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ABSTRACT  

 

Background: In the current policy environment hospital readmissions are receiving considerable attention 

due to a provision in the Affordable Care Act (2010), that penalize hospitals through reduced payments 

for excess readmissions (the hospital readmissions reduction program (HRRP)).  This program primarily 

holds hospitals accountable, although a multitude of factors not directly in control of hospitals can be 

contributory to readmissions.  Of these, whether or not patients are discharged to an appropriate post-

discharge care setting can be one contributory factor, and, this study evaluated the association between 

post-discharge care setting and hospital revisits.   

Methods: A retrospective analysis of the 2008 Medicare Current Beneficiary Survey (MCBS) was 

conducted.  Three post-discharge care settings were evaluated: 1) routine discharge to home; 2) home 

with home healthcare; and 3) skilled nursing facility.  Two outcomes were assessed: 1) 30-day all-cause 

hospital readmissions; and 2) 30-day all-cause hospital revisits (combination of inpatient admissions and 

emergency department visits).  Analyses were carried out among patients with hospitalizations for any 

reason, as well as among a subgroup that were hospitalized for one of seven priority conditions identified 

in the HRRP.  Weighted logistic regression analyses that incorporated information on the complex survey 

design were conducted.  

Results: Of the MCBS sample representing 46,048,125 Medicare beneficiaries (unweighted N=11,723), 4.9 

percent (N= 2,293,629; unweighted N=670) contributed at least one index hospitalization to the analysis.  

Among hospitalization for any reason, 30-day all-cause hospital readmissions and revisits was 12.3 

percent and 17.8 percent, respectively.  The subgroup consisted of 31.8 percent of hospitalizations for any 

reason (N=730,174; unweighted N=216).  Readmissions and revisits in the subgroup were 17.8 percent, 

and 24.5 percent, respectively.  Post-discharge care setting was not significantly associated with either 

readmissions (P=0.966) or revisits (P=0.728) for hospitalizations for any reason.  Findings for the subgroup 
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were similar with no significant association between post-discharge care setting with either readmissions 

(P=0.850) or revisits (P=0.483).      

Conclusion: Absence of a difference in readmissions and revisits by post-discharge care setting suggests 

that the choice of discharge status might be appropriate following an inpatient admission.  However, 

further research with larger sample sizes for conditions in the subgroup both together and separately is 

recommended.     
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CHAPTER 1 

1. INTRODUCTION 

For the past few decades there has been a number of major changes in the way inpatient care 

and post-acute care (PAC) has been reimbursed (Cotterill & Gage, 2002).  Over the years prospective 

payment systems (PPSs) have replaced cost-based reimbursements for each service type.  The PPSs are 

generally considered to have been largely contributory to cost shifting and care fragmentation for fee-for-

service (FFS) Medicare beneficiaries (Feinglass & Holloway, 1991; Shih et al., 2008).  The PPS for inpatient 

care in particular, has been seen as one that promotes volume of care over quality (Stone & Hoffman, 

2010).  For example, this has been considered as one contributory cause of readmissions, a large 

proportion of which has been identified as preventable (Medicare Payment Advisory Commission 

[MedPAC], 2007; Minott, 2008).  This issue of excessive hospital visits following discharge has been 

recognized through a number of provisions in the Patient Protection and Affordable Care Act (PPACA) of 

2010 that attempt to provide incentives through a number of payment and delivery system reforms to 

reduce readmissions (Kocher & Adashi, 2011).     

Although Medicare reimbursed PAC utilization has increased with the advent of the inpatient PPS 

and is increasingly playing a role in patient care following an acute care hospitalization, the selection of 

the type of PAC for patients and their impact on patient outcomes remains largely inconclusive (Buntin et 

al., 2005; Kramer, 2006).  Initiatives such as payment bundling for an acute care episode that incorporates 

a single reimbursement for both inpatient and PAC, and the hospital readmissions reduction program 

(HRRP) that penalizes hospitals for ‘above average readmissions’, highlights the potential importance of 

post-discharge care to avoid preventable readmissions (Stone & Hoffman, 2010).  
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Given this background, this dissertation is a retrospective analysis of acute care hospitalizations 

conducted to evaluate the association between post-discharge care setting and unscheduled emergency 

department (ED) visits and inpatient readmissions in a Medicare population.   

Although the aforementioned new programs provided for in the PPACA are too recent to be 

evaluated through many of the existing data sources, valuable lessons can be learned from existing data 

on how these new initiatives may be impacted in previously overlooked ways.  Consequently, the 

applicability of the findings of this investigation is three-fold.  First, the results will provide nationally 

representative information on PAC utilization, unscheduled hospital visits (ED and inpatient readmissions) 

by PAC type, and the association of post-discharge care setting on these unscheduled hospital events.  

Second, although the focus has predominantly been on hospital readmissions, this research additionally 

included ED visits as an unscheduled hospital event because these too are widely regarded as an indicator 

of the quality of care (Department of Health and Human Services [HHS], (2006)).  Third, this information 

may emphasize some important implications on the choice of post-discharge care setting following acute 

care hospitalizations, particularly as they relate to the new payment reform initiatives.  This may 

potentially provide leads for future research in this area to further understand the importance of the role 

of appropriate post-discharge care setting to bring about better patient outcomes.   

 

1.1 Background 

1.1.1  Hospital Readmissions and Importance of Post-discharge Care Setting  

At present, hospital readmissions are receiving considerable attention due to a number of 

payment and delivery system reforms provided for in the PPACA that aims to reduce readmissions 

(Kocher & Adashi, 2011; The Patient Protection and Affordable Care Act [PPACA], 2010).  These reforms 

were put forth because readmissions have been determined to be substantial (Jencks, Williams, & 
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Coleman, 2009; MedPAC, 2007), and many have been identified as preventable (MedPAC, 2007; van 

Walraven, Bennett, Jennings, Austin, & Forster, 2011).  In 2005, 17.6 percent of total hospital admissions 

resulted in a readmission within 30 days, estimated to cost Medicare $15 billion (average of $7,200 per 

readmission) (MedPAC, 2007).  Estimates of preventable readmissions from studies conducted in the 

United States (U.S.) ranged between 9 percent and 76 percent for 30 day readmissions (Frankl, Breeling, & 

Goldman, 1991; McKay, Rowe, & Bernt, 1997; MedPAC, 2007).   

A number of interventions such as discharge planning, formal post-discharge care, patient 

education and support, among others, have indicated success in reducing readmissions (Benbassat & 

Taragin, 2000).  These successes have been reported for patients with specific diseases and conditions, as 

well as overall across all acute care and older patients (Benbassat & Taragin, 2000).  This suggests that 

certain risk factors for readmissions may be modifiable.  It is both the extent of preventable readmissions, 

and the identification of numerous interventions that can be successful in reducing them, that have 

influenced the provisions in the PPACA that either directly or indirectly target readmissions.  While some 

payment reforms are currently being implemented, others are being evaluated for feasibility for broader 

implementation in the future (Stone & Hoffman, 2010).  If successful, the double benefits of improved 

patient outcomes and cost savings may be achievable.   

One payment reform that is currently being implemented is the HRRP (“Medicare Program,” 

2011 ).  As the name indicates, the HRRP provides direct incentives to hospitals to reduce readmissions.  

This is done by providing financial incentives through payment reductions to hospitals that have risk-

adjusted excess readmissions for specified conditions (“Medicare Program,” 2011 ).  The first payments 

under this new initiative began in fiscal year 2013.   

In the HRRP, it is the hospitals that are held accountable for readmissions.  Although substandard 

care in the hospital has been associated with readmissions (Ashton, Del Junco, Souchek, Wray, & 

Mansyur, 1997), not all of the factors that can contribute to readmissions are under the control of a 
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hospital.  In fact, readmissions can be a result of a multitude of factors, and reducing them is a 

collaborative effort of healthcare providers across the care continuum, the patient, and their caregiver 

(Ashton & Wray, 1996; Minott, 2008).  Breakdown in care at any point in the care continuum can give rise 

to costly acute-care encounters that are potentially preventable.  This can occur as a result of: 1) poor 

care in the inpatient setting, untimely discharge, and inadequate discharge planning; 2) lack of follow-up 

and care coordination across multiple providers and settings during care transitions; 3) discharge to 

inappropriate PAC setting; 4) breakdown in communication (e.g., lack of education and instruction) 

between provider and patient/care giver regarding management of condition; and 5) patient non-

compliance with treatment regimen, and lack of patient resources for appropriate post-discharge care 

(Minott, 2008).   

  This research particularly focused on the association between post-discharge care setting 

(Medicare reimbursed PAC and home) on unscheduled hospital visits.  The focus on this specific area is 

topical due to two main reasons.  First, if readmissions defer by the type of post-discharge care setting 

this may have implications for hospitals that can be penalized through reduced payments for excess 

readmissions through the HRRP.  Second, the importance of PAC is underscored in the bundled payments 

for care improvement (BPCI) initiative, a payment reform that is currently being evaluated for feasibility 

for wider implementation (Centers for Medicare & Medicaid Services [CMS], 2011a).  Two of four models 

that are being assessed under the BPCI, formally incorporates PAC and related readmissions into a single 

payment bundle, for a patient’s acute care episode (CMS, 2011a). 

The expectation of providing PAC following discharge from an acute hospitalization is primarily to 

provide transitional care from hospital to the community, enable the patient to achieve a level of 

functioning that they had prior to hospitalization, and avoid subsequent unscheduled acute care 

encounters (Buntin, Colla, & Escarce, 2009).  In 2001, it was estimated that almost a third of all hospital 

discharges received PAC services (Medicare Payment Advisory Commission [MedPAC], 2011a).  There are 
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four PAC types that are currently being reimbursed under Medicare.  They are: 1) skilled nursing facility 

(SNF); 2) home health care (HHC); 3) inpatient rehabilitation facility (IRF); and 4) long-term care hospitals 

(LTCHs).  SNF and HHC are the most widely utilized type of PAC among Medicare beneficiaries (MedPAC, 

2011a), and as such the focus of this research.   

Nursing homes certified by Medicare are referred to as SNFs, and are eligible to receive 

reimbursement from Medicare.  SNFs are the most commonly utilized PAC type (Medicare Payment 

Advisory Commission [MedPAC], 2011c), and accounts for five percent of the total Medicare spending 

(Medicare Payment Advisory Commission [MedPAC], 2010).  Medicare beneficiaries receive SNF care if 

skilled nursing or rehabilitation is deemed necessary following hospital discharge, for the same condition 

as the reason for the initial hospitalization (MedPAC, 2011c; Phillips, Langmuir, Parmelee, & Weinberg, 

2003).   

Home health agencies like SNFs need to be certified to receive reimbursements from Medicare.  

HHC is the second most commonly utilized type of care beneficiaries receive following hospital discharge, 

and accounts for four percent of total Medicare spending (MedPAC, 2010).  Medicare beneficiaries are 

eligible to receive Medicare reimbursable HHC if they are home-bound, are under the care of a physician 

and need skilled care such as nursing care; physical, occupational, or speech therapy; or other medical 

services, either part time or intermittently (Medicare Payment Advisory Commission [MedPAC], 2011b; 

Murtaugh, McCall, Moore, & Meadow, 2003).  HHC can also include medical social work, and home health 

aide services.  Care is delivered at the patient’s house by personnel from home health agencies.   

 

1.1.2  Influence of Payment Incentives on Utilization of Services for Inpatient and PAC Services  

 

 A brief summary of payment reforms over the past few decades is important to provide context 

to this research.  As such, a brief outline is presented below. 

Prior to 1983:  Cost-based reimbursement for inpatient care and PAC. 
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1983:  Implementation of the inpatient PPS through diagnosis related groups (DRGs); 

continued cost-based reimbursement of PAC. 

1997:  Major changes to PAC payments (PPS for each PAC type) through Balanced Budget Act 

(BBA). 

1997/1998: Implementation of the PPS for SNFs.  Per-diem based reimbursement for up to 100 

covered days per ‘spell of illness’. 

 Implementation of interim payment system for HHC.  This included restrictions to the 

number of home visits that will be reimbursed, as well as a payment cap per beneficiary. 

2000:  Implementation of PPS for HHC.  Payments were for 60 day episodes. 

 There were notable changes in the utilization of inpatient and PAC services following the 

implementation of each of these payment systems.  The changes in utilization that is relevant to this 

research are summarized. 

Prior to 1983 when inpatient and PAC services consisted of cost-based reimbursements, 

influence of the payment system on utilization between these services was considered to be minimal 

(Cotterill & Gage, 2002).   However, exponential increase in the cost of inpatient care over the years 

(Gottlober, 2001), prompted the implementation of the inpatient PPS.  This resulted in several changes in 

the patterns in utilization of services (Feinglass & Holloway, 1991).  There was a decrease in hospital 

length of stay (LoS) and hospital admissions that together contributed to the decrease in cost growth for 

inpatient care (Feinglass & Holloway, 1991).  

Concurrently, there was an increase in utilization of PAC services (Cotterill & Gage, 2002; 

Manton, Woodbury, Vertrees, & Stallard, 1993; Neu & Harrison, 1988).  One reason for this increase was 

to accommodate patients who were now noted to be discharged from the hospital ‘quicker and sicker’ 

(Neu & Harrison, 1988).   Some inpatient care was observed to be substituted for PAC, particularly with 

care at SNFs (Manton et al., 1993; Neu, Harrison, & Heilbrunn, 1989), although a degree of substitution 

with HHC was also observed (Kenney & Dubay, 1992).   
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Because hospitals are paid a fixed amount for each hospitalization, incentives are present to 

shorten LoS.  Furthermore, because each hospitalization is reimbursed (including repeat hospitalizations), 

the inpatient PPS is largely seen to encourage volume of services over the quality of care; one poor 

outcome of which is excessive readmissions (Minott, 2008; Stone & Hoffman, 2010).   

The ratio of expenditures of 20:1 in 1986 to 3:1 in 1996 for hospital to combined SNF and HHC 

payments (Cotterill & Gage, 2002), clearly illustrates the growth in PAC following the implementation of 

the inpatient PPS.  To reign in costs, PPSs for PAC services were introduced through the BBA of 1997.  

However, the implementation time frame of the PPSs for each PAC type varied, as did their design 

features (Cotterill & Gage, 2002).  At the outset (1998), the PPS for SNF was implemented while HHC was 

reimbursed through an interim payment system.  The major reimbursement limits in the interim payment 

system for HHC resulted in a notable decrease in the utilization of these services while SNF utilization 

reached a plateau post-1997 (Cotterill & Gage, 2002).  From 1997 to 2000, there was an overall decrease 

in all PAC use, driven by the decrease in HHC utilization, although the utilization of other PAC types 

actually increased (Komisar, 2002; Lin, Kane, Mehr, Madsen, & Petroski, 2006; McCall, Korb, Petersons, & 

Moore, 2003; Medicare Payment Advisory Commission [MedPAC], 2003b; Murtaugh et al., 2003).      

This decrease in PAC utilization (driven by HHC) may be suggestive of the following.  First, there 

could have been a proportion of patients to whom HHC was not necessary.  Second, because of the more 

restrictive payments, some patients may have received services from other PAC types when care between 

PAC services was substitutable. Although each PAC type is generally accepted to provide different levels 

of care (Buntin et al., 2009), some overlap and substitutability between different PAC types has been 

observed (Lee, Huber, & Stason, 1996; Lin et al., 2006; MedPAC, 2003b; Murtaugh et al., 2003; Neu et al., 

1989)  Third, there could have been instances where patients who need a particular type of care no longer 

received them.  The latter scenario can be detrimental to the patient, and can result in poor outcomes.    

Although PPS for each service type has been successful in reigning in cost growth when it was 

first implemented, utilization and costs have subsequently continued to increase (MedPAC, 2010).  At 
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present, (and for the time period of this study (2007-2008) inpatient care, SNF, and HHC are reimbursed 

through the PPSs described above.  However, it must be noted that the design features of each of these 

PPSs are different.  Inpatient services are reimbursed per hospitalization, SNF reimbursement are per-

diem based, and HHC are reimbursed in 60 day episodes.  Thus, incentives exist for: early hospital 

discharge and discharge to PAC settings; longer SNF periods but with incentives to limit per day costs; and 

to limit the intensity of HHC services provided (Buntin et al., 2009).       

Thus, when faced with numerous incentives that do not always promote quality of care, provider 

choices may not always be beneficial to patients and as a result health outcomes may suffer.  This is 

further compounded by: 1) a lack of evidence-based guidelines and consensus regarding whether patients 

need PAC services in the first place; 2) poor determinants of the type of PAC required; and 3) the 

presence of some degree of substitutability between PAC types (Buntin et al., 2005; Buntin et al., 2009; 

Kramer, 2006; Lee et al., 1996).  This may make patients vulnerable to receiving services based on 

payment incentives rather than clinical need, as would be evidenced by the large shifts in service 

utilization in response to changes in financial incentives (Buntin et al., 2009).     

 In addition to clinical need and financial incentives, there are a number of other factors that can 

determine the utilization of PAC services and type of PAC services.  Some of these are: 1) geographic 

location based upon the supply of PAC providers; 2) practice patterns; 3) regulatory practices (Kane, Lin, & 

Blewett, 2002; Lee et al., 1996); 4) organizational structure of the discharging hospital such as hospital 

ownership; 5) hospital partnerships with the PAC provider networks including hospital ownership of PAC 

services (Bronskill, Normand, & McNeil, 2002); 6) patient preferences, functional status, cognition, and 

independence; 7) availability of care giver; and 8) capability of PAC setting to manage the patient (Kramer, 

2006).   
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1.2 Statement of the Problem 

 Regardless of the environment and reasons in which the use of PAC proliferated, it has for a 

while been an important service type that is reimbursed by Medicare.  Also, it is evident that these 

services can have a considerable impact on patient outcomes particularly if they are required for 

transitional care between the hospital and community.  However, there are no accepted guidelines 

regarding the provision of PAC in the first place, and if decided that PAC should be provided to a patient 

as part of an acute care episode, guidelines are unclear as to the type of PAC services that should be 

provided (Buntin et al., 2005; Buntin et al., 2009; Kramer, 2006; Lee et al., 1996).  As described, PAC 

utilization has been vulnerable to financial influences.  This indicates the importance of evaluating patient 

outcomes by post-discharge care setting following hospital discharge.   

Recently, there has been much interest and focus on readmissions.  Several reasons for this can 

be identified (MedPAC, 2007).  First, readmissions are considered to be unacceptably high.  Second, a 

large proportion of them have been identified as preventable.  Third, if they are preventable and thus can 

be avoided, patient outcomes can be improved, potentially along with cost savings, provided that the cost 

of interventions used to prevent readmissions do not exceed these savings.  Given the opportunity for 

improving outcomes and achieving cost savings, currently there are a number of initiatives either 

implemented or being explored for the feasibility of widespread adoption that either directly or indirectly 

attempt to prevent readmissions (Kocher & Adashi, 2011).  Some of these initiatives, such as the HRRP, 

have been developed with the predominant view that readmissions are largely a result of inpatient care.  

However, readmissions are influenced by a multitude of other factors, one of which is the type of care 

received following hospital discharge (Minott, 2008).  Given the emphasis on inpatient care as the 

predominant reason for readmission, it is important to determine the impact post-discharge are settings 

can have on hospital readmissions.  Any differences in readmissions by the type of post-discharge care 

setting can not only have implications for programs that specifically hold hospitals responsible for 
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readmissions but, also whether the choice of post-discharge setting is appropriate for patients that have 

an acute encounter.   

A review of the literature revealed the association between post-discharge care setting and 

readmissions have received some degree of consideration (Table 2.1).  However, given the challenge of 

evaluating this association, particularly accounting for the known characteristics that may determine the 

initial choice of the type of post-discharge care setting, only a few studies have been conducted with 

acceptable methodological rigor, and the findings are inconclusive (refer Section 2.6).  Furthermore, many 

studies have used administrative data sources that do not necessarily contain important information that 

determines an individual’s healthcare utilization, which are generally only obtainable through surveys.     

Although the focus of the new payment reforms has been on readmissions, the same reasoning 

can be applied to ED visits.  Namely, ED visits are an adverse outcome, reflecting unscheduled visits 

resulting from potentially improper management of the condition, and avoiding them may indicate better 

patient outcomes and potential cost savings to the healthcare system.  Furthermore, focusing on 

readmissions alone can potentially have unintended consequences on the utilization of other types of 

care such as ED utilization.  Thus, evaluating ED visits in addition to readmissions is important and can be 

used as a baseline measurement in future work to assess any changes following the implementation of 

the payment reforms for inpatient care.  

Medical ethics, theories of provider-patient decision-making, and the concept of equitable access 

as described in the Andersen Model for Health Services Use, suggest that care patients receive should be 

determined by their healthcare needs.  If subscribing to these concepts, patient outcomes are not 

expected to differ by the type of post-discharge care setting (i.e., because a patient is discharged to a 

setting that can adequately take care of their post-acute needs).  However, given the current policy 

environment and payment system reforms that specifically target readmissions, investigating the 
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potential influence post-discharge care settings can have on unscheduled hospital visits (i.e., ED visits and 

inpatient readmissions) warrant investigation.   

 

1.3  Purpose of the Study 

 The purpose of this dissertation was to investigate the association between post-discharge care 

setting and unscheduled hospital visits (i.e., inpatient admissions and ED encounters) that occur within 30 

days of hospital discharge.  Unscheduled hospital encounters were assessed as two separate outcomes.  

The first combined both ED visits and inpatient hospitalizations (hereafter referred to as hospital revisits), 

and the second assessed inpatient readmissions.  

 Three post-discharge care settings were evaluated: 1) home with no formal care (hereafter 

referred to as home); 2) Home with HHC (hereafter referred to as HHC); and 3) SNFs.  Although not a 

formal PAC setting, home were considered as a separate category in this research.  It is important to 

assess if patients discharged to personal homes without formal care, do or do not have worse outcomes 

following an acute hospitalization compared to patients that receive formal care.  There may be a group 

of patients that can benefit from formal care, but do not receive it.  Outcomes from each of the three 

post-discharge care settings were assessed against each other (i.e., SNF vs. HHC, SNF vs. home, and HHC 

vs. home).   

 
1.4  Study Objectives 

 The following four specific objectives were evaluated.  These objectives were assessed for both 

the overall sample of acute care hospitalizations among Medicare beneficiaries, and for a subset of 

hospitalizations for conditions identified for initial implementation of the HRRP (i.e., heart failure (HF), 

acute myocardial infarction (AMI), pneumonia, chronic obstructive pulmonary disease (COPD), coronary 
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artery bypass graft (CABG), Percutaneous transluminal coronary angioplasty (PTCA), and other vascular 

procedures).    

 

 
1.4.1 Objective 1  

 The first objective was to evaluate the association between post-discharge care setting and 30-

day hospital readmissions for hospitalizations for any reason among Medicare beneficiaries, after 

controlling for a number of socio-demographic characteristics, clinical and functional characteristics, and 

prior healthcare utilization. 

Hypothesis 1 

Ho1: There is no association between post-discharge care setting and 30-day inpatient readmissions 

for hospitalizations for any reason among Medicare beneficiaries.   

(i.e., OR home = OR HHC = OR SNF = 1)  

Hypothesis 1.1 

Ho1.1: There is no association between discharge to either home or SNFs, and 30-day inpatient 

readmissions for hospitalizations for any reason among Medicare.   

(i.e., OR home = OR SNF = 1) 

Rationale for hypothesis 1.1 

 In the evaluation of these two post-discharge care settings there are two widely held views.  The 

first pertains to the well documented finding that patients discharged to SNFs tend to be sicker than those 

discharged to personal homes.  In this context, patients discharged to SNFs may have worse outcomes 

such as readmissions, than patients discharged home.  The second pertains to the view that because 
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patients discharged to SNFs receive more intensive and formal care, they will have lower readmissions 

compared to those discharged home.  These issues are valid if illness level and case-mix are not 

adequately accounted for in the analysis.  Given the expectation that providers choose the type of 

healthcare based on patient need, after the adequate control for case-mix, predictors such as prior 

healthcare utilization and others, a statistically significant difference in unscheduled hospital events 

between patients discharged to personal homes and SNFs is not expected.   

Hypothesis 1.2 

Ho1.2: There is no association between discharge to either home or HHC, and 30-day inpatient 

readmissions for hospitalizations for any reason among Medicare beneficiaries. 

 (i.e., OR home = OR HHC = 1) 

Rationale for hypothesis 1.2 

 In this instance too, a similar argument to the one made between SNF and home discharges.  

That is, patients who receive HHC tend to be sicker and thus more likely to have adverse outcomes such 

as unscheduled hospital visits, or they are less likely to do so because they receive formal care, compared 

to patients discharged home without HHC.  Again, these arguments are valid if illness level and case-mix 

are not adequately accounted for in the analysis.  Given the expectation that providers choose the type of 

healthcare based on patient’s need, after the adequate control for case-mix, predictors such as prior 

healthcare utilization and others, a statistically significant difference in unscheduled hospital events 

between patients discharged to home with or without HHC is not expected. 
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Hypothesis 1.3 

Ho1.3: There is no association between discharge to either HHC or SNF, and 30-day inpatient 

readmissions for hospitalizations for any reasons among Medicare beneficiaries. 

 (i.e., OR HHC = OR SNF = 1) 

Rationale for hypothesis 1.3 

 Of all the PAC services reimbursed by Medicare, SNFs and HHC are the most widely used service 

types.  There are no specific guidelines as to the type of PAC services a patient should receive following 

their acute care hospitalization.  Both of these involve formal care.  Although SNF care can be considered 

to be more intensive than HHC, some degree of substitutability between these services has been 

observed.  Given the expectation that providers choose the type of healthcare based on patient’s need, 

after the adequate control for case-mix, predictors such as prior healthcare utilization and others, a 

statistically significant difference in unscheduled hospital events between patients discharged to HHC and 

SNFs is not expected. 

 
1.4.2 Objective 2 

 The second objective was to evaluate the association between post-discharge care setting and 

30-day hospital revisits (i.e., a combination of readmissions and ED visits) for hospitalizations for any 

reason among Medicare beneficiaries, after controlling for a number of socio-demographic 

characteristics, clinical and functional characteristics, and prior healthcare utilization if all hospitalizations 

among Medicare beneficiaries. 
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Hypothesis 2 

Ho2: There is no association between post-discharge care setting and 30-day hospital revisits for 

hospitalizations for any reason among Medicare beneficiaries. 

(i.e., OR home = OR HHC = OR SNF = 1)  

Hypothesis 2.1 

Ho2.1: There is no association between discharge to either home or SNFs, and hospital revisits for 

hospitalizations for any reason among Medicare beneficiaries.   

 (i.e., OR home = OR SNF = 1) 

Hypothesis 2.2 

Ho2.2: There is no association between discharge to either home or HHC, and hospital revisits for 

hospitalizations for any reason among Medicare beneficiaries. 

 (i.e., OR home = OR HHC = 1) 

Hypothesis 2.3 

Ho2.3: There is no association between discharge to either HHC or SNF, and hospital revisits for 

hospitalizations for any reason among Medicare beneficiaries. 

 (i.e., OR HHC = OR SNF = 1) 

 The rationale for hypotheses 2.1, 2.2, and 2.3 are the same as for those described under 

hypotheses 1.1, 1.2, and 1.3, respectively. 
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1.4.3 Objective 3 

 The third objective was to evaluate the association between post-discharge care setting and 30-

day hospital readmissions for the subset of hospitalizations for conditions identified for initial 

implementation of the HRRP (i.e., heart failure (HF), AMI, pneumonia, COPD, CABG, PTCA, and other 

vascular procedures), after controlling for a number of socio-demographic characteristics, clinical and 

functional characteristics, and prior healthcare utilization. 

Hypothesis 3 

Ho3: There is no association between post-discharge care setting and 30-day inpatient readmissions 

for hospitalizations for priority conditions in the HRRP.   

(i.e., OR home = OR HHC = OR SNF = 1)  

Hypothesis 3.1 

Ho3.1: There is no association between discharge to either home or SNFs, and 30-day inpatient 

readmissions for hospitalizations for priority conditions in the HRRP.  (i.e., OR home = OR SNF = 1) 

Hypothesis 3.2 

Ho3.2: There is no association between discharge to either home or HHC, and 30-day inpatient 

readmissions for hospitalizations for priority conditions in the HRRP.  (i.e., OR home = OR HHC = 1) 

Hypothesis 3.3 

Ho3.3: There is no association between discharge to either HHC or SNF, and 30-day inpatient 

readmissions for hospitalizations for priority conditions in the HRRP.  (i.e., OR HHC = OR SNF = 1) 

 The rationale for hypotheses 3.1, 3.2, and 3.3 are the same as for those described under 

hypotheses 1.1, 1.2, and 1.3, respectively. 
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1.4.4 Objective 4 

 The fourth objective was to evaluate the association between post-discharge care setting and 30-

day hospital revisits for the subset of hospitalizations for conditions identified for initial implementation 

of the HRRP, after controlling for a number of socio-demographic characteristics, clinical and functional 

characteristics, and prior healthcare utilization. 

Hypothesis 4 

Ho4: There is no association between post-discharge care setting and 30-day hospital revisits for 

hospitalization for priority conditions in the HRRP.   

(i.e., OR home = OR HHC = OR SNF = 1)  

Hypothesis 4.1 

Ho4.1: There is no association between discharge to either home or SNFs, and 30-day hospital revisits 

for hospitalizations for priority conditions in the HRRP.  (i.e., OR home = OR SNF = 1) 

Hypothesis 4.2 

Ho4.2: There is no association between discharge to either home or HHC, and 30-day hospital revisits for 

hospitalizations for the priority conditions in the HRRP.  (i.e., OR home = OR HHC = 1) 

Hypothesis 4.3 

Ho4.3: There is no association between discharge to either HHC or SNF, and 30-day hospital revisits for 

hospitalizations for priority conditions in the HRRP.  (i.e., OR HHC = OR SNF = 1) 

 The rationale for hypotheses 4.1, 4.2, and 4.3 are the same as for those described under 

hypotheses 1.1, 1.2, and 1.3, respectively. 



32 

 

 

CHAPTER 2 

REVIEW OF THE LITERATURE 

 
2.1  Hospital Readmissions: An Overview 

 
Hospital readmissions are at present receiving considerable attention.  Focus on readmissions 

has gathered momentum particularly with the implementation and evaluation of several initiatives that 

focus on readmissions, as provided for in the PPACA (PPACA, 2010).  Examples include the HRRP and the 

establishment of an innovation center under the Centers of Medicare and Medicaid Services (CMS), which 

has been given the authorization to develop, test, and evaluate a number of payment and delivery system 

reforms that among other objectives target readmissions (“Medicare Program,” 2011 ; CMS, 2011a). 

Because readmissions are widely regarded to occur as a result of substandard care and 

ineffectual coordination of care across settings (MedPAC, 2007), these reforms provide direct and/or 

indirect incentives to: 1) improve the quality of inpatient care and prevent untimely discharge; 2) improve 

discharge planning, patient instruction and education; 3) facilitate care transitions across multiple settings 

and providers; 4) discharge to appropriate PAC settings; and 5) provision of adequate PAC (Kocher & 

Adashi, 2011).   

In a review conducted by Benbassat and Taragin (2000), numerous interventions for specific 

diseases and conditions overall and across all acute care and older patients, have shown success in 

reducing readmission.  This suggests that some risk factors for readmissions can be modifiable, and 

successful interventions may be possible to prevent a certain proportion of readmissions (Benbassat & 

Taragin, 2000).  Although a comprehensive assessment of interventions to reduce readmissions are 

beyond the scope of this literature review, some of these included discharge planning (Evans & Hendricks, 

1993; Naylor et al., 1999; Schneider, Hornberger, Booker, Davis, & Kralicek, 1993); patient assessment by 

an inpatient team (Thomas, Brahan, & Haywood, 1993); rigorous patient follow up either through 

outpatient settings (Mayo, Richman, & Harris, 1990) or through telehealth home monitoring (Jerant, 
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Azari, & Nesbitt, 2001); education and support programs (Krumholz et al., 2002); and multidisciplinary 

interventions that incorporate a number of aforementioned services (Rich et al., 1995).  Although its 

usefulness has been debated (Ashton & Wray, 1996; Benbassat & Taragin, 2000), hospital readmissions 

have been considered an important indicator of quality of hospital care (Medicare Hospital Compare, 

2012).  

Inpatient care has remained the largest component of total Medicare spending (MedPAC, 2011a) 

and, thus, a target for possible cost containment if unnecessary and wasteful spending can be identified 

and eliminated.  In 2005, 17.6 percent of total hospital admissions resulted in a readmission within 30 

days, estimated to cost $15 billion (average of $7,200 per readmission) (MedPAC, 2007).  This is 

approximately 12 percent of Medicare spending for inpatient care (MedPAC, 2007).  Similar findings were 

reported by Jencks et al. (2009) in 2004 (Jencks et al., 2009).  The rate of readmissions increases with 

time.  To illustrate, readmissions as high as 53 percent within 3 months (Madigan, Schott, & Matthews, 

2001; Vinson, Rich, Sperry, Shah, & McNamara, 1990), and 55 percent within six months of all hospital 

discharges has been reported (Friedman & Basu, 2004; Oddone et al., 1996).  Even though all 

readmissions are not preventable, a substantial proportion are (van Walraven et al., 2011), with estimates 

from studies conducted in the U.S. ranging between 9 percent and 76 percent for 30 day readmissions 

(Frankl et al., 1991; McKay et al., 1997; MedPAC, 2007).   

Although payment reforms such as the HRRP target and hold hospitals accountable, it must be 

recognized that preventable readmissions cannot be avoided by a hospital’s efforts alone and is the result 

of a collaborative effort of healthcare providers across the care continuum, the patient, and their 

caregiver (Minott, 2008).  A breakdown in care at any point across its continuum can give rise to costly 

acute-care encounters that are potentially preventable.  This can occur as a result of: 1) poor care in the 

inpatient setting, untimely discharge, and inadequate discharge planning; 2) lack of follow-up and care 

coordination across multiple providers and settings during care transitions; 3) discharge to inappropriate 

PAC setting; 4) breakdown in communication (e.g., lack of education and instruction) between provider 
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and patient/care giver regarding management of condition; and 5) patient non-compliance with 

treatment regimen, and lack of patient resources for appropriate post-discharge care (Minott, 2008).   

Within this care continuum, this investigation specifically evaluated the role of the patient’s post-

discharge care setting.  Discharge to an appropriate care setting following an acute care episode, be it 

home (self-care), home with home healthcare (HHC), SNF, or another setting, is one important 

component that needs to be given due consideration in avoiding preventable readmissions.  It is 

anticipated that the findings of this research may provide useful information for two payment system 

reforms provided for in the PPACA that affect reimbursement of inpatient care for Medicare beneficiaries 

(i.e., the inpatient PPS will be affected): 1) HRRP; and 2) BPCI initiative (“Medicare Program,” 2011 ; CMS, 

2011a).  As such these two initiatives are described in more detail in the subsequent sections.   

   
2.1.1  Hospital Readmissions Reduction Program (HHRP) 

The provisions for the HRRP appear under Section 3025 of the PPACA (PPACA, 2010).  As 

previously mentioned, the impetus for the provision comes from the identification that readmissions are 

substantial and costly, while a large proportion of them are preventable (“Medicare Program,” 2011 ; 

MedPAC, 2007).  Avoiding these readmissions provides an opportunity to simultaneously improve patient 

outcomes and potentially bring about some cost savings in Medicare.  Given this potential, the aims of the 

HRRP are to provide incentives for hospitals to take a more active role in providing some of the 

interventions that have shown to be successful in reducing readmissions.  According to a Congressional 

Budget Office (CBO) estimate of the PPACA, the HRRP has been estimated to save $7.1 billion from 2010 

to 2019 (Congressional Budget Office (CBO), 2010). The HRRP provides financial incentives by reducing 

payments to hospitals that have excess readmissions for specified conditions when compared to the 

average readmissions of hospitals that treat a similar patient population after adjusting for clinically 

relevant variables such as age, comorbidities, and frailty (“Medicare Program,” 2011 ).  This is essentially 
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done by an adjustment to the base DRG payment amount.  The DRG system is currently used in 

determining payments for inpatient care under the inpatient PPS.  The adjustment is hospital and 

condition specific.  This adjustment factor takes into account excess readmissions for a particular hospital 

by comparing it to the average readmissions from hospitals that treat similar patients (“Medicare 

Program,” 2011 ).   

Although the implementation of the HRRP was from fiscal year 2012, payments to hospitals 

under this initiative will only begin from fiscal year 2013 (“Medicare Program,” 2011 ).  From fiscal year 

2013 to 2015 the reduction in payment for excess readmissions is set to increase each year.   Recent 

media reports indicate that over 2,200 hospitals have been identified to receive these payment 

reductions for fiscal year 2013 (Rau, 2012).  The HRRP will first be implemented for three conditions (i.e., 

HF, AMI, pneumonia).  The selection of these three conditions was based on high readmissions rates, and 

the availability of National Quality Forum (NQF) endorsed measures for 30-day, all-cause risk-standardized 

readmissions (National Quality Forum [NQF], 2012; National Quality Forum [NQF], 2008a; National Quality 

Forum [NQF], 2008b), which are currently publicly reported in the Hospital Compare website (Medicare 

Hospital Compare, 2012).  The program will at a later time be extended to encompass four more diseases 

and procedures: 1) COPD; 2) CABG; 3) PTCA; and 4) other vascular procedures.  These seven 

aforementioned conditions together have been determined to account for nearly 30 percent of all 

Medicare readmissions (“Medicare Program,” 2011 ; MedPAC, 2007).     

Although the emphasis in the HRRP is to hold hospitals accountable for readmissions, not all of 

the factors that can contribute to readmissions are necessarily under the control of a hospital.  Hence, this 

research focused on understanding the potential influence of post-discharge care setting on hospital 

readmissions.  If discharge setting is found to affect readmissions, given the penalties for excess 

readmissions, hospitals may need to give further consideration to the appropriateness of the type of post-
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discharge care setting that is recommended.  The importance of PAC for the management of a patient’s 

acute care episode is highlighted in the BCPI initiative described next.   

 

2.1.2  Bundled Payments for Care Improvement (BPCI) Program 

The impetus for the BPCI program arises from the concern of care fragmentation present due to 

the existing reimbursement mechanism in Medicare (CMS, 2011a).  Currently, separate payments are 

made for each different provider even though they are associated with the treatment and management 

of a single acute care episode for a patient.  This care fragmentation has been largely attributed to the 

escalating Medicare cost growth and poor patient outcomes relative to the dollar expended (Shih et al., 

2008), because volume of services is rewarded over the quality of the service (CMS, 2011a).  Prior to the 

recognition of bundled payments in the PPACA, numerous others have suggested that bundled payments 

can be one potential solution to this problem (Berg & Intrator, 1999; Corrigan & Martin, 1992; Kane et al., 

1998). 

The Center for Medicare and Medicaid Innovation (CMI) is currently working with partner 

providers to test the BPCI initiative as direct input to the national pilot program on payment bundling as 

provided for in Section 3023 of the PPACA (CMS, 2011a; PPACA, 2010).  Expansion of this payment model 

will be considered if the program is able to achieve the said goals of improving patient outcomes (or at 

least maintain current quality), improve efficiency in care delivery, and bring about cost savings to the 

Medicare program (CMS, 2011a).  The incentives for achieving these outcomes lies in sharing of a single 

payment amount among a number of different providers that delivers treatment during a patient’s 

episode of care.  The healthcare providers have the possibility to share any savings that arise if the actual 

cost of care is below the determined bundled payment amount.  Providers can increase revenues if they 

are able to adequately manage a patient’s episode of care by utilizing resources that cost less than the 
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target payment amount (CMS, 2011a).  In theory, this is expected to promote the efficiency of care 

delivery by providing evidence-based treatment without over utilizing resources, and coordination of care 

among providers that are now collectively held responsible for a patient’s episode of care (Bertko & 

Effros, 2010; Cutler & Ghosh, 2012; Sood, Huckfeldt, Escarce, Grabowski, & Newhouse, 2011).   

The BPCI is currently testing four different models for bundled payments (CMS, 2011a).  Of these, 

two models incorporate PAC in their services to be bundled (Models 2 and 3 of the BPCI initiative) (CMS, 

2011a).  Furthermore, both Models incorporate ‘related readmissions’ in the bundle, to provide incentives 

to manage a patient’s a condition by avoiding costly readmissions (CMS, 2011a).  The main difference 

between the two models is the services that are included in each.  To illustrate, Model 2 bundles: 

inpatient care; physician services in the inpatient setting and outside of it that are related to the episode; 

related PAC; related readmissions; and other patient centered services (e.g., care coordination, discharge 

planning, medication reconciliation, transitional care).  The episode includes the inpatient stay and a post-

discharge period of a minimum of 30 days.  Model 3 differs from Model 2 in that the episode begins 

within 30 days of an acute care hospital discharge to one of the four the PAC settings (SNF, HHC, LTCSs, 

IRF).  The length of the episode is to be a minimum of 30 days, since the initiation of care with the PAC 

provider (CMS, 2011a).  

Initiatives as those presented highlight the care fragmentation that is incentivized through the 

current system of separate payments for each provider responsible for the treatment and management of 

a patient’s single acute care episode.  Furthermore, these initiatives recognize the need to align incentives 

to bring about improved efficiency and outcomes.  Testing models that incorporate PAC in payment 

bundles for an acute care episode emphasizes the importance of post discharge care setting following a 

hospitalization.    
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2.2  Post-Acute Care (PAC) Services: An Overview 

 
 There are several expectations of providing PAC following discharge from an acute 

hospitalization.  Primarily, it is to provide transitional care from hospital to the community (Buntin et al., 

2009). The goal of care is to enable the patient to achieve a level of functioning that they had prior to 

hospitalization and to manage the patient’s post-hospital care to avoid subsequent unscheduled acute 

encounters (Buntin et al., 2009).  To achieve this, PAC can encompass a range of services from less 

intensive support (e.g., home health aides and medical goods) to the more intensive (e.g., rehabilitative 

services).  Each PAC type is generally accepted to provide different levels of care (Buntin et al., 2009), 

although some overlap and substitutability between different PAC types is possible (Lee et al., 1996; Lin et 

al., 2006; MedPAC, 2003b; Murtaugh et al., 2003; Neu et al., 1989).  In 2001, almost a third of all hospital 

discharges received PAC services (MedPAC, 2011a), although there was wide variation by the type of DRG 

(Medicare Payment Advisory Commission [MedPAC], 2003a).  Overall, there are four different types of 

PAC that are reimbursed by Medicare.  They are: 1 ) SNF; 2) HHC; 3) IRF; and  4) LTCH.  Because SNF and 

HHC are the most widely utilized type of PAC (MedPAC, 2011a), this research focused on these PAC 

settings, which are described in detail in the subsequent sections.     

 

2.2.1  Skilled Nursing Facility (SNF) 

 
 SNFs are nursing homes certified by Medicare to be eligible to receive reimbursement from 

Medicare.  SNFs are the most commonly utilized PAC type (MedPAC, 2011c).  In 2008, SNF 

reimbursements were made for 2.03 million discharges (Centers for Medicare & Medicaid Services [CMS], 

2010).  In 2008, Medicare spending for SNF care was $23.9 billion, and accounted for 19 percent of total 

spending (all payers) on nursing home care (MedPAC, 2010).  Medicare beneficiaries receive SNF care if 

managing a condition requires skilled nursing or rehabilitation care.   
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 SNFs are reimbursed under Medicare Part A and, although SNF payments are only a small 

percentage of Part A reimbursement, they are an increasingly growing proportion (Phillips et al., 2003).  

According to Phillips et al. (2003), SNF care can be viewed as having three separate categories: 1) long-

term; 2) medium-term; and 3) short-term (Phillips et al., 2003).  Notably, it is the latter category (i.e., 

short-term) that is eligible for reimbursement by Medicare (MedPAC, 2011c; Phillips et al., 2003).   

Several eligibility criteria need to be fulfilled to receive Medicare reimbursements for SNF care 

(MedPAC, 2011c; Phillips et al., 2003).  Beneficiaries need to be hospitalized for at least three consecutive 

days and receive SNF care within 30 days of hospital discharge for treatment of the same condition as the 

one treated during the hospitalization.  The benefit period is up to a 100 days for an episode of illness.  

The SNF benefit is unique from other types of Medicare reimbursed PAC in that eligibility for 

reimbursement is linked to a hospitalization.  Currently, payments for SNFs are through a PPS which is per 

diem-based, adjusting for case-mix across 66 different resource utilization groups (RUGs) (MedPAC, 

2011c).  This type of payment system provides incentives to limit cost per day, but not to limit LoS in the 

SNF (Buntin et al., 2009).  The major RUGs categories the PPS is based on are: 1) rehabilitation; 2) 

extensive services; 3) special care; ) clinically complex; 4) cognitively impaired; 5) and reduced physical 

function (MedPAC, 2011c).   

At present, many of the SNFs (92% in 2009) are free standing facilities, while the remaining are 

hospital-based units with some rural hospitals eligible to provide skilled nursing care using acute care 

beds (i.e., swing beds) (MedPAC, 2011c).  The evolution of SNF reimbursement and utilization over the 

years are described in Section 2.3.   

 

2.2.2  Home Health Care (HHC) 

 
 Home health agencies similar to SNFs need to certified to receive reimbursements from 

Medicare.  Of the four PAC types reimbursed by Medicare, HHC is the second most commonly utilized 

type of care beneficiaries receive following hospital discharge (MedPAC, 2011a).  In 2008, Medicare 
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covered approximately 3.2 million beneficiaries (includes both patients referred following a 

hospitalization and from the community) (CMS, 2010).  In the same year, spending for HHC was $16.9 

billion, which accounted for 41 percent of total spending (all payers) for HHC (MedPAC, 2010).  

 Notably, HHC has lacked agreement regarding the goals and target population for this service 

(Benjamin, 1993; Goldberg Dey, Johnson, Pajerowski, Tanamor, Ward, 2011; Murtaugh et al., 2003).  This 

included, in part, consideration of HHC as a PAC service following hospitalization or as a social and 

supportive service for community dwelling individuals (Benjamin, 1993).  Because of this ambiguity, there 

has been wide variation in the use of HHC, and the level of care provided in direct response to payment 

incentives (Goldberg et al., 2011).  These are discussed in detail in sections 2.3.   

 Medicare beneficiaries are eligible to receive Medicare reimbursable HHC if they: 1) are home-

bound; 2) are under the care of a physician and need skilled care such as nursing care; or 3) require 

physical, occupational, or speech therapy, either part time or intermittently (MedPAC, 2011b; Murtaugh 

et al., 2003).  HHC can also include medical social work, and home health aide services.  Care is delivered 

at the patient’s house by personnel from home health agencies.  Payments for HHC are obtained from 

funds of both Medicare Parts A and B (MedPAC, 2011b).  The PPS for HHC, unlike the per diem-based 

reimbursement for SNF care, is based on 60 day episodes.  A fixed amount is paid to the home health 

agency regardless of the amount of services delivered (Murtaugh et al., 2003), thus providing incentives 

to limit expenditures per episode (Buntin et al., 2009).  At admission to HHC, patients are categorized into 

one of 153 different home health resource groups (HHRGs) for reimbursement purposes (MedPAC, 

2011b), based largely on a patient’s clinical and functional status and receipt of physical therapy 

(Murtaugh et al., 2003).  The evolution of HHC reimbursement and utilization over the years are described 

in Section 2.3. 
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2.3  Impact of Prospective Payment System (PPS) Reforms on Inpatient and Post-Acute Care (PAC) 

 
It is apparent that treatment and management of an acute care episode involves a combination 

of inpatient and post-discharge care.  However, the PPSs that pay for these services have been regarded 

to foster care fragmentation (Minott, 2008; Shih et al., 2008).  Many adverse outcomes can arise as a 

result of care fragmentation, including potentially preventable repeat acute care encounters.  Because 

utilization of these services have been substantially affected by the PPS, it is relevant to delineate the 

history of the evolution of PPS for both inpatient care and PAC, along with its impact on healthcare 

utilization.  This information is pertinent to provide context to this research.   

 

2.3.1  Pre 1984 Period: Cost-based Reimbursement  

 
From the time Medicare was first enacted in 1965, through the 1983 PPS, Medicare payments for 

inpatient services consisted of an allowable cost-based hospital reimbursement system (Gottlober, 2001).  

The fully retrospective payment system has been suggested to promote hospital-based care that was 

intensive in high technology and procedures (Feinglass & Holloway, 1991).  To illustrate, this has been 

attributed to a lack of incentives to tie payments to actual need or quality of the services delivered.  To 

the contrary, hospitals were able to increase revenues by providing high intensive services and keeping 

patients hospitalized for longer.  This payment method, thus, has been identified as a major driver of 

Medicare costs for inpatient services (Freeland & Schendler, 1984; Gottlober, 2001), with exponential 

increases in Medicare payments to hospitals (i.e., $3 billion in 1967 to $37 billion in 1984) (Gottlober, 

2001).  Furthermore, this payment mechanism has been criticized for failing to promote care coordination 

and preventive services (Feinglass & Holloway, 1991).  At the same time, reimbursement of PAC was also 

through retrospective cost-based payments.  Because payments for both inpatient care and PAC prior to 

1984 was cost-based, the impact of the payment system on utilization between these services was 

considered minimal (Cotterill & Gage, 2002).   



42 

 

 

2.3.2  1983/1984: Inpatient Prospective Payment System (PPS) 

 
Because of the escalating costs of inpatient care, in 1982, the U.S. Congress legislated limits to 

inpatient reimbursements in the Tax Equity and Fiscal Responsibility Act (TEFRA) through a PPS 

operationalized through the concept of DRGs (Gottlober, 2001).  A DRG has a ‘product’ definition, where 

each DRG is considered an output that a hospital provides (Fetter, 1991).  These DRGs categorized similar 

patients with a common illness/surgery, expecting that each DRG should receive a similar bundle of 

resources, treatments, and procedures to treat and manage that illness/surgery category.  Under the 

inpatient PPS, Medicare has a set rate for each DRG that is deemed ‘fair’ to adequately reimburse the 

treatment provided for patients classified into a specific DRG.  ‘Fairness’ is incorporated through 

consideration of local wage rates, urban/rural location, costs for medical education, case-mix adjustment, 

and outlier payments for very expensive patients.  This concept of a bundle of goods and services to treat 

an illness was developed with the expectation of improving effective utilization of health services and 

improving the efficiency in treating illness (Fetter, 1991).  Because of a cap in reimbursement for DRGs, 

higher hospital revenues are dependent upon prudent use of resources and shorter inpatient stays.  

 

2.3.3  1984 to 1996: Post-Inpatient PPS and Pre-Balanced Budget Act (1997) Period 

 
The implementation of the inpatient PPS was associated with a number of major changes in the 

healthcare landscape at that time.  In an early review of its impact, Feinglass and Holloway (1991) 

summarized some important consequences of the PPS.  First, as was the expectation with its 

implementation, there was a decrease in cost growth for inpatient care compared to projected cost 

growth in the absence of the PPS.  However, it appears to have been only a one time saving.  After this 

initial decrease, inpatient costs continued to increase, and this has been attributed to technological 

intensity and case-mix severity.  Second, a notable decrease in hospital LoS was observed.  The PPS 

provided strong incentives to shorten hospital stays because hospitals could increase revenue only 
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through a more efficient provision of care, as payments for DRGs are fixed irrespective of LoS (Feinglass & 

Holloway, 1991).  Third, there was a decrease in hospital admissions, along with a corresponding increase 

in the utilization of outpatient hospital services (Feinglass & Holloway, 1991).  Some of this reflects the 

movement of patients to outpatient care (which was still reimbursed at a cost-basis).  Major 

advancements in outpatient treatments were also made at this time to make this shift feasible.  Fourth, 

there was an increase in the severity of the inpatient population.  This increase in severity has been 

attributed to a shift in less severe patients to outpatient services, potential ‘upcoding’ to receive more 

DRG payments, and changing medical practice patterns.  Fifth, the inpatient PPS did not in any noticeable 

way bring about lower quality of care or patient outcomes compared to the pre-PPS period.  Sixth, an 

increase in the use of PAC services such as SNF, HHC, and rehabilitation facilities was observed.  The 

changes in PAC following the PPS are described in more detail in the subsequent sections.  The 

overarching conclusion by Feinglass and Holloway (1991) is the cost-shifting effect of the inpatient PPS, 

where decrease in inpatient costs was balanced by the increase in outpatient care and PAC (Feinglass & 

Holloway, 1991).   

As previously mentioned, the inpatient PPS reimburses a hospital stay irrespective of the quality 

of care provided or LoS.  A response to these incentives has been observed through notable decreases in 

LoS following the implementation of the inpatient PPS (Manton et al., 1993; Neu & Harrison, 1988; Steiner 

& Neu, 1993), and as a detrimental effect of this, patients were noted to be discharged ‘quicker and 

sicker’ (Neu & Harrison, 1988).     

In 1984 when the DRG-based inpatient PPS was implemented PAC reimbursement remained at a 

retrospective cost-basis (Cotterill & Gage, 2002).  As noted earlier, along with the implementation of the 

inpatient PPS, there was a notable increase observed in the utilization of PAC services and payments 

(Cotterill & Gage, 2002; Manton et al., 1993; Neu & Harrison, 1988).  An illustrative statistic is the ratio of 

expenditures of, hospital to combined SNF and HHC payments, which changed from 20:1 in 1986 to 3:1 in 

1996 (Cotterill & Gage, 2002).  Increases in PAC utilization were observed both in terms of volume (i.e., 
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greater number of patients receiving PAC services) and intensity (i.e., increase in ancillary services 

utilization in SNFs, greater number of home health visits) (Cotterill & Gage, 2002).  From 1988 to 1997, 

PAC was the fastest growing category in Medicare spending (MedPAC, 2003b; MedPAC, 2011a).  Spending 

increased at an annual average rate of 25 percent (MedPAC, 2003b).  Alluding to the observation that 

patients are discharged ‘quicker and sicker’ due to strong incentives in the inpatient PPS, investigations 

have indicated some degree of substitution in the inpatient care for PAC, particularly to SNFs (Kenney & 

Dubay, 1992; Manton et al., 1993; MedPAC, 2003b; Neu & Harrison, 1988; Steiner & Neu, 1993).  This was 

particularly seen among patients who have not yet fully recovered to be discharged home, but did not 

necessarily require treatment at an acute care setting (Neu & Harrison, 1988).  The term ‘sub-acute care’ 

subsequently received widespread utilization to describe care provided to these patients ( Lewin-VHI Inc, 

1994).   

 

2.3.4  1997 and onward: The Balanced Budget Act (BBA) and PPS for Post-Acute Care (PAC) 

 
Because of the increasing Medicare expenditures for PAC, the BBA of 1997 proposed PPS for all 

of the major PAC providers (e.g., SNF, HHC, IRF, LTCSs). The BBA is the single most important legislature 

relevant to PAC payments along with some provisions in the Balanced Budget Refinement Act of 1999.  

The implementation of these new payment reforms for PAC occurred in different phases, and each PAC 

type had varying reimbursement design features (Cotterill & Gage, 2002).  Because SNF and HHC are the 

most frequently utilized PAC types (MedPAC, 2003b), only these services are described in detail. 

To illustrate the differences in the timing of the PAC PPS implementation, the PPS for SNF was 

implemented in 1998, whereas the PPS for HHC was not implemented until 2000 (Cotterill & Gage, 2002).  

However, HHC was subject to an interim payment system between 1997 and 2000.  To illustrate, the 

differences in design features, payment for SNF was per diem-based, adjusting for case-mix through 44 

different RUGs in 1997 (currently there are 66 RUGs) (MedPAC, 2011c; Phillips et al., 2003).  For HHC, 

prior to the implementation of the PPS, the interim payment system restricted the number of home visits 
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that will be reimbursed, along with a cost limit for each Medicare beneficiary (Cotterill & Gage, 2002).  

The PPS for HHC, unlike the per diem-based reimbursement for SNF care, was based on 60 day episodes.  

Patients that received services were categorized into 80 different HHRGs (year 2000) for reimbursement 

purposes (currently there are 153 HHRGs) (MedPAC, 2011b).  The RUGs and HHRGs are similar to DRGs in 

the method that payments rates are set, particularly including an adjustment based on geographic 

location and case-mx (MedPAC, 2011b; MedPAC, 2011c).     

The impact of the implementation of the PPS for PAC had notable effects on utilization of PAC 

services, as illustrated in Figure 2-1 (next page) (Cotterill & Gage, 2002).  From 1994 to 1997, utilization of 

SNF increased, as did the utilization of HHC.  In 1997, with the implementation of the SNF PPS, there was a 

plateauing of the utilization of SNF services.  At the same time, the implementation of the interim 

payment system for HHC was associated with a drop in HHC service use (Cotterill & Gage, 2002; Komisar, 

2002; Lin et al., 2006; McCall et al., 2003; McCall, Petersons, Moore, & Korb, 2003; MedPAC, 2003a; 

MedPAC, 2011a).  Thus, from 1997 to 2000, there was an overall decrease in all PAC use, driven in part by 

the decrease in HHC utilization (although the utilization of other PAC types actually increased) (Komisar, 

2002; Lin et al., 2006; McCall et al., 2003; MedPAC, 2003b; Murtaugh et al., 2003).  Nevertheless, this 

resulted in a large proportion of beneficiaries that no longer received formal PAC care (Buntin et al., 

2009).  As expected, this was associated with a decrease in spending for HHC (MedPAC, 2003b).  From 

2000 onwards, with the implementation of the PPS for HHC, spending for HHC continued to increase over 

the years.  In terms of Medicare expenditures for HHC, spending increased from $8 billion in 2001 to 

$18.3 billion in 2009, representing an annual increase of 10 percent (MedPAC, 2011a). 

Overall, for PAC services from 2000 to 2009, total and per capita Medicare spending has shown a 

steady increase (MedPAC, 2011a).  However, Medicare spending for PAC as a proportion of total 

Medicare spending did not change during this period.  This remained at nine percent in 1999 and 2009, 

with SNFs and HHC accounting for five percent and four percent of total Medicare spending, respectively 

(MedPAC, 2010).   
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Figure 2-1: Medicare utilization rates for short hospital stays, skilled nursing facilities, and home health 

agencies: 1994–2000  

 

Source: Figure 1 from Cotterill and Gage (2002) 

 

2.4  Substitutability between Services 

 
 The previous discussion illustrates the large influence payment incentives may have on health 

care utilization.  The extent of substitutability between services is summarized briefly.  The first clear 

presence of substitutability arose with the inpatient PPS.  With its implementation, some inpatient care 

was observed to be substituted for PAC, particularly care at SNFs (Manton et al., 1993; Neu et al., 1989), 

although a degree of substitution with HHC was also noted (Kenney & Dubay, 1992).  The second 

indication of substitutability was observed between HHC and SNFs with the implementation of the interim 

payment system for HHC, and PPS for SNFs (Lin et al., 2006; MedPAC, 2003b; Murtaugh et al., 2003)  Even 

without considering the direct impact of reimbursements on selection of PAC type, substitutability 

between services has been reported (Lee et al., 1996; Neu et al., 1989).  Another indication of 

‘substitutability’ was observable through overall decrease in PAC utilization following the interim payment 
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system for HHC, driven by a notable decrease in utilization of HHC, in spite of the increase in utilization of 

other PAC types.  Therefore, a large proportion of patients did not receive formal PAC services (Buntin et 

al., 2009).  Thus, the actual need for such services has been questioned, especially given that such large 

decreases in HHC were accommodated (Murtaugh et al., 2003).  It must be noted that access to PAC did 

not change for the severely ill patients, suggesting that patients, who fall into a clinical grey are more 

susceptible to these shifts in utilization that arise as a result of incentives in new reimbursement 

mechanisms (Buntin et al., 2009).    

Overall, the aforementioned changes in utilization patterns can be suggestive of several 

scenarios.  First, there could have been a proportion of patients to whom a particular type of PAC service 

was not necessary.  In such instances, constrained use as a result of the BBA payment reforms for PAC 

may have been successful in decreasing unnecessary services.  Second, because of the more restrictive 

payments, some patients that required a particular type of care may receive them from other service 

types, wherein care between PAC types was substitutable.  Third, there could have been instances where 

patients who needed a particular type of care no longer received them.  The latter scenario can be 

detrimental to the patient and may result in poor outcomes.    

Thus, when faced with numerous incentives that do not always promote quality of care, provider 

choices may not always be beneficial to patients, and health outcomes may suffer.  This is further 

compounded by: 1) a lack of evidence-based guidelines and consensus regarding which patients need PAC 

services in the first place; 2) poor determinants regarding the type of PAC required; and 3) the presence of 

some degree of substitutability between PAC types (Buntin et al., 2005; Buntin et al., 2009; Kramer, 2006; 

Lee et al., 1996).  This may make patients vulnerable to receiving services based on payment incentives 

rather than clinical need, as would be evidenced by the large shifts in service utilization in response to 

changes in financial incentives (Buntin et al., 2009).  This challenge has been recognized, and a uniform 

patient assessment has been recommended to be used at hospital discharge that will provide guidance 
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regarding the choice of appropriate PAC setting (Kramer, 2006).  This initiative however, has yet to be 

implemented.   

 During the time period relevant to this study (i.e., 2007-2008), inpatient care, SNF services, and 

HHC were being reimbursed through a PPS, although the design features of each of these PPSs were 

different.  Inpatient services were reimbursed per hospitalization, SNF reimbursement was per-diem 

based, and HHC was reimbursed in 60 day episodes.  Thus, incentives exist for early discharge and PAC 

utilization, longer SNF periods but to lower per day costs, and limit the intensity of services for a HHC 

episode.  These varying incentives and ambiguity regarding the type of PAC services warrant the 

investigation of patient outcomes according to the type of PAC setting, and comprised the main objective 

of this investigation.   

 

2.5  Determinants of Post-Acute Care (PAC) Services 

 
 As described above, both clinical need and financial incentives to providers can determine the 

utilization of PAC services and type of PAC services.  Although not a comprehensive list, other factors that 

determine type of PAC are: 1) geographic location based upon the supply of PAC providers; 2) practice 

patterns; 3) regulatory practices (Kane et al., 2002; Lee et al., 1996); 4) organizational structure of the 

discharging hospital such as hospital ownership; 5) hospital partnerships with the PAC provider networks 

including hospital ownership of PAC services (Bronskill et al., 2002); 6) patient preferences, functional 

status, cognition, and independence; 7) availability of care giver; and 8) capability of PAC setting to 

manage the patient (Kramer, 2006).  Although regional variation in Medicare service use has been known 

to exist (Medicare Payment Advisory Commission [MedPAC], 2009), numerous studies have also 

suggested that PAC utilization may be influenced by the availability of PAC services (Benjamin, 1986; 

Cohen & Tumlinson, 1997; Kane et al., 2002; Lee et al., 1996; MedPAC, 2003b; Neu et al., 1989).  

However, few have evaluated this relationship using rigorous methods (Buntin et al., 2005; Kenney & 

Dubay, 1992; Swan & Benjamin, 1990). 
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 Buntin et al. (2005) evaluated the impact of the availability of PAC on utilization of these services 

using Medicare data from 1999.  The PAC types that were evaluated were SNFs and inpatient 

rehabilitation facilities.  The influence that patients, family/caregivers, physicians, discharge planners, and 

admitting PAC providers can have were recognized and modeled in this assessment through individual 

and clinical predictors, hospital characteristics, and PAC availability.  The latter was assessed through 

closeness of PAC to patients’ residence and number of facilities within reasonable distance to patient 

residence.  The findings indicated a strong association (greater than that of clinical characteristics) 

between availability of PAC services and utilization of the type of PAC.  This was observed for the 

measures of distance to the services (e.g., if SNFs were closer to patients residence than inpatient 

rehabilitation facilities, patients are more likely to use SNF care) and number of providers (e.g., if more 

SNFs are available in patients’ residence than inpatient rehabilitation facilities, patients are more likely to 

receive SNF care) (Buntin et al., 2005). 

 The study by Kenney and Dubay (1992) was conducted using 1985 data, representing the year 

directly following the implementation of the inpatient PPS.  The conceptual framework for the study was 

based on the assumption that variation in HHC use was due to supply and demand of services including 

hospital, nursing homes, and HHC.  Several important findings related to HHC and nursing home market 

conditions were observed.  HHC use was lower by 2.6 percent in the presence of a ten percent increase in 

nursing home beds per elderly, indicating that there was higher HHC utilization with a lower number of 

nursing home beds per beneficiary.  Also, higher HHC use was observed with greater availability of home 

health agencies.  A ten percent increase in the number of home health agencies per beneficiary was 

associated with a 3.5 percent increase in beneficiaries using HHC (Kenney & Dubay, 1992). 

 Another study that evaluated the relationship between HHC use and nursing home market 

factors was conducted by Swan and Benjamin (1990) (Swan & Benjamin, 1990).  This research was 

conducted using data from 1978-1984, a period that reflected major changes in reimbursement for 

inpatient care.  One hypothesis tested was that HHC use (in terms of visits) would be negatively related to 
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nursing home bed capacity.  The findings supported this hypothesis for each year of the data period in 

that higher nursing home bed stocks were associated with lower use of HHC (Swan & Benjamin, 1990).     

  

 
2.6  Literature Review of Studies that Evaluated Readmissions by the Type of Post-discharge Care 

Setting 

 
Following a literature review, Table 2.1 (next page) describes studies that evaluated the possible 

influence of post-discharge care setting on hospital readmissions following an acute care hospitalization.   
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Table 2.1: Description of studies that evaluated hospital readmissions by post-discharge care setting  

 

Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
  

Results
¦
 Comments 

Aghazadeh 

et al. 

 (2011)  

Yes Prospective 

and 

retrospective 

data 

2004-2007 

Patients with 

bladder cancer 

that 

underwent 

radical 

cystectomy 

Single 

institution; 

440 patients 

Home/ 

self care, 

HHC, 

skilled 

care 

facility 

(RF, SNF, 

NH, sub-

acute)  

Not 

specifically 

stated. Likely 

90 days 

None. The 

results are 

unadjusted 

Readmissions 

did not vary 

by discharge 

setting. 

Home: 32%, 

facility: 38%, 

HHC: 32% 

(P=0.762) 

Inadequate 

control of 

possible 

confounde-

rs that were 

iden-tified 

to 

determine 

the post-

discharge 

care 

setting. 

 

Camberg et 

al. (1997)  

Yes Retrospective 

1988-1990 

Patients ≥65 

years 

discharged 

from VA 

hospital with 

COPD, stroke, 

dementia 

20% sample of 

patients 

discharged 

from VA 

hospitals; 

6,722 COPD 

patients, 2,261 

stroke 

patients, 2,652 

dementia 

patients 

Home, VA 

NH, 

communi-

ty NH 

30, 180, 365, 

and 730 days. 

Reported 

results are 

for 30 day 

readmissions 

Extensive 

attempt to 

account for 

illness 

severity 

through 

disease 

staging, 

comorbid 

and other 

conditions, 

LoS, prior 

admissions    

Compared to 

home,  

discharge to 

community 

NH in COPD  

(RR= 0.734; 

95% CI: 0.579, 

0.929) and VA 

NH in 

dementia 

(RR= 0.666; 

95% CI: 0.475, 

0.935) had 

lower 

readmissions 

Represent-

ative 

sample of 

VA 

discharges 

with 

concerted 

effort to 

account for 

confound-

ing by 

illness 

severity 

X 
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Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Chen et 

al. (2012)  

No Retrospective 

2006-2008 

Medicare (≥65 

years) patients 

hospitalized 

for HF, or AMI 

100% sample 

of FFS 

Medicare; 

1,347,425 HF 

patients, and 

539,869 AMI 

patients 

SNF, non-

SNF 

30 days None. The 

results are 

unadjusted 

Compared to 

non-SNF 

discharges,  

discharge to 

SNFs had 

lower 

readmissions 

in HF (23.7% 

vs. 28.2%) 

and AMI 

(17.9% vs. 

27.8%)  

patients 

(P<0.001)  

 

Lack of 

control for 

possible 

confounders; 

Type of post-

discharge 

settings 

included in 

the non-SNF 

category is 

not described 

Corrigan 

& Martin  

al. (1992)  

No, one of 

many 

predictors 

Retrospective 

1984-1986 

Medical-

surgical 

patients, ≥14 

years 

Single 

institution; 

3,818 patients 

alive 1 year 

after discharge 

Home, 

HHC, NH 

(includes 

SNF) 

365 days Attempt to 

account for 

illness 

severity 

through 

disease 

staging, 

number of 

debilitating 

conditions,  

LoS, prior 

hospital 

admissions 

Compared to 

home, 

discharge to 

NH resulted 

in 42% 

decrease in 

log 

readmission 

rate (P<0.01). 

Discharge to 

HHC was not 

significant.   

It is more 

difficult to 

attribute 

readmissions 

to initial post-

acute care 

setting when 

time period 

for 

evaluation of 

readmissions 

in lengthy (1 

year). 

X 
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Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Epstein, 

Tsaras, 

Amoateng-

Adjepong, 

Greiner, & 

Manthous  

(2009)  

No, one of 

many 

predictors 

Retrospective 

cohort, 2004-

2008 

ICU patients 

that received 

mechanical 

ventilation for 

critical illness 

or respiratory 

failure; ≥18 

years 

Single 

institution; 

591 patients 

Home, 

rehabilitation 

/ extended 

care facility 

7 days Not 

comprehe-

nsive. A 

number of 

priori 

determined 

predictors of 

readmissions 

if significant 

in univariate 

analyses 

were 

included in 

backward/ 

step-wsie 

regression 

 

Compared 

to home, 

discharges 

to 

rehabilitat-

ion/ 

extended 

care 

facilities 

had higher 

readmissi-

ons. 

(RR=10.1; 

95% CI 3.6, 

28.3)  

Quick 

readmissi-

ons 

evaluated 

in a 

severely ill 

population.  

Hannan et 

al. (2003)  

No, one of 

many 

predictors 

Retrospective, 

1999 

Coronary 

artery bypass 

graft (CABG); 

≥18 years 

Multiple 

institutions 

from a single 

state; 16,325 

patients 

Home, facility 

(RF/ another 

acute care 

facility/SNF) 

30 days Patient, 

clinical, 

procedure-

and hospital-

related 

factors were 

considered in 

initial 

bivariate 

analyses and 

subsequent 

step-wise 

regression. 

Compared 

to home, 

discharge 

to facility 

(RF, SNF, 

acute care 

facility) 

had higher 

readmissi-

ons. 

(OR=1.14; 

95% CI 

1.01, 1.29) 

Does not 

differentia-

te home 

self-care 

from HHC. 
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Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Holloway 

et al. 

(1990)  

No, one of 

many 

predictors 

Retrospective; 

1981-1982 

Veterans 

discharged 

from a VA 

hospital 

50% sample of 

veterans 

(N=2,970) 

discharged 

consecutively 

from a single 

institution 

Independ-

ent living, 

facility 

(NH/ 

domiciliary) 

60 days A number of 

a priori 

determined 

predictors of 

readmissions 

if significant 

in univariate 

analyses 

were 

included in 

backward/ 

step-wsie 

regression. 

Readmissi-

ons did not 

vary 

between 

patients 

discharged 

to indepe-

ndent living 

and facilities 

in the 

univariate 

analyses. 

Because 

discharge 

setting was 

not 

significant in 

the 

univariate 

analyses, it 

was not 

analyzed in 

the 

multivariate 

model. 

 

Kane et 

al. (1998)  

Yes  Prospective; 

1988-1989 

Medicare (≥65 

years) patients 

hospitalized 

for stroke or 

and hip 

fracture 

487 stroke 

patients, and 

606 hip 

fracture 

patients, 

discharged 

alive from 51 

hospitals in 3 

cities 

Home, 

HHC, SNF, 

RF 

42 days (6 

weeks) 180 

days, 365 

days. 

Reported 

results are 

for 365 days 

Two-stage 

instrumental 

variable 

technique to 

adjust for 

selection 

bias (e.g., 

differences 

in patient 

characterist-

istics) that 

determine 

post-

discharge 

care setting 

Stroke adj.: 

HHC: 20%, 

NH: 22%, 

home: >25%, 

RF: >25% 

(P<0.05) Hip 

fracture adj.: 

HHC: 27%, 

NH: 16%, 

home: NR; 

RF: NR; 

(P=0.02)     

Adjusted 

findings not 

reported at 

42 and 180 

days. 365 

days is 

lengthy to 

evaluate 

impact of 

initial 

discharge 

setting on 

readmiss-

ions. 

X 
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Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Lockery 

et al. 

(1994)  

No, one of 

many 

predictors 

Prospective, 

1984-1985 

Medical-

surgical 

patients, >60 

years 

potentially in 

need of post-

hospital care 

264 patients 

discharged 

from single 

institution 

Home care, 

institutional 

care (RF, 

NH) 

30 days Path analysis 

to estimate 

the direct and 

indirect 

effects of a 

number of 

variables on 

readmissions 

(e.g., SES, 

functional 

status, family 

support, 

patient 

control and 

involvement).  

 

Post-

discharge 

care setting 

directly 

affected 

readmissions 

(R
2
=0.03). 

Home 

discharges 

more likely to 

be 

readmitted. 

Does not 

state if 

patients 

discharged 

home did 

or did not 

receive 

formal 

HHC.  

Martin et 

al. (2011)  

No, one of 

many 

predictors 

Prospective, 

2009-2010 

Cancer 

patients, 20-90 

years, 

undergoing 

abdominal 

surgery 

266 patients in 

a single 

institution 

oncology 

surgical unit 

Home, HHC, 

subacute 

rehab 

90 days None, the 

results are 

unadjusted. 

Home, HHC, 

and sub-

acute rehab 

was 19%, 

62%, 19%  

among 

readmitted 

patients and 

79%, 11%, 

10% among 

those 

without a 

readmission 

(P<0.0001). 

Reported 

differently, 

readmissi-

ons among 

those 

discharged 

home, 

HHC, and 

subacute 

rehab were 

8.4%, 66.7 

%, and 41.2 

%, respect-

ively. 
xX 



56 

 

 

Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Riggs et 

al. (2010)  

Yes Retrospective, 

2004-2006 

Patients that 

underwent hip 

replacement/ 

repair, ≥18 

years 

606 

consecutive 

orthopedic 

patients 

discharged 

from a single 

acute care 

hospital 

Home, 

HHC, SNF, 

inpatient 

RF, other 

(ICF, 

hospice, 

AMA, 

unknown)  

180 days Patient 

characteristics 

and variables 

indicative of 

illness 

severity, were 

considered in 

initial 

bivariate 

analyses and 

if significant 

included in 

multivariate 

model. 

 

Unadjusted 

results – 

Home: 5.1%, 

HHC: 10.5%, 

inpatient RF: 

4.2%, 

SNF/ICF: 

12.3%, 

other: 42.9% 

(P<0.001). 

Because of 

reservations 

regarding 

the bivariate 

and 

multivariate 

analyses, the 

results from 

these are 

not 

reported. 

Silverstein 

et al. 

(2008)  

No, one of 

many 

predictors 

Retrospective, 

2002-2004 

Patients ≥65 

years 

19,528 

patients 

admitted to 7 

acute care 

hospitals in a  

metropolitan 

area affiliated 

with a single 

health system  

Home, 

HHC, 

SNF/LTC 

30 days Multivariate 

analyses: 

Forward 

selection to 

identify 

comorbidity, 

health 

system, and 

geographic 

variables. 

Parsimonious 

model using 

backward 

elimination. 

Discharge to 

LTC was 

associated 

with higher 

risk of 

readmission 

(RR=1.94; 

95% CI 1.80, 

2.09) 

The 

comparison 

group for 

LTC in the 

multivariate 

regression is 

assumed to 

be the home 

+ HHC 

combinat-

ion group 

X 

 

 

 

 

 

 

 



57 

 

 

Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Thomas 

& 

Holloway 

(1991) 

Yes Retrospective, 

1984-1985 

Patients of 22 

separate DRGs 

10% random 

sample each 

from 3 strata 

(: 1) number 

of beds; 2) 

teaching 

status; and 3) 

geographic 

location) from 

202 acute care 

hospitals in 

Michigan. 

24,975 cases 

from 18 

hospitals.  

 

Home/ 

AMA, 

organized 

care  

31 days Stepwise 

regression 

with patient 

demographics, 

hospital 

characteristics, 

illness severity 

/complexity as 

independent 

variables 

Discharges 

to home/ 

AMA: less 

likely to be 

readmitted 

for 6 DRGs; 

and more 

likely to be 

readmitted 

in 2 DRGs. 

14 DRGs 

showed no 

association 

with 

discharge 

setting. 

  

Organized 

care not 

described. 

Wick et 

al. (2011)  

No, one of 

many 

predictors 

Retrospective, 

2002-2008 

Non Medicare 

(18-64 years), 

colorectal 

cancer 

patients. 

10,882 

patients in 9 

health plans 

with the same 

commercial 

health 

insurance 

company in 

several states 

Home, 

NH/non-

home 

setting 

30 day Multivariate 

analyses 

adjusting for a 

number of 

patient 

demographic 

characteristics 

and variables 

indicative of 

illness 

severity. 

Compared 

to home, 

discharge to 

NH was 

associated 

with higher 

readmiss-

ions (OR= 

1.16; 95% CI 

1.03, 1.32; 

P=0.012). 

Description 

of home 

setting is 

inadequate. 

I.e., does not 

state if 

patients 

discharged 

home did or 

did not 

receive 

formal HHC 
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Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Gooding 

& Jette 

(1985)  

Yes  Prospective, 

1982 

Patients ≥65 

years with a 

primary 

diagnosis for 

cerebrovascular 

disease, hip 

fracture, or 

congestive HF 

444 patients in 

a single 

metropolitan 

teaching 

hospital 

Home, 

step 

down 

facility 

(RF, NH, 

chronic 

hospital), 

another 

acute 

care 

facility  

180 days None, the 

results are 

unadjusted. 

Congestive HF: 

home discharge 

had higher 

readmissions 

compared to 

discharges to 

step down 

facilities (39% 

vs. 19%; 

P<0.050). No 

differences in 

cerebrovascular 

disease, or hip 

fracture. 

One of the 

first 

studies to 

evaluate 

readmiss-

ions by 

discharge 

setting.  

Patients 

discharged 

to acute 

care 

hospital is 

small 

(n=8). 

 

Philbin & 

DiSalvo 

(1999)  

No, one 

many 

predictors 

Retrospecti-

ve, 1995 

Patients with a 

primary 

diagnosis for 

congestive HF  

236 of 243 

acute care 

hospitals in 

New York 

State 

contributed to 

the study 

sample of 

42,731 

patients 

HHC, SNF, 

another 

acute 

care 

hospital, 

AMA.  

Median post-

discharge 

follow-up 

period of 6.9 

months 

Significant 

patient, 

hospital, 

clinical, 

process of 

care 

variables in 

univariate 

analyses 

were  

adjusted  in 

a multivari-

ate  model. 

HHC was 

associated with 

higher 

readmissions 

(OR=1.10; 95% 

CI 1.01, 1.21); 

SNF was 

associated with 

lower 

readmissions 

(OR=0.68; 95% 

CI 0.78, 0.98). 

Although 

home (no 

HHC) is not  

mentioned 

as a post-

discharge 

care 

setting, it is 

likely the 

comp-

arison in  

analysis. 

X 
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Author 

(year) 

Evaluating 

readmissions 

by discharge 

setting is a 

main 

objective 

Study design Patient 

characteristics 

Study 

characteristics 

Post-

discharge 

care 

settings 

evaluated 

Time frame 

for 

readmissions 

Methods to 

improve 

validity of 

findings
‡
 

Results
¦
 Comments 

Martens 

& Mellor 

(1997)  

Yes Retrospective, 

1993-1995 

Patients 30-98 

years with a 

primary 

diagnosis of  

congestive HF  

924 patients 

from two 

private 

hospitals from 

the same 

health system 

Home, 

HHC 

(discharges 

to LTC, and 

other 

acute care 

facilities 

were 

excluded) 

90 days None, the 

results are 

unadjusted 

Compared to 

home 

discharges 

patients 

discharged to 

HHC had 

lower 

readmissions 

(P=0.042).   

Strictly a 

study 

focusing on 

HHC. 

Readmissi-

ons between 

home and 

HHC did not 

differ before 

35 days 

following 

discharge. 

 

Leiby & 

Shupe 

(1992)  

Yes Prospective, 

1988-1989 

Patients (≥65 

years) with 

cardiac or 

respiratory 

disease, or hip 

fracture 

diagnosis 

determined to 

be eligible to 

receive HHC  

105 patients 

from a single 

institution 

Home, 

HHC 

(discharges 

RF, SNF, 

and other 

acute care 

facilities 

were 

excluded) 

180 days None, the 

results are 

unadjusted 

Compared to  

home 

discharges 

patients 

discharged to 

HHC had 

lower 

readmissions 

(3% vs 37%; 

P=0.0001). 

Strictly a 

study 

focusing on 

HHC. 

VA=Veteran’s Affairs; LoS=length of stay; RR=relative risk; CI=confidence interval; HF=heart failure; AMI=acute myocardial infarction; FFS=fee-for-service; 

ICU=intensive care unit; OR=odds ratio; NR=not reported; adj.=adjusted results; SES=socioeconomic status; ICF=intermediate care facility; AMA=against 

medical advice; LTC=long term care; RF=rehabilitation facility; SNF=skilled nursing facility; HHC=home healthcare; NH=nursing home 
‡
The validity of findings pertain to evaluating the presence of differences in readmissions by post-discharge care setting irrespective of whether this is or is 

not, a primary research question for the presented study.  
¦
If a study has mixed findings across a number of different discharge care settings only the significant results are presented due to space limitations.    
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Some overarching themes from these 18 studies can be summarized as follows:  

• Almost half of these studies (n=8) evaluated the influence of post-discharge care setting on patient 

readmissions as either the main objective or one of the main objectives.  Another nine studies 

considered post-discharge care setting as one of many predictors of hospital readmissions.   

• Twelve studies utilized a retrospective study design, and six were prospectively conducted. 

• The majority of the studies (n=14) investigated specific diseases or conditions. Some evaluated more 

than one disease in a single study n=(6).  Conditions that were more commonly evaluated were 

cancers (bladder, abdominal surgery, colorectal), cerebrovascular diseases, cardiac diseases and 

conditions (congestive heart failure (CHF), CABG, AMI, respiratory diseases (COPD), and hip 

fracture/replacement.   

• Six studies were conducted among the elderly (≥65 years) representing predominantly Medicare 

beneficiaries while the others included patients belonging to a wider age range.  Two studies were 

conducted among patients discharged from Veteran’s Affairs (VA) hospitals. 

• More than half of the studies were investigations conducted in a single institution (n=10) the 

remaining predominantly included a number of institutions that were either in a single geographic 

area/state, or institutions in different areas affiliated with a particular health system.  Only two 

studies used data that were nationally representative. 

• The majority of the studies had a sample size of >400 patients/cases (n=15) 

• The most frequently evaluated time frame for readmissions is 30/31 days (n=7). Other time periods 

included 7days (n=1), 60 days (n=1), 90 days (n=3), 180 days (n=3), 1 year (n=2), and others (n=1). 

• Home as a post-discharge care setting was considered as one comparison group in all except one 

study.  Home discharge was generally considered to exclude formal services, such as nursing care 

from a home health agency (i.e., HHC), although this distinction was not made in several studies 

(n=4).  Many studies (n=10) also evaluated discharge to home with HHC as a separate category.  The 
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other commonly evaluated category was discharges to facilities.  Facilities took on narrow to broad 

definitions.  To illustrate, five, and four studies respectively, considered SNFs, and rehabilitation 

facilities as separate categories while others categorized one or both of these with other types of 

institutional settings that provide post-discharge care, into a single ‘facilities’ category.  In addition to 

SNFs and/or rehabilitation facilities, facilities may have included nursing homes, sub-acute care 

facilities, extended care facilities, intermediate care facilities, or other acute care facilities.   

• Of the eight studies that evaluated readmissions by post-discharge care setting, four made an 

attempt to account for a number of variables that are potential confounders using multivariate 

analyses or more advanced statistical methods (i.e., instrumental variable analyses), described in 

more detail in the following sections.  Four of the eight studies reported unadjusted results.  In the 

other 10 studies that evaluated post-discharge care setting as one of many predictors for 

readmissions, many used multivariate analyses.   

• The findings of these studies are mixed and therefore inconclusive (Table 2.1).  This applies to 

findings across different studies as well as for different diseases evaluated in the same study.  Due to 

a number of different reasons overarching conclusions from these studies regarding the possible 

influence of post-discharge care setting on readmissions is a challenge and likely inappropriate.  

These reasons included: 

o varying patient characteristics; 

o different diseases/conditions evaluated; 

o the importance given to investigating readmissions by post-discharge care setting in a 

particular study (i.e., is it one of the main study objectives or just one of many predictors in a 

multivariate analysis); 

o the associated methodological rigor employed to evaluate the specific research question of 

whether readmissions vary by discharge setting; 

o generalizability of findings;  
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o time period to determine readmissions; and  

o varying categories of post-discharge care settings and type of care settings evaluated. 

Because of these reasons, each study has to be considered on its own merit giving due consideration to 

the factors mentioned above.      

 
2.6.1  Summary of Studies that Evaluated Readmissions by Post-Discharge Care Setting as a Main 

Objective 

 
Patient, clinical, functional, and other characteristics have been shown to differ between post-

discharge care settings (Camberg et al., 1997; Kane et al., 1998; Liu, Wissoker, & Rimes, 1998; Neu & 

Harrison, 1988; Neu et al., 1989; Starrett, Rogers, & Walters, 1988; Steiner & Neu, 1993).  Therefore, 

these factors may help determine the types of setting patients are discharged.  As such, only the studies 

that attempted to rigorously control for these potential confounders were considered pertinent to the 

current investigation.  Furthermore, only the studies that investigated if readmissions varied by discharge 

care setting as a main objective were considered relevant for this research.  These are described in more 

detail in the proceeding text (Camberg et al., 1997; Kane et al., 1998; Riggs, Roberts, Aronow, & Younan, 

2010; Thomas & Holloway, 1991).  The methods, findings, and contribution and importance of these 

studies to this investigation is critiqued.  

 
Study of VA patients with COPD, stroke, or dementia  

 Camberg et al. (1997) conducted an investigation of a generalizable sample of patients 65 years 

and older discharged from VA hospitals for three different conditions (i.e., COPD, stroke, and dementia) 

from 1998-1990.  The post-discharge care settings evaluated were: 1) personal home; 2) community 

nursing home; and 3) VA nursing home.  The study hypothesized that patients discharged to personal 
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homes will have higher readmissions compared to clinically similar patients discharged to nursing homes.  

Furthermore, community nursing homes were hypothesized to have higher readmissions than VA nursing 

homes.  The reason for this hypothesis was based on the nursing homes’ level of care, and proximity to 

the hospital.  For instance, VA nursing homes were SNFs located in close proximity to VA hospitals 

providing them with greater access to medical personnel.  Whereas, care provided at community nursing 

homes (contracted by the VA) varied from intermediate to skilled care, and thus may not have the 

capacity of VA nursing homes to keep patients out of hospital.   

In addition to demographic variables, considerable attention was given to adjusting for case-mix, 

since patients discharged to nursing homes tended to be older and sicker than patients discharged to 

personal homes.  This was done by using a number of different variables such as: 1) disease staging; 2) LoS 

of index hospitalization; 3) previous hospital admissions; 4) comorbidities (number of comorbidities, 

individual comorbidities prevalent in each of the three diseases evaluated); and 5) other conditions that 

can potentially increase readmissions (e.g., alcohol and drug use, mental problems, pneumonia) (Camberg 

et al., 1997).   

Following proportional hazards regression models to control for these potential confounders, 

adjusted findings were reported for 30 days and at 2 years.  Among COPD patients (n=6,772) compared to 

discharge to personal homes, discharge to community nursing homes were associated with significantly 

lower readmissions at 30 days (relative risk (RR) = 0.734; 95% confidence interval (CI) 0.579, 0.929).  

Similar results were observed at the end of two years (RR=0.863; 95% CI 0.765, 0.974) (Camberg et al., 

1997).  There was no difference in discharges to personal homes and VA nursing homes among COPD 

patients, or in readmissions by post-discharge care setting among patients with stroke (n=2,261) 

(Camberg et al., 1997).   Among patients with dementia (n=2,652) compared to discharges to personal 

homes, discharges to VA nursing homes were associated with lower readmissions at 30 days (RR=0.666; 

95% CI 0.475, 0.935), which were sustained over two years (RR=0.837; 95% CI 0.717, 0.977) (Camberg et 

al., 1997).  Additionally, discharges to community nursing homes had lower readmissions at two years 
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(RR=0.887; 95% CI 0.797, 0.988), although not significant at 30 days (Camberg et al., 1997).  Even though a 

two year time period was evaluated, the impact that the initial discharge destination can have at the end 

of such an extended period of time is difficult to ascertain.       

The findings of this study suggest that readmissions by discharge care setting may not be present 

for all diseases (Camberg et al., 1997).  Also, discharge to personal homes was associated with higher 

readmissions compared to discharges to nursing homes although the differentiation between the two 

types of nursing homes was less clear.  Study limitations included: 1) unavailability of a patient’s 

functional status and other social variables that can impact readmissions; 2) lack of control for 

characteristics and level of care provided at the post-discharge care settings; 3) lack of control for 

presence and type of subsequent transitions from the initial discharge destination; and 4) the local 

availability and networks of the discharging hospitals that can impact the decision of the type of post-

discharge care that can be provided (Camberg et al., 1997).  

In relation to this investigation, which additionally attempts to evaluate discharge to personal 

home with and without HHC as separate categories, the study by Camberg et al. (1997) made no such 

distinction.  As a result potential differences in readmissions between discharge to personal homes with 

self-care and discharge to personal homes with HHC were not investigated.  Because HHC is an important 

PAC setting that receives Medicare payments, including this as a separate category is warranted.  

Furthermore, the current investigation did not make a distinction between different types of nursing 

homes; instead SNFs were evaluated as one category.   

 
Study of patients with stroke or hip fracture discharged from urban hospitals 

 

 Kane et al. (1998) prospectively evaluated stroke or hip fracture patients discharged from 51 

hospitals in three cities from 1988-1989.  The post-discharge care settings evaluated were: 1) home 

without formal care; 2) home with HHC; 3) nursing homes; and 4) rehabilitation facilities.  The study 

evaluated if differences existed in patient outcomes (readmissions was one outcome) by post-discharge 
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care setting with particular interest in whether more expensive rehabilitation facilities have better 

outcomes compared to less costly types of PAC (Kane et al., 1998).   

Kane et al. (1998) used a two-stage instrumental variable method to account for selection bias 

that can result due to the non-randomized nature of the evaluation.  Stated differently, choice of post-

discharge care setting for a patient is dependent on the patient’s clinical characteristics and need, and 

therefore any differences in outcomes by discharge destination is influenced by this selection, and 

additionally to the treatment at the discharge destination.  If this selection bias is not adequately 

accounted for, the findings of the study will not be valid.  Once adjusted readmission rates were 

determined by instrumental variable estimation, chi-square tests were used to determine if readmissions 

deferred by the post-discharge care setting.  The instrumental variable used in this analysis was patients 

living arrangement (whether or not patient lives alone) and patient involvement in decision-making.  Kane 

et al. (1998) argued that although these variables determine the type of post-discharge care setting, they 

did not influence functional outcomes (i.e., the main outcome assessed in the study) making them 

acceptable as instrumental variables in the analysis (Kane et al., 1998).   

Among patients with stroke (n=487), readmissions one year after discharge were significantly 

different between initial discharge care settings (P=0.05) (Kane et al., 1998)).  Discharges to home, home 

with HHC, nursing homes, and rehabilitation facilities were >25 percent, 21 percent, 20 percent, and >25 

percent, respectively, with lowest readmissions observed among those discharged to nursing homes 

(Kane et al., 1998).  Among hip fracture patients (n=606), readmissions differed significantly by discharge 

destination (P=0.02) (Kane et al., 1998).  Only readmissions among those discharged home with HHC and 

nursing homes were reported.  Readmissions among those discharged to nursing homes were lowest at 

16 percent while those discharged to home with HHC were highest at 27 percent (Kane et al., 1998).   

The findings of this study suggest the importance of selecting the most appropriate type of post-

discharge care setting as this can influence patient readmissions for stroke and hip fracture patients (Kane 

et al., 1998).  The study limitations included: 1) limited generalizability; 2) limited validity of evaluating 
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outcomes by the initial post-discharge care setting after a lengthy time period of one year following 

hospital discharge; and 3) non consideration of the type of subsequent services patients receive 

subsequent to the initial discharge destination. 

In relation to this investigation, as mentioned above, the time period for which the results were 

evaluated may have been too long.  Therefore, to what extent the findings are a result of the initial post-

discharge care setting is questionable.  As such, the current investigation limited the evaluation period to 

30 days.   

 
Study of patients that underwent hip replacement/repair in an academic hospital 

The third is a retrospective cohort study conducted by Riggs et al. (2010) on 606 consecutive 

patients that underwent hip replacement/repair from a single academic acute care hospital from 2004-

2006.  The post-discharge care settings evaluated were: 1) personal home; 2) HHC; 3) SNF; 4) 

rehabilitation facility; and 5) other (inclusive of intermediate care facilities, hospice, against medical 

advice, unknown).  The study evaluated if differences existed in (180 day) readmissions across these post-

discharge care settings (Riggs et al., 2010).   

Several variables were considered in bivariate analyses for inclusion in the multivariate model (if 

significant at P<0.05).  These included: demographic variables, comorbidities (number of comordities and 

several individual comorbid conditions), complications, LoS, severity at admission, LoS in intensive care 

unit, admission status at index hospitalizations (emergent or physician admitted) (Riggs et al., 2010).     

However, the bivariate analyses and the actual multivariate analysis appear to be specious.  

Firstly, the bivariate analyses (chi-square tests) reported P-values for each category of a single variable 

instead of a single P-value for one variable.  Secondly, the multivariate analysis was a simple linear 

regression although the readmissions outcome is binary.  Furthermore, in this multivariate analysis the 

reference group for the discharge destination variable was unclear.  Because of these issues with the 

quality of the analysis the results are not reported.  Table 2.1 reports the unadjusted proportion of 
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readmissions by post-discharge care setting.  Although this study is more recent, the analysis provides 

challenges and is therefore of less import to the current investigation.    

 
Study of patients with high prevalence conditions discharged from acute care Michigan hospitals 

The fourth is a retrospective study conducted by Thomas and Holloway (1991) on discharges 

from a 10 percent random sample of acute care hospitals in Michigan from 1984-1985.  Discharges from 

18 hospitals were included wherein only DRGs with at least 300 patients were included, 50 of who had 

early readmissions (within 31 days from hospital discharge).  Overall, 22 DRGs were separately analyzed 

among 24,975 patients.  The post-discharge care settings evaluated were: 1) personal home/against 

medical advice; and 2) organized care settings.  One of the study questions were to examine whether 

discharge setting influenced the risk of readmissions. The hypothesis was that patients discharged to 

personal homes without support will have higher readmissions compared to patients discharged with 

formal support (e.g., home with HHC, SNF etc.) (Thomas & Holloway, 1991).      

Because illness severity can affect readmissions, particular consideration was given to its control 

in the analysis.  To this end, several variables indicating disease staging, and complexity were used.  Other 

variables that were controlled for included: 1) patient demographics; 2) hospital characteristics (teaching 

status, bed size, location, variation in occupancy level); and 3) several characteristics related to the index 

admissions (i.e., emergency admission, indicator of whether LoS is greater than the average for a 

particular DRG).  Stepwise regression models were conducted separately for the 22 DRGs (Thomas & 

Holloway, 1991).     

For six DRGs, the findings were contrary to the hypothesis, wherein patients discharged to home 

without formal care had lower readmissions compared to those receiving organized care (Thomas & 

Holloway, 1991).  These DRGs were: 1) bronchitis and asthma; 2) cardiac arrhythmia and conduction 

disorder; 3) major large and small bowel procedures; 4) esophagitis, gastroenteritis, and miscellaneous 

digestive disorders; 5) major joint, hip, and femur procedures; and 6) nutritional and miscellaneous 
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metabolic disorders.  Two of the 22 DRGs had findings consistent with the hypothesis, including transient 

ischemic attack and precerebral occlusions, and disorders of the biliary tract (Thomas & Holloway, 1991).  

In the remaining 14 DRGs, post-discharge care setting was not associated with readmissions (Thomas & 

Holloway, 1991).         

Similar to the findings by Camberg et al. (1997), these results suggest that variations in 

readmissions by PAC setting is only present and important in some diseases and conditions and is not a 

broad pattern observed across all conditions (Thomas & Holloway, 1991).  As reported above, for six 

DRGs, the findings were contrary to the a priori stated hypothesis which was that patients discharged to 

personal homes without support will have higher readmissions compared to patients discharged with 

formal support.  Thomas and Holloway (1991) attributed this to result from selection that occurs as a 

result of physician judgment for a patient’s need for the type of PAC.  They suggested that those 

discharged home were more stable and can be successfully managed at home without any adverse 

outcomes while those discharged to organized care needed more intensive treatment in the first place, 

which subsequently translated into higher readmissions in organized care settings (Thomas & Holloway, 

1991).  This would suggest that even though considerable effort was made, the control for the effects of 

case mix is inadequate, a limitation acknowledged by the authors (Thomas & Holloway, 1991).   

In relation to this investigation, Thomas and Holloway (1991) evaluated any sort of formal PAC as 

one category (Thomas & Holloway, 1991).  As a result, potential differences in readmissions between 

discharge to personal homes with self-care, discharge to personal homes with HHC, and discharge to SNFs 

were not investigated.  Because HHC and SNFs are important PAC settings that are widely utilized and 

receive Medicare payments, and because the type and level of care provided can be different even 

between these organized care settings, evaluating these as separate categories is warranted.  
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2.7  Theoretical Frameworks and Conceptual Models 

 The main objective of this dissertation research was to evaluate the association of post-discharge 

care setting through the outcome hospital readmissions and revisits.  Because repeat hospital visits likely 

result from a complex interplay between patient and provider behavior and decisions and processes of 

care, influenced by external factors (e.g., reimbursement mechanisms and associated incentives, 

availability of resources, and geographic location), investigating this association is complex.  In order to 

organize these complexities, develop a meaningful research design and analysis, and interpret the study 

findings, several relevant conceptual models and frameworks are described in the proceeding sections.  

Three main models are described.  They are: 1) Andersen Behavioral Model for Health Services Use; 2) 

Donabedian’s structure-process-outcome framework to assess quality of care; and 3) Ashton and Wray’s 

conceptual framework for the study of readmissions.  The first considers the problem as one that can be 

viewed from a perspective of healthcare utilization (Andersen Behavioral Model for Health Services Use) 

(Andersen, 1995; Andersen & Newman, 1973).  The other two models consider it from the view that 

readmissions occur due to failures in the quality of care (Ashton et al., 1997).  One of these models 

describes a framework that was developed to assess the quality of medical care in general (Donabedian’s 

structure-process-outcome framework to assess quality) (Donabedian, 1966; Donabedian, 1988), while 

the other is a conceptual framework developed to specifically study readmissions (Ashton and Wray’s 

conceptual framework for the study of readmissions) (Ashton & Wray, 1996).   

 

2.7.1  Andersen Behavioral Model for Health Services Use 

 Andersen and his collaborators developed a model of health services utilization that has gone 

through a number of iterations (Andersen, 1995).  The behavioral model of health services utilization was 

initially developed to provide a logical framework to determine the use of health services by individuals 

(in the original work the unit of analysis was the family, which later became the individual due to the 
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difficulty in developing measures at the family level) (Andersen, 1968; Andersen, 1995).  The expectation 

was that the model will be capable of both predicting and explaining health care utilization (Andersen, 

1995).  An illustrative depiction of the model is presented in Figure 2-2.  

First iteration of the Andersen Model 

The first iteration of the model developed in the 1960s was relatively simple and linear 

(Andersen, 1968; Andersen, 1995).  The framework identified three main components that determined an 

individual’s healthcare utilization (Andersen, 1995).  The first component consisted of factors that 

predispose individuals to use services (i.e., predisposing component).  The second focused on factors that 

contributed to the ability of individuals to secure services (i.e., enabling component).  The third 

component was the individual’s level of illness (i.e., need component).   

 The predisposing component can be further divided to three categories that identify 

characteristics of an individual that determines the use of medical services even before the onset of 

illness.  These categories include: 1) demographic variables; 2) social structure; and 3) a patient’s attitudes 

and beliefs about healthcare providers, disease and illness, and medical care (Andersen & Newman, 

1973).  Variables that can be used to operationalize the predisposing component are illustrated in Figure -

3-2.  Although predisposing variables may not directly determine an individual’s health services utilization, 

patients with certain characteristics of these variables (e.g., older individuals of the variable age) are more 

likely to use healthcare services than others (Andersen & Newman, 1973).   

 The enabling component consists of certain variables that determine the availability of 

healthcare services to an individual, irrespective of their predisposing factors or level of illness (Andersen 

& Newman, 1973).  These can include family resources (e.g., income, healthcare coverage,  
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Figure 2-2: Andersen behavioral model for health services use 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Adapted from Andersen and Newman (1973), Aday and Andersen (1974), and Andersen (1995)   
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presence and accessibility to usual source of care) and community characteristics (e.g., volume of a 

specific type of healthcare service in a community, urban-rural location, local practice patterns, and local 

prices) (Andersen & Newman, 1973).   

 The third component, illness level or need factors, are considered to be the most important 

determinant of health care utilization (Andersen & Newman, 1973).  Illness level variables were further 

subdivided to two categories (Andersen & Newman, 1973).  The first is the level of illness perceived by the 

individual.  This includes variables such as perceived general health status, and disability symptoms.  The 

second is evaluated illness, or the severity of illness that is clinically established.   

 
Second iteration of the Andersen Model 

 In the second iteration, the model was expanded to include societal determinants that interact 

with the previously identified individual determinants either directly and/or through the healthcare 

system to determine medical care utilization (Andersen & Newman, 1973).  Societal determinants were 

identified as: 1) characteristics of the healthcare system; and 2) changes in medical technology and social 

norms relating to the definition and treatment of illness (Andersen & Newman, 1973).       

 Andersen and Newman (1973) described the healthcare system as having two dimensions 

including resources (i.e., labor and capital) and organization (i.e., how these resources are organized to 

provide care).  Therein, resources determined healthcare utilization by both volume (e.g., number of 

SNFs/population) and distribution (e.g., SNF availability by geographic location) of services.  Organization 

was considered to have two sub-components that influence healthcare utilization, including structure and 

access. 

Structure involves the type of care and services a patient receives based upon system 

characteristics after entry to the healthcare system (Andersen & Newman, 1973).  This spans from the 



73 

 

 

nature of primary care medical practices, referral processes, use of ancillary personnel, hospital 

admissions processes, inpatient care, discharge procedures, and PAC settings.  Andersen and Newman 

(1973) acknowledge that defining and relating structure to utilization is extremely difficulty (Andersen & 

Newman, 1973).  This is not only because of the multifaceted nature of structure that makes it difficult to 

define, but also because structure is highly interrelated with other components, such as access and 

resources (Andersen & Newman, 1973).   

The other sub-component that makes up the organization of the healthcare system is access.  At 

this point it is important to note that in addition to understanding healthcare utilization, another major 

objective of this model was to address access and how health policies and interventions can be made to 

realize equitable access (Aday & Andersen, 1974; Andersen, 1995; Andersen & Newman, 1973).  Access is 

a multidimensional concept and an important measure in healthcare that theorists have struggled to 

comprehensively define (Ricketts & Goldsmith, 2005).  Among a number of other theoretical frameworks 

(Frenk & White, 1992; Penchansky & Thomas, 1981; Taylor, Ricketts, Kolimaga, & Howard, 1994), access 

as defined by the Andersen Model is widely utilized in studies that investigate access to care (Ricketts & 

Goldsmith, 2005).   A more detailed explanation of how the Behavioral Model for Health Services 

Utilization can be used to study access is described later.        

 Having described the healthcare delivery system as one societal determinant, the second, 

categorized as medical technology and social norms is briefly explained in the following text.  The impact 

of medical technology on healthcare utilization is well documented.  For example, incentives inherent in 

the inpatient PPS brought about reduced hospital admissions and a shift in care of these patients to 

ambulatory settings (Feinglass & Holloway, 1991).  This shift was possible because of the simultaneous 

gains in medical technology at that time (Feinglass & Holloway, 1991).   

Social norms were described as legislation that impact healthcare, and the agreement of values 

and beliefs in a society that shapes the healthcare system that consequently influences the utilization of 
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health services (Andersen & Newman, 1973).  One social norm that is considered to have the greatest 

influence on utilization is the mechanism of financing health services.   

With relevance to this dissertation research, the impact of reimbursement is observed in the 

changes in utilization patterns when cost-based reimbursement for inpatient services are replaced with 

the inpatient PPS (Cotterill & Gage, 2002; Feinglass & Holloway, 1991).  Along with this change there was 

shifting of services from inpatient to outpatient settings and a greater demand for and utilization of PAC 

services (Feinglass & Holloway, 1991).  With the new changes to the reimbursement mechanisms for 

inpatient services through programs such as the HRRP and bundled payments it is this societal norms that 

are being targeted to impact utilization directly as well as indirectly, through its influence on the 

organization of healthcare delivery.  Thus, the second iteration of the Andersen Behavioral Model 

explicitly recognized the importance of national health policies that influenced the organization and 

resources of the healthcare system (Aday & Andersen, 1974; Andersen & Newman, 1973).  Additionally, it 

also recognized the role of consumer satisfaction where care seeking and continued utilization will be 

influenced by how satisfied a patient is regarding the services and treatments received (Aday & Andersen, 

1974; Andersen & Newman, 1973).    

In this second iteration of the model, the importance of explicit specification of the measures of 

health services use was emphasized (Andersen & Newman, 1973).  These measures included: type 

(services and provider type), site (service setting), purpose (reason for medical encounter), and time 

interval.  Time interval can encompass time of entry into the system to receive care (contact), number of 

contacts with the system over a period of time (volume), and care received over an episode of illness 

(continuity of care and care coordination) (Aday & Andersen, 1974; Andersen & Newman, 1973).  The 

time interval component is particularly relevant to this research.  To illustrate, hospital readmissions as an 

outcome is evaluated over a specified time period following contact with a number of healthcare types 
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and settings (e.g., inpatient, different post discharge care settings) necessary to appropriately manage a 

patient’s acute care episode.    

 
Third iteration of the Andersen Model 

 In a third iteration of the model, health outcomes was formerly incorporated given its 

importance of evaluation following the utilization of health services (Andersen, Davidson, & Ganz, 1994; 

Andersen, 1995).  This version of the model also specifically provided for the incorporation of the external 

environment (i.e., physical, political, economic) and personal health practices as important components 

that influence utilization and subsequently outcomes (Andersen et al., 1994; Andersen, 1995).     

 
Fourth iteration of the Andersen Model 

 The fourth iteration of the model highlighted the multiple influences each component of the 

model can have on other components to influence health services and subsequently outcomes (Andersen, 

1995).  This model differs from the preceding iterations due to its departure from linearity and 

recognition of the dynamic influences between components of the model that ultimately affects the 

utilization of health services (Andersen, 1995).  

The ability of the Andersen Behavioral Model for Health Service Use to incorporate many of the 

important components that determine health care utilization illustrates the versatility of the model and 

its wide applicability (Andersen, 1995; Ricketts & Goldsmith, 2005)  

Prior to concluding the discussion on this model it is important to explain how Andersen (1995) 

used the concepts of this model to define access.  Several measures of access have been described.  The 

first is potential access, wherein the premise is that the presence of more enabling resources increases 

the probability of access, although it is not a guarantee of access.  The second is realized access, which is 

simply defined as actual health care service utilization.  The third and fourth measures of access involve 
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realized access including equitable access and inequitable access.  Andersen and Newman (1973) contend 

that utilization of healthcare should predominantly be determined by illness level and by demographic 

variables.  If this were observed, access is considered to be equitable.  In contrast, if variables such as 

social structure, beliefs and attitudes, family and community resources are the predominant influence on 

utilization, this is viewed to as being adversely affecting the equitable distribution of health care 

utilization (i.e., resulting in inequity) (Andersen & Newman, 1973).  This model was also used to define 

effective access and efficient access.  Access is considered to be effective if use of health services leads to 

improved patient outcomes and consumer satisfaction.  Access is efficient when improvements in 

outcomes and satisfaction increases relative to the healthcare services utilized (Aday, 1993).   

Another important concept in the model that is related to access is mutability (Andersen & 

Newman, 1973).  Mutability is the extent to which an identified determinant of health service use can be 

changed to ultimately impact use (Andersen & Newman, 1973).  Thus, through the identification of 

mutable determinants this model uses this concept to identify areas for health policy interventions to 

achieve equitable access.  Of the determinants of health care utilization, demographic characteristics, 

social structure, and illness level are considered to have low mutability; whereas, health beliefs are 

considered to be more amenable to interventions.  Enabling family and community resources (e.g., 

insurance coverage) are considered to have high mutability, and any interventions aimed at these can 

have a considerable impact of health care service use (Andersen, 1995; Andersen & Newman, 1973).   

 

2.7.2  Donabedian Framework to Assess Quality of Care  

 Readmissions are often regarded to occur as a result of failures in the care system associated 

with treating and managing acute care episodes, particularly inpatient care (Ashton et al., 1987).  Thus, 

readmissions are considered an indicator of quality of care (Benbassat & Taragin, 2000; “Medicare 
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Program,” 2011 ; Kocher & Adashi, 2011; Minott, 2008).  In 1966, a framework to assess the quality of 

healthcare was developed by Avedis Donabedian (Donabedian, 1966).  The framework is a three-part 

approach where the parts are: 1) structure; 2) process; and 3) outcomes (Donabedian, 1966; Donabedian, 

1988).  The causality between the three parts is in the stated order (Donabedian, 1988).   

 Structure refers to attributes of the care setting and includes material resources, human 

resources, and organizational structure (Donabedian, 1988).  In an attempt to map applicability to the 

current research, structure would encompass facilities and equipment in hospitals and in PAC settings, 

qualified healthcare personnel in each of these settings, and organizational structure such as 

reimbursement for these services.  

 Process refers to the actual delivery of care by the health providers through diagnosis and 

treatments (Donabedian, 1966; Donabedian, 1988).  Process also encompasses patients’ actions 

concerned with care seeking, active participation in healthcare decisions, and compliance with treatment 

regimens (Donabedian, 1988).  With relevance to this research, the process component may include care 

seeking and recommendations prior to hospitalization, in-hospital diagnosis, treatments, and procedures, 

timely discharge, discharge planning, activities such as medication reconciliation, seamless care 

transitions, discharge to appropriate PAC settings, and provision of care that helps patients recover from 

the acute care episode.   

 Outcomes refer to effects of the healthcare received on a patient’s health status (Donabedian, 

1988).  In this research the outcome of interest is 30-day readmissions and revisits.     

 To use this model, the sequence of good structure leads to good process, and good process leads 

to good outcomes must be logically established (Donabedian, 1988).  Although this is certainly feasible for 

this research, operationalizing structure and process from secondary data is a challenge; particularly from 

data that are not specifically collected and compiled to measure these dimensions.   
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2.7.3  Ashton and Wray’s Conceptual Framework for Studying Readmissions 

 The two frameworks described previously are largely general and can be adapted to a number of 

different scenarios.  Subsequently, a conceptual framework specifically developed to study early 

readmissions is discussed.  In this framework developed by Ashton and Wray (1996), readmissions were 

considered an indicator for quality of inpatient care.  Ashton and Wray (1996) also recognized that 

readmissions are influenced by a number of other factors beyond the quality of care provided in the 

inpatient setting. 

 This conceptual framework was developed for hospitalized medical/surgical adult patients, and 

focused on early readmissions, defined as repeat hospital visits that occur within 31 days of discharge.  

Furthermore, the framework was developed to assess unscheduled readmissions because these 

hospitalizations are the ones that are more likely to occur due to substandard care.  This framework 

operationalized substandard inpatient care through the concept of premature discharge.  Premature 

discharge was defined to not only include the discharge of patients that are still unstable, and thus not 

clinically ready to be outside of an inpatient setting, but also discharge to inappropriate care settings 

incapable of handling the post-acute needs of a patient (Ashton & Wray, 1996).  The model is illustrated in 

Figure 2-3.   
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Figure 2-3: Conceptual framework for the association between premature discharge and early 

readmission 

 

Source: Figure 1 from Ashton and Wray (1996) 

According to this model, substandard care processes can lead to three outcomes: 1) nonfatal 

complications in the hospital; 2) in-hospital death; and 3) premature discharge.  This model’s focus on 

premature discharge was developed around the assumption that because premature discharges occur as 

a result of substandard care processes, it is modifiable (i.e., by providing quality inpatient care) to achieve 

better outcomes.  The dependent variable is readmissions while the independent variable is premature 

discharge.  The model incorporates a process-outcome link, where provider actions (i.e., what a provider 

does or does not do) affects readmissions (Ashton & Wray, 1996). 

 The model notes that there are a number of variables not under the control of the provider, but 

can nevertheless (positively) influence variation in readmissions although they do not relate to premature 
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discharge (Ashton & Wray, 1996).  Examples include, disease progression irrespective of evidence-based 

treatments, patient non-compliance with treatment regimen, readmissions due to trauma, and 

precipitation of a new condition that is not related to the condition of initial hospitalization and 

treatment.  Death unrelated to the initial hospitalization can negatively affect readmissions because they 

are taken out of the risk pool that can result in a readmission.  When readmissions are used as an 

indicator of the quality of inpatient care, these variables can be problematic in assessing the association 

between premature discharge and readmissions (Ashton & Wray, 1996) 

 Ashton and Wray (1996) defined three sets of variables that can have an influence on premature 

discharge and early readmissions.  These were confounding, intervening, and moderating variables.  

Among confounders (i.e., a variable that is related to both the independent and dependent variable), the 

authors identified variables that can either mask/weaken or exaggerate the association between 

premature discharge and readmissions.  The variables that weaken the association between premature 

discharge and readmissions are described first.  As such, some readmissions may not be identified if they 

occur in hospitals not included in the investigation.  Second, this association can be weakened if providers 

discharge patients that are not fully stable, but have the availability and access to safety nets for post-

discharge care.  Third, patients who are discharged to PAC settings with nursing care can have lower 

readmissions than those discharged to destinations with no formal nursing care.  A fourth variable is 

medical indigence that can affect individuals’ care seeking behavior, including provision of care by 

providers, while a fifth variable is patient discharges against medical advice (Ashton & Wray, 1996). 

The following describes confounders that can result in an exaggerated association between 

premature discharge and readmissions.  First, non-acute admissions of patients that did not warrant a 

hospitalization in the first instance are unlikely to be discharged prematurely nor subsequently result in a 

readmission.  A second is the reimbursement mechanism where the unit of payment is a hospital stay.  As 

previously mentioned, such a reimbursement mechanism may encourage both initial hospitalizations and 
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subsequent readmissions where volume is rewarded over the quality or efficiency of care.  A third 

variable that can contribute to a spurious relationship is patients that have end-stage conditions (e.g., 

ESRD, advanced stage cancers) that require frequent hospitalizations.  Related to this are patients that 

have a pattern of repetitive admissions (i.e., ‘revolving door’ patients) that have been shown to be a 

strong predictor of repeat hospital visits in the readmissions literature  (Ashton & Wray, 1996; Bahadori & 

FitzGerald, 2007; Betihavas et al., 2011; Felker et al., 2004; Krumholz et al., 2000; Steer, Gibson, & Bourke, 

2010). 

With contrast to confounders, an intervening variable is one that exists in the causal pathway 

between the occurrence of the independent variable and outcome.  In this model, Asthon and Wray 

identify (1996) death at home or other PAC setting that can occur as a result of premature discharge.  

Because readmissions cannot occur as a result of death, the association between premature discharge 

and readmissions is weakened (Ashton & Wray, 1996).   

Ashton and Wray (1996) referred to the third set of variables identified to influence the 

association between premature discharge and readmissions as moderator variables.  A moderator 

variable is defined as one that has a synergistic effect on the independent variable that can either 

strengthen or weaken the association between premature discharge and readmissions depending on the 

sign of the moderator variable (Ashton & Wray, 1996).  These included demographic moderator variables 

(e.g., age, sex, race/ethnicity, marital status, living arrangement, income, education, urban/rural 

residence, hospital location, geographic region etc.) and clinical moderator variables (e.g., diagnoses, 

comorbidity, functional status, physiologic frailty, severity of illness).  Following a review of the literature 

Ashton and Wray (1996) contend that clinical moderator variables have shown to be more important than 

the demographic variables in the association between premature discharge and readmissions.  A common 

theme across a number of reviews on hospital readmissions is the inconsistency and wide-ranging nature 

of variables that are predictive of readmissions across studies although clinical variables or proxy variables 
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that indicate a greater disease burden as a group tend to be more commonly associated with 

readmissions (Bahadori & FitzGerald, 2007; Ross et al., 2008; Steer et al., 2010).  Many have used these 

moderator variables in their analysis of readmissions, although they are more commonly referred to as 

confounders or control variables.   

 

2.7.4  Choice and Rationale for Selection of Theoretical Framework for this Research   

 Following a number of considerations outlined below, the Andersen Behavioral Model for Health 

Services Use was selected as the conceptual framework that is best suited to guide this dissertation 

research.  Foremost, the setting of interest goes beyond the inpatient care setting.  Ashton and Wray’s 

(1996) conceptual framework for the study of readmissions focuses on a very specific concept referred to 

as premature discharge; a process of substandard care that occurs in the inpatient setting.  This is 

considered a definition that is too narrow for the purpose of this research.  Furthermore, Ashton and 

Wray (1996) themselves note “readmission may be a better quality indicator for the continuum of 

inpatient and post-discharge care, rather than just for inpatient care”, a statement that captures the 

essence of this dissertation.  However, it is important to note that many of the variables identified to 

influence the association between premature discharge and readmissions, (i.e., confounding variables, 

intervening variables, and moderating variables) are important to consider.  As such, these were given 

due consideration in this research through their application to the inclusion/exclusion criteria for sample 

selection, and as variables that can be incorporated into the different components of the Andersen 

Model.     

Although the logical link between structure, process, and outcomes as described in Donabedian’s 

framework for assessing quality of care can be established in this dissertation, there is difficulty in using 

the available data to operationalize particularly the structure and process components.  For example, the 

structure component requires information such as but not limited to facilities, equipment, qualified 
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healthcare personnel in hospitals and in PAC settings.  The process component is complex, wherein it can 

encompass a patient’s entire care process even extending prior to the acute care encounter and 

incorporate the complex interplay of care delivered by providers, as well as patient actions and behaviors.  

This excludes the use of the Donabedian model as the guiding conceptual framework in this investigation.   

The Andersen Behavioral Model of Health Service Use is one of the most widely use models in 

studies that investigated healthcare utilization and access to services.  This research attempts to evaluate 

the impact of different PAC settings on readmissions.  The selection of the type of post-discharge care 

setting following hospitalization can be viewed in terms of this utilization and access framework.  For 

instance, discharge to each type of PAC setting is influenced by a number of individual, health system 

(resources, organization), health policies, financing, and other variables that is explicitly allowed for 

incorporation through this model.  Furthermore, the Andersen Model has broad applicability and 

versatility.  This is evident in the many iterations that the model had undergone over the years from the 

initial objective of predicting and explaining the use of an individual’s personal use of health services to 

acknowledging the role of the external environment on use, and the importance of health outcomes 

(Andersen, 1995).  The expansion of the model was possible because the model components were 

capable of accommodating many determinants that have over the years gained acceptance as being 

important variables for explaining the use of health services (Andersen, 1995).    

 
2.8  Review of Relevant Research Methods  

This research was conducted using the Medicare Current Beneficiary Survey (MCBS), a 

combination of survey data and Medicare claims data, thus combining the advantages and disadvantages 

of both these data types.  Surveys are generally suggested to be relatively inexpensive, with the ability to 

cover a large population, and the flexibility to incorporate numerous questions (Fowler, 2009).  

Furthermore, many questions can be standardized to allow for more precise measurement and 
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comparisons between groups.  However, there will be a trade-off between the size of the survey sample 

and extent, detail, complexity, and comprehensiveness of data collected due to competing cost 

constraints.  Some disadvantages of surveys are low response rates, loss to follow-up (particularly in the 

case of longitudinal panel surveys), and recall bias (Fowler, 2009).  MCBS identifies in excess of 16,000 

Medicare beneficiaries to achieve its target sample of approximately 12,000 beneficiaries with complete 

survey information (CMS, 2011b). 

In general, the utilization of claims data has several advantages.  These include lower cost, larger 

samples sizes allowing for more statistical power, extended periods of patient follow-up, and 

completeness and greater generalizability because claims are linked to actual utilization of services and 

payments (e.g., avoids recall bias that can occur if health service utilization information is collected 

through surveys) (Motheral & Fairman, 1997).  However, there are several limitations in claims data that 

adversely affects the internal validity of the study (Iezzoni, 1997; Motheral & Fairman, 1997).  These 

include challenges with coding errors, and restrictions in available variables (Garrison, Neumann, Erickson, 

Marshall, & Mullins, 2007; Iezzoni, 1997; Motheral & Fairman, 1997).  The latter results from the fact this 

research used a data source that is primarily used for billing purposes and thus can lack covariates 

important for the stated research (Garrison et al., 2007; Iezzoni, 1997).  Some of the challenges that arose 

due to limitations in covariates were addressed through information collected from the survey 

component of the data.  As a trade-off, in the MCBS, claims data are only available for survey 

respondents.  This means that some of the general advantages of claims data such as large sample sizes 

and extended patient follow-up may not be achievable and thus, can affect the choice of study 

methodology.   

Actual evidence of health services utilization is fundamental for this research for two main 

reasons.  First, the type of PAC services actually utilized can be different from the discharge status 

reported in inpatient records (“OIG work plan,” 2001).  Thus, for a study that evaluated the type of post-



85 

 

 

discharge care setting, verification of the type of PAC through claims data is crucial for validity of the 

research.  Second, one consistent predictor of readmissions is prior healthcare utilization particularly 

hospitalizations (Ashton & Wray, 1996; Bahadori & FitzGerald, 2007; Betihavas et al., 2011; Felker et al., 

2004; Krumholz et al., 2000; Steer et al., 2010).  Claims data allows for patient-level linking of many 

different type of healthcare services (e.g., physician, hospital outpatient, hospital inpatient, PAC, other 

etc.), establishing a comprehensive picture of a patients use of medical services under a particular insurer 

(Lewis, Patwell, & Briesacher, 1993).   

Because administrative claims data was an important part of this research, it was important to 

consider several threats to internal validity that are inherent in analyses of administrative claims data and 

non-randomized studies, in general.  This research evaluated outcomes across three post-discharge care 

settings following an acute care hospitalization: 1) personal homes with no formal care; 2) personal 

homes with HHC; and 3) SNFs.  Because patients are not randomly assigned, the benefit of randomization 

including equivalency of groups to both unknown and known covariates is not achieved (Baser, 2006).  

Stated differently, patient characteristics may likely differ by the type of post-discharge care setting, 

empirically observed with patients receiving formal nursing care generally tending to be older, sicker, and 

having greater disability (Camberg et al., 1997; Kane et al., 1998; Liu et al., 1998; Neu & Harrison, 1988; 

Neu et al., 1989; Starrett et al., 1988; Steiner & Neu, 1993).  The main reason for the difference in patient 

characteristics is likely a result of selection by providers (along with patient input and choices) to a 

particular type of post-discharge care setting based upon a patient’s healthcare needs and availability of 

adequate support to manage a patient’s condition.   

The aforementioned indicates the potential for selection bias, one of the biggest threats to 

internal validity in retrospective claims research (Hay, 1999).  This becomes an issue to the internal 

validity of the study when the patient factors (e.g., disease severity, poor functional status) that 

influences the type of intervention to be received in the first place (i.e., type of post-discharge care 



86 

 

 

setting) contributes to the formation of groups that differ in factors related to the outcomes (i.e., 

readmission) (Mamdani et al., 2005; Rochon et al., 2005).  As a result, any differences in outcomes 

between the groups cannot be confidently attributed to the different interventions (i.e., type post-

discharge care setting) as the systematic differences in patient factors can affect the association between 

the intervention and outcome (Curtis, Hammill, Eisenstein, Kramer, & Anstrom, 2007; Foster, 2003).  

Stated differently, the differences in the outcomes may be explained by the differences in patient factors 

in the groups rather than the intervention alone – a phenomenon referred to as confounding (Mamdani 

et al., 2005; Rochon et al., 2005).   

A variable is qualified as a confounder if it relates to both the outcome and intervention without 

being in the causal pathway of the intervention and outcome (Rothman, 1986).  A variable satisfies the 

first criterion to be a confounder if it is a risk factor of the outcome, thus influencing it in terms of 

prognosis or susceptibility (Mamdani et al., 2005).  To illustrate with an example from this research, 

patients with greater illness severity (risk factor) can be more prone to having readmissions (outcome).  

The satisfaction of the second criterion to be a confounder which is a variable’s relationship to the 

intervention is determined by the differences in the confounding variable’s distribution between the 

groups under investigation (Mamdani et al., 2005).  Again relating to the present study, severity of illness 

can be different by post-discharge care setting, making this variable a relevant confounder in this 

research.  This type of selection bias where the decision to provide an intervention is based on a 

provider’s assessment of both the illness and the intervention is referred to as channeling bias and is 

analogous to confounding by indication/severity (Motheral & Fairman, 1997; Rochon et al., 2005; Salas, 

Hotman, & Stricker, 1999).   

Another important threat to internal validity related to selection bias is the selection-maturation 

interaction (Campbell, Stanley, & Gage, 1963; Winch & Campbell, 1969).  Maturation refers to differences 

in outcomes that stems not as a result of the intervention, but due to the differential biological 
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progression of a disease over time in subjects in the comparison groups (Campbell et al., 1963).  In 

selection-maturation interaction subjects are assigned to groups in a way that differentially affects their 

disease progression (i.e., maturation) (Campbell et al., 1963).  In this research it is plausible to assume 

that if patients are selected to receive PAC in more formal settings due to having greater illness severity, 

their disease progression may also be more advanced making them more prone to readmissions.     

Illness severity has been identified as one of the most important confounders in retrospective 

claims database research (Motheral & Fairman, 1997) .  However, claims databases do not allow for its 

explicit control and instead allows for surrogates of severity by assessing past comorbid conditions, 

medications, and healthcare utilization that can be easily obtained from a patient’s claims history 

(Motheral & Fairman, 1997).  Furthermore, variables such as functional status not available through 

claims data can be obtained from survey reported components of the data. 

Thus, given the importance of confounding in retrospective database studies resulting from 

selection bias, there must be a concerted effort to identify confounders and assess their distribution by 

the comparison groups under investigation (Mamdani et al., 2005).  Another challenge, however, is that it 

may not be possible to measure all identified confounders, and hence these cannot be controlled for in 

analyses (Mamdani et al., 2005).  Additionally, the main benefit of randomization is the similar 

distribution of both known (i.e., variables that can be both measured and unmeasured depending on the 

data) and unknown confounders between groups (Baser, 2006).  In the absence of randomization, 

retrospective database investigators must be cognizant that unknown confounders can exist and these 

can influence research findings (Mamdani et al., 2005).    

In spite of these challenges with observational data including retrospective databases, their 

widespread availability over long time periods, large samples sizes, comparatively low costs of acquisition, 

availability of actual healthcare utilization information, and infeasibility of randomization to particular 

types of interventions, makes retrospective databases a useful information source to investigate a wide 



88 

 

 

variety of investigations in health services (Motheral & Fairman, 1997)  Many of the established methods 

from epidemiological research can be used to control for differences in groups in the instances where 

confounders are known and measurable (Johnson, Crown, Martin, Dormuth, & Siebert, 2009).  The most 

commonly used method is multivariable regression analysis (Johnson et al., 2009; Skrepnek, Olvey, & 

Sahai, 2012), as has been used by the majority of investigations that attempted to evaluate the 

association between discharge care setting and readmissions (Camberg et al., 1997; Riggs et al., 2010; 

Thomas & Holloway, 1991).  Other methods include restriction and stratification (Normand et al., 2005).  

However, these two latter methods are feasible only when there are a small number of confounding 

variables, and can run into issues of small sample size and a lack of statistical power to detect differences.   

With increased use of retrospective databases in health services and pharmacoeconomic 

research, more advanced methods have been developed for accounting for selection bias and resultant 

confounding (Johnson et al., 2009; Stukel et al., 2007).  One such method is propensity score matching 

(Rosenbaum & Rubin, 1985).  Propensity score matching is a statistical method used to adjust for baseline 

differences between the comparison groups (Rosenbaum & Rubin, 1985).  The score is generally 

calculated using logistic regression by incorporating the variables identified to influence an individual’s 

inclusion into a particular group (Baser, 2006).  Thus, the score is an individual’s likelihood of being 

included in a particular group, conditional upon the variable values that influence group participation 

(Baser, 2006).  The scores are then used to adjust for baseline differences.  Granted that no confounding 

variables are excluded, two individuals with the same propensity scores can be thought of as being 

randomly assigned to each group (Baser, 2006; D’Agostino, 1998).  Once matched using propensity scores, 

differences in outcomes between the groups will be the effect of the intervention.  A disadvantage of 

propensity scores is that this method is capable of adjusting for only known and measurable covariates, 

unlike randomization where the groups are equivalent by both known and unknown variables (Baser, 

2006; D’Agostino, 1998).   
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A review of the literature did not reveal any studies that assessed the association between post-

discharge care setting and unscheduled hospital visits using this method to control for differences in 

baseline characteristics.  Propensity score matching was difficult to implement in this research because 

the discharges to the different types of post-discharge care settings are not evenly split, and the sample 

size is not expected to be large enough for adequate matching based on a considerable number of 

variables identified as potential confounders.   

All of the methods mentioned above only adjust for potential confounding covariates that are 

known.  There are several methods taken from the econometrics literature that can be used to adjust not 

only for known and unmeasured confounders, but also for unknown or unmeasured confounders (Angrist 

& Krueger, 2001; Johnson et al., 2009).   One such method is referred to as instrumental variable (IV) 

analysis (Johnson et al., 2009).  IV analysis has the potential to simulate randomization (Stel, Dekker, 

Zoccali, & Jager, 2012).  For this type of analysis to be workable, a variable (i.e., or an instrument) must be 

identified that is associated with whether or not a patient receives the intervention, but which does not 

have any effect on the outcome, except through its effect on whether or not the intervention was 

received (Bound, Jaeger, & Baker, 1995; Stel et al., 2012).  Examples of instrumental variables may include 

region, distance to hospital, density of specialists, state benefits, regional economic conditions, frequency 

of procedure use etc.  Pertaining specifically to this research the density of PAC services in a patient’s 

county can be considered a potential IV that can be used in the analysis.   Although distribution of PAC 

services in a patient’s locality can affect whether or not a patient receives PAC (Buntin et al., 2005; 

Kenney & Dubay, 1992; Swan & Benjamin, 1990), this in itself is not expected to influence patient 

outcomes.   

Once an instrument is identified, a combination of theoretical arguments and statistical methods 

must be used to determine if the assumptions for conducting valid IV analysis is sufficiently met.  In the 

second step, the IV along with other variables that predict the interventions is used to predict the 
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probability of receiving the intervention for each patient. In the final and third step, the impact of the 

intervention on the outcome is estimated by replacing the actual intervention assignment with the 

predicted values (Bound et al., 1995; Johnson et al., 2009).  In this way, individuals are not analyzed 

according to intervention assignment but, by the IV (Stel et al., 2012).  This has been likened to intention-

to-treat analysis, which breaks the link between patient allocation to intervention and outcome, and the 

method in which selection bias is removed (Stel et al., 2012).  From the review of the literature a single 

study evaluated readmissions by post-discharge care setting using the IV method (Kane et al., 1998).  This 

study is described in section 2.6.1. 
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CHAPTER 3 

METHODS 

 
3.1  Study Overview 

 
This was a retrospective cross-sectional analysis of inpatient hospitalizations among community-

dwelling Medicare beneficiaries designed to evaluate the association between the type of post-discharge 

care setting on hospital readmissions and ED visits.  Three types of post-discharge care settings were 

evaluated, including: 1) home (i.e., personal homes without formal care); 2) HHC (i.e., home with HHC); 

and 3) SNF, following an acute care hospitalization.  All study variables were obtained from the 2007-2008 

MCBS utilizing a combination of both Medicare claims data and survey-reported data.  Two outcomes 

were evaluated, including: 1) inpatient readmissions; and 2) hospital revisits.  The latter was a 

combination of ED visits or inpatient readmissions.   

 

3.2  Research Design 

 
 The overall and specific study objectives and hypotheses have been presented in sections 1.4.1-

1.4.4.   

One study design to meet the objectives of this investigation would be a randomized controlled 

trial where Medicare beneficiaries are randomly assigned to the three types of post-discharge care 

settings following an acute care hospitalization.  Among a number of challenges regarding the feasibility 

of carrying out a randomized trial (e.g., cost, already widespread utilization of PAC services), in particular, 

it may not be ethical to randomize patients.  This is especially relevant when there can be a patient 

subgroup that will clearly benefit from formal nursing services, such as those provided through SNFs or 

HHC.  
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Given this background, and other advantages of using retrospective claims databases such as, 

‘real-world’ nature of the data and its corresponding ability to provide complete information on actual 

healthcare utilization, larger sample sizes, and lower costs; a retrospective cross-sectional analysis of 

inpatient hospitalizations was conducted to meet the objectives of this dissertation.  The contribution of 

well conducted retrospective research to health care decision-making is gaining acceptance (Berger, 

Mamdani, Atkins, & Johnson, 2009; Motheral et al., 2003; Motheral & Fairman, 1997). 

Because of the inherent concerns to internal validity, particularly with regards to selection bias 

and associated confounding, the method of sample selection, identification of potential confounders, 

measurement and operationalization of variables, and utilization of appropriate statistical methods, are 

key for valid retrospective analyses.  As they pertain to the proposed research, these steps are delineated 

in detail in the subsequent sections.     

 

3.3  Data Source  

 
 This study was conducted using the 2007-2008 Medicare Current Beneficiary Survey (MCBS) 

(CMS, 2011b).  MCBS, a limited dataset sponsored by CMS, is a longitudinal panel survey of a nationally-

representative sample of aged, and disabled, Medicare enrollees (i.e., enrolled in either Medicare Part A 

or Part B) residing in the community or long-term care facilities in the U.S. and Puerto Rico.  Each year the 

survey targets approximately 12,000 Medicare beneficiaries, and each beneficiary is surveyed three times 

a year (approximately every four months) for a maximum of four years.  MCBS is a multi-purpose survey 

that collects information on a Medicare enrollee’s health status, physical functioning, healthcare use and 

expenditures (inclusive of health services not covered by Medicare), health insurance coverage, and 

socioeconomic and demographic characteristics.  Healthcare utilization information covers inpatient, 

outpatient, physician office visits, home health, SNF, hospice, durable medical equipment and other 

medical services.  This research utilized claims data for these services to accurately identify ED visits, 

inpatient hospitalizations, PAC utilization, and prior healthcare utilization (CMS, 2011b).   
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 For sample selection within MCBS, a stratified area probability sampling design with three stages 

of participant selection is used.  The first stage consists of selecting 107 primary sampling units (PSUs) of 

metropolitan statistical areas and clusters of non-metropolitan counties.  The second stage consists of 

selecting ZIP code clusters from these PSUs.  In the third stage, beneficiaries for survey participation are 

selected from these ZIP code clusters.  The sample is stratified by age categories, and the disabled 

population (<65 years) and the oldest old (85 years and older) are oversampled (Adler, 1994; CMS, 

2011b).                   

 MCBS data are released in two parts: 1) Access to Care files; and 2) Cost and Use files.  The Cost 

and Use files are considered more complete than the Access to Care files in two essentially important 

ways (Eppig & Chulis, 1997).  First, the Access to Care files only contains the “always enrolled” 

beneficiaries for a specific year and excludes deaths, and persons entering into Medicare in that year.  In 

contrast, the Cost and Use files include these Medicare enrollees, giving a more inclusive definition of the 

Medicare population for a given year (i.e., “ever enrolled” Medicare beneficiaries).  Second, the Access to 

Care files only contains information on healthcare service utilization and expenditure for services that are 

covered by Medicare only.  Notably, the Cost and Use files give a more comprehensive representation of a 

Medicare beneficiary’s healthcare resource utilization and spending irrespective of whether these services 

are reimbursed by Medicare for a given year (Eppig & Chulis, 1997).  Because of this unique combination 

of data that enables the investigation of a broader range of research, the Cost and Use files were used in 

this analysis.   

 Prior to the release of MCBS data, beginning from the first step of data collection, MCBS 

undergoes a comprehensive process to ensure the quality of the data (CMS, 2011b).  The steps are briefly 

mentioned.  Data are collected through face-to-face interviews by trained interviewers using Computer 

Assisted Person Interviewing (CAPI).  To obtain the best possible healthcare utilization and expenditure 

data for Cost and Use files, for each survey participant, a careful reconciliation process of both survey 

reported events and healthcare events that are reimbursed by Medicare (using Medicare administrative 
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data) is conducted (CMS, 2011b; Eppig & Chulis, 1997).  In the community interview, to ensure the 

collection of all medical care utilization and their payment information, sample persons are provided with 

a calendar for record keeping of this information.  Furthermore, to ensure the accuracy of payment 

information to the greatest possible extent (i.e., payment source and amount) survey respondents were 

asked to keep Medicare and other insurance explanation of benefit forms, relevant bills and receipts, and 

prescriptions, which the interviewers utilized to complete the relevant information (Adler, 1994; CMS, 

2011b).  Prior to release, check of data accuracy and a complex imputation process for payment data is 

carried out.   

    

3.4  Identification of Study Sample 

 
The unit of analysis for this investigation was an individual inpatient hospitalization (hereafter 

referred to as “index hospitalizations”.  Index hospitalizations were identified from the Medicare claims 

data that supplement MCBS’ survey data.  It was possible for a single patient to contribute multiple index 

hospitalizations to the analysis.  Because of this, inclusion/exclusion criteria were applied at both the level 

of the patient, as well as the index hospitalization.  These selection criteria are delineated in section 3.4.1. 

 Because MCBS is structured as a rotating panel, it was first important to identify the panels that 

were relevant to the analysis.  This was because a pre-index period of one year was considered to identify 

a beneficiary’s prior healthcare utilization, an important control variable in the study.    

In MCBS, a single panel is followed for a maximum of four years with three interviews per sample 

person per year (a maximum of 12 interviews for a sample person).  At any one time in the survey there 

are four active panels with approximately 4000 active sample persons (from an initial panel of 

approximately 6400 beneficiaries).  Each year, when a new panel is introduced in the fall interview round 

(September-December), the oldest panel in the survey is retired after the completion of the summer 

interview round.  The rotating panels ensure the availability of a continued representative sample of 
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Medicare beneficiaries while accounting for new accretions, deaths, survey non-respondents, and 

termination of survey participation of a panel (CMS, 2011b).      

  Index hospitalizations were selected from the MCBS 2008 release of the Cost and Use files.  This 

MCBS sample was selected from Medicare beneficiaries enrolled as of January 01, 2007 (CMS, 2011b).  

However, healthcare utilization and survey Information was for the calendar year 2008.  The panels in the 

2008 MCBS survey are illustrated in Figure 3-1.   

 

Figure 3-1: The 2008 Medicare Current Beneficiary Survey (MCBS) panels  

Year 2005 2006 2007 2008 2009 

Interview round   43 44 45 46 47 48 49 50 51 52 53 54 55 

                            

Panel ‘05 (N=3328)                            

                            

Panel ‘06 (N=3745)                            

                            

Panel ‘07 (N=4026)                            

                            

Panel ‘08 (N=267)                            

                            

Panel ‘09 (N=357)                            

                            

Source: Adapted from information in the Medicare Current Beneficiary Survey 2008 Cost and Use file (CMS, 

2011b). 

   

 The ‘05, ‘06, and ‘07 panels consisted of persons enrolled in Medicare on January 01, 2007 that 

also had Medicare enrollment in 2008.  Index hospitalizations were identified from inpatient hospital 

event information from 2008.  Because healthcare utilization one year prior from the index hospitalization 

was an important control variable in this research, only the ‘05 and ‘06 panels were selected for study 

inclusion (i.e., ’07 panel was excluded).   
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3.4.1  Inclusion/exclusion criteria 

 
 Because an individual can contribute more than one index hospitalization to the analysis 

inclusion/exclusion criteria were applied at two levels to identify the study sample: 1) patient level; and 2) 

level of hospitalization.     

Inclusion criteria – patient level  

• Beneficiaries who were 65 year or older 

• Beneficiaries that reported ‘age ’ as the primary reason for Medicare enrollment 

Exclusion criteria – patient level 

• Patients with end-stage renal disease (ESRD) 

• Patients with metastatic cancers 

Inclusion criteria – hospitalization level 

• Continuously enrolled in Medicare Part A and Part B one year prior to the hospitalization and 30 days 

following discharge 

• Hospitalizations that occurred from community setting  

• Alive at 30 days post-discharge 

• Initial discharge destination following an acute care hospitalization is home, SNF, or HHC 

(identification of discharge setting is described later) 

Exclusion criteria – hospitalization level 

• Hospitalization within previous 30 days 

• Discharged to hospice care, short-term care hospital or another type of institution for inpatient care, 

intermediate care facility, federal healthcare facility, Medicare approved swing bed within same 

hospital, IRF, or psychiatric hospital  

• Discharged against medical advice 
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Justification for these inclusion/exclusion criteria are explained in the subsequent text.   First selection 

criteria applied at the patient level are described. 

 Because the focus of this research was on the elderly Medicare population, only hospitalizations 

of beneficiaries who were 65 years and older at the beginning of 2008 were included.  ‘Age’ as primary 

reason for Medicare enrollment was identified by a reported Medicare status of ‘aged, no ESRD’.  This 

was to ensure that beneficiaries that receive Medicare due to disabilities as the main reason were 

excluded.  Beneficiaries that become eligible to receive Medicare due to disabilities tend to be a distinct 

population with specific needs compared to elderly Americans that become eligible to receive Medicare 

upon reaching a certain age. 

In attempt to minimize repeat hospital encounters as a result of a patient’s pre-existing 

conditions (as opposed to revisits that result from substandard care at the inpatient or PAC settings), 

patients with ESRD (ICD-9 585.6) and metastatic cancers (ICD-9 196.x, 197.x, 198.x, 199.x) were excluded 

from the study sample.  The presence of these conditions was identified by assessing diagnosis 

information from all available claims (inpatient, outpatient, SNF, HHC, physician, hospice, durable medical 

equipment) during the 2007-2008 study period.   

Prior to applying the selection criteria to identify index hospitalizations, transfers were identified 

and collapsed to reflect a single inpatient admission.  A transfer was defined if the following two criteria 

were met: 1) discharge date of a hospitalization is the same as the admission date of the subsequent 

hospitalization; and 2) discharge status of the first hospitalization is either a short-term hospital, LTCH, or 

IRF, and/or the admission source in the subsequent hospitalization is an acute care hospital, or transfer 

from another healthcare facility.  When the transfers were collapsed, the resulting hospitalization 

retained the admission information from the first hospitalization and discharge information from the last 

hospitalization.  Once the transfers were collapsed, selection criteria were applied to identify index 

hospitalization.  Justification of these selection criteria at the level of the index hospitalization are 

described in the subsequent text.   
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Previous studies have indicated that prior healthcare utilization is a strong predictor of 

readmissions (Ashton & Wray, 1996; Bahadori & FitzGerald, 2007; Betihavas et al., 2011; Felker et al., 

2004; Krumholz et al., 2000; Steer et al., 2010).  As such, including a period assessing healthcare utilization 

prior to an index hospitalization was considered important for this study.  Previous healthcare utilization 

can also be a good indicator of the progression of a patient’s illness and their need for medical care.  This, 

among a number of other predictors (described later), can also influence the setting for PAC following 

hospital discharge.  Because patient characteristics have been shown to differ by the type of discharge 

care setting (Camberg et al., 1997; Kane et al., 1998; Neu & Harrison, 1988; Starrett et al., 1988; Steiner & 

Neu, 1993), it is particularly important for this research to adequately control for variables that contribute 

to the choice of PAC setting in the first place.  To adequately capture a beneficiary’s history of prior 

healthcare utilization, having a full year of Medicare Part A and Part B enrollment was considered 

important to prevent gaps in the utilization information.  This will also ensure a full spectrum of a 

beneficiary’s co-existing conditions to allow for adequate control for case-mix.  As such, an inpatient 

admission only qualified as an index hospitalization if there was continuous enrollment in Medicare Part A 

and Part B one year preceding the hospital admission, duration of the hospitalization, and 30 days 

subsequent to hospital discharge.  The latter criterion was important to ensure the availability of claims 

information to identify subsequent healthcare utilization, particularly readmissions and ED visits.  It is 

important to note that these selection criteria will only include Medicare beneficiaries enrolled in FFS 

Medicare because CMS (and therefore MCBS) does not collect claims data for those enrolled in Medicare 

Advantage programs (i.e., Medicare Part C).     

 An inpatient admission was only considered an index hospitalization if a Medicare beneficiary 

was admitted to the hospital from the community setting.  Although MCBS collects information on long-

term care facility residents that are representative of the entire Medicare population, only index hospital 

admissions that occurred among community dwelling beneficiaries were included for the study.  Long-

term care residents like beneficiaries that receive Medicare due to disabilities are a distinct population, 
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and may be more likely to be discharged back to the facility.  Because, in such instances, the post-

discharge care setting is likely to be pre-determined, beneficiaries hospitalized from long-term care 

settings were excluded.  Those admitted from hospice settings were also not considered as index 

hospitalization.   

In more selection criteria, an inpatient admission was considered an index hospitalization only if 

the patient was alive at discharge, and remained alive for a minimum of 30 days following discharge 

unless the event of interest (i.e., readmission or ED visits) occurred first.   The reported survey end date 

was also required to be beyond 30 days of discharge.  This was to ensure complete follow-up during the 

defined time period for outcome identification.   Furthermore, identification as an index hospitalization 

was only if the patient was without an inpatient admission in the prior 30 days (i.e., a clean period).  This 

ensured that the inpatient admission which is to be selected as an index hospitalization is not in fact a 

readmission related to a previous hospitalization.   

As previously mentioned, only three main post-discharge care settings were evaluated in this 

research (i.e., discharge to personal home, home with HHC, and SNF).  As such, inclusion for the study 

required initial discharge status to be one of these three settings following discharge from an acute care 

hospital.  Patients discharged to settings that suggested a continuation of care in inpatient settings were 

excluded.  These included discharges to short-term care hospital, another type of institution for inpatient 

care, Medicare approved swing bed within same hospital, IRF, or psychiatric hospital.  Patients discharged 

to hospice care were also excluded.  This is because hospice care is generally considered to be end of life 

care, and because decisions regarding hospital admissions among these patients can be different from 

those that do not receive these services.  Finally, patients who were discharged against medical advice 

were excluded because these patients maybe more prone to non-compliance with healthcare provider 

recommendations and be reflective of a group of patients that are less amenable to interventions by care 

providers.    
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3.4.2  Inclusion criteria for subgroup selection 

 
 The analysis was also conducted among a subgroup of hospitalizations of the seven priority 

conditions identified for implementation in the HRRP (“Medicare Program,” 2011 ).  These conditions 

were: HF; pneumonia; AMI; COPD; CABG; PTCA; and other vascular procedures.  The international 

classification of disease, 9
th

 revision (ICD-9) codes used to identify these conditions are presented in 

Appendix A.  The primary diagnosis in the index hospitalization was considered for conditions for which 

only diagnosis codes were used in their identification (e.g., HF, pneumonia, AMI, COPD).  In the instance 

where conditions were identified through procedure codes, all six procedure code information in the 

index hospitalization was considered (e.g., CABG, PTCA, and other vascular procedures).    

 

3.5  Study variables 

 
 The majority of the variables were extracted/created from the MCBS claims files, and survey-

reported information.  The variables that were used in the analysis are described in the subsequent 

sections.    

 

3.5.1  Independent Variable 

 
 The primary independent variable was post-discharge care setting following discharge from an 

acute care hospitalization.  Three discharge settings were evaluated: 1) home/self-care; 2) home with 

HHC; and 3) SNF.  Categorization into a particular discharge setting required fulfilling the following 

criteria.      

Information provided in the 2008 MCBS was utilized to identify discharge to one of three post-

discharge care settings.  Because not all the different types of patient discharge status can be verified, an 

initial reported discharge status other than home (self-care), HHC, and SNF in the inpatient claims were 
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excluded.  Each of the identified index hospitalizations were then linked to SNF and HHC claims within 30 

days of hospital discharge, to evaluate the accuracy of the reported discharge status in the Medicare 

inpatient claims.  Presence of hospice claims within this time period was also assessed to ensure that 

discharges to hospice care were not included.   

In addition to claims information, the MDS/OASIS timeline dataset provided by MCBS was 

utilized to further verify HHC and SNF utilization.  The MDS/OASIS timeline identified a patient’s inpatient, 

HHC, and SNF utilization over the course of the year.  In this timeline HHC and SNF utilization were 

identified by the presence of outcome assessment information set (OASIS) and minimum dataset (MDS) 

assessments, respectively.  MDS is a standardized screening tool administered to residents in 

Medicare/Medicaid certified nursing homes or SNFs.  OASIS is administered for Medicare/Medicaid 

beneficiaries receiving skilled nursing services through a certified home health agency.  Thus, discharge to 

a SNF was verified by the presence of SNF claims or an affirmative MDS assessment in the MDS/OASIS 

timeline.  Similarly, discharge to HHC was verified by the presence of HHC claims or an affirmative OASIS 

assessment in the MDS/OASIS timeline.  Additionally, the following specific criteria were applied to verify 

and categorize as a discharge to home, HHC, or SNF. 

1) SNF:  Discharge to a SNF following hospitalization was verified by the presence of a SNF claim within 

14 days of hospital discharge and/or the presence of an MDS assessment within 14 days of hospital 

discharge, and no other claims for any other type of PAC utilization prior to receiving SNF care.  If 

both the event of interest and presence of SNF were identified within 14 days, classification as 

discharge to a SNF was made only if SNF utilization was identified prior to the event of interest.     

2) HHC: Discharge to HHC were identified by the presence of HHC claims and/or presence of OASIS 

assessment within 14 days of hospital discharge, or evidence of an episode of HHC that started prior 

to hospitalization continuing at least 7 days post-discharge, and no other claims for any other type of 

PAC utilization prior to receiving HHC.  If both the event of interest and presence of HHC were 
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identified within 14 days, classification as discharge to HHC was made only if HHC utilization was 

identified prior to the event of interest.   

3) Home/Self-care: Discharge to a home setting was identified by the absence of SNF, HHC, or hospice 

claims and the absence of MDS/OASIS assessment within 14 days of hospital.   

If both SNF and HHC claims were present within 30 days of discharge, in addition to due 

consideration of the above criteria, first occurrence as well as duration of home health/SNF care was 

considered prior to classification.  It must be noted that multiple types of PAC utilization was not reflected 

in this independent variable.  This research assumed that the outcome is predominantly influenced by the 

initial type of PAC care received.   

 Because MCBS additionally collects non-Medicare reimbursed healthcare utilization, the 

presence of non-Medicare reimbursed SNF and HHC were also assessed to evaluate their influence on the 

claims and MDS/OASIS verified post-discharge care setting.   

 

3.5.2  Dependent Variables   

 
Two binary dependent variables were evaluated.  The first was all-cause hospital readmissions 

that occurred within 30 days of discharge from an acute care hospitalization.  The second dependent 

variable was a combination of visits to either the ED or inpatient admission due to any reason, within 30 

days of discharge from an acute care hospitalization.  For the latter, ED visits that resulted in an inpatient 

admission was considered as a single hospital revisit.  In the instance that a patient will have multiple 

inpatient hospitalizations and ED visits within this time period of 30 days, only the first hospital encounter 

was considered to identify the presence/absence of a hospital readmission or revisit.    

A 30-day time period was used because of its wide utilization in the readmission literature and in 

readmission standards utilized by the NQF, CMS, and the HHRP (CMS, 2011; National Quality Forum 

[NQF], 2013; NQF, 2008a; NQF, 2008b).  Furthermore, this time frame has been considered to be 

sufficient to associate readmissions with the quality of inpatient and PAC received, to capture many of the 
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readmissions, and to assess the impact of many of the interventions aimed at reducing preventable 

readmissions (“Medicare Program,” 2011 ). 

Although all-cause readmissions and revisits were considered as the main dependent variable, it 

was recognized that some of these events could have occurred due to accidents/injuries, and some 

readmissions could have been elective admissions.  It is reasonable to consider these subsequent hospital 

encounters as being unrelated to the quality of inpatient and PAC received.  As such, sensitivity analyses 

on a re-categorized dependent variable, that indicated not having had the outcome of interest in such 

instances, were also carried out.  Section 3.6.3 provides more information on the identification and 

exclusion of these events.   

 

 
3.5.3  Control Variables 

 
 To restate the study’s theoretical framework (section 2.7.1), the type of post-discharge care 

setting that patients are discharged to, is a choice made by the patient’s healthcare providers with input 

from the patients themselves, yet dependent on the overall assessment of several different factors.  

These factors include: the provider’s assessment of a patient’s healthcare needs based on illness severity; 

recovery from the acute care episode; patient disability, frailty, and functional ability; patient’s input 

regarding ability to care for themselves or availability and access to obtain support; external incentives 

that determine discharge and type of discharge care setting (e.g., financial incentives, hospital networks, 

and availability of PAC services in local areas).  The expectation however, is that patients will be 

discharged to the appropriate type of post-discharge care setting that will bring about the best possible 

outcomes for them.  Because all these factors can contribute to the choice of post-discharge care setting 

it is important that these variables are to the best extent possible controlled for in the analysis.  The 

variables that will be explored for inclusion in the regression models are presented in Table 3.1 (next 

page).  These are presented by the main components of the Andersen Behavioral Model for Health 
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Services Use (Andersen, 1995; Andersen & Newman, 1973), which was used as the framework to identify 

the control variables.  The identification of these variables though the Andersen Model is illustrated in 

Figure 3-2 (see page 105). 

 

Table 3.1: Control variable to be considered for the analysis 

Variable Variable Type 

Predisposing Variables – Demographic  

Age  Continuous; in years 

Sex Binary; male vs. female 

Marital status Binary; married/partner vs. 

single/divorced/widowed/never married 

Prior healthcare utilization  

     Number of inpatient admissions one year  

     prior to index hospitalization 

Continuous 

     Number of ED visits one year prior to index  

     hospitalization 

Continuous 

     Presence of institutional events (i.e.,  

     mainly SNFs) one year prior to index  

     hospitalization 

Binary; yes vs. no 

     Presence of HHC events one year prior to  

     index hospitalization 

Binary; yes vs. no 

Predisposing Variables – Social Structure  

Race Categorical; white, black, other  

Education Binary; high school graduate or less, more than high 

school  

Living arrangement  Binary; lives alone vs. does not live alone 

Enabling Variables – family resources  

Income Binary; ≤25,000, >$25,000 

Enabling Variables – community resources  

Urban/rural location Binary; metro vs. non-metro 

Need Variables – perceived illness  

General health compared to others same age Binary; excellent/very good/good vs. fair/poor  

Functional status – activities of daily living 

(ADL) 

Continuous (0-6); ‘0’ indicates independence in all six 

ADLs and 6 indicates dependence in all ADLs (i.e., 

bathing, dressing, going to toilet, getting in and out of 

chair/bed, eating, and continence) 

Functional status – instrumental activities of 

daily living (IADL) 

Binary; no IADL, ≥1 IADL (i.e., telephone use, meal 

preparation, housework, shopping, managing finances)  

Need variables – established illness  

Weighted Charlson comorbidity index Continuous 

Individual conditions  

   Cancer Binary, condition present vs. condition absent 

   Renal disease Binary, condition present vs. condition absent  
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Figure 3-2: Application of the Andersen Behavioral Model for Health Services Use to the research 
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Figure 3-2: Application of the Andersen Behavioral Model for Health Services Use to the Research (Continued) 
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Some of these variables are better served by a description on how they were created.   Age was 

defined as the age at index hospitalization.  This meant that a person that contributed two or more index 

hospitalization can have two different ages recorded within a year of one another.    

Prior healthcare utilization (i.e., inpatient admissions, ED visits, institutional events (mainly SNFs), 

HHC events) consisted of determining these events one year prior to the index hospitalization.  These 

were predominantly determined through claims information, and additionally through the event level file 

for institutional events.  The race variable was created using two variables available in the MCBS survey 

information.  Categorization of white or black race was if there was conformity in both of the race 

variables.  Any discrepancies, along with all other races reported were categorized as ‘other’.   

General health status, activities of daily living (ADL) and instrumental activities of daily living 

(IADL) variables were constructed in the following manner.  The survey that collected this information was 

carried out during the fall interview round (September through December).  In this regard, information 

provided in the 2008 MCBS is not relevant for the index hospitalizations that occurred prior to September 

of 2008 (i.e., information is collected after the index hospitalization).  To ensure that these variables 

contain information prior to the identified index hospitalization, the hospitalizations were first identified 

as occurring prior to, or after the 2008 fall interview round.   For all index hospitalizations identified as 

those that occurred subsequent to the 2008 fall interview the information from the 2008 MCBS was 

retained.  For index hospitalization identified as those that occurred prior to the 2008 fall interview round, 

the information from the 2007 MCBS was obtained.  Once this was done there were a few instances (<1% 

of all index hospitalization) where this information was missing.  In order to retain the maximum number 

of observation in the multivariate model, the following steps were carried out: 1) the missing information 

was populated from the year it was available (if at all); and 2) missing information was populated if 

available in a facility interview for the relevant time period.  It must be noted that information collected 

from facility settings were not collected from the MCBS sample person him/herself, but from a proxy 

respondent (e.g., primary care provider, nurse).  Also, the ADL information in the facility interviews were 
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collected on a five point degree of dependence scale (independent in activity, and 4 items for the degree 

of dependency), whereas in the community interview they were collected as a dichotomous response.  In 

this instance, non-dependence in an ADL was considered to be complete independence in that activity.  

Because these procedures were carried out in less than one percent of all index hospitalizations, it was 

not expected that this will have a major impact on the findings.   

 The ADL variable was created by considering six survey items.  Five of these items recorded any 

difficulty in a particular ADL.  These were: 1) bathing/showering; 2) dressing; 3) using the toilet; 4) getting 

in/out of bed/chair; and 5) eating.  Three response options for dependence in an ADL were possible – yes, 

no, and doesn’t do.  A response of ‘yes’ was considered as the presence of a dependency in an ADL.  A 

response of doesn’t do combined with an affirmative response to a follow-up item of whether they ‘do 

not engage in these activities because of health problems’ were also considered as dependence in that 

ADL.  Correspondingly, a response of ‘no’ to any difficulty in a particular ADL or a combination of ‘doesn’t 

do’ with an negative (i.e., ‘no’) response to whether an individual does not engage in the activity due to 

health problems, were considered as being independently able to engage in that particular ADL.  

Response as don’t know for a particular ADL was less than one percent of all index hospitalizations.  The 

sixth item was on continence, and information for this ADL was obtained from the survey item ‘how often 

lost urine control in last 12 months’.  Response options were don’t know, more than once a week, about 

once a week, 2-3 times a month, about once a month, every 2-3 months, 1-2 times a year, not at all, 

dialysis or catheterized.  The response ‘not at all’ was considered to indicate independence in continence 

while all other response types were considered to reflect dependence in this ADL.    

In a few instances survey persons refused to respond to one or two ADLs although they 

responded to others.  In such instances a refusal to answer was considered as some degree of difficulty 

with that particular activity and categorized as such.  Once again, such instances were less than one 

percent of all index hospitalizations.  Once the dependence and non-dependence for each of these ADLs 
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were identified, a single variable was created which identified the number of ADLs for each person 

corresponding to their index hospitalization.  This was included as a continuous variable in the model. 

    The method described above was also carried out to identify dependence in IADLs.  Compared 

to the eight items in Lawton and Brody’ IADL scale (Lawton & Brody, 1969), information on only five IADL 

items was collected in the MCBS.  These were any difficulty with: 1) managing money; 2) doing light 

housework; 3) using telephone; 4) preparing meals; 5) shopping for personal items.  Although information 

on any difficulty doing heavy housework was also collected, only the ‘light housework’ item was included 

because this would indicate a greater degree of dependency, and this information will be contained 

within the ‘heavy housework’ item as well.  Once the dependency or non-dependency with each of the 

IADLs were identified, a dichotomous variables was created for inclusion in the multivariate analysis, that 

identified non-dependency in all IADLs, and having a dependency in at least one IADL.   

 The Charlson comorbidity index was created by considering all information from all available 

claims data (i.e., inpatient, outpatient, SNF, HHC, physician, hospice, durable medical equipment) one 

year prior to the date of the index hospitalization, during the hospitalization and 30 days following 

hospital discharge (Deyo, Cherkin, & Ciol, 1992; Preen, Holman, Spilsbury, Semmens, & Brameld, 2006; 

Quan et al., 2005).  Although Medicare beneficiaries with ESRD and metastatic cancers were excluded 

patients with renal disease and cancers may still be more likely to have hospital inpatient and outpatient 

encounters, and these were additionally controlled for in the multivariate models.  Renal disease were 

identified by ICD-9 codes:  403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 582.x, 

583.0, 583.1, 583.2, 583.4, 583.6, 583.7, 585.x, 586.x, 588.0, V42.0, V45.1x, V56.x; and cancers were 

identified by ICD-9 codes:  140.xx-165.xx, 170.xx-172.xx, 174.xx-176.xx, 179-195.xx, 200.xx-208.xx, 238.6 

(Quan et al., 2005).   To avoid double counting in the Charlson index, the comorbidity index included in 

the multivariate analyses excluded the weighted information for these comorbidities.      
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3.6  Statistical Analysis 

 
3.6.1  Exploratory and Descriptive Analysis 

 
 In each step of the development of the analytical data file, accuracy of the data was assessed by 

some random manual checks.  The data was evaluated for missing values and, where appropriate and 

feasible missing information was imputed.  A description of how this was done for several variables (e.g., 

race, ADLs, and IADLs) was described in detail under Section 3.5.3.   

 Each variable listed in Table 3.1 was assessed as follows.  Continuous variables were assessed for 

normality.  No transformations were carried out.  Proportions in each category of the categorical variables 

were assessed against the outcome (i.e., readmissions and revisits), and by the three post-discharge care 

settings.  Based on this assessment, the original variable information in categories with small cell counts 

were collapsed to create those presented in Table 3.1, which were the final variables included in the 

multivariate models.  Correlations between all variables were assessed for collinearity.  

  Descriptive statistics were reported for the overall sample as well as by the three post-discharge 

care settings for all relevant variables.  Means and standard deviations were reported for continuous 

variables and percentages were reported for categorical variables.    

 

3.6.2  Inferential Analysis  

 
 Both main outcomes were binary.  As such, logistic regression analyses were carried out with the 

due considerations given to the complex nature of the MCBS survey data that are described in the 

following text. 

 MCBS has a stratified area probability sampling design with three stages of participant selection.  

A more detailed description of the survey has been provided in Section 3.3.  Statistical analysis using such 

complex survey data requires the survey design and weighting be explicitly recognized in the estimation 
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process to avoid variance estimates from being underestimated (Heeringa, West, & Berglund, 2010).   An 

adverse consequence of underestimating variances can be biased estimates of test statistics resulting in 

narrower confidence intervals, and a result of this can be potentially erroneously significant study 

findings.  Design features that are common in complex surveys, such as: 1) stratification; 2) clustering due 

to multi-stage sampling; and 3) disproportionate samples, all of which are relevant to MCBS, can affect 

standard errors relative to a simple random sampling design (Heeringa et al., 2010).  The final effect on 

the standard errors is a combination of the influences of these design features (Heeringa et al., 2010).  

Stratification is carried out to gain statistical and administrative efficiency.  The increased precision in the 

sample estimate due to stratification is manifested through a decrease in standard errors relative to a 

simple random sample (Heeringa et al., 2010).  In contrast, clustering and weighting required due to 

disproportionate samples, is associated with increased standard errors due to relative loss in precision 

and unequal weighting, respectively, compared to a simple random sample (Heeringa et al., 2010).  All 

analyses were conducted by specifying the survey design features and weighting in the variance 

estimation.   

Weighting was important to obtain estimates that were representative of the survey population.  

Weights, in addition to information on sample selection, also incorporate adjustment for survey non-

response and stratification.  In addition, using weights provide a safeguard against model misspecification 

when an important variable or variable interaction that is associated with the weight values is excluded 

(Heeringa et al., 2010). 

To incorporate the design features in variance estimation, analyses were carried out using 

resampling variance estimation procedures; specifically the non-parametric method of Jackknife repeated 

replication (JRR) technique was used.  The MCBS cross-sectional full samples weights and the 100 

replicate weights were used in this estimation procedure.  Resampling variance estimation procedures 

thus does not require the stratum and cluster information to be made available for complex survey 
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design, and is therefore a more stringent method of safeguarding a survey participants’ privacy when data 

distributors wish to withhold this information from the analyst (Heeringa et al., 2010).   

Another important consideration in this research was that it targeted a subpopulation of the 

entire survey sample; that of elderly Medicare beneficiaries with inpatient hospital events.  Unconditional 

subclass analyses were conducted, where the subpopulation was identified by an indicator variable within 

the entire survey sample, instead of restricting the dataset only to the subpopulation of interest.  This 

specified the subpopulation as a random variable that can vary in size between the design strata and 

clusters (Heeringa et al., 2010).  It was important to incorporate this added source of variability to protect 

against the underestimation of the standard errors that may arise if this source of variability was not 

ignored (Heeringa et al., 2010). 

In addition to the above, another important consideration was the non-independence of 

observations because a single individual can contribute more than one index hospitalization to the 

analysis.  Not all of these complexities mentioned above were able to be addressed at the same time in a 

single model.  Because of this, for each hypothesis two models were conducted, each addressing a 

different set of issues to the best extent possible, because a single model was not able to address all the 

complexity in one model.  These two models are described below. 

1) The patient-level model 

As the name indicates, this model only incorporated a single index hospitalization from each 

individual that contributed index hospitalizations to the analytic sample.  These consisted of the first 

index hospitalization contributed by each individual selected for the study.  This model was analyzed 

as an unconditional subclass, and incorporated all design features of the complex survey design.  

Incorporating all of the survey design features precluded the inclusion of all index hospitalizations by 

those selected for study participation.  Therefore, the following model was also conducted to 

compare the findings with the patient level model. 

2) The hospitalization-level model 
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The hospital level model included all index hospitalizations contributed by each individual selected to 

the study.  This was conducted as an unweighted model.  Robust standard errors were estimated to 

account for the dependence in observations.     

  

 The general form for the multivariate logistic regression is given below: 

log ���� �	
�������/	
����   � ln � ����
������� �  � �  ��. ��  �  �!. "#$ �  �%. &%  �  … �  �( . &(  

 

Where  

π (x) = probability of readmissions/revisit 

α = intercept 

HHC = first category of the independent variable post-discharge care setting (reference – home) 

SNF = second category of the independent variable post-discharge care setting (reference –  

           home) 

Xk = k
th

 independent variable 

β1 = slope corresponding to the first category of the independent variable (HHC) 

β2 = slope corresponding to the second category of the independent variable (SNF) 

βx = slope corresponding to the k
th

 independent variable 

 

Goodness of fit evaluations were carried out for the selected approaches.  Significance for all 

hypotheses will be assessed using two-tailed tests with a priori determined level of alpha 0.05. 

Data management was carried out using SAS 9.2 (SAS Institute, Cary, NC).  Statistical analyses 

were conducted utilizing STATA/IC 12.1 (STATA, College Station, TX).   

This study was approved by The University of Arizona Institutional Review Board under protocol 

number 12-0299.   
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3.6.3  Sensitivity Analysis 

 
 As previously discussed under section 3.5.2, some of the 30-day readmissions and revisit events 

could have occurred due to accidents/injuries, and some readmissions could have been elective 

admissions.  In a research where the main objective was to evaluate if readmissions and revisits differed 

by the type of post-discharge care setting it is important to identify these instances, and determine the 

sensitivity of the results when these are re-categorized to not having had the outcome of interest.  This is 

important for the following reason.  It is reasonable to consider, that particularly elective admissions are 

predetermined.  As such, subsequent hospitalizations can be considered as a continuation of care from 

the previous admission.  Therefore, it is possible to justify that these are likely not reflective of 

substandard care during the initial hospitalization or by the type of post-discharge care they receive.  

Continued consideration of them as valid outcomes in this analysis will make an implicit assumption that 

these readmissions and revisits are related to the type of post-discharge care they receive.  Such an 

assumption can have implications for this analysis, particularly if many of these types of readmissions and 

revisits occur more in one post-discharge care setting compared to another.  In attempt to address this 

issue, the following decision rules were applied to identify elective admissions and those that can be 

reasonably expected to result due to injuries.  Decision rules for readmissions and ED visits were 

considered separately. 

Readmissions 

1) Hospitalizations with a reported admission type of ‘elective’ was determined as such and re-

categorized as not having the outcome of interest if :  

a. The elective admission is related to a condition that has been identified in the index 

hospitalization (all 1 through 9 diagnoses codes were considered) and/or presence of 

procedures in the elective (re)admission that treats the condition in the index hospitalization 

or 

b. Rehabilitation directly following hospital discharge 
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An exception to the above was made if an ED visit occurred directly prior to the elective 

admission 

2) For hospitalizations with a reported admission type ‘emergency’ or ‘urgent’, these did not qualify as a 

readmission if it is clear that the admission was due to an injury/accident.  However, once again 

several exceptions were applied when the injury can potentially be linked to a condition that was 

reported in the index hospitalization.  Some examples included: 

a. Fractures that resulted in individuals when a diagnosis of osteosrthritis and/or osteoporosis 

were reported in their index hospitalization 

b. Injury following the symptom of dizziness reported in their index hospitalization 

ED visits (revisit outcome) 

ED visits did not qualify as a revisit if: 

1) ED visit occurred as a result of accidents such as falls/motor traffic accidents  

2) ED visit had a primary diagnosis of sprains, allergies, contusion of different areas of the body, and 

back problems  

The exceptions described under the second point for readmissions above were also applied to ED 

visits.   
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CHAPTER 4 

RESULTS 

 
4.1  Sample Selection  

 
 Figures 4.1 and 4.2 illustrate the process carried out to identify the analytic sample, including the 

selection criteria applied to individual Medicare beneficiaries, and the selection criteria applied to 

inpatient admissions to identify index hospitalizations.  At each step of the selection process, both the 

unweighted and weighted Medicare beneficiaries, and weighted beneficiaries as a percentage of the 2008 

ever enrolled Medicare population are provided.  The final sample consisted of 670 Medicare 

beneficiaries (weighted=2,293,629) which was 4.9 percent of the 2008 Medicare population.  These 670 

Medicare beneficiaries contributed 821 index hospitalizations to the readmissions analyses, and 822 index 

hospitalizations to the revisit analyses.  This difference of one index hospitalization occurred as a result of 

an individual who died following admission to the ED on the thirtieth day following the index 

hospitalization.  Thus, this qualified for the revisit sample, but not the readmission sample; to qualify for 

the latter, the individual had to be alive for a minimum of 30 days following hospital discharge.   

 Given the aforementioned, descriptive statistics are only presented for the readmission sample.  

Characteristics of the additional index hospitalization are presented as a note under each relevant 

Table/Figure.  Furthermore, in the revisit sample, there was a single instance where the post-discharge 

care setting was different from the readmission sample.  This occurred due to the criteria defined to 

identify the post-discharge care setting.  Specifically, because an ED visit occurred from home discharge 

prior to receiving HHC a few days later, where HHC was the discharge setting for the readmissions sample.  

Once again due to only a single difference, separate tables have not been provided for the readmission 

and revisit sample, and instead patient characteristics of this single index hospitalization is presented as a 

note under the relevant Figure/Table.  
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Figure 4-1: Sample selection patient flow in

* Selection criteria were applied to hospitalizations among these Medicare beneficiaries, to identify index 

hospitalizations.  The process is described in Figure 4-2.   

# Medicare beneficiaries  (2008 MCBS sample)

N = 11,723 (weighted=46,048,125)

# Medicare beneficiaries with acute care hospitalization 
in 2008 (i.e., presence of inpatient claims)

N = 2,034 (weighted=7,171,725; 15.6%) 

# Medicare beneficaires in both 2007 and 2008 MCBS

N = 1,260 (weighted=4,180,148; 9.1%) 

# Medicare beneficairies with Medicare status of               
'aged, no ESRD'

N = 1,055 (weighted=3,476,799; 7.6%)

# Medicare beneficiaries 65 years and older

N = 1,054 (weighted=3,472,230; 7.5%)

# Medicare beneficiaries that were community 
dwelling throughout or in part of 2008 

N = 919 (weighted=3,148,584; 6.8%)

# Medicare beneficiaries without ICD-9 code for ESRD 
and metastatic carcinoma*

N = 849 (weighted=2,902,596; 6.3%)  

# Medicare beneficiaries in analytic sample 

N = 670 (weighted=2,293,629; 4.9%) 

Medicare beneficiaries excluded following the 
application of inclusion/exclusion criteria for 

index hospitalizations  (Figure 4-2)

Medicare beneficiarires excluded  from 
multivariate model due to missing information in 

some variables

Medicare beneficiaries that resided in facility 
settings throughout 2008 were excluded
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Figure 4-2: Application of selection criteria to identify index hospitalizations

 

# Medicare beneficiaries qualified to provide index hospitalizations 

N = 849 ( weighted=2,902,596; 6.3%)

# of hospital admissions from Medicare beneficiaries qualified to  
provide index hospitalizations

N = 1,421 

# of hospitalizations after transfers were collapsed

N = 1,324

# of hospitalizations with a 30-day clean period

N = 1,072  (835 Medicare beneficiaries)  (weighted=2,853,838; 6.2%) 

# of hospitalizations with discharge date on or before Dec 01, 2008

N = 980 (781 Medicare beneficiaries) (weighted=2,656,418; 5.8%)

# of hospitalizations where patient was alive at discharge

N = 947 (757 Medicare beneficiaries) (weighted=2,571,512; 5.6%)

# hospitalizations with continous enrollment in Medicare Part A and B

N = 904 (722 Medicare beneficiaries)  (weighted=2,455,542; 5.3%)

# hospitalizations that resulted from community settings

N = 868 (706 Medicare beneficiaries) (weighted=2,407,259; 5.2%)

Continued on next page

Excluded hospitalizations  that resulted from facility settings

Excluded hospitalizations without continuous enrollment in 
Medicare Part A and B one year prior to hospitalization and 

30 days after discharge

Excluded hospitalizations  with in-hospital mortality

Excluded hospitalizations with discharge date after Dec 01, 
2008 due to inadequate follow-up to assess readmissions

Transfers identified and collapsed to reflect single 
hospitalizations†
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†Criteria used to identify transfers were:  

1) Admission date of the second hospitalization is the same as the discharge date of the first 

hospitalization AND 

2) Discharge status of the first hospitalization was either to a short-term hospital, long-term care 

hospital, or inpatient rehabilitation facility AND/OR admission source of the second hospitalization 

was from an acute care hospital, or transfer from another healthcare facility. 

The combinations were: discharge to an inpatient rehabilitation facility and admitted from acute care 

hospital (18); discharge to short-term hospital and admitted from acute care hospital (18); discharge to an 

inpatient rehabilitation facility and admission source of physician referral (10); discharge to short-term 

hospital and admission source of physician referral (10); discharge to long-term care hospital and 

admitted from acute care hospital (6); discharge to a skilled nursing facility and admitted from acute care 

hospital (5); discharge to an inpatient rehabilitation facility and unreported admission source (3); 

discharge to short-term hospital and admitted from another healthcare facility (2); discharge to long-term 

care hospital and admission source as physician referral (2); discharge to short-term hospital and 

admitted from the emergency department (2); discharge to inpatient rehabilitation facility and admitted 

from another healthcare facility (1); discharge to home and admitted from an acute care hospital (1); and 

a combination of these where a single episode of hospital care consisted of more than a single transfer 

(8).  
‡
Unless readmission/revisit occurred prior to, or on day of death.  

 

 

Continued from previous page

# hospitalizations available for study selection based on care setting following 
hospital discharge

N = 860 (861 revisits) (700 Medicare beneficiaries) (weighted=2,390,132; 5.2%)  

# hospitalization identified as index hospitalizations  

N = 831 (832 revisits) (677 Medicare beneficiaries) (weighted=2,313,562; 5.0%) 

# hospitalizations included in multivariate model

N=821 (822 revisits) (670 Medicare beneficiaries) (weighted=2,293,629; 4.9%)

Excluded from the multivariate model due to missing values in 
some variables

Excluded hospitalizations that resulted in a discharge to  a 
setting other than home, HHC, or SNF

Other exclusions due to:

1) death prior to 30 day post-discharge‡ (6)

2) survey discontinuation prior to 30-day post-discharge‡ (0)

3) hospitalization that occurred from a hospice setting (2)
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4.2 Identification and Verification of Independent Variable   

 
Prior to presenting the descriptive statistics of the sample, information regarding the 

identification and verification of the independent variable is presented.  Figure 4-3 illustrates the 

discharge status as originally reported in the Medicare inpatient claims, and the discharge status verified 

according to the criteria described in section 3.5.1.     

 

Figure 4-3: Discharge status as originally reported in inpatient claims and discharge status following 

verification (N=821) 

 
Note 1: Revisit sample – In one instance, discharge to home in the inpatient claims was retained although 

this was reclassified to HHC in the readmissions sample  

Note 2: Additional index hospitalization in revisit sample – reported post-discharge care setting in 

inpatient claims of home, was reclassified to HHC following verification. 

 

 

SNF classification remained largely unchanged with 14–15 percent of all index hospitalizations 

discharged to a SNF before and after verification.  However, there was more than a two percentage point 

change in reported discharges between HHC and home.  Following application of the verification criteria, 

reclassification to HHC increased, and correspondingly reclassification to home (self-care) decreased by 

more than two percent, compared to the original reported discharge status of home with and without 

HHC, respectively. 

60.1%

62.7%

25.0%

22.7%

15.0%

14.6%

0% 20% 40% 60% 80% 100%

Following verification 

Reported in inpatient claims

Home Home healthcare (HHC) Skilled nursing facility (SNF)
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A more detailed assessment revealed that in 89.5 percent (743/821) of hospitalizations in the 

readmissions sample, the original discharge destination was retained following verification (this was 89.4 

percent in the revisits sample (743/822)).  Figure 4-4 illustrates the reclassifications following verification.  

The greatest number of reclassifications occurred from home to HHC and vice versa.  Other types of 

reclassifications were minimal. 

Figure 4-4: Reclassification of discharge status following verification 

 

HHC = Home healthcare; SNF = skilled nursing facility 

‡ Of 51 hospitalizations with reported discharge status of home that were reclassified to HHC, 49 had 

valid HHC claims identified as: 1) those having a hospitalization during an episode of HHC, with episode 

continuing for at least seven days post-discharge; or 2) presence of HHC claims within 14 days of 

discharge and no readmission prior to the start of HHC episode.  In two instances HHC claims were not 

available, but were identified through the presence of OASIS assessment.  

† Of two instances where reported discharge status of home was reclassified to SNF, one was due to the 

presence of SNF claim immediately following discharge, and the second was due to the presence of MDS 

assessment indicating SNF 5 days following discharge. 

¦ Of 30 hospitalizations that were reclassified from HHC to home, 25 lacked valid HHC claims or OASIS 

assessment.  In three instances where there were HHC claims, the HHC start date and end date was the 

same (i.e., one day of HHC was not considered a valid reason for keeping the code of HHC).   In two 

instances, readmission occurred before the HHC start date. 

¶ Of two instances where reported discharge status of HHC was reclassified SNF, one was due to the 

presence of SNF claim within 7 days of discharge with no HHC claims or OASIS assessment, and the second 

was due to the presence of a SNF claim a day following HHC start date (within 3 days of discharge).   

* In a single instance an original discharge to SNF was reclassified to home due to a lack of SNF/HHC 

claims or MDS/OASIS following discharge. 

Note 1: In the revisit sample in one instance, discharge to home in the inpatient claims was retained 

although this was reclassified to HHC in the readmissions sample  

Note 2: additional index hospitalization in revisit sample – reported post-discharge care setting in 

inpatient claims of home was reclassified to HHC following verification. 

0.1%

0.2%

3.7%

0.2%

6.2%

89.5%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

SNF reclassified to home*

HHC reclassified to SNF¶

HHC reclassified to home¦

Home reclassified to SNF†

Home reclassified to HHCⱡ

No reclassification
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   Figure 4-5 illustrates the proportion that retained the original reported discharge status in 

inpatient claims following verification.   

Figure 4-5: Proportion that did not require reclassification by the reported discharge status

 

Note 1: In the revisit sample in one instance, discharge to home in the inpatient claims was retained 

although this was reclassified to HHC in the readmissions sample  

Note 2: additional index hospitalization in revisit sample – reported post-discharge care setting in 

inpatient claims of home was reclassified to HHC following verification. 

 

 

Discharge to SNF as reported in inpatient claims were very accurate as verified through SNF 

claims and MDS assessment.  Conformity with the original reporting of both home and HHC was less than 

90 percent with the lowest indicated for HHC.   An assessment for the presence of non-Medicare 

reimbursed services had minimal impact on this verified post-discharge care classification.   

Figure 4-6 presents the contribution of index hospitalizations by the sample Medicare 

beneficiaries.   The majority (>80%) of the sample of index hospitalizations was contributed by a single 

individual.  Only three percent of Medicare beneficiaries contributed 3 or more index hospitalization to 

the analytic dataset.   

99.2%

82.8%

89.7%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

Skilled nursing facility (SNF) (N=120)

Home healthcare (HHC) (N=186)

Home (N=515)
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Figure 4-6: The proportion of index hospitalizations contributed by individuals in sample (N=670) 

 
* In the revisit sample the number of 3 index hospitalizations increased by one to a total of 16 

  

As illustrated in the above Figure 4-6, the data were at two levels: 1) patient level; and 2) index 

hospitalization level.  Because of the complex survey design, this presented challenges in weighting of the 

statistical analyses (see Section 3.6.2 for a detailed discussion).  As such, the analyses were conducted and 

presented in two ways so as to accommodate the proper application of weights.  First, for each selected 

Medicare beneficiary that contributed index hospitalizations to the study sample, the first index 

hospitalization for each were identified, and weighted analyses were carried  out for this sample (N=670).  

The identification and selection of the first index hospitalization was relevant for less than 20 percent of 

Medicare beneficiaries, because the majority contributed only a single index hospitalization to the 

analyses in the first place.  This will be referred to as the patient level model in the subsequent text.  

Second, unweighted analyses (accounting for potential correlation that can occur due to a single 

Medicare beneficiaries contributing more than once index hospitalization to the analysis) were carried out 

for all index hospitalizations (N=821 for readmissions sample and N=822 for revisit sample).  This will be 

0.2%

0.6%

2.2%

15.7%

81.3%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

5 index hospitalizations (n=1)

4 index hospitalizations (n=4)

3 index hospitalizations (n=15)*

2 index hospitalizations (n=105)

1 index hospitalization (n=545)
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referred to as the hospitalization-level model in the subsequent text.  For the information presented 

above, on the identification and verification of the independent variable, the weighted analyses (for the 

first index hospitalizations only) are presented in Appendix B.    

 

4.3 Descriptive Statistics 

 
 As described above descriptive statistics are presented for the weighted patient-level (Table 4.1) 

and unweighted hospitalization-level (Table 4.2) samples.  In each instance, descriptive statistics are 

presented for the overall sample and by the three post-discharge care settings.   

 

Table 4.1: Patient characteristics for the overall sample and by post-discharge care setting (weighted 

patient-level)  

Characteristic Sample 

individuals 

(N=670) 

(Weighted 

N=2,293,629) 

Home 

(N=413) 

(Weighted 

N=1,347,823) 

Home 

healthcare 

(HHC) 

(N=157) 

(Weighted 

N=408,154) 

Skilled 

nursing 

facility (SNF) 

(N=100) 

(Weighted 

N=318,681) 

P-value 

Age Mean (±SD) 78.6 (±7.6) 77.5 (±7.1) 79.6 (±8.1) 81.7 (±7.7) <0.0001 

      

Sex (%)       

   Male 40.0 43.7 35.4 31.6 0.0484 

   Female 60.0 56.3 64.5 68.4  

      

Race (%)      

   White 86.0 86.8 81.4 89.7 0.0039 

   Black 5.7 3.6 11.9 5.1  

   Other 8.3 9.6 6.7 5.3  

      

Education (%)      

   High school or below 60.6 59.1 65.9 58.7 0.3476 

   More than high school 39.4 40.9 34.1 41.3  

      

Income category (%)      

   Up to $25,000 53.3 51.5 54.6 59.0 0.3782 

   >$25,000 46.7 48.5 45.4 41.0  
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Characteristic Sample 

individuals 

(N=670) 

(Weighted 

N=2,293,629) 

Home 

(N=413) 

(Weighted 

N=1,347,823) 

Home 

healthcare 

(HHC) 

(N=157) 

(Weighted 

N=408,154) 

Skilled 

nursing 

facility (SNF) 

(N=100) 

(Weighted 

N=318,681) 

P-value 

Marital status (%)      

   Married 47.5 52.3 42.1 35.5 0.0079 

   Not married   52.5 47.7 57.9 64.5  

      

Living arrangement (%)      

   Lives alone 34.2 30.0 38.0 46.4 0.0139 

   Lives with at least one more  

   person in household 

65.8 70.0 62.0 53.6  

      

Metro status (%)      

   Non-metro area 28.5 29.8 24.6 29.1 0.4648 

   Metro area  71.5 70.2 75.4 70.9  

      

Number of hospitalizations in 

the prior year Mean (±SD) 

0.3 (±0.8) 0.3 (±0.8) 0.4 (±0.9) 0.3 (±0.7) 0.2617 

      

Number of hospitalizations in 

prior year (%) 

     

   0 79.6 80.8 75.3 81.6 0.2544 

   ≥1 20.4 19.2 24.7 18.4  

      

Number of emergency 

department visits in the prior 

year Mean (±SD) 

0.5 (±1.1) 0.5 (±1.0) 0.5 (±1.1) 0.6 (±1.4) 0.7077 

      

Number of emergency 

department visits in the prior 

year (%) 

     

   0 66.7 67.8 64.0 66.2 0.7285 

   1+ 33.3 32.2 36.0 33.8  

      

Prior institutional events (%)       

   Absent 93.6 95.0 91.9 89.8 0.0378 

   Present 6.4 5.0 8.1 10.2  

      

Prior home health events (%)       

   Absent 85.2 92.0 72.6 76.0 <0.0001 

   Present 14.8 8.0 27.4 24.0  

      

Weighted Charlson 

comorbidity index Mean (±SD) 

3.5 (±2.7) 3.3 (±2.6) 3.9 (±2.8) 3.9 (±2.8) 0.0331 
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Characteristic Sample 

individuals 

(N=670) 

(Weighted 

N=2,293,629) 

Home 

(N=413) 

(Weighted 

N=1,347,823) 

Home 

healthcare 

(HHC) 

(N=157) 

(Weighted 

N=408,154) 

Skilled 

nursing 

facility (SNF) 

(N=100) 

(Weighted 

N=318,681) 

P-value 

Modified weighted Charlson 

comorbidity index
ⱡ
 Mean 

(±SD) 

2.8 (±2.2) 2.6 (±2.1) 3.1 (±2.2) 3.1 (±2.3) 0.0198 

      

ADL Mean (±SD) 1.0 (±1.4) 0.7 (±1.2) 1.4 (±1.7) 1.3 (±1.6) <0.0001 

      

ADL      

   0 ADL 48.4 55.2 37.1 37.1 0.0003 

   ≥1 ADL 51.6 44.8 62.8 62.9  

      

IADL      

   0 IADL 66.0 72.8 54.6 55.1 <0.0001 

   ≥1 IADL 34.0 27.2 45.4 44.9  

      

General Health      

   Excellent/Very good/Good 69.4 74.3 57.8 66.7 0.0030 

   Fair/Poor 30.6 25.7 42.2 33.3  

      

Cancer (%)      

   Absent 81.4 82.4 78.6 81.4 0.6365 

   Present 18.6 17.6 21.4 18.6  

      

Renal disease (%)      

   Absent 81.9 82.3 81.8 80.6 0.9083 

   Present 18.1 17.7 18.2 19.4  
ⱡ
Because renal disease and cancer were included as separate variables; these were excluded from the 

modified weighted Charlson comorbidity index. 

 
 On average, Medicare beneficiaries had a mean age of 78.6 (±7.6) years and mean weighted 

Charlson comorbidity index of 3.5 (±2.7).  The majority were female (60.0%), had an education level of 

high school or below (60.6%), had one or more persons living in the same household (65.8%), and did not 

have any difficulty with any instrumental activities of daily living (66.0%).  Furthermore, the patients were 

predominantly of white race (86.0%), lived in a metro area (71.5%), reported good general health (i.e., 

excellent, very good, or good) compared to those of same age (69.4%), and did not have a history of prior 

hospitalization (79.6%), ED visit (66.7%), institutional event such as SNFs (93.6%), and home health events 
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(85.2%) in the prior year.  A little over half had a personal income of <$25,000, were not married (i.e., 

widowed/divorced/separated/never married), and had difficulty with one or more ADLs.   

 Significant differences among the three post-discharge care settings were observed via univariate 

analysis for a number of variables (P<0.05).  These included: age; sex; race; living arrangement; marital 

status; institutional events (i.e.; predominantly SNF events) in the prior year; home health events in the 

prior year; weighted Charlson comorbidity index; ADLs; IADLs; and general health status.  The differences 

observed suggested the following patterns: 

1) Age – mean age among those discharged to HHC, and SNF were at least 2 years and 4 years more, 

respectively, compared to home discharges (P<0.0001); 

2) Sex – the proportion of females discharged to HHC and SNF were 8 percent and 12 percent higher, 

respectively, compared to home discharges (P=0.0484); 

3) Race – among HHC discharges proportion of white race was lower, and black race was higher, 

compared to both home, and SNF discharges (P=0.0039); 

4) Marital status – the proportion who were not married was 10 percent higher among HHC discharges 

and more than 16 percent higher among SNF discharges (P=0.0079); 

5) Living arrangement – the proportion living alone discharged to HHC and SNF was 8 percent and 16 

percent higher, respectively, than home discharges (P=0.0139); 

6) Institutional events in the prior year – having at least one institutional (i.e., mainly SNF event) within 

the past year was lowest among home discharges compared to both HHC and SNF discharges 

(P=0.0378); 

7) HHC events in prior year – having at least one HHC event was lowest among home discharges 

compared to both HHC and SNF discharges (P<0.0001); 

8) Weighted Charlson comorbidity index – the mean comorbidity index was higher for both HHC and 

SNF discharges compared to home discharges (P=0.0331); 

9) ADLs – the proportion with dependence in at least one ADLs was at least 18 percent lower among  
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home discharges compared to both HHC and SNF discharges (P=0.0003); 

10) IADLs – the proportion with dependence in at least one IADL was at least 17 percent lower among 

home discharges compared to both HHC and SNF discharges (P<0.0001); and  

11) General health status – a greater proportion of home discharges reported either excellent, very good, 

or good health status compared to those discharged to HHC or SNFs (P=0.0030). 

 

Table 4.2: Characteristics of all index hospitalizations for the overall sample and by post-discharge care 

setting (unweighted hospitalization-level)  

Characteristic Sample 

individuals 

(N=821) 

 

Home 

(N=493) 

Home 

healthcare 

(HHC) 

(N=205)  

Skilled 

nursing 

facility (SNF) 

(N=123)  

P-

value* 

Age Mean (±SD) 79.4 (±7.2) 78.4 (±7.1) 80.6 (±7.3) 82.3 (±6.9) <0.0001 

      

Sex (%)       

   Male 41.0 44.4 38.0 32.5 0.0592 

   Female 59.0 55.6 62.0 67.5  

      

Race (%)      

   White 85.0 85.8 81.0 88.6 0.3991 

   Black 6.2 4.1 11.7 5.7  

   Other 8.8 10.1 7.3 5.7  

      

Education (%)      

   High school or below 61.5 60.0 66.3 59.4 0.2803 

   More than high school 38.5 40.0 33.7 40.6  

      

Income category (%)      

   Up to $25,000 55.8 53.1 60.0 59.0 0.2237 

   >$25,000 44.2 46.9 40.0 41.0  

      

Marital status (%)      

   Married 45.9 51.7 39.0 34.2 0.0006 

   Not married 55.1 48.3 61.0 65.8  

      

Living arrangement (%)      

   Lives alone 35.0 29.8 39.5 48.0 0.0006 

   Lives with at least one more  

   person in household 

65.0 70.2 62.5 52.0  
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Characteristic Sample 

individuals 

(N=821) 

 

Home 

(N=493) 

Home 

healthcare 

(HHC) 

(N=205)  

Skilled 

nursing 

facility (SNF) 

(N=123)  

P-

value* 

Metro status (%)      

   Non-metro area 31.3 33.5 27.3 29.3 0.3024 

   Metro area  68.7 66.4 72.7 70.7  

      

Number of hospitalizations in 

the prior year Mean (±SD) 

0.6 (±1.0) 0.5 (±1.0) 0.8 (±1.1) 0.6 (±0.6) 0.0551 

      

Number of hospitalizations in 

prior year (%) 

     

   0 64.7 67.1 57.6 66.7 0.0456 

   ≥1 35.3 32.9 42.4 33.3  

      

Number of emergency 

department visits in the prior 

year Mean (±SD) 

0.7 (±1.3) 0.7 (±1.3) 0.6 (±1.1) 0.7 (±1.3) 0.7404 

      

Number of emergency 

department visits in the prior 

year (%) 

     

   0 62.2 62.5 61.0 63.4 0.8985 

   ≥1 37.8 37.5 39.0 36.6  

      

Prior institutional events (%)       

   Absent 88.7 91.5 86.3 81.3 0.0063 

   Present 11.3 8.5 13.7 18.7  

      

Prior home health events (%)       

   Absent 75.6 86.6 56.6 63.4 <0.0001 

   Present 24.4 13.4 43.4 36.6  

      

Charlson comorbidity index 

Mean (±SD) 

3.9 (±2.6) 3.6 (±2.5) 4.5 (±2.8) 4.2 (±2.6) 0.0003 

Modified weighted Charlson 

comorbidity index
ⱡ
 Mean 

(±SD) 

3.0 (±2.1) 2.8 (±2.0) 3.4 (±2.2) 3.3 (±2.2) 0.0004 

      

ADL Mean (±SD) 1.0 (±1.4) 0.8 (±1.2) 1.5 (±1.6) 1.3 (±1.5) <0.0001 

      

ADL      

   0 ADL 46.9 54.4 37.1 33.3 <0.0001 

   ≥1 ADL 53.1 45.6 62.9 66.7  
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Characteristic Sample 

individuals 

(N=821) 

 

Home 

(N=493) 

Home 

healthcare 

(HHC) 

(N=205)  

Skilled 

nursing 

facility (SNF) 

(N=123)  

P-

value* 

IADL      

   0 IADL 62.6 70.4 51.2 50.4 <0.0001 

   ≥1 IADL 37.4 29.6 48.8 49.6  

      

General Health      

   Excellent/Very good/Good 66.6 70.8 57.6 65.0 0.0079 

   Fair/Poor 33.4 29.2 42.4 35.0  

      

Cancer (%)      

   Absent 79.0 80.9 74.2 79.7 0.1855 

   Present 21.0 19.1 25.8 20.3  

      

Renal disease (%)      

   Absent 78.9 80.7 74.6 78.9 0.2448 

   Present 21.1 19.3 25.4 21.1  

* Because a single individual can contribute more than one index hospitalization to the sample, the 

assumption of independence was relaxed in the calculation of standard errors to obtain these P-values in 

a multinomial regression framework.   

Note 1: The additional index hospitalization in the revisit sample had the following characteristics: 75 

years, female, white race, education level of high school or less, personal income of <$25,000, married, 

living with at least one other person in household, residence in metro area, 5 hospitalizations and 5 

emergency department visits in prior year, no institutional events in prior year, presence of HHC 

utilization in prior year, a weighted Charlson comorbidity index of 5, dependence in at least one activity of 

daily living and instrumental activity of daily living, a self-reported general health status of good or better, 

does not have cancer or renal disease.     

Note 2: The post-discharge care setting that changed from home healthcare to home for the revisit 

sample had the following characteristics: 84 years, female, white race, education level of high school or 

less, personal income of >$25,000, not married, living alone, residence in metro area, a single 

hospitalization and an emergency department visit in prior year, no institutional events in prior year, 

presence of HHC utilization in prior year, a weighted Charlson comorbidity index of 8, no dependence in 

any of the activities of daily living and instrumental activities of daily living, self-reported general health 

status of fair/poor, has cancer, and does not have renal disease.   

 

 

 Compared to characteristics presented in Table 4.1, among the same characteristics presented in 

Table 4.2, there were some differences in the values among variables for which a change is reasonable to 

expect.  These differences were either due to a result of the progression in time among an older 

population, and/or due to the contribution of more than one index hospitalization from individuals who 

tend to be sicker.  These included: 1) an increase in age by approximately 1 year (age variable was 
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computed as age at discharge); 2) increase in Charlson comorbidity index; 3) increase in prior 

hospitalizations and ED visits, along with a decrease in proportion that reported no history of these 

events, a decrease in proportion that reported no history of institutional events (predominantly SNFs), 

and HHC events, in the prior year; 4) a slight decrease in the proportion that reported no dependence in 

any of the IADLs; 5) a slight decreases in the proportion that reported good health; and 6) decrease in the 

proportion that reported absence of cancer, and renal disease.  Nevertheless, the same variables reported 

in Table 4.1 and Table 4.2 predominantly showed similar patterns in the distribution of these 

characteristics between the three post-discharge care settings.  The only changes in differences between 

groups were observed for the variables sex, race, and number of hospitalizations in prior year.  In the 

weighted patient-level analysis, sex was significantly different between the three discharge settings 

(P=0.0484), while in the unweighted hospitalization-level sample it was not (P=0.0592).  Race was 

significantly different in the weighted patient-level analysis (P=0.0039), while in the unweighted 

hospitalization-level sample it was not (P=0.3991).  The proportion with no hospitalization in the prior 

year was not significant in the weighted patient-level analysis (P=0.2544), while it was significantly 

different between the three post-discharge care settings in the unweighted hospitalization-level sample 

(P=0.0456).   

 Figure 4-7 presents the major conditions as primary reason for hospitalization (i.e., principal 

diagnosis code).  Once again, results are presented as weighted patient-level among the first index 

hospitalizations by Medicare beneficiaries selected for the study, and unweighted hospitalization-level for 

all index hospitalizations.  The major disease categorizations were based on the Agency for Healthcare 

Research and Quality (AHRQ) clinical classification software (CCS) (Agency for Healthcare Research and 

Quality [AHRQ], 2013a).   

In almost one-third, the principal diagnoses were for diseases of the circulatory system, while 

approximately 10 percent each were for diseases of the respiratory system, digestive system, musculo-

skeletal system, and due to injuries and poisoning.    
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Figure 4-7: Distribution of the major disease condition categorizations of index hospitalizations 

 

Note 1: The primary reason for hospitalization for the additional index hospitalization included in the 

revisit sample was due to diseases of the respiratory system 
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Total all-cause readmissions among the first index hospitalization for each Medicare beneficiary 

included in the sample was 12.2 percent (weighted patient-level), and among all index hospitalizations it 

was 13.9 percent (unweighted hospitalization-level).  For the selected sample, 16.7 percent (weighted) 

had at least one readmission throughout 2008.  Figure 4-8 presents the readmissions for the overall 

samples as well as by the type of post-discharge care setting for both the first index hospitalizations 

(weighted patient-level) and all index hospitalizations (unweighted hospitalization-level).    

 

Figure 4-8: 30-day all-cause readmissions for overall sample as well as by post-discharge care setting 

 

 
Total all-cause revisits among the first index hospitalization for each Medicare beneficiary 

included in the sample was 17.8 percent (weighted patient-level), and among all index hospitalizations it 

was 20.3 percent (unweighted hospitalization-level).  For the selected sample 22.9 percent (weighted) had 

at least one revisit throughout 2008.  Figure 4-9 presents the 30-day all cause revisits for the overall 
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sample as well as by the type of post-discharge care setting for both the first index hospitalizations 

(weighted patient-level) and all index hospitalizations (unweighted hospitalization-level).    

Figure 4-9: 30-day all-cause revisits for overall sample as well as by post-discharge care setting 

 

  

4.4 Inferential Statistics 

 
4.4.1 30-day all-cause readmissions (Objective 1, Hypothesis 1, 1.1, 1.2, and 1.3) 

 
 As with the descriptive statistics, two models for 30-day all-cause readmissions were conducted: 

1) patient level weighted logistic regression model that included the first index hospitalization for each 

individual; and 2) hospital level unweighted logistic regression model for all index hospitalizations 

accounting for potential correlation that can arise due to multiple hospitalizations by the same individual.   
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discharge care setting was not statistically significantly associated with 30-day all-cause readmissions.  

Because the assessment of 30-day readmissions between the three post-discharge care settings were of 

primary interest, these associations were quantified as odds ratios (ORs) and 95 percent confidence 

intervals (CI) and are presented in Figure 4-10.  As expected from the results of the Wald test reported 

above, none of the pair-wise comparisons were statistically significant.  The full model is presented in 

Appendix C (C-1).    

 

Figure 4-10: Comparison of 30-day all-cause readmissions by post-discharge care setting (weighted 

patient-level model) 
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statistically significantly associated with 30-day all-cause readmissions. 

In the hospitalization-level unweighted all-cause readmissions model, after adjusting for a 

number of predisposing, enabling, and need variables, the P-value for the Wald test that evaluated if post-

0.907 0.929 0.976

2.414

1.977

3.151

0.340
0.437

0.302

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

SNF (ref-home) 

(p=0.843)

HHC (ref-home) 

(p=0.847)

SNF (ref-HHC) 

(p=0.967)

O
d

d
s 

R
a

ti
o

 (
9

5
%

 C
o

n
fi

d
e

n
ce

 I
n

te
rv

a
l)

Odds Ratio 

Upper CL

Lower CL



136 

 

 

discharge care setting was associated with all-cause readmissions was 0.714.  Corresponding with the 

weighted model this indicated that post-discharge care setting was not statistically significantly associated 

with the all-cause readmissions.  The comparisons by the type of post-discharge care settings are 

presented in Figure 4-11.  The full model is presented in Appendix C (C-2).    

 

Figure 4-11: Comparison of 30-day all-cause readmissions by post-discharge care setting (unweighted 

hospitalization-level model)  

 

 

Similar to the patient level weighted model, after controlling for a number of predisposing, 

enabling, and need variables, the modified weighted Charlson comorbidity index (OR=1.177; 95% CI 

1.063, 1.304; P=0.002), and presence of renal disease was statistically significantly associated with 30-day 

all-cause readmissions (OR=2.498; 95% CI 1.592, 1.392; P<0.001).  Additionally, a history of HHC in the 

prior year was significantly associated with a lower odds of readmissions (OR=0.484; 95% CI 0.240, 0.975; 

P=0.042).   
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4.4.2 All-cause Revisits (Objective 2, Hypothesis 2, 2.1, 2.2, and 2.3) 

 
 Similar to the all-cause readmissions models, two separate patient level weighted and 

hospitalization-level unweighted models were conducted for the outcome of all-cause revisits.  In the 

patient level weighted model, after adjusting for a number of predisposing, enabling, and need variables, 

the P-value for the Wald test that evaluated if post-discharge care setting was associated with all-cause 

revisits was 0.958, indicating that post-discharge care setting was not statistically significantly associated 

with this outcome.  Because the assessment of 30-day revisits between the three post-discharge care 

settings were of primary interest, these associations were quantified as ORs and 95 percent CIs and are 

presented in Figure 4-12.  The full model is presented in Appendix D (D-1).    

 

Figure 4-12: Comparison of 30-day all-cause revisits by post-discharge care setting (weighted patient-level 

model) 
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Again, although not the main objective of this research, of all of the predisposing, enabling, and 

need variables included in this model, the modified weighted Charlson comorbidity index (OR=1.171; 95% 

CI: 1.043, 1.315; P=0.008), number of ED visits in the prior year (OR=1.360; 95% CI 1.133, 1.633; P=0.001), 

and presence of renal disease (OR=2.372; 95% CI 1.345, 4.185; P=0.003) was statistically significantly 

associated with 30-day all-cause revisits. 

In the hospitalization-level unweighted model with all index hospitalizations, after adjusting for a 

number of predisposing, enabling, and need variables, the P-value for the adjusted Wald test that 

evaluated if post-discharge care setting was associated with all-cause revisits was 0.958.  Corresponding 

with the patient-level weighted model this indicated that post-discharge care setting was not statistically 

significantly associated with the all-cause revisits.  The comparisons by the type of post-discharge care 

setting are presented in Figure 4-13.  The full model is presented in Appendix D (D-2).    

 

Figure 4-13: Comparison of 30-day all-cause revisits by post-discharge care setting (unweighted 

hospitalization-level model) 
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Similar to the patient level weighted model, after controlling for a number of predisposing, 

enabling, and need variables, the modified weighted Charlson comorbidity (OR=1.164; 95% CI 1.061, 

1.276; P=0.001), the number of ED visits in the prior year (OR=1.315; 95% CI 1.160, 1.491; P<0.001), and 

presence of renal disease (OR=2.216; 95% CI 1.504, 3.266; P<0.001) was significantly associated with 

revisits.   

 

4.5 Subgroup Analyses 

 
4.5.1 Descriptive Statistics of the Subgroup  

 
 Figure 4-14 presents the seven conditions included in the subgroup analysis.  The identification of 

the subgroup is described in Section 3.4.2.  Similar to the presentation of results for the overall sample, 

both the weighted information for the first index hospitalization for each individual (patient-level), and 

unweighted information for all index hospitalizations (hospitalization-level) are presented.  The subgroup 

consisted of 31.8 percent (N=730,174) of the original weighted sample of first index hospitalizations 

(N=2,293,629), and 30.7 percent (N=252) of all index hospitalizations.  The index hospitalization for which 

the post-discharge care setting differed between the readmission and revisit sample was not relevant to 

the subgroup analyses because this index hospitalization did not have a condition of interest.  However, 

as for the main sample, the hospitalization that did not qualify as an index hospitalization in the revisit 

sample, qualified as an index hospitalization for the revisit sample in the subgroup analysis.  More than 

half the subgroup was due to other vascular procedures.   
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Figure 4.14: Subgroup composition  

 

Note 1: The condition for the additional index hospitalization included in the revisit sample was 

pneumonia 

 

 

 The weighted patient-level descriptive statistics for the subgroup are presented in Table E-1 in 
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persons living in the same household (64.1%), did not have any difficulty with any instrumental activities 

of daily living (60.2%), and  reported good general health (i.e., excellent, very good, or good) compared to 

those of same age (62.4%).  Furthermore, the patients were predominantly of white race (88.8%), lived in 

a metro area (66.9%), and did not have a history of prior hospitalization (74.2%), ED visit (65.0%), 

institutional event such as SNFs (91.6%), and home health events (81.2%) in the prior year.  A little over 
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half of the subgroup were male, had a personal income of <$25,000, not married, and reported no 

dependence in any of the ADLs.   

 Compared to the overall patient level weighted sample, the patient-level weighted subgroup had 

more males (50.6% vs. 40.0%), higher proportion that reported fair/poor health (37.6 vs. 30.6), and a 

higher Charlson comorbidity index (4.3 (±2.8) vs. 3.5 (±2.7)).  Of the number of variables that had 

significant differences by the three post-discharge care settings in the overall patient level weighted 

sample, only age, living arrangement, institutional events in the prior year, home health events in the 

prior year, ADL, and IADL variables remained significant (P<0.05) in the subgroup.  Presence/absence of 

hospitalizations in the prior year (P=0.018), and presence/absence of cancer (P=0.048) were significantly 

different between the three post-discharge care settings in the weighted patient-level subgroup, although 

these did not significantly differ between the groups in the weighted patient-level overall sample.  

  The hospitalization-level unweighted descriptive statistics for the subgroup of all index 

hospitalizations are presented in Table E-2 in Appendix E.  Compared to characteristics presented for the 

patient-level weighted subgroup, among the same characteristics, there were some differences in the 

values among variables for which a change is reasonable to expect.  These differences were either due to 

a result of the progression in time among an elderly population, and/or due to the contribution of more 

than one index hospitalization from individuals who tend to be sicker, and followed similar patterns as 

those reported for the weighted patient-level subgroup as well as the unweighted hospitalization-level 

overall sample.   

The variables predominantly showed similar patterns in the distribution of characteristics 

between the three post-discharge care settings in both the patient-level and hospitalization-level 

subgroup.  However, several more variables showed significant differences between the three post-

discharge care settings in the hospitalization-level subgroup.  These included: marital status (P=0.016), 

Charlson comorbidity index (P=0.002), and general health status (P=0.036).  All of these variables, with the 
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exception of cancer were also statistically significantly different between the three post-discharge care 

settings in the hospitalization-level overall sample.   

 Figure 4-15 presents post-discharge care following discharge from an index hospitalization for 

the subgroup.  Compared to the overall patient-level weighted sample home discharges were more than 

three percent higher in the patient-level weighted subgroup.  Compared to the overall hospitalization-

level unweighted sample, home discharges were approximately five percent higher in the hospitalization-

level unweighted subgroup.   

 

Figure 4-15: Post-discharge care setting following index hospitalizations in the subgroup.  

 

Figure 4-16 presents the overall readmissions, and readmissions by post-discharge setting for the 

subgroup.  Total readmissions among the patient level subgroup with condition of interest was 17.8 

percent (weighted), and among hospitalization-level subgroup with condition of interest it was 16.7 

percent (unweighted).  Lowest 30-day all-cause readmissions were observed for those discharged to SNFs 

while the highest was observed among HHC discharges.  The difference was in excess of 10 percent.      
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Figure 4-16: Readmissions by post-discharge care setting for the subgroup 

 

 
Figure 4-17 presents the overall revisits and revisits by post-discharge setting for the subgroup.  

Total revisits among the patient-level subgroup with condition of interest was 24.5 percent (weighted), 

and among hospitalization-level subgroup with condition of interest it was 24.1 percent (unweighted).  

Lowest 30-day all-cause revisits were observed for those discharged home while the highest was observed 

among HHC discharges.  The difference was in excess of 15 percent. 

 

Figure 4-17: Revisits by post-discharge care setting for the subgroup
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4.5.2 Inferential Statistics for the Subgroup – Readmissions (Objective 3, Hypothesis 3, 3.1, 3.2, and 

3.3) 

 
As was done for the overall sample, two models for all-cause readmissions were conducted: 1) 

weighted patient-level logistic regression model that included the first index hospitalization for each 

individual that had a hospitalization for the condition of interest; and 2) unweighted hospitalization-level 

logistic regression model for all index hospitalizations with a condition of interest, accounting for potential 

correlation that can arise due to multiple hospitalizations by the same individual.  Figure 4-18 presents 

the contribution of hospitalizations by each individual included in the unweighted subgroup.  The majority 

(>86%) of the sample of index hospitalizations in the subgroup was contributed by a single individual.  

Less than three percent of Medicare beneficiaries contributed three or more index hospitalization.   

 

Figure 4-18:  The proportion of index hospitalizations contributed by each individual in the subgroup 

(n=216)  

 

* In the revisit sample, the number of three index hospitalizations increased by one for a total of six 
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Because of the smaller sample size in the subgroup, only a limited number of variables that are 

known to have a strong association with readmissions were included in the model.  Thus, in the weighted 

model, after adjusting for age, sex, number of hospitalizations in the prior year, number of ED visits in the 

prior year, number of ADLs (i.e., dependence in ADLs), general health status, and the Charlson 

comorbidity index, the P-value for the adjusted Wald test that evaluated if post-discharge care setting was 

associated with all-cause readmissions was 0.850.  This indicated that post-discharge care setting was not 

statistically significantly associated with the all-cause readmissions in the subgroup of interest.  Because 

the assessment of 30-day readmissions between the three post-discharge care settings were of primary 

interest, these associations quantified as ORs and 95 percent CIs are presented in Figure 4-17.  As 

expected from the results of the adjusted Wald test reported above, none of the pair-wise comparisons 

were statistically significant.  The full model is presented in Appendix F (F-1). 

 

Figure 4-19: Comparison of 30-day all-cause readmissions by post-discharge care setting in the subgroup 

(weighted patient-level model) 

 

 

0.561

1.049

0.534

0.072
0.333

0.056

4.367

3.305

5.140

0.000

1.000

2.000

3.000

4.000

5.000

6.000

SNF (ref-home) 

(p=0.577)

HHC (ref-home) 

(p=0.934)

SNF (ref-HHC) 

(p=0.584)

O
d

d
s 

R
a

ti
o

 (
9

5
%

 C
o

n
fi

d
e

n
ce

 I
n

te
rv

a
l)

Odds Ratio 

Upper CL

Lower CL



146 

 

 

Although not the main purpose of the analysis the weighted Charlson comorbidity index was 

statistically significantly associated with 30-day all-cause readmissions (OR=1.253; 95% CI 1.031, 1.522; 

P=0.024).     

In the unweighted hospitalization-level all-cause readmissions model for the subgroup, after 

adjusting for the same variables as the weighted model, the P-value for the Wald test that evaluated if 

post-discharge care setting was associated with all-cause readmissions was 0.635.  Corresponding with 

the weighted patient-level model this indicated that post-discharge care setting was not statistically 

significantly associated with the all-cause readmissions.  The comparisons by the type of post-discharge 

care setting are presented in Figure 4-18.  The full model is presented in Appendix F (F-2).    

 

Figure 4-20: Comparison of 30-day all-cause readmissions by post-discharge care setting in the subgroup 

(unweighted hospitalization-level model)  
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index (OR=1.197; 95% CI 1.003, 1.358; P=0.046) was significantly associated with readmissions.  

Additionally, the presence of at least one IADL (compared to independence in all IADLs) was statistically 

significantly associated with 30-day all-cause readmissions (OR=3.026; 95% CI 1.319, 6.939; P=0.009).     
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4.5.3 Inferential Statistics of the Subgroup – Revisits (Objective 4, Hypothesis 4, 4.1, 4.2, and 4.3) 

 
 Similar to the all-cause readmissions models for the subgroups, two separate patient-level 

weighted and hospitalization-level unweighted models were conducted for the outcome of all-cause 

revisits.  In the patient-level weighted model, after adjusting for age, sex, number of hospitalizations in 

the prior year, number of ED visits in the prior year, number of ADLs (i.e., dependence in ADLs), general 

health status, and the Charlson comorbidity index, the P-value for the adjusted Wald test that evaluated if 

post-discharge care setting was associated with all-cause revisits in the subgroup was 0.483, indicating 

that post-discharge care setting was not statistically significantly associated with this outcome.  Because 

the assessment of 30-day revisits between the three post-discharge care settings were of primary 

interest, these associations quantified as ORs and 95% CIs are presented in Figure 4-19.  The full model is 

presented in Appendix G (G-1).    

 

Figure 4-21: Comparison of 30-day all-cause revisits by post-discharge care setting in the subgroup 

(weighted patient-level model) 
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Although not the main objective of this research, the weighted Charlson comorbidity index 

(OR=1.136; 95% CI: 1.133, 1.622; P<0.001) was significantly associated with 30-day all-cause revisits in the 

subgroup.   

In the hospitalization-level unweighted model with all index hospitalizations for the subgroup, 

after adjusting for the same variables as in the weighted patient-level revisit model, the P-value for the 

adjusted Wald test that evaluated if post-discharge care setting was associated with all-cause revisits was 

0.539.  Corresponding with the patient-level weighted model, this indicated that post-discharge care 

setting was not statistically significantly associated with the all-cause revisits.  The comparisons by the 

type of post-discharge care setting are presented in Figure 4-20.  The full model is presented in Appendix 

G (G-2).    

 

Figure 4-22: Comparison of 30-day all-cause revisits by post-discharge care setting in subgroup 

(unweighted hospitalization-level model) 
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4.6 Sensitivity Analysis 

 
 As described in Section 3.6.3, sensitivity of the findings were assessed once certain elective 

admissions, and hospital events (inpatient admissions and ED visits) due to injuries and other causes that 

can reasonably be expected to be unrelated to the index hospitalization, were re-categorized as not 

having had the outcome of interest.  This was an attempt to exclude the consideration of these events as 

primary outcomes in this study, as these may be justifiably unrelated to the satisfactory management of 

the patient’s condition, both during the index hospitalization stay and during post-discharge care.   

The percentage change in the outcome following the application of these additional criteria for 

the readmissions and revisits samples are presented in Table 4.3, and Table 4.5, respectively.  The 

percentage change is presented for the overall sample as well as by the three post-discharge care 

settings.  Information for the subgroup is also presented.  

In the readmissions sample, re-categorization of the outcome to ‘no readmission’ was 

predominantly due to one reason.  The hospitalization within 30 days of index hospital discharge was 

identified as an ‘elective’ admission, along with a diagnoses and/or procedures (in the elective admission) 

related to conditions reported in the index hospitalization.  Some examples included: vascular procedures 

such as PTCA and CABG in patients with a diagnosis of atherosclerosis, transurethral resection of the 

prostate in patient with benign prostatic hyperplasia, and hip replacement in patients with osteoarthrosis, 

primary diagnosis of rehabilitation following fracture. 

 In the revisit sample, in addition to the above, some positive ED visit outcomes were re-

categorized as ‘no revisit’ due to primary diagnoses of sprains, allergies, superficial injuries, motor traffic 

accidents, and back problems in the ED record.   

In the readmissions sample, application of additional criteria excluded in excess of 15 percent, of 

those admissions previously classified as a readmission.  As evident from Table 4.3, the outcome of 

readmission from present to absent affected readmissions in the three post-discharge care settings 

differently.  The largest percentage change was observed for home discharges (i.e., in excess of 20% for 
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both the weighted patient-level and unweighted hospitalization-level overall sample), whereas there was 

no change observed for SNF discharges.  These observations were consistent for the weighted patient-

level and unweighted hospitalization-level subgroup with a higher percentage change in excess of 30 

percent observed for home discharges. 

 

Table 4.3 Percentage change in readmissions outcome following application of additional criteria to re-

categorize outcome  

 All-cause readmission  

% (n/N) 

All-cause readmissions 

after application of 

additional criteria 

% (n/N) 

Percentage 

change 

Patient-level weighted readmissions 

sample 

   

   Overall sample 12.2% 

(280,505/2,293,629) 

10.0% 

(229,281/2,293,629) 

18.3% 

   Home 12.3% 

(175,996/1,429,385) 

9.1% 

(130,491/1,429,385) 

25.9% 

   Home healthcare (HHC) 12.3% 

(65,299/532,925) 

11.2% 

(59,579/532,925) 

8.8% 

   Skilled nursing facility (SNF)  11.8% 

(39,211/331,319) 

11.8% 

(39,211/331,319) 

0.0% 

    

Hospitalization-level unweighted 

readmissions sample 

   

   Overall sample 13.9% (114/821) 11.7% (96/821) 15.8% 

   Home  14.2% (70/493) 11.0% (54/493) 22.9% 

   Home healthcare (HHC) 13.7% (28/205) 12.7% (26/205) 7.1% 

   Skilled nursing facility (SNF) 13.0% (16/123) 13.0% (16/123) 0.0% 

    

Patient-level weighted readmissions 

subgroup  

   

   Overall sample 17.8% 

(130,325/730,174) 

14.2% 

(103,854/730,174) 

20.3% 

   Home 16.2% 

(78,113/481,831) 

11.4% 

(54,696/481,831) 

30.0% 

   Home healthcare (HHC) 26.0% 

(38,184/146,631) 

24.0% 

(35,130/146,631) 

8.0% 

   Skilled nursing facility (SNF)  13.8% 

(14,028/101,712) 

13.8% 

(14,028/101,712) 

0.0% 
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 All-cause readmission  

% (n/N) 

All-cause readmissions 

after application of 

additional criteria 

% (n/N) 

Percentage 

change 

Hospitalization-level unweighted 

readmissions subgroup 

   

   Overall sample 16.7% (42/252) 13.1% (33/252) 21.4% 

   Home  16.0% (26/163) 11.0% (18/163) 30.8% 

   Home healthcare (HHC) 22.2% (12/54) 20.4% (11/54) 8.3% 

   Skilled nursing facility (SNF) 11.4% (4/35) 11.4% (4/35) 0.0% 

 

 Table 4.4 presents the significance test results of the Adjusted Wald test that evaluated the 

association between readmissions and post-discharge care setting after re-conducting the models with 

the re-categorized outcome.  The results prior to re-categorization are also presented for comparison.  Re-

conducting the models with the re-categorized outcomes did not change the results for the main 

hypotheses in the overall sample or in the subgroup.   

 

Table 4.4: Adjusted Wald test results for the association between readmissions and post-discharge care 

setting following the re-categorization of the outcome  

 Adjusted Wald test  

P-value 

 All-cause 

readmissions 

All-cause readmissions with 

application of additional criteria 

Patient-level weighted overall sample 0.966 0.815 

Hospitalization-level unweighted overall sample 0.714 0.966 

Patient-level weighted subgroup 0.850 0.839 

Hospitalization-level unweighted subgroup 0.635 0.873 

 

 In the revisit sample, application of additional criteria excluded in excess of 13 percent, of those 

inpatient admissions or ED visits previously classified as a revisit.  As evident from Table 4.5, the outcome 

of revisit from present to absent affected revisits in the three post-discharge care settings differently.  As 

in the case with readmissions, the largest percentage change was observed for home discharges (i.e., in 

excess of approximately 20% or more in both the weighted patient-level and unweighted hospitalization-

level overall sample), whereas the change among SNF discharges was less than five percent.  These 
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observations were consistent for the weighted patient-level and unweighted hospitalization-level 

subgroup. 

 

Table 4.5 Percentage change in revisit outcome following application of additional criteria to re-categorize 

outcome 

 All-cause revisit  

% (n/N) 

All-cause revisit after 

application of 

additional criteria 

% (n/N) 

Percentage 

change 

Patient-level weighted revisit sample    

   Overall sample 17.8% 

(407,496/2,293,629) 

14.7% 

337,595/2,293,629) 

17.2% 

   Home 16.6% 

(236,574/1,429,385) 

12.6% 

(180.439/1,429,385) 

23.7% 

   Home healthcare (HHC) 18.0% 

(95,889/532,925) 

16.1% 

(85,682/532,925) 

10.6% 

   Skilled nursing facility (SNF)  22.6% 

(75,007/331,319) 

21.6% 

(71,474/331,319) 

4.7% 

    

Hospitalization-level unweighted 

revisit sample 

   

   Overall sample 20.3% (167/822) 17.5% (144/822) 13.7% 

   Home  19.4% (96/494) 15.6% (77/494) 19.8% 

   Home healthcare (HHC) 21.5% (44/205) 20.0% (41/205) 6.8% 

   Skilled nursing facility (SNF) 22.0% (27/123) 21.1% (26/123) 3.7% 

    

Patient-level weighted revisit 

subgroup  

   

   Overall sample 24.5% 

(179,209/730,174) 

20.5% 

(149,493/730,174) 

19.5% 

   Home 19.2% 

(92,316/481,831) 

14.3% 

(68,900/481,831) 

29.6% 

   Home healthcare (HHC) 38.1% 

(55.869/146,631) 

33.8% 

(49,569/146,631) 

14.0% 

   Skilled nursing facility (SNF)  30.5% 

(31,024/101,712) 

33.5% 

(31,024/101,712) 

0.0% 

    

Hospitalization-level unweighted 

revisit subgroup 

   

   Overall sample 24.1% (61/253) 21.0% (53/253) 13.1% 

   Home  19.6% (32/163) 15.3% (25/163) 21.9% 

   Home healthcare (HHC) 36.4% (20/55) 34.6% (19/55) 5.0% 

   Skilled nursing facility (SNF) 25.7% (9/35) 25.7% (9/35) 0.0% 
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 Table 4.6 presents the significance test results of the adjusted Wald test that evaluated the 

association between revisits and post-discharge care setting after re-conducting the models with the re-

categorized revisit outcome.  The results prior to re-categorization are also presented for comparison.  Re-

conducting the models with the re-categorized outcome did not change the results in the overall sample 

or in the subgroup.   

 

Table 4.6: Adjusted Wald test results for the association between revisits and post-discharge care setting 

following the re-categorization of the outcome 

 Adjusted Wald test  

P-value 

 All-cause 

readmissions 

All-cause readmissions 

with application of 

additional criteria 

Patient-level weighted overall sample 0.728 0.286 

Hospitalization-level unweighted overall sample 0.958 0.489 

Patient-level weighted subgroup 0.483 0.282 

Hospitalization-level unweighted subgroup 0.539 0.367 

 

4.7 Summary of Hypothesis Tests  

Table 4.7: Summary of the primary hypothesis statement and conclusions 

Hypothesis Hypothesis statement Conclusion 

H01 There is no association between post-discharge care setting and 30-day 

inpatient readmissions for hospitalizations for any reason among Medicare 

beneficiaries. 

Fail to reject 

H02 There is no association between post-discharge care setting and 30-day 

hospital revisits for hospitalizations for any reason among Medicare 

beneficiaries. 

Fail to reject 

H03 There is no association between post-discharge care setting and 30-day 

inpatient readmissions for hospitalizations for priority conditions in the 

HRRP. 

Fail to reject 

H04 There is no association between post-discharge care setting and 30-day 

hospital revisits for hospitalization for priority conditions in the HRRP. 

Fail to reject 
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Table 4.8: Summary of between group hypotheses associated with each primary hypothesis 

Hypothesis Home versus SNF Home versus HHC SNF versus HHC 

H01 Fail to reject Fail to reject Fail to reject 

H02 Fail to reject Fail to reject Fail to reject 

H03 Fail to reject Fail to reject Fail to reject 

H04 Fail to reject Fail to reject Fail to reject 
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CHAPTER 5 

DISCUSSION 

 
5.1 Study Overview 

 
 This study evaluated whether 30-day all-cause readmissions and 30-day all cause revisits (a 

combination of readmissions and ED visits) differed by the type of post-discharge care setting among 

Medicare beneficiaries who were hospitalized for any reason.  Additionally, the same relationship was 

assessed where the primary reason for hospitalization was one of seven priority conditions identified in 

the HRRP (“Medicare Program,” 2011 ; MedPAC, 2007).  All-cause 30-day readmissions are a matter of 

concern for hospitals because new provisions in the PPACA (specifically the HHRP), penalize hospitals 

through reduced payments for excess readmissions for a number of specific conditions (“Medicare 

Program,” 2011 ; MedPAC, 2007), and through this provision, predominantly hold hospitals accountable 

for readmissions.  The extent of responsibility that hospital should receive for readmissions is, however a 

matter of debate (Joynt, Orav, & Jha, 2011; Joynt & Jha, 2011), particularly because it is accepted that 

readmissions can arise due to a combination of factors (Joynt & Jha, 2012; Minott, 2008).  These include: 

1) level of care received in the inpatient setting; 2) whether patient is discharged to an appropriate setting 

based on need; 3) provision of adequate patient education and direction on management and treatment 

of condition; 4) organization and instruction for follow-up care; and 5) patient adherence to prescribed 

management and treatment regimen for condition(s) (Agency for Healthcare Research and Quality 

[AHRQ], 2013b; Minott, 2008).  It is clear that hospitals cannot comprehensively control all of these 

factors.  However, the expectation is that incentives in the HRRP are adequate enough for hospitals to 

give concerted attention to areas that are under their control (e.g., improve the quality of inpatient care, 

avoid premature discharge), and attempt to intervene in others (e.g., medication reconciliation, clear 

patient instruction, facilitate seamless transitions to appropriate post-discharge settings) that can be 
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beneficial in better management of a patient’s condition and prevent the occurrence of avoidable hospital 

revisits (Pizer, 2013).   

 Of the number of factors that can contribute to readmissions, this study specifically focused on 

the relationship that post-discharge care setting can have on hospital readmissions and hospital revisits.  

Three post-discharge care settings were evaluated based on volume and frequency of patient discharge to 

these settings: 1) home/self-care; 2) HHC; and 3) SNF.  HHC and SNF are formal PAC services reimbursed 

by Medicare, and the two most widely utilized PAC types (MedPAC, 2011a).   

The reason for focusing on post-discharge care setting in this research was manifold.  First, 

previous literature has suggested that readmissions can vary by the type of discharge status (Table 2.1).  

However, findings from these studies were inconsistent.  Furthermore, these studies have number of 

limitations and, given the current policy environment, a more rigorous evaluation of this particular 

research question was considered to be informative.  Notably, challenges with these studies included: 1) 

the importance or the lack thereof, given to the evaluation of the association between readmissions and 

post-discharge setting; 2) consideration of varying time frames for the assessment of readmissions; 3) 

inconsistent categorization of post-discharge care settings making comparability of findings across studies 

challenging; and 4) lack of control for a number of potentially important and known confounders.  

Furthermore, the majority of evaluations had limited generalizability because they were conducted in a 

single institution.  

A second reason for focusing on post-discharge care setting in this research was the susceptibility 

that PAC service utilization has shown to financial incentives over the years (Buntin et al., 2009; Cotterill & 

Gage, 2002).  The type of PAC a patient receives should ideally be based on patient need; a combination 

of medical need as well as the social support available for successful management and recovery of a 

patient’s condition(s).  However, the large fluctuations in PAC utilization in response to changes in PAC 

reimbursement may indicate the presence of a group of patients that either receive services that they do 
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not need, or services that they forgo although beneficial for the management and recovery from their 

condition.   

A third reason for focusing on post-discharge care setting was the lack of clear guidelines 

regarding the type of PAC services that should be prescribed to patients (Buntin et al., 2005; Buntin et al., 

2009; Kramer, 2006; Lee et al., 1996).  This is further compounded by a certain degree of 

interchangeability between PAC services (Lee et al., 1996; Lin et al., 2006; MedPAC, 2003b; Murtaugh et 

al., 2003; Neu et al., 1989).  All this lends itself to the possibility of suboptimal utilization of PAC services.  

This may manifest in terms of poor allocation of limited healthcare resources as well as poor patient 

outcomes.  The latter was the focus of this research, measured in terms of 30-day all cause readmissions 

and 30-day all-cause revisits.  Post-discharge care setting and a hospital’s PAC network may be an 

important element that demand due consideration in the current policy environment where hospitals 

face payment reductions for excess readmissions.    

This research has several strengths compared to other previous work.  First, it was conducted in a 

nationally representative sample of Medicare beneficiaries making the study generalizable to this 

population.  Second, the post-discharge care setting was verified using a comprehensive matching process 

with claims information as well as survey-reported PAC utilization information.  This ensured the accuracy 

of a particular type of post-discharge care setting as opposed to using the discharge status as reported in 

the inpatient claims.  The process of verification revealed that approximately 10 percent of the reported 

discharge status was inaccurate.  However, the degree of accuracy varied by the type of post-discharge 

care setting.  A patient discharge status of SNF was almost always accurate whereas this was not the case 

for discharge to either home or HHC, where some interchangeability between home to HHC and vice 

versa was observed.  A verified discharge status increased the validity of this evaluation.  Third, the 

Anderson behavioral model for health services use was considered as the framework for systematic 

identification of variables that can influence the type of PAC utilization (Andersen, 1968; Andersen, 1995).  

A combination of survey-reported data along with claims data were used to identify these variables.  With 
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the exception of a few prospective studies, or those that had additional data sources for linkage, 

investigations on hospital readmissions are generally conducted using claims data.  Claims data however, 

have limited information particularly with regard to several important potential confounding variables.  

Notably, variables such as marital status, and living arrangement that can determine a person’s social 

support structure that consequently may influence the type of post-discharge care that may be 

prescribed, variables such as personal income that can determine a patient’s ability to secure healthcare, 

other social structure variables such as race and education that can influence a patients’ healthcare 

resource utilization, and variables on physical functioning and health status that can capture patients’ 

illness level and degree of disability, are some examples.  This type of information is predominantly 

captured through surveys.  Furthermore, many of these variables have shown to differ by the type of 

post-discharge care setting (see Tables 4.1 and 4.2).  Patient’s discharged to SNF and HHC were older, 

have a greater level of illness, and poorer health and functional status, compared to those discharged 

home.  Transparency among these variables that guide the selection into the different post-discharge care 

settings is important and were controlled for in this research.  Previous studies that predominantly used 

only one of these data sources were unable to fully capture all of these variables.      

Although the policy effort has focused on 30-day hospital readmissions, this study additionally 

evaluated another outcome, 30-day hospital revisits; a combination of inpatient readmissions and ED 

visits.  ED visits like inpatient admissions are costly healthcare encounters and an undesirable patient 

outcome.  The aim should be to satisfactorily manage a patient’s condition to avoid not only readmissions 

but also ED visits (AHRQ, 2013b).  Thus, extending the scope of the outcome to additionally incorporate 

ED visits was considered topical.              

The findings of this research for each of the four objectives are discussed in the subsequent 

sections.  Following that, other relevant findings are also discussed.        
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5.2 Findings of Objective 1 

 
 The first hypothesis in objective one evaluated whether there was an association between post-

discharge care setting and 30-day hospital readmissions for hospitalizations for any reason among 

Medicare beneficiaries.  Because the independent variable in this research was a three category variable 

(i.e., home, HHC, and SNF), the first step assessed the overall association between post-discharge care 

setting and readmissions.  Subsequently, in related hypotheses, pairwise comparisons against each post-

discharge care setting were conducted.   

The unadjusted 30-day all-cause readmissions for the first hospitalization contributed by patients 

included in the study who were discharged to home, HHC, and SNF was 12.3 percent, 12.3 percent, and 

11.8 percent, respectively (weighted patient-level).  Readmissions among all index hospitalizations for 

home, HHC, and SNF discharges were 14.2 percent, 13.7 percent, and 13.0 percent, respectively 

(unweighted hospitalization-level).  After adjusting for a number of socio-demographic characteristics, 

clinical and functional characteristics, and prior healthcare utilization, post-discharge care setting was not 

significantly associated with 30-day all-cause readmissions, and results were consistent in both the 

weighted patient-level (P=0.966) and unweighted hospitalization-level models (P=0.714).  The findings did 

not change following a sensitivity analysis where some readmissions were re-categorized as not having 

had a readmission, if they were identified as either an elective admission, or admitted for rehabilitation 

(i.e., indicating continuing of care) for a condition related to the one reported in the index hospitalization.   

Three previous studies on readmissions were identified where post-discharge care setting was 

evaluated as one of many predictors, where the sample was not restricted to patients with a single 

disease (Holloway, Medendorp, & Bromberg, 1990; Lockery, Dunkle, Kart, & Coulton, 1994; Silverstein, 

Qin, Mercer, Fong, & Haydar, 2008).  In one of these studies, the readmissions time frame was 60 days 

and therefore was considered inappropriate for comparison with the findings of this current research 

(Holloway et al., 1990).   
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In a single institution prospective study by Lockery et al. (1994), path analysis identified home 

discharges (versus institutional care) as more likely to be readmitted within 30 days of hospital discharge 

(R
2
=0.03).  Institutional care included both rehabilitation facilities and nursing homes.  Other variables 

considered in the analysis included socioeconomic status, functional status, family support, and patient 

control and involvement (Lockery et al., 1994).  These findings are in contrast to findings from the current 

investigation.  One reason for this difference could be the way the samples were selected.  In the study by 

Lockery et al. (1994), the subjects included in the study were identified as those ‘potentially in need of 

post-hospital care’.  If PAC care was denied to those who need these services, and were instead 

discharged home with no formal care, higher readmissions among home discharges is not unexpected.  

The potential need for post-hospital care was not a consideration that was made in the selection of the 

sample for the current study.   

In a retrospective analysis of patients 65 years and older admitted to a number of hospitals in a 

single healthcare system, Silverstein et al. (2008) reported a higher risk of readmissions among those 

discharged to long-term care/SNF (RR=1.94; 95% CI 1.80, 2.09).  Once again, this is different from the 

findings of the current evaluation and is also in direct contrast with the findings by Lockery et al. (1994).  

However, it must be noted that the current investigation specifically excluded not only discharges to long-

term care, but also patients who were hospitalized from long-term care.  This was in recognition that 

patients in long-term care are more likely to be discharged back to these facilities, and are thus a distinct 

population from those that receive short-term SNF services.  Long-term care facility residents tend to be 

sicker and with poor functional and health status that may lead these to have a greater number of 

readmissions (Feder, Komisar, & Niefeld, 2000; Intrator, Zinn, & Mor, 2004; Intrator et al., 2007; Mor, 

Intrator, Feng, & Grabowski, 2010).  Thus, a higher risk of readmissions in the study by Silverstein et al. 

(2008) in the combined category of long-term care and SNF may have resulted from incorporating the 

former within the SNF category (Mor et al., 2010).     
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There are two competing arguments in studies that evaluated readmissions by post-discharge 

care setting.  The first pertains to the well documented finding that patients discharged to formal nursing 

care (i.e., HHC, SNF), and particularly SNFs tend to be sicker than those discharged home with self-care.  In 

such a context, patients discharged to formal nursing care may be expected to have worse outcomes such 

as readmissions and hospital revisits, than patients discharged home without formal care.  The second, in 

contrast to the first argument, pertains to the view that because patients discharged to formal nursing 

services receive more intensive care that include a greater degree of assistance, supervision, and 

monitoring, this may lead them to  have  lower readmissions compared to those discharged home with no 

formal care.  This scenario highlights the importance of the need to adequately control for case-mix, 

physical functioning, health status, living arrangement, marital status, and known predictors of 

readmissions such as prior healthcare utilization when evaluating whether readmissions differ by the type 

of post-discharge care setting.  Given the expectation that providers choose the type of healthcare based 

on patient need, after adequate control for these variables, a statistically significant difference between 

inpatient readmissions by post-discharge care setting is not expected.   

This research gave particular consideration to adjust for all of the above mentioned potential 

confounders.  Furthermore, the sample selection process was carefully carried out to exclude long-term 

care beneficiaries, and to verify the post-discharge care setting.  Because no statistically significant 

difference in 30-day all cause readmissions by post-discharge care setting was observed, it appears that 

discharge status might be appropriate among Medicare patients hospitalized for any reason for this 

outcome.   

 

5.3 Findings of Objective 2 

 
 The second study hypothesis (objective 2) evaluated whether there was an association between 

post-discharge care setting and 30-day hospital revisits for hospitalizations for any condition among 

Medicare beneficiaries.  The revisit outcome was a combination of inpatient admissions and ED visits 
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(whichever occurred first) that occurred within 30-days of hospital discharge.  As previously mentioned 

this outcome expanded the scope of an undesirable hospital encounter.  ED visits also reflect inadequate 

management of a patient condition and as such is a poor patient outcome with costly consequences that 

a healthcare system must strive avoid as much as hospital readmissions.      

The unadjusted 30-day all-cause revisits among the first hospitalizations contributed by patients 

selected for study inclusion discharged to home, HHC, and SNF was 16.6 percent, 18.0 percent, and 22.6 

percent, respectively (weighted patient-level).  Revisits among all index hospitalizations for home, HHC, 

and SNF discharges were 19.4 percent, 21.5 percent, and 22.0 percent, respectively (unweighted 

hospitalization-level).  After adjusting for a number of socio-demographic characteristics, clinical and 

functional characteristics, and prior healthcare utilization, post-discharge care setting was not significantly 

associated with 30-day all-cause revisits, with consistent results observed in both the weighted patient-

level (P=0.728) and unweighted hospitalization-level analyses (P=0.958).  The findings did not change 

following a sensitivity analysis where some revisits were re-categorized as not having had a revisit, if the 

ED visit occurred as a result of accidents such as falls/motor traffic accidents or had a primary diagnosis of 

sprains, allergies, contusion of different areas of the body, and back problems.  The re-categorization of 

the readmissions outcome described in the previous section was also incorporated into the re-

categorization of the revisit outcome for the sensitivity analysis.    

Following a literature review, no previous studies that evaluated the revisit outcome by post-

discharge care setting were identified.  Because no statistically significant difference in 30-day all cause 

revisits by post-discharge care setting was observed, in terms of the revisits outcome too (as in the case of 

the readmissions outcome), it appears that discharge status might be appropriate among Medicare 

patients hospitalized for any condition. 
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5.4 Findings of Objective 3 

 
 The third study hypothesis, evaluated whether there was an association between post-discharge 

care setting and 30-day hospital readmissions for a subgroup of Medicare beneficiaries who were 

hospitalized for one of seven priority conditions in the HRRP (i.e., acute MI, CHF, pneumonia, COPD, 

CABG, PTCA, and other vascular procedures) (“Medicare Program,” 2011 ; MedPAC, 2007).  Although the 

main analysis assessed hospitalizations for any condition, the subgroup analysis was considered important 

because payment reductions for excess readmissions are initially targeted at these conditions.  

Furthermore, the relationship between post-discharge care setting and readmissions could be different 

from those observed for hospitalizations for any reason.    

Approximately one-third of all index hospitalizations for any condition had one of the seven 

priority conditions as a primary reason for hospitalization as defined under section 3.4.2.  The unadjusted 

30-day all-cause readmissions among the first hospitalizations contributed by patients selected for study 

inclusion discharged to home, HHC, and SNF was 16.2 percent, 26.0  percent, and 13.8 percent, 

respectively (weighted patient-level).  Readmissions among all index hospitalizations in the subgroup 

discharged among home, HHC, and SNF discharges were 16.0 percent, 22.2 percent, and 11.4 percent, 

respectively (unweighted hospitalization-level).  After adjusting for a number of socio-demographic 

characteristics, clinical and functional characteristics, and prior healthcare utilization, post-discharge care 

setting was not significantly associated with 30-day all-cause readmissions, and results were consistent in 

both the weighted patient-level (P=0.850) and unweighted hospitalization-level models (P=0.635).  As was 

the case with hospitalizations for any condition, the findings did not change following a sensitivity analysis 

where some readmissions were re-categorized as not having had a readmission, if they were identified as 

either an elective admission, or admitted for rehabilitation for a condition related to the one reported in 

the index hospitalization.   

Although the current literature does not offer any studies that have evaluated the association 

between post-discharge care setting and hospital readmissions for this specific subgroup of conditions, 
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there were several studies conducted where the patient sample was restricted to one of these seven 

priority conditions (Camberg et al., 1997; Chen et al., 2012; Hannan et al., 2003; Thomas & Holloway, 

1991) Some of these studies reported only unadjusted findings (Chen et al., 2012).  Findings of studies 

discussed in the subsequent text are only from those that attempted to control for potential confounders, 

and those that identified readmissions that occurred within 30 days of hospital discharge. 

A retrospective study by Camberg et al. (1997) among a nationally-representative sample of 

veterans observed a lower risk of readmissions among COPD patients discharged to community nursing 

homes compared to home discharges (RR= 0.734; 95% CI: 0.579, 0.929).  However, this relationship was 

not observed between home discharges and those discharged to VA nursing homes (Camberg et al., 

1997).  This study took extensive care account for potential confounding by illness severity.  A study by 

Hannan et al. (2003) retrospectively evaluated readmissions across home and facility settings (i.e., 

inclusive of rehabilitation facility, another acute care facility, and SNF) among patients 18 years and older 

who underwent CABG procedure.  Patients were from multiple institutions in a single state.  After 

controlling for a number of patient, clinical, procedure- and hospital-related factors, discharge to facility 

settings was observed to have higher readmissions (OR=1.14; 95% CI 1.01, 1.29) compared to home 

(Hannan et al., 2003).  Thomas and Holloway (1991) evaluated 22 different DRGs separately, and among 

them were COPD, pneumonia and pleurisy, circulatory disorders with acute MI, circulatory disorders with 

cardiac catheterization, and HF.  The discharge settings evaluated were home (including discharges 

against medical advice), and organized care (which was not described).  After controlling for patient 

demographics, hospital characteristics, and illness severity/complexity, discharge setting was not 

significantly associated with all-cause 30-day readmissions for any of these conditions (Thomas & 

Holloway, 1991).  The findings from the investigation by Thomas and Holloway (1991), and from other 

studies pertaining to the priority conditions in the HRRP, illustrate the degree of inconsistency in the 

relationship between post-discharge care setting and hospital readmissions.  This inconsistency can arise 

due to a number of reasons: 1) study population (e.g., Medicare versus Veteran population, elderly versus 
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entire adult population); 2) unclear definitions, categorizations, and comparison of discharge status; and 

3) the presence of different relationships between different diseases and conditions.   

Although the current investigation indicated no association between post-discharge care setting 

and hospital readmissions, the sample size for the subgroup analysis was limited (N=216) and the power 

to detect differences if present may be inadequate.  This may be further affected by different sample sizes 

in the three post-discharge care settings.  The sample sizes of home, HHC, and SNF were 142, 43, and 31, 

respectively.  Unadjusted values indicated that HHC had highest readmissions, while SNF discharges had 

the lowest readmissions with 26.0 percent and 13.8 percent, respectively.  Thus, further evaluation with 

larger sample sizes for the subgroup conditions as a whole and separately is warranted.   

  

5.5 Findings of Objective 4 

 
 The fourth study hypothesis (study objective 4), evaluated whether there was an association 

between post-discharge care setting and 30-day hospital revisits for the subgroup of Medicare 

beneficiaries who were hospitalized for one of seven priority conditions in the HRRP.  The unadjusted 30-

day all-cause revisits among the first hospitalizations contributed by patients selected for study inclusion 

discharged to home, HHC, and SNF was 19.2 percent, 38.1 percent, and 30.5 percent, respectively 

(weighted patient-level).  Readmissions among all index hospitalizations in the subgroup discharged 

among home, HHC, and SNF discharges were 19.6 percent, 36.4 percent, and 25.7 percent, respectively 

(unweighted hospitalization-level).  In the subgroup, after adjusting for a number of socio-demographic 

characteristics, clinical and functional characteristics, and prior healthcare utilization, post-discharge care 

setting was not significantly associated with 30-day all-cause revisits, and results were consistent in both 

the weighted patient-level (P=0.483) and unweighted hospitalization-level models (P=0.539).  Similar to 

the overall sample of hospitalizations for any reason, the findings did not change following a sensitivity 

analysis where some revisits were re-categorized as not having had a revisit if certain conditions applied 

(see 3.6.3 for description).       
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As was the case for hospitalization for any condition, no previous studies have evaluated the 

revisit outcome by post-discharge care setting for the conditions of interest for the HRRP.  As mentioned 

previously with relation to the readmissions outcome, the sample size for the subgroup analysis was 

limited (N=216) and the power to detect differences if present maybe inadequate.  Furthermore, 

unadjusted values indicated that HHC had the highest revisits, while home discharges had the lowest with 

38.1 percent and 19.2 percent, respectively.  Thus, further evaluation with larger sample sizes for the 

revisit outcome for subgroup conditions as a whole and separately is warranted. 

 

5.6  Other Relevant Findings 

 
 Readmissions in this investigation were 12.3 percent among first hospitalizations for each 

individual (weighted patient-level), and 13.9 percent for all index hospitalizations (unweighted 

hospitalization-level).  This was lower than readmissions reported by Medicare Payment Advisory 

Committee of 17.6 percent in 2005 (MedPAC, 2007), and the 19.6 percent reported by Jencks et al. (2009) 

in 2004 (Jencks et al., 2009).   However, in the current investigation, 16.7 percent of Medicare 

beneficiaries had at least one readmission throughout the course of the year.  However, a previous study 

using MCBS has reported comparable readmissions to the one reported in the current investigation, at 

13.7 percent (Lum, Studenski, & Hardy, 2012).  Lower readmissions using MCBS is likely due to the 

representation of the MCBS sample.  To illustrate, MCBS represents the entire Medicare population and 

not the population of Medicare patients that had hospitalizations.  MCBS is a survey that is conducted 

every four months over a period of four years for a single sample person.  It maybe that those Medicare 

beneficiaries who agree to participate in MCBS are a healthier group of individuals compared to a sample 

group of Medicare beneficiaries that had hospitalizations.  This can at least in part be contributory to the 

lower readmissions observed using this data source.   

 Revisits in this investigation were 17.8 percent among first hospitalizations for each individual 

(weighted patient-level), and 20.3 percent for all index hospitalizations (unweighted hospitalization-level).  
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Additionally, 22.9 percent had at least one revisit throughout the study period.  A literature search did not 

reveal comparable findings for this outcome.  Therefore, these values can be used as a baseline in future 

evaluations that additionally uses revisits as an outcome.  Given the argument made for readmissions 

above regarding the healthy cohort effect, it is likely that these revisit percentages are also an 

underestimation. 

Another interesting observation in this research was the degree of change observed by the three 

post-discharge care settings from the readmissions to the revisits outcome.  Unadjusted 30-day 

readmissions for each of the three post-discharge settings were similar, which it was 11.8 percent for SNF 

discharge, and 12.3 each for HHC and home discharges (weighted patient-level).  However, when ED visits 

were additionally incorporated to create the revisit outcome, revisits ranged from 16.6 percent for home 

discharges to 22.6 percent for SNF discharges (weighted patient-level).  Thus, the increase from 11.8 

percent readmissions to 22.6 percent revisits among SNF discharges, and from 12.3 percent readmissions 

to 16.6 percent revisits for home discharges, was predominantly due to ED visits that did not result in an 

inpatient admission.  Increase in revisits due to ED visits was notably high among SNF discharges.  

Although some of this may be explained by greater illness severity and disability observed among SNF 

discharges; the result of a large number of ED visits from SNFs warrant further investigation.  Particularly, 

as they suggest exacerbation of a condition that was not manageable in a SNF setting, that required a visit 

to the ED for control, although it did not require hospitalization.  Even though the current policy 

environment through the HRRP target readmissions, the objective should be more overarching to include 

the prevention of all costly unscheduled encounters through the adequate management of a patient’s 

condition.  Further studies should evaluate the repeatability of this observation.  If this observation was 

consistent, then whether these ED visits were observed across all types of SNF facilities or whether these 

were observed in particular types of SNF facilities based on resource availability (i.e., healthcare 

personnel, level of care provided, other facility characteristics), require further investigation.   
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Another outcome of this evaluation confirmed previously established findings (Camberg et al., 

1997; Kane et al., 1998; Liu et al., 1998; Neu & Harrison, 1988; Neu et al., 1989; Starrett et al., 1988; 

Steiner & Neu, 1993).  Patients discharged to receive formal nursing services (i.e., SNF and HHC) were 

generally older, more female, of white race, not married (i.e., single, divorced, widowed, or never 

married), were living alone, had more comorbid conditions, had higher dependence levels with both ADLs 

and IADLs, and reported poor health status (these are unadjusted as reported in Table 4.1 and 4.2).  Thus, 

patients that receive formal services tended to be older, sicker, with greater disability, and in need of 

greater social support.  Even in the subgroup many of these relationships were observed.   

Although not the main objective of the analyses there were several variables that were 

consistently associated with 30-day all-cause readmissions and revisits in the overall sample as well as the 

subgroup (weighted patient-level and unweighted hospitalization-level analysis).  The weighted Charlson 

comorbidity index was one of them with higher values of the index associated with greater odds of 

readmissions and revisits.  This further establishes that even after controlling for a number of potential 

confounders through a number of socio-demographic characteristics, clinical and functional 

characteristics having a greater number of comorbidities is an independent predictor of both hospital 

readmissions and revisits.  Other studies have also shown similar findings (Krumholz et al., 1997; Librero, 

Peiró, & Ordiñana, 1999; Marcantonio et al., 1999).  In the readmissions and revisits analysis (both 

weighted patient-level and unweighted hospitalization-level) having renal disease was also associated 

with higher odds of both outcomes.  This was even after excluding patients that have ESRD.  Several prior 

studies have also suggested this association where predictors of readmissions were evaluated among 

patients with specific conditions (Allaudeen, Vidyarthi, Maselli, & Auerbach, 2011; Hannan et al., 2003; 

Krumholz et al., 2000; Philbin & DiSalvo, 1999; Phillips, Safran, Cleary, & Delbanco, 1987).  Hospitalization 

for kidney disease has increased over the years, and in many instances they occur as a concomitant 

diagnosis with common chronic conditions such as HF, hypertension, and diabetes (Centers for Disease 

Control and Prevention [CDC], 2008). 
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In the overall sample weighted patient-level and unweighted hospitalization-level revisit models, 

the number of ED in the prior year was independently associated with higher odds of all-cause revisits.  

Previous studies too have indicated the patients that had prior ED visits are more likely to have 

subsequent ED visits (Aminzadeh & Dalziel, 2002; McCusker, Healey, Bellavance, & Connolly, 1997; 

McCusker, Cardin, Bellavance, & Belzile, 2000; McCusker, Karp, Cardin, Durand, & Morin, 2003; Meldon et 

al., 2003).  This may indicate the ‘revolving door’ patients, patients whose conditions are inadequately 

managed, and/or a group of patients who are severely ill.   

In the unweighted hospitalization-level overall readmissions model, having a history of HHC in 

the prior year was associated with lower odds of readmissions.  This would suggest that in the long-term 

having previously received skilled nursing services may be protective in reducing readmissions for all 

hospitalizations for any condition.   

Among the subgroup, having the presence of at least one IADL was associated with significantly 

higher readmissions.  IADLs in this investigation assessed dependence in telephone use, meal preparation, 

housework, shopping, and managing finances.  Previous studies have not always identified IADLs as a 

predictor of readmissions (Comette et al., 2005; Mudge et al., 2011). 

Finally, this study provided information regarding the accuracy of discharge status reported in 

Medicare inpatient claims data.  Of the three discharge care settings that were evaluated, the reported 

discharge status was accurate in 90 percent of the instances, with SNF discharges being almost always 

accurate but, home and HHC discharges showing a substantial amount of interchangeability.  

Approximately 90 percent of the home discharges were retained following verification.  However, 

retention of HHC discharges was lowest at 83 percent.  Many of the home to HHC discharges were 

misclassified as a result of hospitalization occurring during a HHC episode and HHC episode continuing 

after discharge, as determined through episode end date in the HHC claims.  Many of the HHC to home 

discharges were misclassified as a result of a lack of HHC claims, or absence of OASIS assessment which 

identifies HHC utilization.  Notably, the change from home to HHC was associated with 7.8 percent (4/51) 
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of readmissions, and 15.9 percent (8/51) of revisits; and the change from HHC to home was associated 

with 23.3 percent (7/30) of readmissions, and 30 percent of revisits (9/30), in the overall sample of 

hospitalizations for any reason.  Thus, this reclassification affected the outcome of readmissions/revisits 

for each reclassification differently.  The change in outcome was larger for the HHC to home 

reclassification.  This would suggest that those who were prescribed HHC do not receive them and these 

individuals also have more readmissions and revisits.  Thus, it is important for investigations that assess 

outcomes by the type of post-discharge care setting to verify if they do receive the type of PAC services 

that they have been recommended to ensure the validity of study findings. 

 

5.7 Limitations of Study 

 
 Several limitations to this research must be noted.  First, in terms of external validity, this study 

was conducted among a subpopulation of a nationally-representative sample of Medicare beneficiaries 

and not a sample of Medicare beneficiaries that were hospitalized in a given year.  In the end, following 

the application of selection criteria to identify index hospitalizations (Figure 4.1 and 4.2), this 

subpopulation consisted of approximately five percent of Medicare beneficiaries.  It is important to 

differentiate between these two samples, as this along with some other specific selection criteria (e.g., 

exclusion of ESRD, exclusion of long-term care beneficiaries) may be contributory to the lower percentage 

of readmissions, compared to those reported from previous investigations (Mor et al., 2010).  Although 

this study could have been carried out with a representative sample of inpatient hospitalizations using 

relevant Medicare data, such an analysis cannot control for a number of important variables that can 

determine the type of PAC a patient receives, due to the unavailability of such information in the claims 

(e.g., availability and access to social support, general health status, physical functioning).  This type of 

information is generally only collected through surveys, and, as mentioned previously, the ability to link 

survey data with claims information was one of the strengths in this research, even though there was a 

trade-off regarding the representativeness to all Medicare patients that were hospitalized in a given year.  
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Additionally, because claims data through CMS was only available for Medicare FFS beneficiaries and not 

those enrolled in Medicare Advantage plans, these findings are only representative of the former.  The 

payment incentives in Medicare Advantage plans are different from Medicare FFS beneficiaries.  These 

different incentives may actually result in in different readmission patterns among Medicare Advantage 

beneficiaries.  Notably, however, the HRRP is only applicable to FFS Medicare.    

Second, MCBS provides comprehensive information on a patient’s healthcare utilization by 

supplementing claims data with survey reported utilization events.  There were some hospitalizations 

reported only via the survey component of the MCBS that were identified for the persons selected for 

study inclusion.  However, these were not considered when identifying index hospitalizations because of 

the lack of information on discharge status (which was the independent variable of interest).  Potential 

impacts of this survey-reported information can be: 1) hospital events identified as an index 

hospitalization no longer qualifies as such due to the presence of a survey only reported hospitalization 

within the prior 30 days; 2) a survey-reported hospitalization can qualify as an index hospitalization; and 

3) survey-reported hospitalization can qualify as readmissions.  Among the sample identified, less than 

three percent had a survey-only reported inpatient hospital event, and as such is unlikely to substantially 

affect the findings of the main research hypotheses.     

 Third, following verification, an original discharge of HHC was retained only among 

approximately 80 percent.  It is possible that part of this non-retention was due to the receipt of non-

Medicare reimbursed HHC.  One strength of MCBS however, is that the survey additionally collects 

information on non-Medicare reimbursed healthcare utilization.  This allowed for the assessment of the 

extent to which non-Medicare reimbursed HHC contributed to non-retention of the original HHC 

discharge status.  The effect of this however, was minimal, with no changes required to the verified HHC 

discharge status.  Nevertheless, it is important to note that HHC covers a range of services that includes 

social support services such as housekeeping, cleaning, and meal services.  For the survey-reported 

information such services were not collected, and only those that provided some sort of skilled care (i.e., 



172 

 

 

medical/nursing) were included because the focus of MCBS was to identify utilization of medical-related 

services (CMS, 2011b).  The extent that non-retention maybe due to non-medical related HHC services is 

hard to determine, if at all present.      

Fourth, one major assumption of this analysis was that readmissions were predominantly 

influenced by the initial type of post-discharge care setting.  Subsequent utilization was not considered 

due to complexity of transitions a patient can have following hospitalization (Coleman, Min, Chomiak, & 

Kramer, 2004).  This study also assumed that each type of post-discharge care setting provides a similar 

level and intensity of care.  Although Medicare-reimbursed SNFs and home health agencies are expected 

to provide a certain level of care to be certified and be eligible to receive Medicare reimbursement, 

practice patterns, services provided, and personnel competence can vary by each provider even within 

each type of PAC (i.e., SNFs or home health agencies) (Carter & Porell, 2003; Intrator, Castle, & Mor, 1999; 

Intrator et al., 2004).  Information that would measure the extent of this variation in quality and intensity 

of services provided by each type of PAC provider is unavailable.  Thus, the influence this variation can 

have on hospital revisits is difficult to evaluate.  Similarly, even among patients discharged home, the 

knowledge and competency of the patient, family member, or care giver, can affect hospital readmissions 

and revisits.  Furthermore, patient compliance with a recommended treatment regimen (particularly with 

medication adherence) can also influence unscheduled hospital visits.  Although some variables such as 

education, income, and living arrangement were included as control variables, a comprehensive 

assessment of all factors is not feasible due to limitations in data availability. 

Fifth, as has been reiterated a number of times throughout this research, selection bias (that may 

arise due to non-random assignment to post-discharge care setting) and resultant confounding is a 

challenge in this study design.  Although concerted efforts were made to be transparent in the differences 

between the groups for a number of important variables that can determine post-discharge care setting, 

and also adjust for these variables, this analysis does not control for potentially important unmeasured 

variables such as important clinical information (e.g., information from laboratory and other medical 
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tests) and disease severity.  Because this research included hospitalization for any condition as the main 

analysis, incorporating this information would have been challenging due to the large variety of conditions 

represented.      

Finally, because this study used a combination of claims data and survey-reported data, inherent 

limitations in each of these types of data sources are also applicable to this research.  For claims data 

these include coding errors and misspecification (e.g., wrong diagnosis, no diagnosis) the presence of 

which was illustrated through the verification process for discharge status.  Claims data are collected for 

reimbursement of healthcare services, and its primary function is not research.  As such, claims 

information lack many variables that are needed to operationalize some of the important confounding 

variables in this research.  Survey-reported data can be influenced by a number of different biases 

associated with survey data collection (e.g., recall bias, non-response bias, interviewer bias, social 

desirability bias etc.).  Also, some of variables used in the analysis (e.g., physical functioning (ADLs and 

IADLs) and general health status) were collected during the fall round of interviews for a given year of 

data collection.  The values for these variables were obtained from information available prior to the 

occurrence of the index hospitalization.  For example for index hospitalizations that occurred in the Spring 

of 2008, the values were obtained from information from the 2007 MCBS.  The 2008 information was 

used only if the index hospitalization occurred subsequent to the fall interview round for 2008.  This was 

to ensure these variables reflected the level of physical functioning and health status prior to the index 

hospitalization.  However, in some instance the gap between data collection and index hospitalization 

maybe quite large.  In such instances the values for these variables may not adequately reflect the steady 

health and functional status of the individual prior to hospitalization.  

 

5.8 Policy implications and Future Research  

 
 Among Medicare beneficiaries who were hospitalized for any reason, neither 30-day all-cause 

readmissions nor 30-day all-cause revisits differed by the type of post-discharge care setting.  This 
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suggests that the choice of post-discharge care setting prescribed following an inpatient admission might 

be appropriate for these two outcomes among this population.  However, it is important to note that this 

research does not directly evaluate the potential of post-discharge care to reduce readmissions, but only 

assessed whether there is a difference in the current level of readmissions by the type of post-discharge 

care setting.  This was important to evaluate given the ambiguity in the utilization of PAC services, 

particularly arising from the lack of guidelines on what type of PAC to prescribe for a particular illness 

level of a patient, and also because of the large variations in utilization that has historically been observed 

in response to changes in reimbursement for both the inpatient PPS as well as for PAC services.  If a 

difference in readmissions by the type of post-discharge care setting was identified, this would have 

suggested that there may be a group of patients that can benefit from more careful evaluation and 

transfer to a another type of discharge setting, or through the receipt of more intensive services.  A 

hospital’s PAC network can then be a potentially manipulable variable for hospitals to consider as they 

adjust to the new policy environment of having to face payment reductions for excess readmissions.  The 

importance of PAC networks following hospitalization is further emphasized in the new payment 

initiatives that are currently being pilot tested by CMS (CMS, 2011a).  One example is the BPCI initiative 

that incorporates the ‘episode of care’ concept (CMS, 2011a).  This considers a single payment for a care 

episode that spans from an inpatient admission through relevant PAC.  This recognizes the need for care 

integration and joint accountability, with the ultimate objective of improving patient outcomes (e.g., 

reducing preventable ED visits).   

 At present the HRRP is only applied to three conditions – HF, AMI, and pneumonia (“Medicare 

Program,” 2011 ; MedPAC, 2007).  Over the years it will expand to include four more conditions – COPD, 

CABG, PTCA, and other vascular procedures (“Medicare Program,” 2011 ; MedPAC, 2007).  It is important 

to note that although there was no relationship between post-discharge care setting and 

readmissions/revisits among hospitalizations for any condition among elderly Medicare beneficiaries, this 

relationship maybe different for each of these seven conditions.  Because of the smaller sample sizes 
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among these seven conditions in the current research, it was not possible to investigate this relationship 

for each one separately.  Instead, subgroup analysis was conducted that consisted of hospitalizations from 

any one of these conditions.  Although the findings were the same as that for hospitalizations for any 

condition, there was some indication that readmissions among HHC discharges may be greater than home 

discharges as well as SNF discharges.  Capturing this difference if indeed present will require a larger 

sample size.  This indication of higher unscheduled hospital visits, particularly between HHC discharges 

compared to home discharges, persisted even for the revisits outcome.  Thus, future research that 

evaluates this relationship using larger sample sizes is recommended not only for the subgroup of seven 

conditions together, but also for each of these conditions separately.  Worse outcomes in HHC discharges 

will require further assessment regarding the quantity and quality of HHC services provided.  Some 

aspects include investigating if there is a portion of HHC discharges that can benefit from: 1) receiving 

care from a setting that provides more intensive services such as a SNF or IRF; 2) having more home 

health visits; 3) receiving a different type and level of services; and 4) having providers with a different 

level of skill to administer HHC or enhance the skills of the current providers of these services.  Future 

research should also attempt to clearly define the patient groups that can benefit from each different 

type of PAC services. 

 Although the current policy environment focuses predominantly on readmissions, ED visits are 

also an undesirable and costly outcome, and one of the aims of managing a disease or condition is to 

prevent such unscheduled encounters (AHRQ, 2013b).  Therefore, it may be important for future research 

to additionally assess this combined outcome of readmissions and ED visits.   

In many instances, the implementation of untested programs and policies can have unwanted 

and unexpected consequences, that in the end may or may not provide an overall benefit through their 

adoption.  An unwanted consequence of the HRRP could be the excess transfer of patients to other types 

of healthcare facilities, and increased multiple ED visits that do not result in inpatient admissions.  Thus, 
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future research that evaluates the impact of the HRRP should also assess if this: 1) affects the utilization of 

PAC; and 2) changes the ED visits that occur within 30-days of hospital discharge.   

The FFS payment system in Medicare has been largely held accountable for promoting the 

utilization of more services as providers are paid for the quantity of care as opposed to their quality.  

Furthermore, each provider is paid separately, and to add to the complexity, each PPS for each type of 

service (i.e., inpatient and PAC) is designed differently, which can provide varying incentives on the 

duration and intensity of services provided that can in turn influence patient outcomes.  In contrast, the 

Medicare advantage program where Medicare provides a capitated risk-adjusted payment to a health 

maintenance organization to provide care for a beneficiary, offers a natural experiment to assess if the 

relationships observed between readmissions, revisits and post-discharge care settings are the same as 

that observed for FFS Medicare beneficiaries.  This will provide information on the impact that different 

financial incentives can have on service utilization and patient outcomes.  Although a criticism of health 

maintenance organizations has been regarding the ‘skimping on care’, this will provide valuable 

information as more initiatives (e.g., BPCI, accountable care organization, patient-centered medical home) 

that emphasize care integration, quality, and patient outcomes are currently being pilot tested. 

 

5.8  Conclusions 

 
 Neither all-cause readmissions nor all-cause hospital revisits that occurred within 30-day of 

hospital discharge differed by the type of post-discharge care setting for hospitalization for any condition 

among elderly Medicare beneficiaries.  The same relationship was also observed for a subgroup of 

hospitalization for seven priority conditions in the HRRP.  However, among the subgroup of 

hospitalizations there was some indication that both readmissions and revisits among discharges to HHC 

may be higher.  Further evaluation of this relationship with a larger sample size is recommended for the 

subgroup in its entirety, as well as for each of the priority conditions separately as this relationship can be 

different for each condition.  Recognizing that readmissions and revisits occur as the result of a multitude 
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of factors of which post-discharge care setting can be an important contributor, and in an environment of 

some degree of interchangeability between PAC services, lack of guideline regarding the provision of PAC, 

and a history of variation in utilization of PAC in response to financial incentives, makes post-discharge 

care setting an important component of care that require careful evaluation.  Therefore, it can be an area 

of potential improvement and better targeting and utilization of PAC networks by hospitals can be one 

part of their effort to reduce excess hospital readmissions.       
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APPENDIX A 

 

INTERNATIONAL CLASSIFICATION OF DISEASE, 9
TH

 REVISION, CLINICAL MODIFICATION (ICD-9-CM) CODES 

USED FOR CONDITION/PROCEDURE IDENTIFICATION. 

 

Condition/Procedure ICD-9-CM code diagnosis/procedure code 

Heart Failure (HF) 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 

404.91, 404.93, 425.4, 425.5, 425.7, 425.8, 425.9, and 428.xx 

Acute myocardial infarction (AMI) 410.xx, 412  

Pneumonia 480.x-486, 487.0, 488.11 

Chronic obstructive pulmonary 

disease (COPD) 

490, 4910, 4911, 4912, 49120, 49121, 49122, 4918, 4919, 4920, 

4928, 494, 4940, 4941, 496 

Coronary artery bypass graft 

(CABG) 

V45.81, 36.10-36.16 

Percutaneous Transluminal 

Coronary Angioplasty (PTCA) 

V45.82, 00.66, 36.06, 36.07     

Other vascular procedures 00.40-00.48, 00.50-00.56, 00.61-00.65, , 36.03, 36.09, 37.21-37.23, 

37.26, 37.7x, 37.8x, 37.94-37.99, 38.xx, 39.xx, 88.52-88.57,  

 

Codes for each condition were obtained from National Quality Forum (NQF) endorsed 30-day readmission 

measures for heart failure, acute myocardial infarction, and pneumonia; Agency of Healthcare Research 

and Quality (AHRQ) clinical classification software (CCS) groupings; and codes used for the identification 

and classification of conditions for the Deyo-modified Charlson comorbidity index (Quan et al., 2005).  
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APPENDIX B 

 

VERIFICATION OF THE INDEPENDENT VARIABLE (WEIGHTED) 

 

Figure A.1: Discharge status as originally reported in inpatient claims and discharge status following 

verification (N=670; weighted=2,293,629) 

 
 

   

Figure A.2: Reclassification of discharge status following verification 

 
HHC = Home healthcare; SNF = skilled nursing facility 
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Figure A.3: Proportion that did not require reclassification by the reported discharge status
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Appendix C 

30-DAY ALL-CAUSE READMISSIONS MODELS 

C-1: Weighted patient-level full model of 30-day all-cause readmissions for first index hospitalization of 

670 individuals in sample (weighted to 2,293,629 Medicare beneficiaries)  

  

Odds 

ratio 

Jackknife 

standard 

error P-value 

95% Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 0.929 0.354 0.847 0.437, 1.977 

   Skilled nursing facility 0.907 0.448 0.843 0.340, 2.414 

Age 1.000 0.022 0.989 0.958, 1.044 

Sex (ref-female)      

   Male 1.054 0.311 0.858 0.588, 1.892 

Marital status (ref-not married)      

   Married 1.046 0.372 0.901 0.516, 2.119 

Race (ref-white)      

   Black 1.136 0.576 0.801 0.416, 3.105 

   All other races 0.812 0.493 0.733 0.243, 2.711 

Education category (ref-high school or less)      

   More than high school 1.497 0.413 0.147 0.866, 2.586 

Income category (ref-≤$25,000)      

   >$25,000 1.015 0.343 0.965 0.519, 1.984 

Living arrangement (ref-living with ≥1 person)      

   Living alone 1.174 0.479 0.695 0.522, 2.638 

Number of hospitalizations in prior year 1.233 0.263 0.327 0.808, 1.881 

Number of ED visits in prior year 1.176 0.147 0.197 0.918, 1.508 

Institutional stays in prior year (ref-absent)      

   Present 0.777 0.587 0.739 0.174, 3.477 

Home health events in prior year (ref-absent)      

   Present 0.364 0.199 0.067 0.124, 1.074 

Metro status (ref-metro)      

   Non-metro 0.771 0.235 0.394 0.421, 1.410 

Modified Weighted Charlson comorbidity index
ⱡ
 1.185 0.088 0.025* 1.022, 1.374 

Number of ADLs  1.007 0.128 0.956 0.782, 1.297 

IADL (no problems with IADL)      

   At least one IADL 1.78 0.645 0.115 0.868, 3.654 

General health (ref-excellent/very good/good)      

   Fair/poor 1.297 0.435 0.441 0.666, 2.524 

Renal disease (ref-absent)      

   Present 2.705 0.891 0.003* 1.407, 5.201 

Cancer (absent)      

   Present 1.322 0.399 0.358 0.726, 2.408 
ⱡ
Because renal disease and cancer were included as separate variables; these were excluded from the 

modified weighted Charlson comorbidity index to avoid double counting which would occur if the original 

version of the weighted Charlson index was included.  



182 

 

 

C-2: Unweighted hospitalization-level full model of 30-day all-cause readmissions for all index 

hospitalization (821 hospitalizations among 670 individuals)  

  

Odds 

ratio 

Robust 

standard 

error P-value 

95% 

Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 0.859 0.239 0.584 0.498, 1.481 

   Skilled nursing facility 0.791 0.255 0.466 0.421, 1.486 

Age 1.01 0.017 0.548 0.977, 1.045 

Sex (ref-female)      

   Male 0.869 0.215 0.57 0.535, 1.411 

Marital status (ref-not married)      

   Married 0.863 0.27 0.638 0.468, 1.593 

Race (ref-white)      

   Black 1.075 0.445 0.862 0.477, 2.421 

   All other races 1.087 0.361 0.802 0.567, 2.084 

Education category (ref-high school or less)      

   More than high school 1.542 0.344 0.052 0.996, 2.386 

Income category (ref-≤$25,000)      

   >$25,000 1.115 0.27 0.653 0.694, 1.792 

Living arrangement (ref-living with ≥1 person)      

   Living alone 1.107 0.317 0.723 0.632, 1.939 

Number of hospitalizations in prior year 1.077 0.123 0.515 0.861, 1.348 

Number of ED visits in prior year 1.143 0.092 0.099 0.975, 1.339 

Institutional stays in prior year (ref-absent)      

   Present 1.331 0.495 0.442 0.642, 2.757 

Home health events in prior year (ref-absent)      

   Present 0.484 0.172 0.042* 0.240, 0.972 

Metro status (ref-metro)      

   Non-metro 0.859 0.205 0.525 0.539, 1.370 

Modified weighted Charlson comorbidity index
ⱡ
 1.177 0.062 0.002* 1.063, 1.304 

Number of ADLs (ref-no IADLs) 0.973 0.09 0.769 0.812, 1.166 

IADL (no problems with IADL)     

   At least one IADL 1.64 0.45 0.071 0.958, 2.808 

General health (ref-excellent/very good/good)      

   Fair/poor 1.126 0.267 0.619 0.707, 1.793 

Renal disease (ref-absent)      

   Present 2.498 0.574 <0.001* 1.592, 3.920 

Cancer (absent)     

   Present 1.049 0.26 0.846 0.646, 1.704 
ⱡ
Because renal disease and cancer were included as separate variables; these were excluded from the 

modified weighted Charlson comorbidity index to avoid double counting which would occur if the original 

version of the weighted Charlson index was included.  
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Appendix D 

30-DAY ALL-CAUSE REVISITS MODELS 

D-1: Weighted patient-level full model of 30-day all-cause revisits for first index hospitalization of 670 

individual in sample (weighted to 2,293,629 Medicare beneficiaries)  

  

Odds 

ratio 

Jackknife 

standard 

error P-value 

95% Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 0.997 0.249 0.992 0.607, 1.638 

   Skilled nursing facility 1.294 0.431 0.442 0.668, 2.507 

Age 1.009 0.019 0.625 0.972, 1.048 

Sex (ref-female)     

   Male 1.135 0.233 0.538 0.755, 1.707 

Marital status (ref-not married)     

   Married 1.005 0.321 0.987 0.533, 1.896 

Race (ref-white)     

   Black 1.012 0.444 0.979 0.424, 2.415 

   All other races 0.507 0.277 0.217 0.171, 1.501 

Education category (ref-high school or less)     

   More than high school 1.275 0.324 0.343 0.769, 2.111 

Income category (ref-≤$25,000)     

   >$25,000 0.718 0.192 0.219 0.422, 1.222 

Living arrangement (ref-living with ≥1 person)     

   Living alone 1.064 0.373 0.861 0.530, 2.134 

Number of hospitalizations in prior year 1.083 0.207 0.676 0.742, 1.582 

Number of ED visits in prior year 1.36 0.125 0.001* 1.133, 1.633 

Institutional stays in prior year (ref-absent)     

   Present 0.651 0.35 0.426 0.224, 1.891 

Home health events in prior year (ref-absent)     

   Present 0.58 0.238 0.188 0.257, 1.309 

Metro status (ref-metro)     

   Non-metro 1.031 0.23 0.89 0.663, 1.605 

Modified weighted Charlson comorbidity index
ⱡ
 1.171 0.068 0.008* 1.043, 1.315 

Number of ADLs (ref-no IADLs) 1.032 0.096 0.738 0.858, 1.241 

IADL (no problems with IADL)     

   At least one IADL 1.29 0.413 0.428 0.684, 2.433 

General health (ref-excellent/very good/good)     

   Fair/poor 1.247 0.355 0.442 0.708, 2.195 

Renal disease (ref-absent)     

   Present 2.372 0.679 0.003* 1.345, 4.185 

Cancer (absent)     

   Present 1.297 0.327 0.305 0.786, 2.140 
ⱡ
Because renal disease and cancer were included as separate variables; these were excluded from the 

modified weighted Charlson comorbidity index to avoid double counting which would occur if the original 

version of the weighted Charlson index was included.  
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D-2: Unweighted hospitalization-level full model of 30-day all-cause revisits for all index hospitalization 

(822 hospitalizations among 670 individuals)  

  

Odds 

ratio 

Robust 

standard 

error P-value 

95% 

Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 1.052 0.246 0.827 0.666, 1.663 

   Skilled nursing facility 1.071 0.299 0.806 0.620, 1.850 

Age 1.016 0.015 0.267 0.988, 1.046 

Sex (ref-female)      

   Male 1.019 0.216 0.93 0.673, 1.543 

Marital status (ref-not married)      

   Married 0.865 0.232 0.587 0.512, 1.461 

Race (ref-white)      

   Black 1.119 0.359 0.727 0.596, 2.098 

   All other races 0.67 0.22 0.222 0.353, 1.274 

Education category (ref-high school or less)      

   More than high school 1.308 0.259 0.176 0.887, 1.929 

Income category (ref-≤$25,000)      

   >$25,000 0.73 0.153 0.133 0.484, 1.100 

Living arrangement (ref-living with ≥1 person)      

   Living alone 0.947 0.235 0.827 0.582, 1.542 

Number of hospitalizations in prior year 1.019 0.11 0.863 0.825, 1.258 

Number of ED visits in prior year 1.315 0.084 <0.001* 1.160,  1.491 

Institutional stays in prior year (ref-absent)      

   Present 1.057 0.346 0.865 0.556, 2.009 

Home health events in prior year (ref-absent)      

   Present 0.56 0.17 0.056 0.309, 1.014 

Metro status (ref-metro)      

   Non-metro 1.057 0.224 0.795 0.698, 1.600 

Modified weighted Charlson comorbidity index
ⱡ
 1.164 0.055 0.001* 1.061, 1.276 

Number of ADLs (ref-no IADLs) 1.008 0.079 0.916 0.865, 1.175 

IADL (no problems with IADL)      

   At least one IADL 1.212 0.287 0.419 0.761, 1.929 

General health (ref-excellent/very good/good)      

   Fair/poor 1.099 0.224 0.645 0.736, 1.639 

Renal disease (ref-absent)      

   Present 2.216 0.438 <0.001* 1.504, 3.266 

Cancer (absent)      

   Present 1.177 0.253 0.447 0.773, 1.793 
ⱡ
Because renal disease and cancer were included as separate variables; these were excluded from the 

modified weighted Charlson comorbidity index to avoid double counting which would occur if the original 

version of the weighted Charlson index was included.  
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APPENDIX E 

DESCRIPTIVE STATISTICS OF THE SUBGROUP 

E-1: Patient characteristics for the subgroup and by post-discharge care setting (weighted patient-level) 

Characteristic Sample 

individuals 

(N=216) 

(Weighted 

N=730,174) 

Home 

(N=142) 

(Weighted 

N=481,831) 

Home 

healthcare 

(HHC) 

(N=43) 

(Weighted 

N=146,631) 

Skilled 

nursing 

facility (SNF) 

(N=31) 

(Weighted 

N=101,712) 

P-value 

Age Mean (±SD) 79.0 (±7.6) 77.8 (±7.0) 80.9 (±8.6) 81.6 (±7.1) 0.0036 

      

Sex (%)       

   Male 50.6 52.1 49.0 46.0 0.8074 

   Female 49.4 47.9 51.0 54.0  

      

Race (%)      

   White 88.8 88.6 84.4 96.2 0.2689 

   Black 4.5 3.9 9.6 0.0  

   Other 6.7 7.5 6.0 3.8  

      

Education (%)      

   High school or below 61.9 59.0 71.0 62.5 0.3626 

   More than high school 38.1 41.0 29.0 37.5  

      

Income category (%)      

   Up to $25,000 53.2 49.1 60.7 62.4 0.2145 

   >$25,000 46.8 50.9 39.3 37.6  

      

Marital status (%)      

   Married 49.7 55.4 33.6 45.6 0.0667 

   Not married 50.3 44.6 66.4 54.4  

      

Living arrangement (%)      

   Lives alone 35.9 29.3 52.5 43.5 0.0172 

   Lives with at least one more  

   person in household 

64.1 70.7 47.5 56.5  

      

Metro status (%)      

   Non-metro area 33.1 37.5 22.0 28.2 0.1107 

   Metro area  66.9 62.5 78.0 71.8  

      

Number of hospitalizations in 

the prior year Mean (±SD) 

0.5 (±1.1) 0.4 (±1.2) 0.6 (±1.0) 0.5 (±1.0) 0.4161 
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Characteristic Sample 

individuals 

(N=216) 

(Weighted 

N=730,174) 

Home 

(N=142) 

(Weighted 

N=481,831) 

Home 

healthcare 

(HHC) 

(N=43) 

(Weighted 

N=146,631) 

Skilled 

nursing 

facility (SNF) 

(N=31) 

(Weighted 

N=101,712) 

P-value 

Number of hospitalizations in 

prior year (%) 

     

   0 74.2 78.8 59.4 73.2 0.0175 

   ≥1 25.8 21.2 40.6 26.8  

      

Number of emergency 

department visits in the prior 

year Mean (±SD) 

0.5 (±1.2) 0.5 (±1.3) 0.6 (±1.0) 0.4 (±0.7) 0.4682 

      

Number of emergency 

department visits in the prior 

year (%) 

     

   0 65.0 67.3 55.1 68.4 0.2183 

   1+ 35.0 32.7 44.9 31.6  

      

Prior institutional events (%)       

   Absent 91.6 95.8 87.7 77.4 0.0006 

   Present 8.4 4.2 12.3 22.6  

      

Prior home health events (%)       

   Absent 81.2 88.8 68.7 62.8 0.0003 

   Present 18.8 11.2 31.3 37.2  

      

Charlson comorbidity index 

Mean (±SD) 

4.3 (±2.8) 3.9 (±2.6) 5.2 (±3.2) 4.7 (±3.0) 0.0726 

      

ADL Mean (±SD) 0.9 (±1.3) 0.7 (±1.1) 1.5 (±1.6) 0.9 (±1.3) 0.0099 

      

ADL      

   0 ADL 50.5 56.6 33.8 45.2 0.0451 

   ≥1 ADL 49.5 43.4 66.2 54.8  

      

IADL      

   0 IADL 60.2 68.1 40.5 51.2 0.0036 

   ≥1 IADL 39.8 31.9 59.5 48.8  

      

General Health      

   Excellent/Very good/Good 62.4 67.3 56.3 47.9 0.0988 

   Fair/Poor 37.6 32.7 43.7 52.1  
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Characteristic Sample 

individuals 

(N=216) 

(Weighted 

N=730,174) 

Home 

(N=142) 

(Weighted 

N=481,831) 

Home 

healthcare 

(HHC) 

(N=43) 

(Weighted 

N=146,631) 

Skilled 

nursing 

facility (SNF) 

(N=31) 

(Weighted 

N=101,712) 

P-value 

Cancer (%)      

   Absent 83.4 87.5 73.8 77.5 0.0485 

   Present 16.6 12.5 26.2 22.5  

      

Renal disease (%)      

   Absent 75.9 78.4 69.0 74.1 0.4432 

   Present 24.1 21.6 31.0 25.9  
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E-2: Characteristics of all index hospitalizations in subgroup and by post-discharge care setting 

(unweighted hospitalization-level) 

Characteristic Sample 

individuals 

(N=252) 

 

Home 

(N=163)  

Home 

healthcare 

(HHC) 

(N=54)  

Skilled 

nursing 

facility (SNF) 

(N=35)  

P-value 

Age Mean (±SD) 79.6 (±7.3) 78.5 (±7.1) 81.6 (±8.0) 81.8 (±6.2) 0.0027 

      

Sex (%)       

   Male 52.0 53.4 50.0 48.6 0.8318 

   Female 48.0 48.8 50.0 51.4  

      

Race (%)      

   White 87.3 87.1 83.3 94.3 0.4718 

   Black 6.0 4.9 11.1 2.9  

   Other 6.8 8.0 5.6 2.9  

      

Education (%)      

   High school or below 62.7 61.4 66.7 62.9 0.7829 

   More than high school 37.3 38.6 33.3 37.1  

      

Income category (%)      

   Up to $25,000 56.0 51.5 64.8 62.9 0.1675 

   >$25,000 44.0 48.5 35.2 37.1  

      

Marital status (%)      

   Married 49.2 55.8 33.3 42.9 0.0157 

   Not married 50.8 44.2 66.7 57.1  

      

Living arrangement (%)      

   Lives alone 36.9 29.4 53.7 45.7 0.0025 

   Lives with at least one more  

   person in household 

63.1 70.6 46.3 54.3  

      

Metro status (%)      

   Non-metro area 34.5 39.3 24.1 28.6 0.1039 

   Metro area  65.5 60.7 75.9 71.4  

      

Number of hospitalizations in 

the prior year Mean (±SD) 

0.7 (±1.3) 0.6 (±1.3) 1.1 (±1.5) 0.7 (±1.2) 0.1110 

      

Number of hospitalizations in 

prior year (%) 

     

   0 63.1 67.5 48.2 65.7 0.0350 

   ≥1 36.9 32.5 51.8 34.3  
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Characteristic Sample 

individuals 

(N=252) 

 

Home 

(N=163)  

Home 

healthcare 

(HHC) 

(N=54)  

Skilled 

nursing 

facility (SNF) 

(N=35)  

P-value 

Number of emergency 

department visits in the prior 

year Mean (±SD) 

0.6 (±1.3) 0.7 (±1.5) 0.6 (±1.0) 0.6 (±1.0) 0.9756 

      

Number of emergency 

department visits in the prior 

year (%) 

     

   0 61.1 62.6 55.6 62.9 0.6328 

   1+ 38.9 37.4 44.4 37.1  

      

Prior institutional events (%)       

   Absent 88.1 92.0 85.2 74.3 0.0164 

   Present 11.9 8.0 14.8 25.7  

      

Prior home health events (%)       

   Absent 74.2 83.4 57.4 57.1 0.0001 

   Present 25.8 16.6 42.6 42.9  

      

Charlson comorbidity index 

Mean (±SD) 

4.6 (±2.7) 4.1 (±2.5) 5.6 (±2.9) 4.9 (±2.6) 0.0015 

      

ADL Mean (±SD) 1.0 (±1.3) 0.8 (±1.2) 1.6 (±1.6) 1.0 (±1.2) 0.0001 

      

ADL      

   0 ADL 47.6 54.0 31.5 42.9 0.0161 

   ≥1 ADL 52.4 46.0 68.5 57.1  

      

IADL      

   0 IADL 57.1 65.0 37.0 51.4 0.0013 

   ≥1 IADL 42.9 35.0 63.0 48.6  

      

General Health      

   Excellent/Very good/Good 58.7 64.4 51.8 42.9 0.0363 

   Fair/Poor 41.3 35.6 48.2 57.1  

      

Cancer (%)      

   Absent 83.3 87.7 72.2 80.0 0.0361 

   Present 16.7 12.3 27.8 20.0  
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Characteristic Sample 

individuals 

(N=252) 

 

Home 

(N=163)  

Home 

healthcare 

(HHC) 

(N=54)  

Skilled 

nursing 

facility (SNF) 

(N=35)  

P-value 

Renal disease (%)      

   Absent 71.8 76.1 61.1 68.6 0.0961 

   Present 28.2 23.9 38.9 31.4  

Note 1: Note 1: The additional index hospitalization in the revisit sample had the following characteristics: 

75 years, female, white race, education level of high school or less, personal income of <$25,000, married, 

living with at least one other person in household, residence in metro area, 5 hospitalizations and 5 

emergency department visits in prior year, no institutional events in prior year, presence of HHC 

utilization in prior year, a weighted Charlson comorbidity index of 5, dependence in at least one activity of 

daily living and instrumental activity of daily living, a self-reported general health status of good or better, 

does not have cancer or renal disease.     
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Appendix F 

30-DAY ALL-CAUSE READMISSIONS MODELS FOR SUBGROUP 

F-1: Weighted patient-level full model of 30-day all-cause readmissions for first index hospitalization of 

216 individuals in subgroup (weighted to 730,174 Medicare beneficiaries)  

  

Odds 

ratio 

Jackknife 

standard 

error P-value 

95% 

Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 1.049 0.607 0.934 0.333,3.305 

   Skilled nursing facility 0.561 0.58 0.577 0.072,4.367 

Age 1.008 0.034 0.818 0.942,1.078 

Sex (ref-female)     

   Male 0.921 0.385 0.845 0.402,2.113 

Number of hospitalizations in prior year 1.324 0.209 0.079 0.967,1.812 

Number of ED visits in prior year 1.193 0.183 0.253 0.880,1.616 

Weighted Charlson comorbidity index 1.253 0.123 0.024* 1.031,1.522 

Number of ADLs  0.93 0.192 0.725 0.618,1.400 

IADL (no problems with IADL)     

   At least one IADL 2.948 1.766 0.074 0.898,9.677 

General health (ref-excellent/very good/good)     

   Fair/poor 0.891 0.504 0.839 0.290,2.735 

 

F-2: Unweighted hospitalization-level full model of 30-day all-cause readmissions for all index 

hospitalization in subgroup (252 hospitalizations among 216 individuals)  

  

Odds 

ratio 

Robust 

standard 

error P-value 

95% 

Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 0.911 0.43 0.844 0.361,2.300 

   Skilled nursing facility 0.544 0.348 0.341 0.156,1.904 

Age 0.996 0.027 0.885 0.944,1.051 

Sex (ref-female)     

   Male 0.819 0.303 0.589 0.396,1.692 

Number of hospitalizations in prior year 1.065 0.138 0.63 0.825,1.373 

Number of ED visits in prior year 1.178 0.113 0.088 0.976,1.421 

Weighted Charlson comorbidity index 1.167 0.09 0.046* 1.003,1.358 

Number of ADLs  0.979 0.164 0.898 0.705,1.360 

IADL (no problems with IADL)     

   At least one IADL 3.026 1.281 0.009* 1.319,6.939 

General health (ref-excellent/very good/good)     

   Fair/poor 0.779 0.31 0.53 0.358,1.698 
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APPENDIX G 

30-DAY ALL-CAUSE REVISITS MODELS FOR SUBGROUP 

G-1: Weighted patient-level full model of 30-day all-cause revisits for first index hospitalization of 216 

individuals in subgroup (weighted to 730,174 Medicare beneficiaries)  

  

Odds 

ratio 

Jackknife 

standard 

error P-value 

95% 

Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 1.771 0.888 0.257 0.655,4.787 

   Skilled nursing facility 1.447 0.765 0.486 0.507,4.131 

Age 1.01 0.031 0.74 0.951,1.073 

Sex (ref-female)     

   Male 1.116 0.377 0.747 0.571,2.182 

Number of hospitalizations in prior year 1.133 0.174 0.419 0.835,1.537 

Number of ED visits in prior year 1.249 0.143 0.054 0.996,1.568 

Weighted Charlson comorbidity index 1.344 0.104 <0.001* 1.152,1.567 

Number of ADLs  0.977 0.169 0.892 0.693,1.376 

IADL (no problems with IADL)     

   At least one IADL 1.599 0.812 0.358 0.584,4.379 

General health (ref-excellent/very good/good)     

   Fair/poor 0.916 0.41 0.845 0.377,2.228 

 

G-2: Unweighted hospitalization-level full model of 30-day all-cause readmissions for all index 

hospitalization in subgroup (253 hospitalizations among 216 individuals)  

  

Odds 

ratio 

Robust 

standard 

error P-value 

95% 

Confidence 

Interval 

Post-discharge care setting (ref-home/self-care)     

   Home healthcare 1.568 0.634 0.266 0.710,3.464 

   Skilled nursing facility 1.176 0.591 0.746 0.439,3.150 

Age 0.998 0.023 0.919 0.953,1.044 

Sex (ref-female)     

   Male 0.963 0.31 0.907 0.512,1.810 

Number of hospitalizations in prior year 0.924 0.149 0.623 0.674,1.267 

Number of ED visits in prior year 1.199 0.128 0.088 0.973,1.478 

Weighted Charlson comorbidity index 1.256 0.082 0.001* 1.104,1.428 

Number of ADLs  1.05 0.158 0.747 0.782,1.410 

IADL (no problems with IADL)     

   At least one IADL 1.725 0.631 0.136 0.843,3.533 

General health (ref-excellent/very good/good)     

   Fair/poor 0.804 0.269 0.515 0.418,1.548 
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