 percent
admitted to a Medicare hospice program, 0.9 percent died prior to any of
these outcomes, and 76.2 percent had none of these events.

Baseline characteristics generally are similar across the four treatment
groups, although relatively small differences are statistically significant at the
p ≤ .05 level, reflecting the very large sample size. In a multinomial logit
model of outcomes on exposure indicators and observed covariates without
control function adjustments, exposure to only one of the treatments has no
statistically significant effect on readmission, while exposure to both treat-
ments increases the risk of hospital readmission (Table S2).

Control Function Modeling Results

Table 2 describes the results of the first- and second-stage equations in the con-
trol function approach. The first-stage equation is the estimation of a multino-
mial logit model of exposures on the IVs along with observed covariates. The
instruments are highly correlated with exposures (v2 joint test of significance is
4,529, 15 df; p < .001). They have the expected effect with the exception of
Friday discharge which—relative to Monday through Thursday discharges—
increases the probability of exposure to the treatments, in particular, the
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combination of both treatments (p < .001). Other notable first-stage
regression results include the consistently lower exposure to treatments of
non-Hispanic blacks relative to whites and others and persons with ADRD
relative to others (p < .001). However, persons with a history of atrial fibrilla-
tion had a consistently higher exposure to each of the treatments relative to
others (p < .001).

The second-stage equation, on the right side of Table 2, is the estimation
of a multinomial logit model of 30-day outcomes on exposure categories and
residuals along with observed covariates. The residuals are jointly significant
(v2 joint test of significance is 26.76, 6 df; p < .001), indicating the existence of
unobserved confounding. Exposure to the combination of both treatments,
relative to exposure to neither treatment, substantially reduces the probability
of hospital readmission (p < .001) as well as admission to a hospice or death
(p = .01) versus no “event.” Other notable second-stage regression results
include no greater risk of hospital readmission for minorities, after adjusting
for treatment exposure and other covariates, but they are less likely to be
admitted to a hospice program or die during the 30-day follow-up period rela-
tive to whites and others (p < .001). A large number of medical conditions and
HF severity (as captured by the MS-DRG) increase both the risk of hospital
readmission and hospice admission or death, relative to those without the con-
ditions, as do dyspnea, oxygen therapy, and higher levels of functional impair-
ment.

Figure 2 presents the risk-adjusted local average incremental treat-
ment effect (LATE) of early and intensive home health nursing care and
physician follow-up on 30-day all-cause hospital readmission in the left-
most panel. Neither treatment by itself has an effect on readmission. The
two treatments together, however, reduce the probability of 30-day all-
cause hospital readmission for a substantial share of the sample by roughly
8 percentage points (p < .001; confidence interval = �12.3, �4.1). Chi-
square tests of the difference between the combined treatment effect and
each treatment effect by itself are close to conventional levels of statistical
significance (p = .06 for both tests), suggesting that the effect of the two
treatments is not just additive (i.e., the interaction of the two treatments
contributes to the large joint effect).

The remaining panels of Figure 2 show risk-adjusted local average
incremental treatment effects on the two other outcomes. The two treatments
together reduce the probability of hospice admission or death for a substantial
share of the sample by a small amount (approximately 1.5 percentage points;
p = .007). They also have a large positive effect on the probability of “no
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event” during the follow-up period consistent with their negative effect on
each of the other outcomes (p < .001).

Sensitivity Analyses. The first row of Table 3 reports the point estimates,
confidence intervals, and p-values for the hospital readmission results
described graphically in Figure 2. Subsequent rows report sensitivity anal-
ysis results for the same set of parameters; specifically: (1) estimates of
local average treatment effects among treated (LATT) and untreated
(LATU) patients in the top panel; (2) results from alternative IV and con-
trol function specifications in the middle panel; and (3) estimates from
other sample and outcome modifications in the bottom panel. The results
of these robustness checks are qualitatively the same and, in most cases,
very close to the estimates from our preferred approach (first row of
Table 3). A more complete description of sensitivity analysis results is
available in the online Appendix.

CONCLUSIONS

The combination of early, intensive nursing services and at least one outpa-
tient physician visit in the week after hospital discharge reduces the risk of 30-
day hospital readmission for a substantial share of Medicare HF patients
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Figure 2: Incremental Treatment Effects with 95 Percent Confidence
Intervals on 30-Day Rehospitalizations and Other Events [Color figure can be
viewed at wileyonlinelibrary.com]

Note. Estimates from a multinomial logit model with control function adjustment for endogenous

treatment.
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discharged to home health care. The 95 percent confidence interval around
the point estimate of the effect of joint nursing and physician treatment
(�12.3,�4.1) should be the focus when interpreting our results due to impreci-
sion inherent to the IV method (Murray 2006). The upper limit is a reduction
of roughly 4 percentage points—or 20 percent—in the risk of readmission.
This very conservative estimate still is large and falls between the effect sizes
reported by Feltner et al. (2014) for the two studies identified with information
on 30-day all-cause hospital readmission in their systematic review of HF tran-
sitional care clinical trials. The first trial (Naylor et al. 2004) examined the
impact of a high-intensity intervention led by advanced practice nurses with
eight planned home visits, the first within 24 hours of hospital discharge (30-
day readmission rates were 10.2 and 29.8 percent for intervention and control
groups, respectively; RR = 0.34; CI = 0.19, 0.62). The other trial ( Jaarsma
et al. 1999) included one telephone call within 7 days and one home visit
within 10 days of discharge and had no statistically significant effect on 30-day
readmission rates (RR = 0.89; CI = 0.43, 1.85).

The study sample, while large, includes only patients receiving at least
one home health visit in the week after hospital discharge who do not have an
“event” in that week (e.g., hospital readmission and death) that precludes a full
week of exposure to the postacute treatments. We also exclude ESRD benefi-
ciaries because they are likely to be receiving at least some nursing services
independent of home health care. The relatively large number of readmissions
in the week after hospital discharge (7,574) raises important questions about
the reasons for their readmission and the extent to which they differ from later
readmissions. No major differences have been found in our own analyses ( Jar-
rin et al. 2014), which is consistent with another recent study of national Medi-
care data (Dharmarajan et al. 2013). More work is needed to better
understand the reasons for rapid readmissions and how to prevent them as
well as how to reduce the high rate of readmission among ESRD beneficiaries
(USRDS.org 2012).

Despite these exclusions, there are more than 20,000 readmissions
between the 8th and 30th days postdischarge in our national sample. They
represent 15.3 percent of all readmissions of Medicare beneficiaries following
a HF hospitalization based on AHRQ’s figure of 134,500 readmissions in
2011 (Hines et al. 2014). Only 12.9 percent receive both treatments, suggest-
ing that a substantial number of readmissions within 30 days could be avoided
if both services were more widely provided.

Wider adoption of the combination of treatments hinges, in part, on
timely action during the hospital stay. Early referral and transfer of key patient
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information to home care agencies is critical to their providing nursing visits
shortly after discharge. Agency staff will need to work with the referring physi-
cian, the patient, and family to arrange an early physician visit if none is sched-
uled. While increasing these visits may be challenging given the difficulty
beneficiaries have leaving home, our results are not predicated on follow-up
by a specialist or the same physician who provided hospital care. Neither are
significant factors in prior work (Hernandez et al. 2010), suggesting that home
health agency medical staff as well as physician home-visit programs could
provide the necessary medical oversight when patients cannot leave home.

Our study highlights the importance of control function or IVanalysis to
correct for the nonrandom assignment of individuals to different treatment
groups when employing observational data. Our regression estimates without
control function adjustments indicate that exposure to both treatments
increases the risk of hospital readmission. In contrast, the control function
analysis shows that readmissions would decline if the two treatments were
more widely provided to the sample as a whole, assuming a local average
treatment effect. The prior study reporting that an early physician visit reduces
the risk of hospital readmission relied on traditional regression methods and
acknowledged that potential confounding is a study limitation but did not
otherwise address the issue (Hernandez et al. 2010). IV estimation methods,
however, are designed to take unobserved characteristics into account and
strengthen confidence in causal inferences based on observational data.

At the same time, we acknowledge the inherent uncertainty in the con-
trol function approach, as in all IV methods, concerning who is impacted by
treatment. Our index hospital early aftercare rate instruments affect postacute
treatment rates monotonically across a wide range of possible IV values, sug-
gesting that the local average treatment effect interpretation applies to a large
proportion of the sample. In addition, we find in sensitivity analysis that
results are remarkably similar regardless of the assumption about the popula-
tion impacted, suggesting that the treatments have similar impacts across a
broad range of patients. Nevertheless, we cannot say precisely how many peo-
ple in our sample we expect to benefit from exposure to both treatments.

We also recognize that threats remain to the validity of study findings.
One uncertainty is whether our IVs affect outcomes only through their impact
on exposure to treatment. One could argue that our practice style instruments
are correlated with unobserved hospital quality, which is the source of endo-
geneity, rather than patient acuity, with hospitals providing better care more
likely to schedule early follow-up and have better outcomes. But without con-
trol function adjustments for endogeneity, nursing and physician treatments
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by themselves have no statistically significant effects on readmission while
exposure to both treatments increases the risk of hospital readmission. This
makes it very unlikely that unobserved hospital quality is the source of poten-
tial endogeneity, while strengthening the case for endogeneity because of
unobserved patient acuity. Nevertheless, we estimated a model with only
day-of-the-week instruments and obtain very similar estimates, albeit with
larger standard errors.

Similarly, if the day of the week of hospital discharge is a function of clin-
ical expectations about the risk of readmission as opposed to other factors
(e.g., day of the week of admission, hospital staffing and work flow), the
assumption that the impact of an IVon patient outcomes is only through its
impact on exposure to treatment would be violated. However, eliminating
day of the week instruments leads to parameter estimates that are very similar
in magnitude and statistical significance.

In conclusion, our results indicate that the combination of early and
intensive home health nursing services and at least one physician follow-up
visit in the week after hospital discharge have the potential to reduce the risk
of readmission for a substantial share of Medicare HF patients discharged to
home health care. This is a large and growing group, although a recent break-
through in pharmacologic treatment of HF patients could restrain growth over
time depending on whether the results of the clinical trial—which enrolled a
predominantly male, relatively young sample of patients with reduced ejec-
tion fraction—are achieved in real-world Medicare beneficiary practice
(McMurray et al. 2014). In any case, our results call for closer coordination
between medical and home health providers in the clinical management of
HF patients immediately after hospital discharge. Together, medical and
home health providers can achieve the goal of improving HF patient care by
avoiding costly hospital readmissions.
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