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Background: All-cause 30-day hospital readmission among patients with heart failure 

(HF) is a quality of care indicator and cost the healthcare system $30.7 million in 2012. 

Although Centers for Medicare & Medicaid has started penalizing hospitals, it unclear 

how hospitals can best use limited resources to decrease readmissions.  

Purpose: The purpose of this study is to determine whether the addition of hospital level 

factors (discharging nursing unit, attending medical service and unit HF volume), predict 

all-cause 30-day readmission beyond patient factors alone at a large, urban academic 

center.  

Methods: The primary data were from a retrospective chart review of 461 patients 

discharged with the primary diagnosis of HF in 2011. Generalized estimating equations 

were used to control for clustering and hypotheses testing. 

Results: The patients studied were mostly (63%) Black/African American with the mean 

age of 62.1 (±14.6). Gender was evenly distributed with men representing 49.7%. Thirty-

three percent had non-ischemic HF, 30% had preserved ejection fraction, 27% with 

implantable cardioverter defibrillator, and 17% had permanent pacemaker. The average 

length of stay for the cohort was 6.0 days and all-cause 30-day hospital readmission rate 



was 20%. Of all the investigated patient and hospital level factors, only patient factors 

were associated with all-cause 30-day hospital readmission: hyponatremia (OR=2.54, 

95% CI 1.61-4.01), abnormal creatinine (OR=1.83, 95% CI 1.36-2.48), discharge without 

loop diuretics (OR=. 44 95% CI-.20-.98), discharge without beta blockers (OR=20.25, 

95% CI 2.41-183.02), and discharge heart rate (OR=1.03, 95% CI 1.01-1.06). There was 

a statistically significant interaction between heart rate and discharge without beta 

blockers suggesting on average, the lower discharge heart rate, the lower the association 

of no beta blockers with the odds of all-cause 30-day hospital readmission (OR=.97, 95% 

CI=.95-.997). Median household income, emergency room presentation time and being 

married had conflicting associations with all-cause 30-day hospital readmission.  

Conclusion: Biological patient factors were associated with increased odds while 

discharge without loop diuretics was associated with reduced odds of all-cause 30-day 

hospital readmission. These findings suggest hospitals can use clinical factors to identify 

patients needing additional monitoring due to inability to optimize HF regimen to reduce 

readmissions.  
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CHAPTER I: 

 

Statement of the Problem 

 The purpose of this study is to determine if the addition of within-hospital care 

characteristics, predict all-cause 30-day hospital readmission beyond patient factors 

alone. The background, statement of the problem, significance, and purpose are discussed 

in chapter one. The conceptual framework and theoretical model along with justification, 

aims, and hypotheses will also be addressed.   

1.1 Background 

Heart failure (HF) is a progressive and incurable syndrome—except in a selected 

few—which is characterized by myocardial cell dysfunction. The consequential effect on 

the heart is the inability to pump sufficient blood to meet the cardiac demands of the body 

(Braunwald, 2013). The decrease in cardiac output causes a vicious cycle with the 

activation of a number of neurohormones includinig the sympathetic nervous system 

(SNS) and the renin angiotensin system. The SNS causes an increase in heart rate and 

myocardial contractility and also the release of catecholamine, which produces 

vasoconstriction (Braunwald, 2013). These events in the short term can improve cardiac 

output, but in the long term, they are harmful due in part because vasoconstriction 

increases myocardial workload and oxygen consumption, which further worsens heart 

function (Braunwald, 2013). 

Heart failure affects an estimated 5.1 million Americans over the age of 20 and 

this number is expected to increase to over 8 million by 2030 for those age 18 or older 

(Go et al., 2014; Heidenreich et al., 2013). This expected increase is due largely in part to 

lifestyle changes, increased life expectancy, and improved post myocardial infarction 
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care. In 2010, HF was the underlying cause of death in 57 757 deaths (Go et al., 2014). 

The lifetime risk for HF development remains at 20% from age 40 to 80 for both men and 

women. However, after age 40, the majority of people developing HF have a previous 

history of myocardial infarction (Go et al., 2014). Seventy-five percent of those with HF 

have hypertension as a precursor. Myocardial infarction, diabetes mellitus and obesity are 

some known risk factors (Roger et al., 2011). 

  The vicious patho-physiologic cycle of HF, in addition to the lifestyle and 

advancing age noted above, makes this population a high consumer of healthcare. 

Approximately 1 023 000 patients with HF diagnosis were discharged from hospitals in 

2010 (Go et al., 2014). While index hospitalization (initial hospitalization) is warranted 

for acute decompensated states, policy makers have taken notice of subsequent 

readmissions as a costly indicator of poor quality care. An estimated 19.6% of Medicare 

beneficiaries are readmitted within 30 days following index hospitalization. Among these 

patients, HF was the most frequent reason for readmission, with an overall 30-day 

hospital readmission rate of 26.9% (Jencks et al., 2009). Despite these estimates, the 

overall HF hospitalization rates have decreased among Medicare beneficiaries from 2845 

per 100 000 person-years in 1998 to 2007 per 100 000 person-years in 2008 (Chen et al., 

2011).  

The total cost associated with HF care is steadily climbing. The costs were 

estimated to be $30.7 billion in 2012, with 68% attributed to direct medical care (Go et 

al., 2014). In 2030, this is projected to reach $69.7 billion (Heidenreich et al., 2013). In 

the state of Maryland, 59 599 admissions were identified as potentially preventable 

readmission attributed to HF in 2007. These readmissions generated an estimated $656.9 
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million in charges (Maryland Health Services Cost Review Commission [MHSCRC], 

2011). The Medicare HF hospital readmission rate in Maryland was 22%, which was the 

second highest in the nation in 2011 (MHSCRC, 2011; Jencks, Williams & Coleman, 

2009). The special attention to 30-day hospital readmission is a means to improve the 

quality of care rendered to HF patients during index hospitalization, to decrease 

subsequent readmissions, and to lower associated costs. The Centers for Medicare and 

Medicaid Services (CMS) has started penalizing hospitals with higher than national 

average all-cause 30-day hospital readmission rate beginning in the fiscal year 2013. This 

was initiated to ensure hospitals implement programs to reduce readmissions and its 

associated costs.  

The above discussion summarizes the prevalence of HF and increasing all-cause 

30-day hospital readmission, which has become a national quality of care issue. This 

issue is problematic not only because of the increase morbidity but also, the staggering 

healthcare costs. In order to address this problem factors that influence all-cause 30-day 

hospital readmission need to be investigated.   

1.2 Statement of the Problem 

All-cause 30-day hospital readmission, defined as readmission to index or another 

hospital in the same health system within 30-day of discharge for any reason, has become 

a quality of care indicator for patients with HF (Centers for Medicare & Medicaid 

services, 2011). Much attention has focused on elucidating patients’ factors that are 

predictive of all-cause 30-day hospital readmission; however, studies have shown these 

factors do not explain a large portion of the variance in 30-day readmission. Statistical 

models built to predict the odds of readmission that contained mostly patient factors have 
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little discriminate power, with C-statistics of 0.60 (Hosmers & Lemeshow, 2000; Ross et 

al., 2008). To improve the statistical models, researchers have suggested including other 

variables, which prompted studies into hospital factors. Studies suggest an association of 

between-hospital factors (i.e., geographic location, hospital size, teaching status) and 30-

day readmission (Joynt, Orav, & Jha, 2011a; Epstein, A., Jha, A., & Orav, E. J, 2011; 

Krumholz et al., 2000). Other studies suggest within-hospital care characteristics may 

also contribute to 30-day hospital readmission rate, i.e. unit safety, types of consults and 

early post discharge follow up (Hamner & Ellison, 2005; Hansen, Williams, & Singer, 

2011; Hernandez et al., 2010). To date, few studies have examined patient factors as well 

as within-hospital care characteristics to determine whether this addition improves the 

discriminating power of the models. Thus, the purpose of this study is to determine if the 

addition of within-hospital care characteristics will predict all-cause 30-day hospital 

readmission beyond patient factors alone. 

1.3 Significance of the Study 

 Previous systematic reviews showed that patient factors were limited in 

explaining the variance in readmission (Ross et al., 2008). Thus, this study uses a 

theoretical framework to help decipher within-hospital care characteristics that might be 

associated with all-cause 30-day hospital readmission. The significant within-hospital 

predictors will be combined with patient factors into a statistical model to help identify 

patients at risk for all-cause 30-day hospital readmission. By doing so, it would allow 

clinicians to determine where the limited resources can be focused to have the greatest 

impact on reducing hospital readmissions.  
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Theoretical Models and Conceptual Framework 

1.4 Theoretical Models Justification 

 This study is informed by the structure, process, outcome (SPO) and the bio-

psycho-social (BPS) frameworks. These frameworks are selected because the issue of all-

cause 30-day hospital readmission has become a national problem, with the evidence 

suggesting that it may be nested within hospitals and regions within the country (Jencks 

et al., 2009; Joynt, Orav, & Jha, 2011b; Epstein, A., Jha, A., & Orav, 201l; Krumholz et 

al., 2000). The evidence also suggests that both hospital and patient factors are associated 

with all-cause 30-day hospital readmission (chapter 2). The SPO is a quality of care 

improvement framework and allows the examination of the healthcare system at the 

macro level as well as the population factors within the structure in which the care is 

rendered. The BPS model is an extension of the biomedical model and it allows the 

exploration of patient factors other than biological, which as noted might improve 

researchers’ ability to predict readmission. Combining these frameworks allow for a 

comprehensive analysis of the contribution and interaction of these entities to give 

researchers and clinicians direction as to which institutional and patient factors may be 

most relevant in order to implement interventions beyond the hospitalization.  

The basic premise of this study, as with the SPO framework, is that the evaluation 

of the structure should drive the process, resulting in better outcomes. Since all-cause 30-

day hospital readmission is considered sub-optimal, a detailed evaluation of the structure 

will determine whether the current process is adequate or if improvements are needed. 

The amalgamation of both patient factors as well as within-hospital care characteristics 
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under the structure appears to be the best way to achieve this goal. Thus, the findings of 

this study—whether   positive or negative— lends some support to current HF care 

regimens or provide grounds for revamping HF care. The use of this framework may also 

make translation of the study findings to population-based studies a little easier. 

Structure, Process and Outcome 

 The SPO, the overarching framework for this study, postulates that quality of 

care can be determined by evaluating the structure and process of the healthcare setting 

(Donabedian, 1988). The structure refers to the physical settings where the care occurs, 

which include attributes such as equipment, qualified personnel, organization structure 

and patient factors. The process examines the actions that are carried out during giving or 

receiving care such as diagnostic activities, treatments and consultation among others. 

The outcome denotes the impact the care has on health for both the patient and 

population at large, which are often measured by mortality and morbidity rates 

(Donabedian, 1988).     

1.5 Structure 

The most investigated aspect of this framework with regard to assessing the 

quality of health care in general and to assessing all-cause 30-day hospital readmission 

among HF patients in particular is structure. Previous studies show that patients treated 

for HF as with other disease processes such as myocardial infarction at hospitals with 

higher case volume tend to have better outcomes, i.e., lower mortality and morbidity 

particularly readmissions (Joynt, Orav & Jha, 2011a; Thiemann et al., 1999). Studies 

have also shown that location, hospital size, and teaching status are associated with lower 

30-day hospital readmission rates (Epstein, Jha & Orav, 2011; Joynt, Orav & Jha, 2011b). 
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These studies examined how between hospital structural factors, defined as the difference 

between hospitals, impact all-cause 30-day hospital readmission (Figure 1.1). However, 

few studies have examined the relationship between within-hospital care characteristics, 

defined as differences within a particular hospital, and all-cause 30-day hospital 

readmission.  

Figure 1.1: Conceptual diagram of structure, process and outcome framework and 

patient outcomes 

 

 

 

 

 

 

  

 

 

 

 

 

The studies examining the relationship between within-hospital care 

characteristics and other outcomes found that patients hospitalized in units that are 

specialized, with higher registered nurse staffing levels, and lower patient to nurse ratios 

had shorter length of stay and lower in-hospital mortality rates. These findings suggest a 

positive impact of having specialized nursing care and increased nursing staff on patient 
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outcomes (Aiken, Clarke, Sloane, & Sochalski, 2002; Czaplinski & Diers, 1998; Kane, 

Shamliyan, Mueller, Duval, & Wilt, 2007).  

 The positive association between increased nursing care and patient outcome is 

not unique to the nursing discipline alone, but is less conclusive for other disciplines. 

Studies examined the relationship between physicians’ specialty and patient outcomes. 

These studies found that adherence to evidence-based guidelines for HF management 

(i.e., angiotensin-converting enzyme inhibitors) varied by physician specialty (Chin, 

Friedmann, Cassel, & Long, 1997). Patients treated by cardiologists a) were more likely 

to receive evidence-based therapy than those treated by other specialties (Go, Rao, 

Dauterman, & Massie, 2000); b) had lower one-year risk-adjusted mortality (Jong, Gong, 

Liu, Austin, Less, & Tu, 2003), and c) lower composite outcome of death and 

readmission for HF (Jong et al., 2003). Exploring this apparent difference between the 

physician specialties further reveals conflicting evidence. Philbin and Jenkins (2000) 

found that while patients treated by cardiologists underwent more invasive procedures, 

i.e., cardiac catherization, than other specialties (internists and family practitioners), there 

were no differences between the groups with regard to length of stay, hospital charges, 

mortality or readmission. Vasilevski et al. (2008) and Lindenauer et al. (2002) found that 

hospitalists had similar process indicators for patients with HF, when considering ejection 

fraction measurement and use of ACE-I and beta-blockers. Vasilevski et al. (2008) 

however found that patients treated by hospitalists had higher odds of 30-day follow-up, 

but there were no difference in the risk of 30-day readmission; Lindenauer et al. (2002) 

found that patients cared for by hospitalists had shorter length of stay. Based on the SPO, 
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the impact of specialized nursing care and that of physicians – structural factors, has yet 

to be investigated simultaneously. 

 Anecdotal evidence from the Johns Hopkins Hospital (JHH) gives unique 

perspective on the issue of all-cause 30-day hospital readmission and within-hospital care 

characteristics. A recent review of 78 patients treated at the JHH who were readmitted 

within 30-day found that 10 were not HF-related readmissions. Of 68, 50 (73.5%) were 

HF-related, 33 (66%) were thought to be preventable, and an additional 5(7%) were 

thought to be possibly preventable. The readmissions were thought be to preventable for 

the following reasons: a) not euvolemic at time of discharge; b) better post discharge 

follow-up; c) discharged on no or low dose of loop diuretics; d) unable to fill or ran out of 

medications; e) poor adherence; and f) not on optimal HF regimen. At discharge, 53.8% 

of the patients reviewed were on ACE-I/ARB, 57.5% on beta-blockers, and 11.5% on 

aldosterone antagonist. Four patients were sent home without loop diuretics while 12 

were on low dose, i.e., 40mg or less of loop diuretics. The mean time to post discharge 

follow-up was 13.8 days with six cases (8.8%) with no follow-up visit. The number of 

patients with post-discharge follow-up varied by discharging services; the HF inpatient 

medical service had the highest cardiology and heart failure specialty follow-up visits. Of 

interest, 51.4% of the patients lost weight during the index hospitalization; however, 25% 

gained weight during index hospitalization and 20.6% had no documented weight during 

index hospitalization. This information raises several questions about the within-hospital 

care of the HF patients. The most noticeable question relates to the low number of 

patients on ACE-I/ARB and beta-blocker therapy. Secondly, there was a long post-

discharge follow up among this cohort. Hernandez et al. (2010) found patients treated at 
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hospitals with higher early post discharge follow-up within seven days of discharge had 

lower odds of 30-day readmission. Compared to the literature, the time to follow-up was 

longer in this cohort. Furthermore, it is unclear whether the adherence to evidence-based 

medications, follow-up visits, and self-care HF regimen, such as daily weights, vary by 

units or by attending physicians’ specialties and how this relates to all-cause 30-day 

hospital readmission. This evidence does suggests that there are variations in the care 

provided to patients with HF and these variations might be impacting all-cause 30-day 

hospital readmission rate. 

1.6 Process 

 The American College of Cardiology and American Heart Association 

Foundation (ACCF/AHA) initiative “Get with the Guidelines-Heart Failure” (GWTG-

HF) is the core of the HF care process based on the SPO framework. This is to help 

hospitals ensure the care rendered to patients with HF is in alignment with the latest 

scientific evidence. The program enforces adherence to several measures commonly 

known as the core measures: 1) measuring of ejection fraction, 2) ensuring patients with 

systolic HF are treated with angiotensin converting enzyme inhibitor (ACE-I) or 

angiotensin receptor blockers (ARB) unless contraindicated, and 3) ensuring patients 

receive discharge instructions, and 4) counseling on smoking cessation. The CMS 

endorsed the aforementioned measures. However, in 2014 it retired the discharge 

instruction measure (American Heart Association, online). Other non-CMS endorsed 

guidelines include use of beta-blockers, aldosterone antagonist, use of internal cardiac 

defibrillator and cardiac resynchronization therapy (CRT). Hunt et al. (2009) outlines 

these along with other recommendations as put forth by the ACCF/AHAF.  



11 

 

Some studies report that the GWTG has improved adherence to the CMS core 

measures; however, others show mixed impact on outcome such as readmission.  

Heidenreich et al. (2012) showed that hospitals enrolled in the GWTG-HF had lower 30-

day hospital readmission rates even after adjusting for patients’ characteristics and 

characteristics between hospitals, while O’Connor et al. (2008) showed that only the use 

of ACE-I or ARB was associated with lower risk of readmission at 60 to 90 days. There 

are a growing number of studies examining the care process within a hospital to 

determine the adherence patterns to the core measures and how the adherence to the core 

measures influence all-cause 30-day hospital readmission rates for the hospital. Due to 

limitations of the retrospective design, for the purpose of this study, the adherence to the 

core measures will be evaluated at the patient level.  

1.7 Outcome 

 The major limitation noted in the recent systematic literature review (chapter 2) 

was the various definitions of 30-day readmission. The Center for Medicare & Medicaid 

services defines all-cause 30-day hospital readmission as “a hospital admission within 30 

days of discharge to the same or another subsection hospital” (CMS, online). Some of the 

identified studies evaluated readmission to the same hospitals, while others examined 

readmissions to index and other health systems. This variation in definition would render 

some of the published 30-day readmission data invalid because, per CMS definition, 

readmissions outside the health system of the initial hospital are not penalized. Moreover, 

some of the identified studies examined 30-day readmission due to HF complications 

while others looked at all-cause readmission. Again, this is inconsistent with the recent 

CMS policy. Due to the electronic data system limitations, for the purpose of this study, 
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readmission defined as all-cause 30-day hospital readmission was evaluated at the Johns 

Hopkins Hospital and Johns Hopkins Bayview Medical Center.  

1.8 Biopsychosocial Model 

 The BPS model informed the patient level data. George Engel (1977) proposed 

the bio-psycho-social model because of the inadequacy of the biomedical model in 

addressing disease. It asserts that biological and psychosocial factors are crucial in the 

human experiences of disease (Engel, 1977).  He argues that alterations in the biological 

domain are merely one factor in the disease conundrum for which consideration of 

psychosocial factors is necessary. The factors included in the biological realm are age, 

gender and race among others, while the psychological realm includes assessment of 

emotional status (Thomas et al., 2008). Conditions such as depression and anxiety are 

considered in this realm (Thomas et al., 2008). The social realm includes social network 

and social-economic status (Thomas et al., 2008).  

1.9 Biopsychosocial factors 

 The patient level factors that are reportedly associated with all-cause 30-day 

hospital readmission are numerous; however, those recently identified in a systematic 

literature review (chapter 2) are outlined in Figure 1.2. These include age, male gender, 

race, reduction of <50% of BNP at discharge, lymphocytes to neutrophils ratio, 

depression and anxiety. In addition, the following social variables were identified: single 

status, type of health care insurance, address change, confirmed cocaine use, number of 

prior admissions, emergency room presentation time, history of missed clinic visits, 

residence in census tract of lowest socioeconomic quintiles and use of health system 

pharmacy. 
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Figure 1.2: Conceptual diagram of biopsychosocial factors associated 30-day 

readmission. 
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 Researchers have been successful in building statistical models to estimate the 

risk of mortality among patients with HF after hospitalization. The statistical models 

estimating risk of mortality among patients with HF include the Seattle Heart Failure 

Model (SHFM), the Acute Decompensated Heart Failure National Registry study 

(ADHERE), the Evaluation Study of Congestive Heart Failure and Pulmonary Artery 

Catheterization Effectiveness  (ESCAPE) risk model and discharge score. With the 

exception of ESCAPE, the SHFM and ADHERE models examined patients’ clinical 

variables on admission to estimate risk of mortality. Since the risk of readmission might 

be predicated on the patient's status immediately before discharge, this current study 

examines some of the variables predictive of mortality such as creatinine, sodium and 

systolic blood pressure at discharge to determine association with all-cause 30-day 

hospital readmission.  

1.10 Purpose of the Study 

 Heart failure is a growing problem and so is all-cause 30-day hospital 

readmission. Thirty-day hospital readmission is viewed as an indicator of poor quality of 

care and costs the healthcare system a significant amount of money. It is, however, 

unclear how hospitals can best use limited resources to lower or prevent all-cause 30-day 

hospital readmission among patients with HF. Furthermore, the literature review on the 

topic shows variation in the factors associated with all-cause 30-day hospital readmission, 

suggesting that factors in one hospital or region may not be relevant in another hospital or 

area. Thus, the primary research question is which patient factors and within-hospital care 

characteristics are predictive of at least one all-cause 30-day hospital readmission at a 
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large urban academic center. A secondary question is do patient factors and within-

hospital care characteristics improve the statistical model beyond patient factors alone.   

1.11 Specific Aims and Hypotheses 

 Aim 1 – To determine the association between bio-psycho-social patient factors and 

all-cause 30-day hospital readmission. The following factors will be considered: 

biological: race, gender, age, ejection fraction, length of stay, BUN, creatinine, serum 

sodium, hemoglobin, systolic blood pressure, heart rate, weight, use of mechanical 

ventilation during index hospitalization, use of angiotensin converting enzyme 

inhibitor, beta blockers, loop diuretics, aldosterone antagonists, allopurinol, statin; 

psychological: depression, anxiety; social:  drug use, marital status, insurance type, 

ER presentation time, residence in lowest socioeconomic quintile, number of missed 

clinic visits in prior year and number of admissions in prior year. 

 Hypothesis 1: Specific patient factors will predict all-cause 30-day hospital 

readmission (biological: race, gender, age, ejection fraction, length of stay, BUN, 

creatinine, serum sodium, hemoglobin, systolic blood pressure, heart rate, weight, use 

of mechanical ventilation during index hospitalization, use of angiotensin converting 

enzyme inhibitor, beta blockers, loop diuretics, aldosterone antagonists, allopurinol, 

statin; psychological: depression, anxiety; social: drug use, marital status, insurance 

type, ER presentation time, residence in lowest socioeconomic quintiles, number of 

missed clinic visits in prior year, time to first post discharge follow up within 

discharging health system and number of admissions in prior year).  
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 Aim 2 – To determine the associations between within-hospital care characteristics 

(discharge medical team, discharge unit and unit heart failure discharge volume) and 

all-cause 30-day hospital readmission. 

 Hypothesis 2: Specific within-hospital care characteristics (discharge medical team, 

discharge unit and unit heart failure discharge volume) will predict all-cause 30-day 

hospital readmission. 

 Aim 3 – To determine if within-hospital care characteristics predict the odds of 

having at least one 30-day hospital readmission beyond the contributions of patient 

factors alone. 

 Hypothesis 3: Specific within-hospital care characteristics will improve the statistical 

model beyond the prediction of 30-day hospital readmission based on specific patient 

factors. 

This chapter summarized the problem of all-cause 30-day hospital readmission 

among patients with HF. This study utilizes the SPO and BPS models to investigate 

within-hospital care characteristics and numerous patient factors that are predictive of all-

cause 30-day hospital readmission. The combined use of these two frameworks will 

allow statistical control of patients’ factor in order to decipher the contribution of within-

hospital care characteristics. By doing so, it will empower clinicians to address the 

problem with patient centered interventions.   
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Chapter II:  

Literature review 

 This chapter outlines the systematic literature review that was conducted on 

predictors of 30-day hospital readmission. The chapter will discuss the method and 

results of the systematic literature review and will present discussion of findings.    

Several factors are associated with hospital readmission. These factors range from 

patient factors - age, gender, race and marital status, (Anderson & Steinberg, 1984; Chin 

& Gold, 1997; Krumhold et al., 2000; Philbin & DiSalvo, 1998),
 
psychological - 

depression and anxiety (Chamberlain et al., 2011), social - income and social support 

(Philbin, Dec, Jenkins & DiSalvo, 2001; Volz et al., 2011), healthcare team 

characteristics - no cardiology consult during index admission
 
and early physician follow 

up (Hammer & Ellison, 2005; Hernandez et al., 2010)
 
and hospital specific characteristics 

(teaching versus non-teaching, urban versus rural and number of hospital beds (Anderson 

& Steinberg, 1984). These studies assesses readmission at varying length of follow up, 

ranging from 30 days to 1 year (Anderson & Steinberg, 1984; Chamberlain et al., 2011; 

Chin & Goldman, 1997; Hammer & Ellison, 2005; Krumholz et la., 2000; Philbin & 

DiSalvo, 1998; Philbin, Dec, Jenkins & DiSalvo, 2001; Volz et al., 2011) making it 

difficult to determine which of these factors are more important in the early post 

discharge period.  To determine factors associated with all-cause 30-day hospital 

readmissions among patients with HF, a systematic literature review was conducted to 

identify and assess the level of evidence. 
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2.1 Methods  

 The literature review team consisted for three members (D.D, B.A & S.T). A 

librarian was consulted to assist with search terms. Searches were generated in Pubmed, 

CINAHL and PsychoINFO on November 4, 2011 and updated on September 24, 2014, 

using the following terms without specified limits "chronic heart failure," myocardial 

failure" "congestive heart failure" "hospital readmission" rehospitalization OR 

rehospitalisation" "readmi*" rehosp*", "risk prediction" "predictors" and "risk". The 

primary outcome was 30-day hospital readmission. The results were evaluated using the 

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

approach (Liberati et al., 2009). Briefly, the results were reviewed and duplicates were 

removed. Inclusion and exclusion criteria were developed and applied to the remaining 

articles. Inclusion criteria and rationales are as follow:  

 Adult age ≥18 - incidences of HF increase with age as does hospital 

readmission. 

 US population - other populations were excluded to decrease variability due to 

differences in healthcare system and the availability of treatments. 

 Data collected no later than 2006 - ensure consistency with the new guidelines 

for HF treatments. 

 HF patients - population of patients with high 30-day hospital readmission 

rates. 

 The titles, abstracts and full articles were screened in this order according to the 

inclusion criteria. The candidate performed the first two steps and forwarded applicable 

articles to the other team members for review. The team members performed the final 
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step independently based on the inclusion/exclusion criteria then met weekly to discuss 

each article. When the group disagreed on an article, the full article was automatically 

reviewed before a final consensus was reached.   

 The articles to be included were then graded using a modified version of the 

quality assessment tool for quantitative studies display in Table 2.1 (Thomas, Ciliska, 

Dobbins & Micucci, 2004).  

Table 2.1 

 

 Grading criteria for selected studies 

 

Area Criteria Overall rating of area 
Selection bias Sample representative of 

target population 
 

Strong  = three strong and 
no weak 
 
Moderate = less than three 
strong and/or 1 weak 
 
Weak = two weak 

Percent selected that 
agreed to participate 
(S/M/W) 

Study design Retrospective (weak) 
Prospective (strong) 

Withdrawals and 
dropouts 

Reported 
dropouts/unaccounted 
Yes/No (strong/weak) 

Data collection - method 
of follow up 

How sample follow up to 
ensure all readmissions 
accounted for (S/M/W) 

 

The graded areas include selection bias, study design, data collection methods and 

withdrawal/dropouts. Selection bias assesses the representativeness of the target 

population and participation rate of selected individuals. Study design explores the extent 

to which bias is likely to be introduced. The studies were classified as prospective or 

retrospective and were assigned strong or weak grade respectively. Data collection and 

follow up examined how data was collected and how patients were followed to 

determined outcome. Studies that followed patients only at the index hospital or a group 
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of hospitals received lower grade than studies that used comprehensive methods to ensure 

all subsequent admissions were captured. Withdrawal/dropout assessed the study 

reporting of the initial sample size and reasons for dropout or withdrawal. All the above 

areas with the exception of study design were rated as weak, moderate or strong. The 

studies were then assigned a global rating based on the number of strong, moderate or 

weak grades assigned in the four areas.  

2.2 Results 

 Figure 2.1 displays the results of the literature search. After duplicates were 

removed, the initial search resulted in 1370 articles. Eight hundred fifty-one articles were 

excluded after titles were screened according to the inclusion criteria. Review of the 

abstract resulted in the exclusion of additional 440, and 79 full text articles were 

reviewed resulting in 25 articles for the current synthesis.  
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Figure 2.1: Flowchart of literature review 
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Table 2.2 summarizes the articles included in the synthesis. Of the 25 articles, 19, 

6 and 2 received strong, moderate and weak grades respectively on selection bias.
 
 Study 

design was overall the weakness area among the studies with five rated as strong and the 

rest were rated as weak.
 
Reporting of withdrawals and dropout was the strongest area, 23 

studies were rated as strong and only two received a weak grade. With regards to data 

collection and patient follow-up, eight studies received weak grade, two were moderate 

and the rest were strong. Overall, four studies received strong grade,
 
15 were rated as 

moderate, and six were rated as weak. Based on these ratings, the quality of evidence on 

predictors of 30-day hospital readmission is moderate. This grading is mostly influenced 

by the retrospective nature of studies investigating the issue, which may suggest a 

transition to prospective studies is needed in order to evaluate the ability of the reported 

variables to identify patients at risk of readmission.  
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Table 2.2  

 

Graded studies 

 

Articles Selection 

bias 

Study 

Design 

Withdrawals 

and 

dropouts 

Data 

collection - 

follow up 

Overall 

rating 

Amarashingham et 

al., 2010 

Strong Weak Strong Strong Moderate 

Dharmarajan et al., 

2013 

Strong Weak Strong Strong Moderate 

Fleming et al., 2014 Strong Strong Strong Weak Moderate 

Gildersleeve et al., Strong Weak Strong Weak Weak 

Hansen et al., 2011 Weak Strong Weak Weak Weak 

Hernandez et al., 

2013 

Strong Weak Strong Moderate Moderate 

Herrin et al., 2014 Strong Weak Strong Strong Moderate 

Horwitz et al., 2012 Strong Weak Strong Strong Moderate 

Joynt et al., 2011 Strong Weak Strong Strong Moderate 

Joynt et al., 2013 Strong Weak Strong Strong Moderate 

Lindenauer et al., 

2013 

Strong Weak Strong Strong Moderate 

Michtalik et al., 2011 Strong Strong Strong Moderate Strong 

Mueller et al., 2013 Strong Weak Strong Strong Moderate 

Nagasako et al., 2014 Moderate Strong Strong Strong Strong 

Park et al., 2014 Moderate Weak Strong Weak Moderate 

Peterson et al., 2013 Strong Weak Strong Strong Moderate 

Rodriguez et al., 2011 Moderate Weak Weak Strong Weak 

Schmeida et al., 2012 Strong Weak Strong Strong Moderate 

Schopfer et al., 2012 Strong Weak Strong Strong Moderate 

Stamp et al., 2013 Moderate Weak Strong Strong Strong 

Theavendiranathan et 

al., 2014 

Strong Strong Strong Strong Strong 

Thakar et al., 2012 Strong Weak Strong Strong Moderate 

Uthamalingam et al., 

2011 

Moderate Weak Strong Weak Weak 

Watson et al., 2011 Moderate Weak Strong Weak Weak 

Whittaker et al., 2014 Strong Weak Strong Weak Weak 
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The results of this systematic review are similar to previous publications that 

demonstrated the issue is multi-faceted with patient and hospital factors implicated 

(Kansagara et al., 2011; Ross et al., 2008). Of the 25 studies identified, fifteen examined 

patient factors while ten examined hospital characteristics (Table 2.3 and 2.4).  
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Table 2.3  
 
Studies examining patients’ characteristics and 30-day hospital readmission 
 
Author, year Sample 

size 

Setting Design Type of 

follow up 

Independent 

variables 

Outcome/

definition 

Findings 

Amarashingham 

et al., 2010 

1372 Large 

urban 

academic 

hospital 

(Dallas, 

TX) 

R Regional 

information 

sharing 

initiative 

(136 

hospital) 

Tabak 

mortality 

score, Social, 

behavioral 

and utilization 

activity. 

Social 

instability/lo

w SES: # of 

address 

change, Risky 

behavior: 

cocaine use, 

Health care 

utilization 

patterns: ED 

visits 

Depression 

and anxiety 

(ICD code) 

All cause 

readmissi

on within 

30 days 

of 

discharge 

with a 

principal 

diagnosis 

of heart 

failure 

(ICD-9-

CM) 

331 (24.1%) 

readmission rate. 216 

(65.3%) to index 

hospital; cohort 

mainly male and 

black and single; age 

56.5.Significant 

predictors: single 

status, male gender, 

medicare, # of 

address changes, 

history of depression 

or anxiety, confirmed 

cocaine use, # prior 

inpatient admission, 

presentation time, 

residence in a census 

tract of the lowest SE 

quintile, history of 

missed clinic visits, 

use of health system 

pharmacy. 

Gildersleeve & 

Cooper, 2013 

8700 

(derived 

cohort)  

8189 

(validated 

cohort) 

Augusta 

health 

Fisherville

, VA 

R MEDITEC-

H data 

repository 

Demographic 

and social 

variables, 

modified 

LACE model, 

medication 

variables  

30-day 

readmissi

on 

Acute admission, 

age, male sex, 

married, ED visits 

within one year, 

uninsured, length of 

stay, inpatient visits 

within one year, 

medications on 

patient’s inpatient 

medication list, 

medications on 

patients’ ambulatory 

medication list, 

modified charlson 

comorbidity index 

significantly 

associated with 

outcome 

Note. P prospective R retrospective 
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Table 2.3 Continued 

 
Fleming et al., 

2014 

2566 Beth Israel 

Deaconess 

Medical 

center, 

Boston, MA 

P Institution 

registry 

Sociodemogr-

aphic, 

admission 

and discharge 

clinical 

characteristics 

30-day 

readmissio

n; unclear 

if all-cause 

or HF 

specific 

Creatinine, 

troponin, 

hematocrit and 

hyponatremia at 

discharge, race, 

zip code of 

residence, 

discharge hour 

and number of 

rehospitalizations 

in the previous 

year were 

significant 

predictors of 

outcome. 

Hernandez et al., 

2013 

412 Cleveland 

Clinic, 

Weston FL 

R Unclear  N-terminal 

BNP at 

admission 

and 30 days, 

daily fluid 

balance 

throughout 

hospitalizatio

n, serum 

sodium 

within 1 day 

of discharge 

Readmissio

n within 30 

days for 

decompens

ated HF 

Sodium levels 

>135, negative 

fluid balance 

>1.3L and >23% 

reduction in N-

terminal BNP 

were associated 

90% lower risk of 

30-day 

readmission, after 

adjusting for age, 

gender and 

significant 

covarites. 

Joynt et al., 2011 1346768 National-US 

medicare 

R Medicare 

provider 

analysis 

Race and site 

of care 

Risk 

adjusted 

odds of all 

cause 30-

day 

readmissio

n 

Black pts 13% 

higher odds of 30-

day readmission 

than White; 

discharge from 

minority serving 

hospital had 23% 

higher odds of 

readmission than 

non-minority 

serving hospital. 

Joynt et al., 2013 78227 

MD471

612 PT 

National-US R Medicare 

claims  

Physician 

volume, 

specialty, 

clinical 

outcomes and 

cost 

Per CMS 

definition 

Adjusting for 

hospital 

characteristics, 

patients cared for 

by high-volume 

HF group had 

higher risk-

adjusted 30-day 

readmission rates. 

Note. P prospective R retrospective 
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Table 2.3 Continued 

 
Lindernauer et 

al., 2013 

109285 National-US 

Medicare 

R Medicare 

claims 

Income 

inequality 

Readmissio

n within 

30days of 

discharge 

for any 

cause 

Observed 

readmission rates 

were increased 

with higher levels 

of inequality 

(ranging from 

21.83-24.99% 

with increase in 

Gini coefficient 

values) 

Michtalik et al., 

2011 

217 Johns 

Hopkins 

(Baltimore, 

MD) 

P EMR from 

Index 

hospital and 

1 affiliated; 

interviews 

for 

additional 

information 

N-terminal 

pro-B-type 

natrituretic 

peptide  

30 day 

readmission 

28 (13%) 

readmitted; 17 

(61%) readmitted 

in <50% group. 

Adjusting for 

demographics, 

admission 

creatinine, NT-

proBNP, LVEF, 

co-morbidities, 

decrease of <50% 

associated with 

42% increase risk 

of readmission.  

Nagasako et al., 

2013 

22 433 Missouri  R Missouri 

Medicare 

fee for 

service 

patients 65 

or older 

Age, race, 

sex, census 

tract poverty 

rate, median 

income, 

educational 

attainment, 

housing 

vacancy rate, 

and 

unemploymen

t rate. 

All-cause 

rehospitaliz

ation 

occurring 

within 

thirty days 

of an index 

admission 

discharge 

date 

Inclusion of 

census tract-level 

socioeconomic 

factors reduced the 

variation in risk-

adjusted 

performance 

between the 

hospitals but did 

not alter 

readmission rates 

between hospitals. 

Peterson et al., 

2013 

35 248 National-US R National 

Cardiovasc

ular Data 

Registry’s 

ICD; 

Medicare 

claims data 

QRS duration 

and presence 

of LBBB 

All-cause 

readmission 

30-day 

readmission rate 

significant 

between those 

with LBBB with 

QRS ≥150ms, 

QRS 120-149ms 

and those without 

LBBB with same 

QRS durations. 

Note. P prospective R retrospective 
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Table 2.3 Continued 

 
Rodriguez et al., 

2011. 

1734101 National-US 

medicare 

R Medicare 

dataset 

Race, site of 

care and 

hospital level 

effects d/t 

regions 

Risk 

adjusted all 

cause 30-

day 

readmission 

Hispanics more 

likely to be 

readmitted in 

30days for HF 

compared to 

Whites, 

readmission rates 

higher for pts d/c 

from Hispanic 

serving hospitals 

compared to non-

Hispanic serving; 

Hispanic pts in 

Hispanic-serving 

hospital has the 

highest readmission 

rates for HF 

compared to White 

patients at non 

Hispanic serving 

hospitals; White-pts 

in Hispanic serving 

hospitals and 

Hispanic pts at non-

Hispanic-serving 

hospital had higher 

readmission rates. 

Thakar et al., 2012 6535 Washington 

state 

R State 

Inpatient 

Database 

Acute kidney 

injury with or 

without 

chronic 

kidney 

disease 

30-day 

readmission 

for HF 

30-day readmission 

highest for those 

with acute kidney 

injury without 

chronic kidney 

disease 

Theavendiranathan 

et al., 2014 

283 Cleveland 

ClinicClev

eland, OH 

P Heart Care 

at Home – 

transitional 

program 

Echocardiog-

raphic 

parameters 

30-day HF 

specific 

readmission 

Right atrial 

pressures, elevated 

LV filling pressure 

and weight change 

during admission 

were statistically 

significant 

predictors. 

Substitution of E/e’ 

for LV filling 

pressure remains 

significant. E/e’ 

23.0 best 

performance in 

predicting outcome  

Note.  P prospective R retrospective 
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Table 2.3 Continued  

 
Uthamalingam et 

al., 2011 

1212 Larger urban 

hospital 

(Manchester, 

NH) 

R Medical 

records 

from index 

hospital 

Neutrophil to 

lymphocyte 

ratio (NLR) 

30 day 

readmission 

related to 

acute 

decompens

ated heart 

failure 

Pts with higher 

NLR tertile 3 had 

sig. higher 

readmission 

compared to tertile 

2. 

Watson et al., 

2011 

729 Mass. 

General 

(Boston, 

MA) 

R Medical 

records 

from index 

hospital 

Psychosocial: 

declining/refus

ing services, 

adherence, 

dementia, 

anxiety and 

depression, 

missed appt, 

gender, age at 

admission, 

marital status, 

payer type, 

language 

All cause 

hospital 

readmission 

during 30 

days 

93 (12.8%) 

readmitted in 30 

days; service 

decline/refusal 

strongest predictor 

of 30-day 

readmission, non-

adherence or 

missed scheduled 

1.99 times more 

likely to be 

readmitted, 

Dementia 1.91 and 

depression 1.55 

more likely to be 

admitted. 

Whittaker et al., 

2012 

239 1 large west 

coast 

academic 

center 

R Data 

collected in 

medical 

records and 

hospital 

billing 

system 

Patient and 

process factors 

All-cause 

30 day 

readmission 

after HF 

hospitalizati

on 

Gender and renal 

failure/insufficien

cy significant 

predictors. Renal 

failure still 

significant after 

controlling for 

gender, age and 

comorbidities. 

Note.  P prospective R retrospective 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



30 

 

Table 2.4  

 

Studies examining hospital factors and 30-day readmission 

Note: P prospective R retrospective 

Author, year Sample 

size 

Hospitals 

Setting Design Type 

of 

follow 

up 

Independent 

variables 

Outcome/

definition 

Findings 

Dharmarajan 

et al., 2013 

4041 US R CMS Hospital 

readmission 

performance 

and timing 

Hospital 

30-day 

risk 

standardiz

-ed 

hospital 

readmissi

on rate 

High 

performing 

hospital with 

low hospital 

readmission 

rates have 

similar hospital 

readmission 

rate pattern and 

the timing as 

low performing 

hospitals. 

Hansen et 

al., 2011 

67 US  P N/A Patient 

safety 

climate, 

level and 

work role  

30 day 

risk 

standardiz

ed 

readmissi

on for HF. 

Higher levels of 

hospital safety 

climate 

associated with 

lower 30 day 

readmission; 

positive 

association 

between higher 

percent 

problematic 

response and 

higher 

readmission 

(specifically 

unit safety 

norms, overall 

emphasis on 

safety and 

collective 

learning) 

Frontline staff 

not senior 

management 

perception 

associated with 

hospital 

readmission 

rates. Nurses 

perceptions of 

safety climate 

associated with 

HF 

readmission. 
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Table 2.4 Continued 

Herrin et al., 

2014 

4,073 US R CMS  Community 

factors: 

number of 

Medicare 

beneficiarie

s, general 

practitioner

s, 

cardiologist 

and 

specialists 

per capita, 

county 

classificatio

n – 

retirement 

community, 

low 

employmen

t, persistent 

poverty 

classificatio

n and low 

education, 

nursing 

home rating 

Risk-

standardi

zed 30-

day 

hospital 

readmissi

on rates 

58% of variation in 

national 30-day 

hospital  

readmission rate 

was explained by 

the characteristics 

of the county the 

hospital was 

located in. The 

following 

explained 47.5% 

variation in 30-day 

hospital 

readmission rates 

across counties: 

number of GPs per 

capita, NCHS 

urban rural 

continuum 

classification and 

average percentage 

of high-risk long 

stay nursing home 

patients with 

pressure sores  

Horwitz et al., 

2012 

4468 US 

hospitals 

R Medicare 

claims 

data 

Hospital 

readmissio

n rates 

within 

hospital for 

pneumonia, 

HF and 

myocardial 

infarction 

30-day 

risk 

standardi

zed 

hospital 

readmissi

on rate 

Readmission 

measure 

significantly 

correlated with 

other readmission 

measures. 

Mueller et al., 

2013 

2418 US-

national 

R 2007 

Hospital 

Quality 

Alliance 

data, 

American 

Hospital 

Associati

on 

Teaching 

intensity 

(nonteachin

g, low 

teaching 

intensity, 

medium 

teaching 

intensity, 

high 

teaching 

intensity) 

30-day 

risk-

adjusted 

rate 

Compared to 

nonteaching 

hospitals, hospitals 

with medium to 

high teaching 

intensity have 

higher 30-day risk 

adjusted hospital 

readmission rates. 

High and medium 

teaching intensity 

hospitals had 

significantly higher 

hospital 

readmission rates 

than nonteaching 

in middle and high 

tertiles of 

Medicaid patients. 
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Table 2.4 Continued 

Park et al., 

2014 

1 Newton, 

MA 

R Hospital 

administrative 

data 

Patient, 

hospital and 

hospitalist 

service 

structural 

factors 

Inpatient 

re-

hospitaliz

ation 

within 30-

days of 

discharge 

for any 

reason to 

any 

service. 

Age, length of stay, 

higher Elixhauser 

sum score, admitted 

in previous calendar 

year, season of 

admission and non-

private insurance 

were statistically 

significant. After 

adjusting, only 

discharge in the 

winter season 

remained 

significant. 

Schmeida & 

Savrin, 2012 

199--

unclear 

US-

national 

R CMS  State factors 

influencing 

HF 30-day 

readmission 

worse than 

US rate 

HF 30-day 

readmissi

on worse 

than U.S 

rate 

 

 

States with higher 

median income, 

more total days of 

care per 1,000 

Medicare enrollees, 

and greater 

percentage of 

Medicare enrollees 

with prescription 

drug coverage have 

greater probability 

for worse than U.S 

national rate; there 

was decreased 

probability in states 

to rank worse than 

U.S national rate for 

states with higher 

resident population 

speaking a primary 

language other than 

English at home. 

Schopfer et al., 

2012 

3655 US-

national 

R Hospital 

compare 

database 

Performance 

measures: 

evaluation 

of LV 

systolic 

function, 

administrati

on of ACE-I 

or ARB for 

LV 

dysfunction, 

smoking 

cessation 

and 

counseling 

and 

discharge 

instruction 

Risk 

adjusted 

30-day 

hospital 

readmissi

on rate 

After adjusting for 

socioeconomic and 

hospital factors 

evaluation of LV 

systolic function and 

smoking cessation 

were associated with 

lower hospital 

readmission rates. 
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 Table 2.4 Continued 

Note. CMS Centers for Medicare and Medicaid R retrospective 

 

2.3 Discussion 

The literature review shows patient factors associated with 30-day hospital 

readmission are heterogeneous and include biological and psychosocial factors. The 

biological factors range from gender and race to laboratory values (i.e. creatinine, BNP, 

neutrophil/lymphcyte ratio), which are reflective of the impact of HF on other organs.  

The social variables include proxies for adherence (missed clinic visits) to support (i.e. 

marital status). While race and gender, often seen as biological factors, might be social 

factors as there is no biological reason to support variation in HF presentation based on 

gender or race. However individual patient responses to HF medical regime might be 

influenced by race or gender thus for the purposes of this current study, these factors will 

be consider biological.  

The studies examining patient factors were mostly conducted using national data, 

which might explain the variations in the predicting factors. Herrin et al. (2014) 

demonstrated that counties within which hospitals are located explained nearly 60% of 

the variance in 30-day hospital readmission. This is supportive of the need to conduct 

studies at the micro level i.e. within the hospitals and health systems in order to reduce 

the variance between hospitals and possibly achieve homogeneity in patient factors and 

Stamp et al., 

2013 

577 California, 

Massachusetts, 

New York 

R CMS  Nurse-

patient 

communicati

on about 

self-care 

prior to 

discharge 

CMS 30-

day risk 

standardiz

ed excess 

readmissio

n ratio for 

HF 

New York, higher 

facility admission 

per facility bed 

staffed, teaching 

hospitals, percentage 

of nurses who 

sometime or never 

communicated well 

with the patient were 

associated with 

excess HF 

readmission 



34 

 

within-hospital characteristics. Moreover, studies have investigated the association 

between hospitals and outcome, however only one identified study (Park et al., 2014) 

examined within-hospital factors and 30-day hospital readmission. This is perhaps 

suggestive that the issue is still investigated at the macro level as evidenced by the large 

number of hospitals included in these studies.  

2.4 Limitations 

Electronic medical records (EMR) were the source of data in all the identified 

studies. Many of the EMR are designed to allow the clinician to document quickly; often 

by checking off normative statements rendering narrative notes or free texts a thing of the 

past. This practice has restricted the amount and arguably the depth of information 

documented. The EMRs are also generally not configured to include validated tools to 

allow research into the quality of patient care. In their study, Watson et al. (2011) did not 

use validated tools to measure psychosocial or behavioral data. Rather, the investigators 

relied on proxy terms. Since narrative notes make research more difficult EMR should be 

used to bridge the gap between research and practice by incorporating validated tools to 

quantify variables particularly those within the psychosocial realm. 

Another limitation noted in the literature review was the inconsistency in the 

definition of 30-day hospital readmission. While most studies used the CMS risk adjusted 

definition, some studies examined only HF related readmission within 30-day. 

In summary, this systematic literature review suggests that hospital factors 

influence all-cause 30-days hospital readmission rates as well as patient factors. Factors 

such as geographic location, teaching intensity, ownership, and size of the hospitals have 

been reported, however few studies have examined within-hospital care characteristics 
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that influence hospital readmission rates. This suggests individual HF programs need to 

evaluate their population and facility to elucidate which of the reported variables within 

the broader categories of patient and hospital characteristics apply. To this end, this study 

examines the association between many of the patient factors and within-hospital 

characteristics reported in the literature and 30-day readmission. These variables include 

race, gender, age, ejection fraction, length of stay, BUN, creatinine, serum sodium, 

hemoglobin, systolic blood pressure, heart rate, use of mechanical ventilation during 

index hospitalization, use of angiotensin converting enzyme inhibitor, beta blockers, loop 

diuretics, aldosterone antagonist, allopurinol, statin, depression, anxiety, cocaine/drug 

use, marital status, ER presentation time, residence in lowest socioeconomic quintiles, 

time to first post discharge follow up within discharging health system, number of missed 

clinic visits in prior year and number of admissions in prior year. Figure 2.2 outlines the 

variables to be investigated in this study based on both SPO and BPS theoretical 

frameworks.  
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Figure 2.2: Conceptual diagram of variables to be investigated in this study 
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Chapter III:  

Methodology 

This chapter describes the research methodology, research design, and population. 

Theoretical and operational definitions of variables, the statistical analyses for hypotheses 

testing along with ethical considerations are also addressed.  

3.1 Ethical/Human Subject Issues 

 This study was conducted in accordance to local, state and federal regulations 

governing human research. The Johns Hopkins Medicine institutional review board (IRB) 

and the University of Maryland, Baltimore IRB approved this study. Due to the minimal 

risk and characteristics of the study, expedited review with waiver of informed consent 

was granted.  

3.2 Research Design 

This is a retrospective, cohort study designed to determine the impact of bio-

psycho-social factors and within-hospital care characteristics on all-cause 30-day hospital 

readmission.  

3.3 Sample Size 

 There were 741 patient encounters with the primary diagnosis of heart failure in 

the department of medicine at the Johns Hopkins Hospital from January 1, 2011 to 

December 1, 2011. The year 2011 was selected because in 2012, the hospital 

implemented several readmission reduction initiatives and many of the in-patient units 

were relocated to a new building; these factors were thought to potentially influence 

hospital readmission rate. The all-cause 30-day hospital readmission rate for the cohort 

was 20%. Assuming ten cases per predictor in the readmitted group, up to nine variables 



38 

 

can be included in each model while maintaining a power of 80% with an alpha of .05. 

Although the rule is 10 cases per predictor, Vittinghoff and McCulloch (2006) 

demonstrated through simulations that problems with relative bias and type I error were 

not severe and in fact comparable with 10-16 cases per predictor. Based on this finding, 

assuming 7-10 cases per predictor, up to 13 predictors can be included in the final model 

considering the readmission rate of 20%.   

3.4 Sample 

 All patients 18 years old or older discharged from the Department of Medicine 

(DOM) at the Johns Hopkins Hospital with a primary diagnosis of HF with the 

International Statistical Classification of Disease and Related Health Problems (ICD-9) 

codes 402, 404, 426, and 428 inclusive. To be eligible for the study, potential participants 

met the following criteria: 

Inclusion criteria: 

 18 years or older 

 Discharged with primary diagnosis of heart failure 

 Discharged to home  

 Known 30-day status 

3.5 Setting 

 The Johns Hopkins Hospital has been named the best hospital in the United 

States for 21consecutive years. It is a 1051 bed hospital located in Baltimore, Maryland 

with a worldwide catchment area. There were 15 inpatient units within the DOM in 2011. 

The units include CCU/CCP; MICU; MPC, Halstead 4, 5, 6 and 8; Nelson 3,4, and 7; and 

Osler 4, 5 and 8. Patients discharged from these units were included in this study. Several 
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medical teams attended to the patients on these units. These included Barker, Janeway, 

Longcope, Thayer, hospitalist, general cardiology, cardiomyopthy, nurse practitioners, 

MICU and CCU services.  

3.6 Outcome Variable 

 For the purpose of this study, all-cause 30-day hospital readmission is defined as 

at least one readmission to Johns Hopkins Hospital or Johns Hopkins Bayview Medical 

Center within 30-days of discharge for any cause after index hospitalization. Thirty days 

was calculated using date of readmission minus the date of discharge from index 

hospitalization.  

3.7 Patient Variables 

 All the patient variables included in this study were extracted manually from the 

clinical electronic medical records, namely the Sunrise provider order entry (POE) 

system and the electronic patient record (EPR). Demographic data include: race, gender, 

age and marital status. Clinical variables include: ejection fraction, left ventricular end 

diastolic diameter (LVEDD), HF etiology, length of stay, BUN, creatinine, serum 

sodium, hemoglobin, systolic blood pressure, heart rate, weight, and use of mechanical 

ventilation during index hospitalization. Discharge medications include: angiotensin 

converting enzyme inhibitor, beta-blockers, loop diuretics, aldosterone antagonists, 

allopurinol, and statin. Psycho-social variables include: depression, anxiety, drug use, 

marital status, insurance type, ER presentation time, and lower socio-economic status. 

Zip code was collected to determine residence in lowest socioeconomic quintiles. The 

number of missed clinic visits in the prior year and number of hospital discharges in 2010 
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and 2012 were also considered. Table 3.1 outlines definitions of each variable and its 

location in the medical record.  

3.8 Within-hospital care characteristics 

 The unit variables were obtained from dashboard, and were provided by the 

director of nursing. The within-hospital care characteristics investigated as part of this 

study included discharge medical team, discharging unit and unit HF discharge volume. 

Table 3.2 outlines the definitions of each variable. 
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Table 3.1 

 

Patient variables, operational definitions, locations and coding  

 
Variable Operational 

Definition 

Location Proxy Variables Level of Data and 

Coding 

STRUCTURE 

(Patient Factors) 

Biological 

Age* Number of days 

from birth to date of 

discharge divided 

by 365 

EPR - 

demographics 

Date of discharge 

and date of birth  

Continuous 

Blood Urea 

Nitrogen* 

(BUN) 

A measure of renal 

function as noted on 

basic or 

comprehensive 

metabolic panel at 

discharge or closest 

to discharge 

EPR - laboratory N/A Continuous; 

normal/abnormal 

Creatinine (Cr)* A measure of renal 

function as noted on 

basic or 

comprehensive 

metabolic panel at 

discharge or closest 

to discharge 

EPR - laboratory N/A Continuous; 

normal/abnormal 

Ejection fraction 

(EF)* 

A value reflective of 

the fraction of blood 

pumped out of the 

left ventricle with 

each heartbeat as 

documented on 

echocardiogram 

obtained during 

index 

hospitalization or 

most recent 

echocardiogram on 

file 

EPR - document 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N/A Continuous; >35, 

35.1-50, >50 

Note. EPR – electronic patient record; POE – provider order entry * Relationship to 30-day hospital 

readmission to be investigated in this study 
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Table 3.1 Continued 

 
Variable Operational Definition Location Proxy Variables Level of Data and 

Coding 

STRUCTURE (Patient Factors) 

Biological 

Etiology of heart 

failure 

The cause of heart failure 

as noted on discharge 

summary for the index 

hospitalization 

EPR - 

document 

(discharge 

summary) 

N/A Nominal (0 = 

ischemic; 1 = non-

ischemic) 

Gender* Patient self-report as 

being male or female 

EPR - 

demographi

cs 

 Nominal (0 = 

female; 1 = male) 

Hemoglobin 

(Hgb)* 

The oxygen carrying 

molecule measured as 

part of hematology panel 

on discharge or closest to 

discharge 

EPR - 

laboratory 

N/A Continuous; 

normal/abnormal 

Left ventricular 

end diastolic 

diameter (LVEDD) 

Dimension of the left 

ventricle at end of 

diastolic as documented 

on echocardiogram 

obtained during index 

hospitalization or most 

recent echocardiogram 

on file 

EPR - 

documents 

Date of 

echocardiogram 

Continuous 

Serum sodium* Sodium is electrolyte 

found in extracellular 

fluid in the human body. 

Its value measured as 

part of basic or 

comprehensive metabolic 

panel on the day of 

discharge or value 

closest to discharge day 

EPR N/A Continuous; 

hyponatremia, 

normal, 

hyernatremia 

 

 

 

 

 

 

 

Note. EPR – electronic patient record; POE – provider order entry * Relationship to 30-day hospital 

readmission to be investigated in this study 
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Table 3.1 Continued 

 
Variable Operational 

Definition 

Location Proxy Variables Level of Data and 

Coding 

STRUCTURE 

(Patient Factors) 

Biological 

Systolic blood 

pressure* 

Pressure exerted 

against the walls of 

the blood vessels, 

documented as part 

of vital signs on 

discharge or closest 

to discharge 

POE N/A Continuous 

Heart rate* The number of 

times the heart beats 

within one minute 

documented as part 

of the vital signs on 

discharge or closest 

to discharge 

POE N/A Continuous 

Weight* Documented weight 

change during index 

hospitalization 

POE Weight on 

admission minus 

weight on discharge 

Continuous  

Mechanical 

ventilation during 

index 

hospitalization* 

Patient having 

respiratory function 

supported by a 

ventilator during 

index 

hospitalization 

POE N/A Nominal (0 = no; 1= 

yes) 

Race*  POE   

Allopurinol* Drug used to treat 

high uric acid (gout) 

as noted on 

discharge worksheet 

 

 

Both EPR and 

POE 

N/A Nominal (0 = no; 1 = 

yes) 

Note. EPR – electronic patient record; POE – provider order entry * Relationship to 30-day hospital 

readmission to be investigated in this study 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 

 

Table 3.1 Continued 

 
Variable Operational 

Definition 

Location Proxy Variables Level of Data and 

Coding 

STRUCTURE 

(Patient Factors) 

Biological 

Angiotensin 

converting enzyme 

inhibitorn 

(lisinopril, 

captopril)* 

Class of drugs used 

to reduce afterload 

as noted on 

discharge worksheet 

Both EPR and 

POE 

N/A Nominal (0 = no; 1= 

yes) 

Angiotensin 

receptor blocker* 

Class of drugs used 

to reduce afterload 

as noted on 

discharge worksheet 

Both EPR and 

POE 

N/A Nominal (0 = no; 1= 

yes) 

Beta blockers (i.e 

carvedilol, 

metoprolol)* 

Class of drugs used 

to reduce heart rate  

Both EPR and 

POE 

N/A Nominal (0 = no; 1= 

yes) 

Calcium channel 

blockers (i.e. 

amlodipine, 

nefidepine)* 

Class of drugs used 

to reduce heart rate 

Both EPR and 

POE 

N/A Nominal (0 = no; 1= 

yes) 

Loop diuretics (i.e. 

Furosemide)* 

Class of drugs used 

to draw fluid out of 

the body 

Both POE and 

EPR 

N/A Nominal (0 = no; 1 = 

yes) 

Aldosterone 

antagonist* 

Class of drugs used 

to draw fluid out of 

the body 

Both POE and 

EPR 

N/A Nominal (0=no; 

1=yes) 

Statin* Class of drugs used 

to treat 

hyperlipidemia 

Both EPR and 

POE 

N/A Nominal (0 = no; 1 = 

yes) 

Any admission to 

intensive care units 

during index 

hospitalization 

Admission to 

intensive care unit 

during index 

hospitalization 

POE N/A Nominal (0 = no; 1 = 

yes) 

Number of days in 

intensive 

The number of days 

a patient is treated 

in ICU during index 

hospitalization 

POE date discharged 

from ICU minus 

date admitted to 

ICU 

Continuous  

Note. EPR – electronic patient record; POE – provider order entry * Relationship to 30-day hospital 

readmission to be investigated in this study 
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Table 3.1 Continued 

 
Variable Operational 

Definition 

Location Proxy Variables Level of Data and 

Coding 

Psychological 

Anxiety* Having ICD codes 

corresponding to 

anxiety diagnosis as 

noted on discharge 

summary for index 

hospitalization 

EPR - discharge 

summary for 

index 

hospitalization 

ICD codes Nominal (0 = no; 1= 

yes) 

Depression* Having ICD codes 

corresponding to 

depression diagnosis as 

noted on discharge 

summary for index 

hospitalization 

EPR - discharge 

summary for 

index 

hospitalization 

ICD codes Nominal (0 = no; 1= 

yes) 

 

 

 

Social 

Marital status* Patient reported self as 

either single, widowed, 

married or divorce at 

the time of index 

hospitalization 

Both POE and 

EPR - under 

demographic 

N/A Nominal (0 = 

married; 1 = 

unmarried, single or 

divorced) 

Drug history (i.e., 

cocaine use)* 

History of positive 

toxicology test for 

illicit drugs or per 

notation in the H&P 

EPR - laboratory 

and admission 

history 

N/A Nominal (0 = no; 1 = 

yes) 

Emergency room 

presentation time* 

Presentation to Hopkins 

emergency department 

during 0600 - 1800 

immediately prior to 

index hospitalization 

EPR - emergency 

chart 

N/A Nominal (0 = direct 

admit; 1 = normal 

business hours 0600 - 

1800; 2 = hours 

outside of normal 

business hours) 

 

Note. EPR – electronic patient record; POE – provider order entry * Relationship to 30-day hospital 

readmission to be investigated in this study 
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Table 3.2 

 

Hospital care characteristics variables, operational definitions, locations and coding  

 
Variable  Operational 

Definition 

Location Proxy Variables Level of data 

and coding 

STRUCTURE 

Hospital Care Characteristics 

Attending 

admitting 

medical team 

Medical team 

who assumes 

care of the 

patient on 

admission 

POE - under 

admission orderset 

N/A Nominal (text 

to be re-coded)  

Attending 

discharge 

medical team* 

Medical team 

who discharges 

the patient 

POE - discharge 

summary worksheet 

N/A Nominal (text 

variable to be 

recoded 

specialty vs. 

general vs. 

firms) 

Admitting unit The unit that first 

houses the 

patient after 

admission to the 

hospital 

POE - admission 

order set 

N/A Nominal (text 

variable to be 

recoded) 

Discharging 

unit* 

The last unit that 

houses the 

patient 

immediately 

before discharge 

POE - 

transfer/discharge 

orders 

N/A Nominal (text 

variable to be 

recorded) 

Unit maximum 

nurse to 

patient ratio 

The maximum 

number of 

patients a nurse 

can assume 

responsibility for 

during the shift 

Director of nursing 

 

 

 

 

N/A Nominal (0 = 

1:3; 1 >3) 

Note. EPR – electronic patient record; POE – provider order entry * Relationship to 30-day hospital 

readmission to be investigated in this study 

 

3.9 Data Collection/Management 

 The data for this study were collected on Excel spreadsheets and housed on the 

Johns Hopkins personal virtual desktop. Access to this virtual desktop is restricted to the 

respective user. The document was also password protected. Four people including the 

candidate were involved in the data collection. Some of the variables were exported from 

dashboard, but the majority of the data were manually extracted from patients’ medical 

records, Sunrise Provider Order Entry (POE). With the exception of the data obtained 
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from dashboard, which were validated at 20%, the variables were 100% validated by the 

doctoral candidate.  

3.10 Data Analysis 

Data for this study were analyzed using the statistical package for social science 

(SPSS) version 21 (IBM, Armonk, NY). Prior to analysis, data were cleaned and the 

amount of missing data was assessed. Continuous variables are summarized as means and 

standard deviations; categorical variables are summarized as frequencies and percentages. 

The main statistical approach for testing hypotheses in this study was generalized 

estimating equations (GEE). This approach is selected based on the assumptions that 30-

day readmission is clustered within units, which deems the data correlated, violating the 

independence assumption of traditional regression (Hubbard et al., 2010).  

Hypotheses testing  

3.11 Hypothesis one 

To determine the association between bio-psycho-social patient factors and all-

cause 30-day hospital readmission. The following factors will be considered: biological: 

race, gender, age, ejection fraction, length of stay, BUN, creatinine, serum sodium, 

hemoglobin, systolic blood pressure, heart rate, weight, use of mechanical ventilation 

during index hospitalization, use of angiotensin converting enzyme inhibitor, beta 

blockers, loop diuretics, aldosterone antagonists, allopurinol, statin; psychological: 

depression, anxiety; social:  drug use, marital status, insurance type, ER presentation 

time, residence in lowest socioeconomic quintiles, number of missed clinic visits in prior 

year and number of admissions in prior year. 
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The associations of patient variables nested within discharging units to the binary 

outcome were examined using bivariate GEE modeling.  All the variables were entered 

individually and include: biological factors (race, gender, age, ejection fraction, length of 

stay, BUN, creatinine, serum sodium, hemoglobin, systolic blood pressure, heart rate, use 

of mechanical ventilation during index hospitalization, use of angiotensin converting 

enzyme inhibitor, beta blockers, loop diuretics, aldosterone antagonists, allopurinol, 

statin); psychological factors (depression and anxiety), and social factors (drug use, 

marital status, ER presentation time, residence in lowest socioeconomic quintiles, number 

of missed clinic visits in prior year and number of admissions in prior year).  

3.12 Hypothesis two 

 Within-hospital care characteristics, discharge medical team, discharge nursing 

unit and unit heart failure discharge volume, will predict all-cause 30-day hospital 

readmission. The analysis approach outlined for hypothesis one above was repeated using 

the within-hospital care characteristics.   

3.13 Hypothesis three 

 Within-hospital care characteristics will improve the statistical model beyond 

the prediction of 30-day hospital readmission based on specific patient factors. A 

multivariable hierarchical GEE model was constructed with both patient and within-

hospital care characteristics from the GEE models for hypotheses 1 and 2. The groups of 

variables were entered as follows: for the BPS model, the biological factors were entered 

first, followed by psychological and then social. In addition, the variables from the SPO 

model with p ≤.20 were entered. The resulting models were compared to determine the 

most parsimonious model based on QIC. The predictive power of the statistical models 



49 

 

was not validated in this study. Rather, the derived models will be used prospectively to 

determine its discriminatory power.   

3.14 Summary 

 This study sought to identify patients and within hospital factors associated with 

30-day hospital readmission. The Center of Medicare and Medicaid started penalizing 

hospitals for all cause 30-day hospital readmissions for patients with HF. By identifying 

the factors associated with all-cause 30-day hospital readmission, clinicians can 

implement interventions to improve the quality of index hospitalization, thus preventing 

readmissions.   

 Chapter 3 outlined the methodology of this retrospective study. Results are 

addressed in chapter 4. 
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Chapter IV:  

 

Results 

 

The purpose of this study is to identify patient factors and within hospital care 

characteristics that predictive of all-cause 30-day hospital readmission. The specific 

questions to be addressed are which patients factors and within-hospital care 

characteristics are predictive of at least one all-cause 30-day hospital readmission at a 

large urban academic center and whether patients factors and within-hospital care 

characteristics improve the statistical model beyond patients’ factors alone.  

4.1 Results 

There were 595 individual patients discharged from the Johns Hopkins Hospital 

with primary diagnosis of heart failure (HF) during the study period of January 1, 2011 to 

December 1, 2011. The patients had a total of 741 hospital encounters (Table 4.1). Of this 

number 80%, 15%, and 3% were for 1, 2 and 3 patient encounters respectively. Two 

patients had five patient encounters during the study time frame and were censored by 

study time frame and not mortality.  

Table 4.1 

 

Distribution of patient encounters N=741 

 

Number of patient encounters   n (%)    

  

1      595 (80.3)    

2      114 (15.4)    

3        23   (3.1)    

4         7      (.9)    

5         2      (.3)     

 

Based on the study inclusion criteria: 18 years or older, discharged with primary 

diagnosis of heart failure, discharged to home and known 30-day status, 461 (77.5%) 
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patients were included in this current study. Figure 4.1 depicts reasons for patient 

attrition.  

Figure 4.1: Flowchart of patients included in the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
595 patients 

1 – Deceased by 30 
day 
50 - Unknown 30-
day status 
 

83 - Not discharged 
home 

512 patients 

461 patients 
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Patient factors 

4.2 Clinical variables 

Table 4.2 outlines the baseline characteristics of the sample. The sample was 

mostly (63%) Black/African American with the mean age of 62.1 (±14.6). Gender was 

evenly distributed with men making up 49.7% of the sample. Thirty-three percent had 

non-ischemic etiology of HF although majority of the patients (49%) had no mention of 

etiology in their medical charts. One hundred thirty-nine patients (30.2%) had preserved 

EF, defined as EF>50. Seventeen and 27% had implantable cardioverter defibrillator 

(ICD) and permanent pacemaker (PM) respectively.  

4.3 Laboratory values 

Over half of the patients (59%) were anemic and 16% were hyponatremic at 

discharge. Renal function was marginal in this cohort with 57% and 64% of the patients 

with abnormal creatinine and BUN levels respectively at discharge.  

4.4 Medications 

Eighty-five percent of the patients were discharged on loop diuretics, mainly 

furosemide (Lasix) or bumetanide (Bumex) with dose ranging from 20-240mg of 

furosemide or 1 to 4mg of bumetanide. With regards to marker of volume status, seventy-

one (15.4%) of the patients were either not weighed on admission or discharge thus no 

conclusion could be derived about fluid status from the extracted data. Of 390 with 

documented weight on admission and discharge, 312 lost weight ranging from .03 to 

61kg, 10 did not lose any weight and the remaining 68 gained weight. Overall, more 

patients were discharged on beta-blockers (72%) than ACE-I (56%) or ARB (13%). 
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Utilizing creatinine less than 2mg/dL and ejection fraction less than 50% criteria, nearly 

80% of the patients were appropriately on beta-blockers and ACEI/ARB therapy. 

Table 4.2 

 

Baseline characteristics of patients with HF discharged in 2011, N=461 

 
Characteristics  Mean   SD  n  %  

Biological factors 

Age, years   62.1   14.6      

Heart rate, bpm  79.1   14.2      

LVEDD, cm  5.4     1.2       

LOS (days)  6.0    6.3      

Systolic BP, mm/Hg  119.9   22.9      

Etiology   

 Ischemic        82   17.8 

 Non-ischemic     153   33.2 

Gender 

 Male      229   49.7 

 Female      232   50.3  

ICD, yes       126   27.3  

Pacemaker, yes        78   16.9  

Race  

 Black      290   62.9  

 Other      171   37.1  

Ejection fraction, %  37.2   20.0     

 <35      212   46.0  

 35.1-50         67   14.5  

 >50      139   30.2 

BUN, mg/dL  32.3   18.2   

 Normal/low     165   35.9 

 Abnormal      295   64.0 

Creatinine, mg/dL  1.8   1.5 

 Normal/low     197   42.7 

Abnormal      263   57.0  

Sodium, mEq/L  138   3.6      

 Normal/high     385   83.5  

 Hyponatremia         75  16.3 

Hemoglobin, g/dL  11.4   2.1   

 Normal/high     186   40.3 

 Low      274   59.4 

Use of mechanical ventilator, yes      11   2.4  

ICU admission during index hospitalization, yes     43    9.3 

Use of ACE-I, yes      257  55.7  

Use of ARB, yes          58   12.6 

Use of BB, yes      331   71.8 

Use of CCB, yes        87   18.9 

Use of loop diuretics, yes     391  84.8 

Use of Aldosterone antagonist, yes      83  18.0    

Use of allopurinol, yes       47  10.2    

Use of statin, yes      229   49.7 
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Table 4.2 Continued 

 

Psychological factors 

Anxiety, yes       16     

3.5 

Depression, yes      54   11.7  

Social factors 

Marital status  

     Married       163  

 35.4  

     Other       298   64.6 

Alcohol use, yes      189   41.0 

Drug use, yes          90  

 19.5  

ER presentation time 

      Direct admit      148   32.1 

      Normal business hr     136   29.5 

      Outside business hr     177   38.4 

Attended post d/c visit 

      Yes       142   30.8  

      No            41       

8.9 

      No schedule visit           77   16.7 

      Unknown       199  

 43.2  

Median household income by quintiles 

        Q1: <35,502      146   31.7 

        Q2: 35,503-36,532       35   7.6 

        Q3: 36,533-53,989     107   23.2 

        Q4: 53,990-73,883.4       74   16.1 

        Q5: >73,883.4        90   19.5 

Note. ACEI angiotensin converting enzyme inhibitors ARB angiotensin receptor blockers BB beta-blockers 

bpm beats per minute BUN blood urea nitrogen CCB calcium channel blockers D/C discharge ER 

emergency room HR hour LOS length of stay LVEDD left ventricular end diastolic diameter ICD 

implantable cardioverter defibrillator  

Laboratory norms: sodium 135-148mEq/L Creatinine 0.5-1.2mg/dL Blood urea nitrogen 7-22mg/dL 

hemoglobin 12.0-15.0g/dL.  

Note: psychological factors (anxiety and depression) with most missing cases 95% & 87.5% respectively. 

 

4.5 Social factors 

By zip codes, 92% (n=425) of the patients resided in Maryland with the rest from 

the following 12 states: Delaware, New York, New Jersey, Virginia, Pennsylvania, 

Arizona, Washington, Florida, North Carolina, California, West Virginia and Texas. Five 

were from out of country. Following discharge, 31% of the patients attended post-

discharge clinical visit at the Johns Hopkins Hospital or Johns Hopkins Bayview Medical 

center. The time to post-discharge visit ranged from 2 to 163 days with a median of 10 
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days. With regards to the proxy variable for adherence, 16% missed one or more clinic 

visits in 2010 (Table 4.3). All-cause 30-day hospital readmission rate was 20%.  

Table: 4.3 
 
Number of hospital discharges and missed clinic visits in 2010, N=461 
 
Number of occurrences Hospital discharge, 2010, Missed clinic visits, 2010  

    n (%)    n (%)  

 0   260  (56.4)   386 (83.7)  

 1       95  (20.6)     24    (5.2)  

 2        36    (7.8)     18    (3.9)  

 3        30    (6.5)     11    (2.4)  

 4        15    (3.3)     10    (2.2)  

 5        10    (2.2)       6     (1.3)   

 6          4      (.9)       3       (.7)  

 7          4      (.9)       3       (.7) 

 8           3      (.7)           --  

 9          1      (.2)               --        

 10          2      (.4)                     --   

 16          1      (.2)       -- 

 

4.6 Within-hospital care characteristics 

The HF discharge volume varied among the 15 discharging units, ranging from 1 

to 105 discharges (Table 4.4). In this sample, the unit with the most HF discharges was a 

telemetry unit (Halsted 5). The average nurses’ experience on the units range from 4.3 to 

18.9 years. The cardiology medical team discharged about a quarter of the patients 

(n=116). 
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Table 4.4 

 

Discharging unit characteristics  

           

Unit name HF discharge      Average RN  

   Volume, n (%)                experience   

CCP    31         (6.7)      -- 

CCU      1          (.2)      8 

Hal4      1          (.2)      -- 

Hal5   105     (22.8)      -- 

Hal6     30    (6.5)      4.3 

Hal8     60      (13.0)      4.3 

MICU       2      (.4)      -- 

MPC4       3      (.7)      9.3 

Nel3     48     (10.4)      8.9 

Nel4     55  (11.9)      9 

Nel7       5    (1.1)      -- 

Nel8       1      (.2)      -- 

Osler4     74  (16.1)      8.4 

Osler5     34    (7.4)      8.9 

Osler8     11    (2.4)    18.9   
Note. -- not reported CCP cardiac care progressive CCU coronary care unit Hal Halsted MICU medical 

intensive care unit MPCU medical progressive care unit Nel Nelson HF heart failure 

 

 

4.7 Exploratory data analysis 

 Prior to hypothesis testing, exploration data analysis was performed. Most of the 

predictors were recoded into binary variables thus normality of distribution were not an 

issue. The continuous predictors (age, length of stay, heart rate, systolic blood pressure, 

prior hospital discharges and missed clinic visit) were positively skewed. Log10 and 

square root transformation were performed with minor correction thus the original 

variables were used for analysis because data transformation increases the complexity of 

study findings.      

Missing data analysis was conducted which showed that variables with missing 

cases were missing completely at random. However the psychological variables had more 

than 80% missing thus were excluded from the analysis.  
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Generalized estimating equation (GEE) was utilized to analyze the data to account 

for clustering. Patients were nested within discharge nursing units and to assess the 

degree of clustering, the null model without a predictor was generated. 

4.8 Null model 

Using the following formula, σ
2

between/ (σ
2

between + 3.29within) and the intercept 

covariance of 0.00331, intra-class correlation (ICC) was calculated (Heck, Thomas & 

Tabata, 2012). The result was 0.001, suggesting that less than one percent (.001*100) of 

the variability in all-cause 30-day hospital readmission lies between units in this cohort. 

Although generally one percent is the cut off for using GEE, there was no risk adjustment 

for the study sample. Thus the study assumes equal risk of discharge from the various 

units. This assumption is not true hence the reason for using GEE despite low ICC.  
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4.9 Biological factors 

Aim 1 – To determine the association between bio-psycho-social patient factors and all-

cause 30-day hospital readmission. 

Table 4.5 summarizes the bivariate GEE modeling examining association between the 

biological factors from the BPS model and all-cause 30-day hospital readmission. Five of 

the biological factors were statistically significant predictors of all-cause 30-day hospital 

readmission: heart rate, (p=.01), length of stay (p =.02), creatinine (p= <.01), sodium 

(p=<.01), and discharge without beta-blockers (p=<.01). All these variables were 

assessed at discharge.  The results suggest that on average, every one beat increase in 

heart rate beyond the group mean of 79 (14.2), was associated with two percent increase 

in odds of all-cause 30-day hospital readmission. Similarly, every day increase in length 

of stay beyond the group mean of 6 days (6.3) was associated with one percent increase 

odds of all-cause 30-day hospital readmission. Compared to the normal to high sodium 

group, hyponatremia at discharge was associated with 2.4 times increased odds of all-

cause 30-day hospital readmission. Creatinine level had a similar impact on all-cause 30-

day hospital readmission as sodium level. The results suggest that compared to normal to 

low creatinine level at discharge, abnormal creatinine, defined as level >1.2mg/dL were 

associated with 56% increased odds of all-cause 30-day hospital readmission. Compared 

to patients discharged on beta-blockers, discharge without beta-blockers was associated 

with 86% increased odds of all-cause 30-day hospital readmission. 
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Table 4.5 

 

Study variables parameter estimates using GEE  

 
Characteristics  Estimate Standard Exp (B)  95% CI  p-value 

    Error Odds ratio  Lower Upper 

Biological factors 

Age     .001   .01 1.00    .99 1.02   .94 

Heart rate     .021   .01 1.02  1.01 1.04   .01 

LOS      .024   .01 1.02  1.01 1.04   .02 

Systolic BP   -.002   .01 1.00    .99 1.01   .76 

ICD     .10   .27 1.10    .65 1.87   .72 

Pacemaker    .17   .30 1.19    .66 2.13   .57  

Mechanical ventilator
a  

-.95 1.00   .39    .05 2.74   .34 

ICU admission
a
      .05   .25 1.05    .65 1.70   .85 

ACE-I
b
       .32   .28 1.38    .79 2.41   .26 

ARB
b
      -.05   .21   .95    .62 1.44   .80 

Beta-Blockers
b 

    .62   .13 1.86  1.45 2.38 <.01 

CCB
b
      .24   .30 1.27    .70 2.30   .44 

Loop diuretics
b
    -.60   .44   .55    .23 1.31   .18 

Aldosterone antagonist
b
  .27   .29 1.31    .75 2.31   .35 

Use of allopurinol
a
      .21   .29 1.23    .70 2.16   .47 

Use of statin
a 

     .26   .28 1.29  .74 2.26  .36 

Gender, 

 Male     .10  .15 1.11  .82 1.50   .52 

 Female  reference    

Race  

 Black     .03  .18 1.03  .72 1.48  .86 

 Other  reference        

BUN, mg/dL       

 Abnormal    .14   .20 1.15   .79 1.67  .48 

 Normal/low reference 

 

Creatinine, mg/dL   

 Abnormal  .44 .14 1.56  1.19 2.03 <.01 

Normal/low reference    

Sodium, mEq/L          

 Hyponatremia  .86 .16 2.36  1.74 3.21 <.01 

Normal/high reference     

Hemoglobin, g/dL      

 Low  .38 .24 1.46  .92 2.32 .11 

 Normal/high reference  

Social factors 

Marital status  

      Married  .24 .12 1.27  1.01 1.60 .05 

 Other  reference 

ER presentation time 

      Outside business hr .36 .22 1.44  .94 2.20 .09 

      Normal business hr .24 .10 1.28  1.05 1.55 .02 

      Direct admit  reference  

Missed clinic visits, 2010 .12 .08 1.12  .97 1.31 .13 

Hospital discharges, 2010 .06 .05 1.07  .97 1.17 .18 
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Table 4.5 Continued 
Median household income by quintiles 

      Q1: <35,502  -.35 .15   .70  .52   .95 .02  

      Q2: 35,503-36,532 .07 .28 1.07  .62 1.85 .81  

      Q3: 36,533-53,989 -.16 .24   .85  .53 1.36 .49 

      Q4: 53, 9890-73,883.4 -.61 .36   .54  .27 1.09 .09 

      Q5: >73, 883.4  reference     

Structural variables 

Discharging medical team  

 Cardiology -.03 .13 .97  .75 1.27 .83  

 Non-cardiology reference 

Nurse to Patient ratio 

≤3  -.29 .24 .75  .47 1.19 .22  

>3  reference 

Unit HF volume  .002 .00 1.00  1.00 1.01 .35 

Note. 
a 
reference group = no 

b 
reference group = yes ACEI – angiotensin converting enzyme inhibitor ARB 

- angiotensin receptor blocker BUN – blood urea nitrogen CCB-calcium channel blocker ER – emergency 

room ER presentation time: normal 6AM-1800 LOS – length of stay HF heart failure ICD implantable 

cardioverter defibrillator 

 
4.10 Interactions 

Considering the variables to be included in the multi-variable GEE models, there 

is a physiological relationship between heart rate and beta-blocker use, loop diuretics and 

sodium, loop diuretics and creatinine, and hemoglobin and creatinine. These interactions 

were examined statistically (Table 4.6). With both variables included in a model, beta 

blockers and heart rate were still statistically significant, with p-values of .02 and <.01 

respectively. The interaction between the two variables suggest a trend toward 

significance, p=.07. The interactions between loop diuretics and sodium level, loop 

diuretics and creatinine level, and hemoglobin and creatinine were not statistically 

significant. For the multi-variable GEE models, the interaction between heart rate and 

beta-blockers was included in the model. 
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Table: 4.6  

 

Results of interaction terms 

 

Characteristics Estimate  Std Exp (B) 95%CI  p-value 

    Error Odds ratio Lower Upper 

Intercept  -3.68 .73  .03  .01 .11 <.001 

BB   2.50  1.06  12.24  1.53

 97.69 .02 

Heart rate  .03  .009  1.03  1.01

 1.05 .004 

BB * HR  -.02  .01  .98  .95

 1.00 .07 

Intercept  -1.58  .08  .21  .18 .24

 <.001 

Loop diuretics  -.68  .77  .51  .11

 2.32 .38 

Creatinine  .48  .14  1.61  1.22

 2.13 .001  

Loop * Cr  .04  .85  1.04  .20

 5.52 .97 

Intercept  -1.92  .29  .15  .08 .26

 <.001 

Creatinine  .65  .29  1.92  .82

 4.50 .13  

Hemoglobin  .56  .43  1.75  .68

 4.51 .25 

Hemo * Cr  -.47  .65  .63  .18

 2.24 .47 

Intercept  -1.47  .09    .23    .19 .28

 <.001 

Loop diuretics     .85  .17  2.34  1.69

 3.24 <.001  

Sodium    -.54  .46    .58    .24 1.42   

.24  

Loop * Sodium   -.09  .98    .91    .13 6.29  

.93  
Note. BB Beta blockers Cr creatinine HR heart rate Hemo hemoglobin Loop loop diuretics  

 

4.11 Social variables  

Of the social variables, ER presentation time, marital status, and median 

household income by quintiles were statistically significant. Compared to others, being 

married was associated with 27% increased odds of all-cause 30-day hospital 
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readmission. The result also suggests, compared to those in the highest quintile, residence 

in lowest quintile of median household income was associated with 30% decreased odds 

of all-cause 30-day hospital readmission. Compared to direct admission, presentation 

during normal business hours was associated with five percent increased odds of all-

cause 30-day hospital readmission. Presentation outside of normal business hours and 

fourth quintile had a trend toward significant with p-value of .09. 

4.12 Summary of bivariate GEE analyses based on the Biopyschosocial (BPS) 

framework 

Based on the bivariate GEE analysis, 12 variables including the significant 

variables and those with p-value ≤.20 were entered into a multi-variable GEE models. 

The biological factors from the BPS model were entered first then the social variables. 

The non-significant variables include: missed clinic visits in 2010, number of hospital 

discharges in 2010, hemoglobin, and use of loop diuretics. Of note, there was no 

association between the variables from the structure, process, outcome (SPO) model and 

all-cause 30-day hospital readmission. In addition, large number of missing cases 

precludes the investigation of psychological factors from the BPS framework. 

Multi-variable GEE results 

4.13 Biological factors 

 Based on the findings of the individual bivariate GEE models, the following 

biological factors were entered into the GEE model together: sodium, loop diuretics, 

beta-blockers, creatinine, heart rate and length of stay. The interaction between beta-

blockers and heart rate was also included. Prior to analysis, these variables were recoded 

as such that each has the same directional relationship with all-cause 30-day hospital 
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readmission. Table 4.7 outlines the results. With the biological factors included, sodium, 

beta-blockers, creatinine and heart rate remained statistically significant. Beta-blockers 

and sodium were associated with the highest odds of all-cause 30-day hospital 

readmission. Compared to discharge with beta-blockers, discharge without beta-blockers 

was associated with over ten times odds of all-cause 30-day hospital readmission. While 

compared to discharge with normal to high sodium, hyponatremia was associated with 

two times odds of all-cause 30-day hospital readmission. Compared to low to normal 

levels, increase heart rate beyond the mean of 79bpm at discharge and abnormal 

creatinine were associated with 3% and 72% increased odds of all-cause 30-day hospital 

readmission respectively. The interaction between no beta-blockers on discharge and 

heart rate was not statistically significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64 

 

Table 4.7 

 

Results of multi-variable GEE model base on BPS framework including biological 

factors, N=461 

 

Characteristics  B Std. error Exp (B) 95% CI  p-value 

      Odds ratio Lower Upper 

Intercept  -4.33 .80    .01  .003    .06 

 <.001  

Sodium  .71 .18  2.04  1.44  2.89 

 <.001  

Loop diuretics  -.75 .44     .47    .20   1.11 

   .09 

Beta Blockers  2.35 1.13  10.46  1.13 96.58 

   .04 

Creatinine   .55 .18    1.72  1.22   2.44 

 <.01 

Hemoglobin   .33 .22    1.39    .90   2.15 

   .14 

Heart rate   .03 .01    1.03  1.01   1.05 

 <.01 

Length of stay  .001 .01    1.00   .98   1.03 

   .94 

Beta blockers*  -.02 .01       .98   .95   1.01 

   .11 

   Heart rate 
Note. Reference group for laboratory variables are normal. Reference group for medications is yes 

indicating discharge with the medication. BPS Biopyschosocial Std standard QIC 446.58  

 

The social factors were then entered into the GEE model with the biological 

factors. Table 4.8 outlines the results. 
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Table 4.8  

 

Results of multi-variable GEE model base on BPS framework including biological and 

social factors, N=461 

 
Characteristics  B Std  Exp (B)  95% CI  p-value 

    error Odds ratio  Lower Upper 

Biological model 

Intercept              -4.44   .88     .01  .002       .07  <.001  

Sodium     .79   .21   2.20  1.45     3.34  <.001  

Loop diuretic   -.69   .41     .50    .22     1.13     .09 

Beta Blockers  2.79 1.13 16.32  1.79 149.16     .01 

Creatinine   .64   .16   1.89  1.37     2.61   <.01 

Hemoglobin  .33   .22   1.39    .90     2.15     .14 

Heart rate    .03   .01   1.03  1.01     1.05   <.01 

Length of stay   .001   .01   1.00    .98     1.03    .94 

Beta blockers* HR  -.02   .01     .98    .95     1.01    .11 

Biosocial model 

Intercept   -4.25   .88     .01  .003       .08  <.001  

Sodium   .91   .24   2.48  1.55     3.98  <.001 

Loop diuretic  -.85   .40     .43    .20       .93     .03 

Beta blockers  2.98 1.07 19.59  2.43 158.12     .005 

Creatinine   .50   .22   1.66  1.08     2.53     .02 

Hemoglobin  .29   .25   1.33    .81     2.19     .26 

Heart rate   .03   .01   1.03  1.01     1.06     .003 

Length of stay  .006 .01 1.01    .98      1.03     .66 

Beta blockers*HR  -.03   .01   .97    .95      1.00     .02 

Marital status 

  Being married  .34  .15  1.41  1.05    1.90    .02 

  Others   reference 

ER presentation time 

   Outside business hr  .36  .22 1.44    .94    2.20    .09 

    Normal business hr .24  .10 1.28  1.05    1.55    .02 

    Direct admit  reference  

Residence quintiles by household median income 

   Quintile 1  -.62   .19   .54    .37   .78 .001 

   Quintile 2  -.08   .41   .92    .42 2.05 .84 

   Quintile 3  -.33   .27   .72    .42 1.23 .22 

   Quintile 4  -.93   .39   .39    .19   .84 .02 

   Quintile 5  reference 

Missed clinic visits  .08   .11 1.08    .87 1.35 .49 

Hospital discharges  .03   .06 1.03    .91 1.16 .66 

Note. Otherwise indicated, reference group for laboratory variables is normal; for medications is yes 

indicating discharge with the medication ER –emergency room Outside – outside normal business hours 

normal – normal business hours std standard QIC: biological model 446.58 biosocial model 445.53 
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The addition of the social factors improved the biological model as evidenced by 

the decrease in QIC from 446.58 to 445.53. Additional GEE models were constructed 

with the removal of non-significant variables (number of hospital discharges in 2010, 

missed clinic visits in 2010, hemoglobin, and length of stay) in a stepwise backward 

fashion. This procedure was undertaken to obtain the most parsimonious model and 

based on power calculation up to 13 variables could be included in the model while 

maintaining power of 80% and alpha of .05. With the removal of each variable, the model 

performance was evaluated and improvement seen as evidenced by decreased QIC and 

QICC. Appendix A outlines the results of the above procedures. The most parsimonious 

model based on this procedure is outlined in Table 4.9. The model includes 13 variables: 

sodium, beta blockers, loop diuretics, creatinine, heart rate, ER presentation time, 

residence quintiles of median household income, being married along with beta blockers 

and heart rate interaction term.  
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Table 4.9  

 

Parsimonious GEE model based on BPS framework including biological and social 

factors 

 

Characteristics B Std  Exp (B)  95% CI              p-value 

   error Odds ratio Lower Upper 

Biosocial model 

Intercept  -4.08     .93       .02    .003       .10   <.001  

Sodium     .93     .23     2.54  1.61     4.01   <.001 

Loop diuretic  -.82     .41       .44     .20       .98      .05 

Beta blockers  3.01   1.12   20.25   2.41 183.02      .007 

Creatinine   .61     .15     1.83   1.36      2.48    <.001 

Heart rate   .03     .01     1.03   1.01      1.06        .002 

Beta blockers*HR  -.03     .01       .97     .95      1.00       .03 

Marital status 

  Being married   .35     .13     1.42   1.10      1.83          .008 

  Others  reference  

ER presentation time 

   Outside  -.87    .29      .42     .24        .74        .003 

   Normal  -.13    .22     .88     .58      1.34         .55 

   Direct admit reference 

Median household income by quintiles 

   Quintile 1 -.57    .20     .57     .38        .84         .004 

   Quintile 2 -.13    .37     .88     .43      1.80          .73 

   Quintile 3 -.30    .27     .74     .43      1.26          .27 

   Quintile 4 -.96    .38     .38   .18        .80           .01 

   Quintile 5 reference 
Note. Otherwise indicated, reference group for laboratory variables is normal; for medications is yes 

discharge with the medication. ER –emergency room HR heart rate Outside – outside normal business 

hours normal – normal business hours std standard QIC: 438.04 
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4.14 Sensitivity analysis 

 Considering some of the patients resided outside Maryland, a sensitivity analysis 

was performed excluding these cases. The sample decreased from 461 to 425. The data 

analysis procedures as described above were repeated. Appendix B outlines the results of 

the analysis. The same predictors as outlined in table 4.7 emerged in the sensitivity 

analysis with the exception that unit heart failure volume, a within-hospital care 

characteristics, become a statistical significant predictor in the multi-variable model of 

all-cause 30-day hospital readmission. The result suggest every one point increase in unit 

HF discharge volume was associated with less than one percent (.7%) increase in the 

odds of all-cause 30-day hospital readmission. 

4.15 Summary of research aims and hypotheses 

Aim one 

Aim one sought to determine the association between bio-psycho-social (BPS) patient 

factors and all-cause 30-day hospital readmission. The biological patient factors include: 

race, gender, age, ejection fraction, length of stay, BUN, creatinine, serum sodium, 

hemoglobin, systolic blood pressure, heart rate, weight, use of mechanical ventilation 

during index hospitalization, use of angiotensin converting enzyme inhibitor, beta-

blockers, loop diuretics, aldosterone antagonists, allopurinol and statin. The 

psychological were depression and anxiety. The social factors include: drug use, marital 

status, insurance type, ER presentation time, residence in lowest socioeconomic quintiles, 

number of missed clinic visits in prior year, time to first post discharge follow up within 

discharging health system and number of admissions in prior year.  
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The findings of this study partially support alternate hypothesis 1 which sought to 

establish association between the BPS factors and all-cause 30-day hospital readmission. 

Specifically, this study found statistically significant associations between the following 

biological factors: sodium, loop diuretics, beta-blockers, creatinine, and heart rate. With 

the exception of loop diuretics, all these factors were associated with increased odds of 

all-cause 30-day hospital readmission. Compared to normal to high (135-149mEq/L), 

hyponatremia was associated with 2.5 times the odds of all-cause 30-day hospital 

readmission. Abnormal creatinine defined as >1.2mg/dL was associated with 83% 

increased odds of all-cause 30-day hospital readmission compared to the normal to low 

levels. Discharge without loop diuretics was associated with 56% reduced odds of all-

cause 30-day hospital readmission compared to discharge with loop diuretics. 

While the interaction between beta-blockers and heart rate was not significant in the 

earlier models, it became significant in the final model, with a p-value of .03. This 

interaction suggests, the lower the heart rate beyond the group mean of 79 bpm, the lower 

the association of no beta-blockers on discharge with odds of all-cause 30-day hospital 

readmission. 

 The association between the psychological variables and all-cause 30-day hospital 

readmission was not examined due to large number of missing cases. Thus alternate 

hypothesis was rejected and the null accepted.  

With regards to the social variables, marital status, ER presentation time, and lowest 

quintile of median household income aggregated to census zip codes were significantly 

associated with all-cause 30-day hospital readmission. The finding suggests compared to 

other marital status, being married was associated with 42% increased odds of all-cause 
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30-day hospital readmission. Both ER presentation and lowest quintile of median 

household income were associated with decreased odds of all-cause 30-day hospital 

readmission. Compared to direct admit, admission resulting from ER presentation outside 

of normal business hours was associated with 58% reduced odds of all-cause 30-day 

hospital readmission. Similarly, compared to the highest quintile of median household 

income, lowest and fourth quintiles were associated with 43% and 62% reduced odds of 

all-cause 30-day hospital readmission. With the above considered, the alternate 

hypothesis was partially supported. 

Aim two 

Second aim of this study was to establish associations between within-hospital care 

characteristics (discharge medical team, discharge unit and unit heart failure discharge 

volume) and all-cause 30-day hospital readmission. There was no association found 

between within-in hospital care characteristics and all-cause 30-day hospital readmission 

using the whole study sample. However, in the sensitivity analysis where cases outside of 

Maryland were excluded unit heart failure volume became a significant predictor in the 

parsimonious model. The intra-class correlation was 0.1% which suggests less than one 

percent of the variance in all-cause 30-day hospital readmission lies between the units at 

this hospital. It should be noted that there was no risk adjustment performed which might 

explained this finding. Based on these findings, this hypothesis was partially supported. 

Aim three 

The final aim sought to determine if within-hospital care characteristics predict the 

odds of having at least one 30-day hospital readmission beyond the contributions of 

patient factors alone. The results of the multi-variable GEE models suggest biological 
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and social factors to be predictive of all-cause 30-day hospital readmission. However, in 

the sensitivity analysis, unit HF discharge volume, a within-hospital care characteristics 

was associated with increased odds of all-cause 30-day hospital readmission, thus this 

hypothesis was partially supported. 

In this chapter, participants were described and data was analyzed. Patient factors 

predicted all-cause 30-day hospital readmissions among patients with HF. Chapter five 

addresses study findings and implication for future studies and clinical practice. 
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Chapter V:  

 

Discussion 

 

 The purpose of this study was to identify predictors of all-cause 30-hospital 

readmission among patients with HF. The study sought to determine if the addition of 

within-hospital care characteristics improve the statistical model beyond patients’ factors 

alone. This chapter addresses the study findings, limitations and implication for future 

studies and clinical practice. 

5.1 Discussion 

 

 This study found associations between the following biological factors: 

hyponatremia, heart rate, discharge without beta-blockers, discharge without loop 

diuretics and abnormal creatinine level. Discharge without beta-blockers had a 

statistically significant association with all-cause 30-day hospital readmission. Beta-

blockers have been shown to improve survival in patients with HF primarily due to its 

blockade of the neurohumoral activation that occurs in HF. Decrease cardiac output as 

seen in HF activates the adrenergic nervous system, which causes increase contractility. 

However in HF, the prolong activation of this mechanism along with renin-angiotensin-

aldosterone system lead to a maladaptive remodeling of the ventricles and further 

worsens myocardial function (Braunwald, 2013). For these reasons, the use of beta 

blockers have become a cornerstone of HF therapy and it is an evidence level A 

recommendation by the AHA/ACCF HF management guidelines (Yancy et al., 2013). 

The result of this study highlights the importance of the suppression of this mechanism 

by the increase odds of all-cause 30-day hospital readmission when this does not occur.   
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 Zai et al., (2013) report the findings of the use of tele-monitoring and its 

association with 30-day hospital readmission among patients with HF. They found 

patients reporting rapid heart rate were 6% more likely to be readmitted. The findings of 

this current study echo those findings and highlight the neurohumoral activation 

described above. While majority, 71%, of this cohort were discharge on beta-blockers, 

the results clearly demonstrate the odds of readmission for the remaining 29% were high 

and further clinical management is warranted.   

 Hyponatremia was a significant predictor of all-cause 30-day hospital 

readmission in this cohort. This finding is similar to Hernandez et al. (2013) who found 

higher sodium level (>135mg/dL) was associated with reduction in 30-day hospital 

readmission rate. Hyponatremia in HF is a reflection of the neurohumoral mechanism in 

HF and thus serve as a marker for disease severity (De Luca et al., 2005). The mechanism 

underlying this has been linked to elevated catecholamines, renin, angiotensin II, 

aldosterone and vasopressin in patients with HF (De Luca et al., 2005). One outcome of 

the interactions of these mechanisms is increased release of arginine-vasopressin, which 

binds to the vasopressin-2 receptors in the collecting duct of the kidneys leading to 

increase free water retention (De Luca et al, 2005). This results in hypervolemic 

hyponatremia. Patients with HF often are on sodium and free water restrictions. The 

impact of these measures on correcting hyponatremia has not been investigated although 

studies show the correction of hyponatremia of ≥2mEq/L was associated with 16% 60-

day mortality rate compared to 30% with those with persistent hyponatremia 

(Gheorghiade et al., 2007). Furthermore, HF rehospitalization was increased at 62% for 
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those with persistent hyponatremia compared to 43% for those with normal sodium levels 

(Gheorghiade et al., 2007). 

 This study found both loop diuretics and creatinine as significant predictors of 

all-cause 30-day hospital readmission, although abnormal creatinine levels increased 

odds while discharge without loop diuretics reduced odds of all-cause 30-day hospital 

readmission. Previous studies have identified creatinine as a predictor of 30-day hospital 

readmission (Fleming et al., 2014; Thakar et al., 2012; Whittaker et al., 2012) however no 

identified studies have demonstrated an association of the lack of loop diuretics use and 

increased odds of 30-day hospital readmission. A possible explanation for this finding of 

this current study is perhaps related to over diuresis with loop diuretics.  Loop diuretics 

are a cornerstone of HF management guidelines and have been deemed superior to other 

means of fluid removal, mainly aldosterone antagonists and ultra-filtration (Bart et al., 

2012; Inampudi et al., 2014). Its use increases fluid excretion however some patients with 

HF become resistance to this therapy whereby increase in loop diuretics dose result in 

marginal fluid excretion in the setting of clinical signs of hypervolemia. An unintended 

outcome of this is an acute elevation in creatinine level indicative of renal injury. A 

recent study by Thakar et al. (2012) found patients with acute kidney injury had higher 

hospital readmission rate compared to those without acute kidney injury and those with 

chronic kidney disease. This finding suggest that perhaps in this current study, the 

abnormal creatinine level is a reflection of acute kidney injury especially considering 

discharged without loop diuretics was associated with 56% reduced odds of all-cause 30-

day hospital readmission while abnormal creatinine at discharge increased odds of 

readmission. Although, worsening renal function was not evaluated in this study, Patel et 
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al. (2010) demonstrated that worsening renal function during hospitalization defined as a 

change from admission to discharge of ≥0.3 mg/dL was significant predictor of 30-day 

hospital readmission.  

 The social factors that were found to be significant predictors of all-cause 30-

day hospital readmission include ER presentation time, being married and residence in 

lowest and fourth quintiles of median household income. The findings of this study 

conflict with previous studies. This study found being married increased odds of all-cause 

30-day hospital readmission by 42%, which conflicts with other studies that demonstrate 

an inverse association with 30-day hospital readmission rate (Amarashingham et al., 

2010; Glidersleeve & Cooper, 2013; Howie-Esquivel & Spicer, 2012). Despite this 

apparent conflict, studies show poor outcomes for patients with spouses with increase 

distress level (Rohrbaugh, Cranford, Shoham, Nicklas, Sonnega, & Coyne, 2002; 

Rohrbaugh, Shoham, Cleary, Berman, & Ewy, 2009). Furthermore, studies also show the 

marital quality plays an important role in the interaction between being married and 

patient outcomes (Rohrbaugh, Shoham & Coyne, 2006). The findings of this current 

study suggest the impact of these unmeasured confounding variables. 

 Emergency room presentation was a significant predictor; specifically compared 

to direct admits, hospital admission resulting from ER presentation outside of normal 

business hours (0600-1800), was associated with reduced odds of all-cause 30-day 

hospital readmission. While this finding conflicts with other studies that found 29% 

increased odds of all-cause 30-day hospital readmission (Amarashingham et al., 2010), it 

could be reflective of disease severity or healthcare access. Patients presenting to the ER 

outside business hours might be those who had symptoms and had no access to healthcare 
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providers thus used the ER as the last resort. It could also be suggestive of patients whose 

illness was not as severe compared to those directly admitted into the hospital. In either 

case further investigation is warranted.  

The lowest and fourth quintiles of median household income were associated with 

decreased odds of all-cause 30-day hospital readmission. Zip codes for lowest quintile 

were mostly located in the Baltimore city region (zip codes 21201, 21202, 21205, 21213, 

21216, 21217, and 21223) and one from North Carolina (zip code 27536). The zip codes 

associated with fourth quintiles are much more diverse with some from Pennsylvania 

(17315, 17316, 17320, 17331 and 17552) and majority from other counties within 

Maryland. This finding suggests distance and access to other health facilities might be 

confounding factors. In order to determine this, future studies need to control for distance 

and health facilities within the zip code to determine if socio-economics still has an 

impact on all-cause 30-day hospital readmission.   

5.2 Strengths 

 Despite its retrospective design this study had several strengths. One of the 

strengths is the location of the study. The US News rated the Johns Hopkins Hospital the 

best hospital in the nation in 2011 and the hospital has a magnet designation. These 

factors, particularly, the magnet designation suggest better than average nursing working 

environment and quality of care compared to other hospitals (Choi & Boyle, 2014).  

Previous studies suggest higher 30-day hospital readmission rates for hospitals 

with medium to high teaching intensity, minority serving hospital, and states with higher 

median income. In 2011, Maryland had the highest median income ($71,298), had 

hospital readmission rates between 19.9-26.8%, and the setting of this study is a high 
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teaching intensity hospital (American community Survey, 2013; Gerhardt, et al., 2013). 

Based on these findings, one would expect higher hospital readmission rates however; the 

hospital readmission rate was 20%. These findings may suggest the setting itself 

controlled for some of the institutional factors that are associated with poor quality of 

care. Additional strengths include large sample size thus powered to detect difference and 

the use of a complex statistical procedure to control for many of the variations that have 

been reported in the literature. All the patients included in this study had documentation 

of insurance coverage thus this was not a barrier to access. 

5.3 Limitations 

The main limitation to this study is its retrospective design, which has few 

implications.  Firstly, the CMS definition of readmission examines readmission to all 

hospitals within the health system where the patients were first hospitalized. However, 

the electronic medical records in use at the hospital only captured events within two 

hospitals within the Johns Hopkins health system, the Johns Hopkins Hospital and 

Bayview medical center. Thus, the true all-cause 30-day hospital readmission for this 

cohort per CMS definition is unknown.  

Secondly, the quality of the data was pre-set. Some of the variables to be 

investigated had large missing cases thus determining association with all-cause 30-day 

hospital readmission was not possible. Although GEE adjusts for missing data with 

MCAR pattern, depression and anxiety were included into the models. There were no 

validated tools used to measure the psychological variables to be examined in this study 

due to the retrospective design. Racial misclassification was noted during the data 

collection. Some patients of Asian descent were classified as white however the 
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providers’ narrative notes indicated otherwise. This misclassification could bias the study 

findings, although for this study the groups were coded blacks compared to others thus 

this was not an issue. Marital status was use as a proxy variable for social support, 

however, the entered data often conflicted with the providers’ narrative. Some patients 

were listed as single or divorced under the demographic screen in the EMR; however by 

providers’ narrative, were living with significant others. For data consistency, the 

variables were collected per the original operational definition despite the discrepancies. 

Discharge without beta-blockers was a predictor of all-cause 30-day hospital readmission 

however contraindications for its use were not evaluated in the chart review. Although 

further analysis using ejection fraction criterion showed nearly 80% of the patients were 

appropriately on therapy.  

The literature also shows association between insurance payers and all-cause 30-

day hospital readmission; however this was not examined in this cohort because of the 

inability to differentiate Medicaid from private payers. However all the patients in this 

study had insurance on file. 

The use of electronic data raises several questions about retrospective studies. 

One is the frequency at which the data particularly demographic data such as marital 

status is updated. Future studies attempting to capture social support might consider using 

the narrative notes from EMR rather than the discrete values entered by the hospital’s 

admission office.  

Weight was often obtained using bed scales at this hospital; however, validity and 

reliability of the values were questionable. For example in few patients’ charts, there was 

a wide variability between admission and discharge weight or vice versa however due to 
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the retrospective design, there was no way to verify if this was data entry error or 

represented actual weight changed.  

Many of the within-hospital care characteristics examined were from the structure 

portion of the SPO framework. Again, the retrospective design of this study limits its 

ability to explore the process aspect fully.  

Finally, since factors associated with all-cause 30-day hospital readmission appear 

to the clustered within hospitals and regions, the findings of this study might not be 

generalizable to other hospitals or regions. Also the use of GEE modeling limits the 

generalizability to population similar to this study. Of note, the ICC of the null GEE 

model was less than one percent, however there was no risk adjustment performed in this 

study and this might account for this finding.  

5.4 Conclusion 

 Heart rate, discharge without beta-blockers or loop diuretics, abnormal sodium 

and creatinine emerged as biological predictors of all-cause 30-day hospital readmission. 

Social predictors include marital status, ER presentation time and lowest and fourth 

quintile of median household income. The association between the social predictors and 

all-cause 30-day hospital readmission conflicts with other studies finding suggesting the 

impact of unmeasured confounding factor(s). However, the inclusion of both sets of 

variables into a statistical model improves its performance.  

5.5 Implications for Nursing Practice 

 The findings of this study provide evidence of the predictive nature of 

commonly available laboratory, clinical and social factors. The information could form 

the basis for an evidenced based practice where bedside nurses and providers are 
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educated on the variables. Electronic reminders could be generated to allow clinicians to 

develop patient centered post discharge interventions based on these 13 predictors, 

particularly the biological factors: heart rate, prescription for beta blockers or loop 

diuretics, sodium and creatinine level at discharge and specific post discharge course. For 

example, patients discharge with loop diuretics in the setting of abnormal creatinine 

indicative of acute kidney injury, might be seen sooner in outpatient HF clinics. The 

literature does not provide any guidance on when this visit should occur however studies 

suggest post discharge follow up within seven days decrease risks of readmission. Based 

on this, 48-72 hours timeframe might be utilized for this subgroup. Secondly, since the 

findings of this study are similar to those using tele-monitoring, patients with increased 

odds due to heart rate and discharge without beta-blockers might be discharge home with 

tele-monitoring equipment. Finally, the identified factors need to be included into daily 

interdisciplinary rounds so there is a constant discussion of them leading to discharge. 

These initiatives may assist hospitals with overall hospital readmission reduction among 

patients with HF. However, in order for this to be successful, hospitals need to develop 

pathways as described above so that everyone participating in the patient’s care 

particularly, bedside nurses, charge nurses, nurse specialists and providers have clear 

channels to follow once they make the determination of increase odds of readmission for 

a particular patient.  

5.6 Recommendations for Future Research 

 The literature is saturated with studies examining predictors of all-cause 30-day 

hospital readmission. However, prospective studies utilizing these predictors to evaluate 

outcome are lacking. Recommendations for future studies on the topic are to conduct 
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prospective studies within the respective health system to determine performance of 

several published predictors. Studies need to evaluate the trends of creatinine and sodium 

levels post discharge to guide clinicians on the specific timeframe with which to require 

post discharge follow up. In addition, studies need to evaluate interventions such as 

sodium and fluid restrictions and their impact on abnormal creatinine and sodium levels. 

Future studies also need to further examine the relationship between beta-blockers and 

heart rate, specifically looking at dose relationship. While administrative data offers some 

level of convenience, examination of social factors should occur in a face-to-face format 

to eliminate the discrepancies seen in this study. Furthermore, studies need to employ 

validated tools to measure psychological factors as evidence on this area is lacking. With 

regards to social factors, future studies need to consider and measure possible 

confounding variables such as distance to index hospital and access to other health 

systems by zip code in addition to median income. Finally, the overall hospital 

readmission reduction initiatives need a team approach so that all those involved in the 

care of the patients are aware of the predictors and the impact they have on readmission.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



82 

 

Appendix A: Additional GEE models 

Exclusion of number of hospital discharges 

Parameter B Std. 

Error 

Hypothesis Test Exp(B) 95% Wald 

Confidence Interval 

for Exp(B) 

Wald 

Chi-

Square 

df Sig. Lower Upper 

(Intercept) -4.219 .8667 23.696 1 .000 .015 .003 .080 

finalsodiumR_=1 .906 .2385 14.443 1 .000 2.475 1.551 3.951 

finalsodiumR_=0 0
a
 . . . . 1 . . 

loops_geeR=1 -.850 .3951 4.633 1 .031 .427 .197 .927 

loops_geeR=0 0
a
 . . . . 1 . . 

BB_geeR=1 
2.989 1.059

1 

7.962 1 .005 19.858 2.491 158.300 

BB_geeR=0 0
a
 . . . . 1 . . 

CrRecode2=1 .519 .2004 6.721 1 .010 1.681 1.135 2.490 

CrRecode2=0] 0
a
 . . . . 1 . . 

HgBrecoded2=1 .286 .2532 1.278 1 .258 1.331 .811 2.187 

HgBrecoded2=0 0
a
 . . . . 1 . . 

HEARTRATE .033 .0111 8.591 1 .003 1.033 1.011 1.056 

LENGTHOFSTAY .006 .0130 .190 1 .663 1.006 .980 1.032 

BB_geeR=1 * 

HEARTRATE 

-.029 .0129 5.251 1 .022 .971 .947 .996 

[BB_geeR=0* 

HEARTRATE 

0
a
 . . . . 1 . . 

maritalstatusgeeR=1

. 

.344 .1530 5.057 1 .025 1.411 1.045 1.904 

maritalstatus_geeR=

0 

0
a
 . . . . 1 . . 

ERpresent_geeR=2 -.883 .2791 10.008 1 .002 .414 .239 .715 

ERpresent_geeR=1. -.120 .2164 .307 1 .580 .887 .580 1.356 

[ERpresent_geeR=.

00] 

0
a
 . . . . 1 . . 

medianquin_GeeR=

5. 

-.617 .1870 10.895 1 .001 .540 .374 .778 

medianquin_GeeR=

4 

-.077 .4158 .034 1 .853 .926 .410 2.091 

[medianquin_GeeR

=3 

-.334 .2727 1.501 1 .220 .716 .420 1.222 

[medianquin_GeeR

=2. 

-.933 .3880 5.788 1 .016 .393 .184 .841 

[medianquin_GeeR

=1. 

0
a
 . . . . 1 . . 

NUMBEROFDOC

UMENTEDMISSE

DCLINICVISITSin

2010 

.088 .1046 .702 1 .402 1.092 .889 1.340 

(Scale) 1        

Note: QIC 443.41 
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Exclusion of missed clinic visits 

 

Parameter B Std. 

Error 

Hypothesis Test Exp(B) 95% Wald Confidence 

Interval for Exp(B) 

Wald Chi-

Square 

df Sig. Lower Upper 

(Intercept) -4.226 .8450 25.018 1 .000 .015 .003 .077 

finalsodiumR_=1 .921 .2329 15.628 1 .000 2.511 1.591 3.963 

finalsodiumR_=0 0
a
 . . . . 1 . . 

loops_geeR=1 -.866 .4016 4.651 1 .031 .421 .191 .924 

loops_geeR=0 0
a
 . . . . 1 . . 

BB_geeR=1 2.897 1.1121 6.785 1 .009 18.113 2.048 160.163 

BB_geeR=0 0
a
 . . . . 1 . . 

CrRecode2=1 .537 .1886 8.121 1 .004 1.711 1.183 2.477 

CrRecode2=0 0
a
 . . . . 1 . . 

HgBrecoded2=1 .286 .2554 1.257 1 .262 1.332 .807 2.197 

HgBrecoded2=0 0
a
 . . . . 1 . . 

HEARTRATE .033 .0107 9.448 1 .002 1.033 1.012 1.055 

LENGTHOFSTAY .005 .0129 .174 1 .677 1.005 .980 1.031 

BB_geeR=1 * 

HEARTRATE 

-.028 .0135 4.427 1 .035 .972 .947 .998 

BB_geeR=0 * 

HEARTRATE 

0
a
 . . . . 1 . . 

maritalstatus_geeR=1 .327 .1362 5.758 1 .016 1.387 1.062 1.811 

maritalstatus_geeR=0 0
a
 . . . . 1 . . 

ERpresent_geeR=2 -.893 .2780 10.325 1 .001 .409 .237 .706 

ERpresent_geeR=1 -.120 .2153 .308 1 .579 .887 .582 1.353 

ERpresent_geeR=0 0
a
 . . . . 1 . . 

medianquin_GeeR=5 -.559 .2011 7.728 1 .005 .572 .386 .848 

medianquin_GeeR=4 -.041 .4159 .010 1 .921 .960 .425 2.168 

medianquin_GeeR=3 -.293 .2582 1.291 1 .256 .746 .450 1.237 

medianquin_GeeR=2 -.923 .3783 5.948 1 .015 .397 .189 .834 

medianquin_GeeR=1 0
a
 . . . . 1 . . 

(Scale) 1 
       

Note: QIC = 441.12 
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Exclusion of hemoglobin 

Parameter B Std. 

Error 

Hypothesis Test Exp(B) 95% Wald 

Confidence 

Interval for 

Exp(B) 

Wald 

Chi-

Square 

df Sig. Lower Upper 

(Intercept) -4.131 .8783 22.118 1 .000 .016 .003 .090 

finalsodiumR_=1 .916 .2326 15.517 1 .000 2.500 1.585 3.945 

finalsodiumR=0 0
a
 . . . . 1 . . 

loops_geeR=1 -.823 .4044 4.144 1 .042 .439 .199 .970 

loops_geeR=0 0
a
 . . . . 1 . . 

BB_geeR=1 
3.047 1.139

1 

7.156 1 .007 21.056 2.258 196.332 

BB_geeR=0 0
a
 . . . . 1 . . 

CrRecode2=1 .601 .1556 14.905 1 .000 1.823 1.344 2.473 

CrRecode2=0 0
a
 . . . . 1 . . 

HEARTRATE .033 .0106 9.674 1 .002 1.034 1.012 1.055 

LENGTHOFSTAY .009 .0144 .366 1 .545 1.009 .981 1.038 

BB_geeR=1* 

HEARTRATE 

-.030 .0140 4.659 1 .031 .970 .944 .997 

BB_geeR=0* 

HEARTRATE 

0
a
 . . . . 1 . . 

maritalstatus_geeR=1 .345 .1257 7.521 1 .006 1.411 1.103 1.806 

maritalstatus_geeR=0 0
a
 . . . . 1 . . 

ERpresent_geeR=2 -.873 .2918 8.942 1 .003 .418 .236 .740 

ERpresent_geeR=1 -.128 .2160 .350 1 .554 .880 .576 1.344 

ERpresent_geeR=0 0
a
 . . . . 1 . . 

medianquin_GeeR=5 -.545 .2146 6.442 1 .011 .580 .381 .883 

medianquin_GeeR=4 -.084 .3922 .046 1 .829 .919 .426 1.982 

medianquin_GeeR=3 -.282 .2622 1.156 1 .282 .754 .451 1.261 

medianquin_GeeR=2 -.967 .3849 6.309 1 .012 .380 .179 .809 

medianquin_GeeR=1 0
a
 . . . . 1 . . 

(Scale) 1 
       

Note: QIC = 439.59 
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Exclusion of length of stay 

 

Parameter B Std. 

Error 

Hypothesis Test Exp(B) 95% Wald 

Confidence 

Interval for 

Exp(B) 

Wald Chi-

Square 

df Sig. Lower Upper 

(Intercept) -4.075 .9262 19.359 1 .000 .017 .003 .104 

finalsodiumR_=1 .933 .2321 16.170 1 .000 2.542 1.613 4.007 

finalsodiumR_=0 0
a
 . . . . 1 . . 

loops_geeR=1 -.819 .4092 4.005 1 .045 .441 .198 .983 

loops_geeR=0 0
a
 . . . . 1 . . 

BB_geeR=1 3.008 1.1232 7.173 1 .007 20.250 2.241 183.016 

BB_geeR=0 0
a
 . . . . 1 . . 

CrRecode2=1 .607 .1536 15.588 1 .000 1.834 1.357 2.478 

CrRecode2=0 0
a
 . . . . 1 . . 

HEARTRATE .033 .0106 9.647 1 .002 1.034 1.012 1.055 

BB_geeR=1 * 

HEARTRATE 

-.030 .0138 4.620 1 .032 .971 .945 .997 

BB_geeR=0 * 

HEARTRATE 

0
a
 . . . . 1 . . 

maritalstatus_geeR=1 .348 .1304 7.106 1 .008 1.416 1.096 1.828 

maritalstatus_geeR=0 0
a
 . . . . 1 . . 

ERpresent_geeR=2 -.870 .2882 9.117 1 .003 .419 .238 .737 

ERpresent_geeR=1 -.128 .2157 .350 1 .554 .880 .577 1.343 

ERpresent_geeR=0 0
a
 . . . . 1 . . 

medianquin_GeeR=5 -.570 .2004 8.091 1 .004 .565 .382 .838 

medianquin_GeeR=4 -.129 .3665 .123 1 .725 .879 .429 1.803 

medianquin_GeeR=3 -.303 .2737 1.229 1 .268 .738 .432 1.262 

medianquin_GeeR=2 -.961 .3772 6.492 1 .011 .382 .183 .801 

medianquin_GeeR=1 0
a
 . . . . 1 . . 

(Scale) 1 
       

Note: QIC=438.04
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Appendix B: Sensitivity analysis results of Maryland Patients- Parsimonious model 

Parameter B Std. 

Error 

Hypothesis Test 

 

Exp(B

) 

95% Wald 

Confidence Interval 

for Exp(B) 

Wald Chi-

Square 

df Sig. Lower Upper 

(Intercept) -4.133 1.1269 13.455 1 .000 .016 .002 .146 

[finalsodiumR_=1.00] .922 .2616 12.417 1 .000 2.514 1.505 4.198 

[finalsodiumR_=.00] 0
a
 . . . . 1 . . 

[loops_geeR=1.00] -.808 .4121 3.841 1 .050 .446 .199 1.000 

[loops_geeR=.00] 0
a
 . . . . 1 . . 

[BB_geeR=1.00] 2.856 1.2898 4.903 1 .027 17.389 1.388 217.827 

[BB_geeR=.00] 0
a
 . . . . 1 . . 

[CrRecode2=1.00] .692 .1608 18.535 1 .000 1.999 1.458 2.739 

[CrRecode2=.00] 0
a
 . . . . 1 . . 

HEARTRATE .028 .0127 4.845 1 .028 1.028 1.003 1.054 

[BB_geeR=1.00] * 

HEARTRATE 

-.027 .0159 2.950 1 .086 .973 .943 1.004 

[BB_geeR=.00] * 

HEARTRATE 

0
a
 . . . . 1 . . 

[maritalstatus_geeR=1. .282 .1433 3.860 1 .049 1.325 1.001 1.755 

[maritalstatus_geeR=.0 0
a
 . . . . 1 . . 

[ERpresent_geeR=2.0 -.910 .2648 11.799 1 .001 .403 .240 .677 

[ERpresent_geeR=1.0 -.054 .2530 .046 1 .830 .947 .577 1.555 

[ERpresent_geeR=.00] 0
a
 . . . . 1 . . 

[medianquin_GeeR=5.

00] 

-.577 .2408 5.750 1 .016 .561 .350 .900 

[medianquin_GeeR=4. -.069 .4061 .029 1 .865 .933 .421 2.068 

[medianquin_GeeR=3. -.443 .3017 2.155 1 .142 .642 .356 1.160 

[medianquin_GeeR=2. -.945 .3993 5.595 1 .018 .389 .178 .851 

[medianquin_GeeR=1. 0
a
 . . . . 1 . . 

Hfvol .007 .0027 7.340 1 .007 1.007 1.002 1.013 

(Scale) 1 
       

Note: QIC 412.49 
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