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ABSTRACT 

Title of Dissertation:  Predictors of Length of Hospital Stay and Readmission in 

Hematologic Stem Cell Transplant Recipients 

Thiruppavai Sundaramurthi, Doctor of Philosophy, 2015 

Dissertation Directed by:  Erika Friedmann, Ph.D., Professor, School of Nursing 

Background: Hematopoietic stem cell transplantation (HSCT) is an established treatment for 

patients with various malignant and non-malignant diseases. The intense nature of the transplant 

experience mandates the presence of a consistent caregiver throughout the inpatient phase and 

after discharge. Increased length of hospital stay (LOS) and unplanned readmission increase 

health care costs. Identifying patients at risk for prolonged LOS and readmission and the 

caregiver factors that might contribute to these outcomes has the potential to reduce health care 

costs and patient’s suffering. Caregiver characteristics are examined as predictors of these 

outcomes in cancer patients, but data are lacking on whether they predict LOS and readmission in 

HSCT recipients.  

Purpose: To examine caregiver characteristics as predictors of LOS and readmission risk for 

HSCT recipients. 

Methods:  A secondary data analysis obtained in a study of the effectiveness of problem solving 

education in caregivers and patients during allogeneic HSCT at National Institutes of Health 

(Bevans et al., 2013) was conducted. Generalized linear mixed method models were used to 

examine predictors of LOS and generalized estimated equation models were used to examine 

predictors of 30-day readmission. Independent variables included: patient factors [age, disease 

condition, disease stage, comorbidity index, infection, psychological distress, and performance 

status] and caregiver factors [age, gender, relationship to patient, health problems, self-efficacy, 

burden and psychological distress]. 



 
 
  
Results: Reduced intensity conditioning allogeneic transplant recipients (N=60) and their 

caregivers (N=72) were included. Patients had a mean age of 46 years, were largely males (63%), 

and white (68%). Caregivers had a mean age of 52 years, were predominantly females (75%) and 

white (73.6%). Average LOS was 25 days and 35% of the patients were readmitted within thirty 

days after discharge. Patient factors that predicted LOS were disease stage (p=0.01), infection 

status (p=<.001) and comorbidity index (p=0.03). Infection status predicted readmission risk 

(p=<.001). Caregiver factors did not predict LOS or readmission. Caregiver psychological 

distress tended to predict LOS (p=0.09).  

Conclusions:  Caregiver variables did not add meaningful information beyond traditional patient 

factors in predicting LOS and readmission in this population. More longitudinal, prospective 

studies are needed to understand the influence of caregiver factors on these outcomes. 
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 CHAPTER I  

INTRODUCTION 
 

INTRODUCTION 

Chapter 1 describes the background, statement of the problem, and significance of 

the problem to nursing. The theoretical and conceptual frameworks are presented. The 

research aims and hypotheses are stated. A dataset from a phase II clinical trial (Bevans 

et al., 2013) will be used to examine predictors of length of stay (LOS) and risk of 

readmission within the thirty days following discharge from the hospitalization 

following allogeneic Hematologic Stem Cell Transplant (HSCT). The study purpose is 

to examine the caregiver characteristics as predictors of LOS and readmission risk for 

allogeneic HSCT recipients. The research aims are: 1) to evaluate the contributions of 

patient’s predisposing/clinical factors including patient’s age, disease risk index, type of 

conditioning regimen, infection, Graft vs. Host Disease (GVHD) and psychological 

distress, patient’s need factor including performance status and caregiver enabling factors 

including caregiver’s age, gender, caregiver’s relationship to patient, caregiver health 

problems, self- efficacy, burden and psychological distress to the LOS of allogeneic 

HSCT recipients; and 2) To evaluate the contributions of patient’s clinical factors 

including patient’s age, disease risk index, infection, GVHD and psychological distress,  

patient’s need factor including performance status, and caregiver enabling factors 

including caregiver’s age, gender, caregiver’s relationship to patient, caregiver health 

problems, self efficacy,  burden and  psychological distress to readmission risk within 

first 30 days of discharge following allogeneic HSCT. 
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BACKGROUND OF THE STUDY 

 Individuals of all ages with disabilities or chronic illnesses depend on informal 

care provided by their families and friends to carry out many of the routine activities of 

daily life. According to the National Alliance for Care giving (NAC) and American 

Association for Retired Persons (2009) 66 million Americans provide informal care to 

someone who is ill, disabled or aged. Approximately, 43.5 million of adult family 

caregivers care for someone 50 years of age or older (NAC &AARP, 2009).The typical 

caregiver in the United States is female, approximately 48 years old, has some college 

experience and spends an average of 20 hours or more per week providing unpaid care to 

someone 50 years of age or older (NAC &AARP, 2009).  

Those providing informal care also contribute hugely economically. The AARP 

public policy institute (2011) estimated the economic value of unpaid informal caregiving 

as approximately $450 billion in 2009, up from an estimated $375 billion in 2007. 

Informal caregivers have been defined as “lay people in a close supportive role who share 

in the illness experience of the patient and who undertake vital work and emotion 

management” (National Institutes for Clinical Excellence, 2004). According to NAC and 

AARP (2009), caregivers of adults help on average with 4 out of 7 instrumental activities 

of daily living (ADLS), including transportation (83%), house work (75%), grocery 

shopping (75%), meal preparation (65%), managing finances (64%), and arranging or 

supervising outside services (34%). The most common problem or illnesses identified by 

the caregiver that they were caring for were old age, Alzheimer’s and cancer. Among 

these different populations, patients undergoing stem cell transplantation are a unique 
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population because of the intense nature of the treatment and the necessity of having an 

informal caregiver. 

Hematopoietic stem cell transplantation (HSCT) is an established and routinely 

used treatment for patients with various malignant and non-malignant diseases. Though 

HSCT was initially performed as an experimental procedure for hematologic cancers, 

within the past decade it became a curative procedure.  (Tabbara, Zimmerman, Morgan, 

& Nahleh, 2002). Thomas et al performed the first HSCT with allogeneic bone marrow in 

1957 to treat a patient with hematologic malignant disease after high-dose chemo 

radiation therapy. Various terms are used to describe the procedure, depending on the 

donor type (autologous or allogeneic), pre transplantation conditioning regimen (full- or 

reduced-intensity myeloablation), and the source of stem cells (bone marrow, peripheral 

blood cells, or cord blood cells). In autologous HSCT patient’s own stem cells are 

collected, stored and then infused intravenously to patients after intense chemotherapy or 

radiation therapy, whereas in allogeneic HSCT, the stem cells are taken from a related or 

unrelated donor and infused to the recipient after a conditioning regimen. 

  An estimated 50,000 to 60,000 patients undergo HSCT worldwide annually 

(Pasquini, 2007). A total of 20,000 stem cell transplants were performed in 2011 in North 

America (Center for International Blood and Marrow Transplant research, 2012). In the 

United States, an estimated 7,000 people had allogeneic stem cell transplants and an 

estimated 10,305 people had autologous stem cell transplants for blood cancers in 2010 

(Leukemia and Lymphoma society, 2013).The most common indications for autologous 

HSCT are multiple myeloma and lymphoma, accounting for 56% of all the stem cell 

transplants (Afessa & Azoulay, 2010). Acute leukemia is the most common indication for 
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allogeneic transplantation (Afessa & Azoulay, 2010). Survival rates vary for HSCT 

patients depending on the type of transplant, disease status prior to transplant and 

comorbidities (Afessa & Azoulay, 2010). Mortality rates at 100 days vary from 2% to 

35% depending on the type of transplant and disease site (Pasquini, 2010). Although 

HSCT is able to cure a variety of diseases, the procedure is still associated with major 

complications. The first 100 days are considered to be a critical period when patients may 

experience mild symptoms like mucositis and fatigue, to major and sometimes life-

threatening complications such as infection, organ dysfunction, and acute graft versus 

host disease, in which the donor stem cells identify the host (patient) tissue as foreign and 

initiate an immune attack. All these complications make caring for this patient population 

intense for caregivers. 

While taking care of the HSCT recipient, the caregiver undertakes major role 

changes as the patient is unable to share responsibilities as an equal partner (Fife, 

Monahan, Abonour, Wood, & Stump, 2009; Langer, Abrams, & Syrjala, 2003). Because 

of the life-threatening and intense nature of the transplant experience, family members 

are involved throughout the inpatient phase of the treatment and continue to provide care 

after discharge from the hospital. Most of the transplant centers require at least one 

family member to be present throughout hospitalization (Pallera & Schwartzberg, 2004). 

The caregiver’s role is multi-faceted, including a range of activities such as offering 

encouragement and psychological support, assisting with preparing food, transporting the 

patient for outpatient treatment, administering medications, and monitoring temperature 

and blood pressure. Findings from Foster et al (2004) suggested the presence of a lay 

care-partner during the patients’ hospital stay as a significant prognostic variable of 
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survival. In this study, patients who had a consistent care partner who remained with 

them during the acute hospitalization were three times more likely to be living 1 year 

after transplantation.    

Informal caregiving for extended periods of time takes a significant toll on the 

caregivers of patients undergoing HSCT. Physical issues include fatigue, sleep 

disturbances and sexual dysfunction (Gaston-Johansson & Foxall, 1996; Langer et al., 

2003; Siston et al., 2001),  and the psychological issues include distress and fear (Aslan et 

al., 2006; Fife et al., 2009). Hunt (2003) reviewed the psychosocial dimensions of 

caregiving and found negative outcomes of family caregiving including burden, hassles, 

stress and uncertainty. Although some caregivers have described the experience as 

profoundly meaningful and positive, others have found the tasks, roles and 

responsibilities they experience to be intensely burdensome (Cooke, Gemmill, Kravits, & 

Grant, 2009; Sabo, McLeod, & Couban, 2013).  The families of patients undergoing 

HSCT experience not only psychological distress but also various other problems related 

to financial burden including loss of employment and loss of career development 

opportunities (Sherwood et al., 2008; Wilson et al., 2009; Yun et al., 2005). In addition, 

the complex and uncertain nature of the transplant process increases the level of distress 

recipients and their caregivers experience (Wilson, Eilers, Heermann, & Million, 2009).  

Beattie and Lebel (2011) conducted a critical review to evaluate the predictors of 

caregiver distress among the caregivers of HSCT recipients. Female gender, elevated 

subjective burden, and higher patient symptom predicted caregiver distress. Surprisingly, 

caregiver displayed distress levels comparable to or higher than patient’s reported distress 

level and caregiver distress was highest pre-transplant and decreased over time. Other 
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psychosocial variables found to predict psychological distress in caregivers were social 

support and self-efficacy (Dumont et al, 2006). 

Caregivers vary in their perception of their own ability to help patients during 

their illness  (Blood, Simpson, Dineen, Kauffman, & Raimondi, 1994). Some are 

confident that they can help the patient manage the physical and psychological challenges 

brought by the illness and cope well with the demands of caregiving, while others report 

little confidence in their abilities to help patient manage symptoms (Ferrell, Ferrell, 

Rhiner, & Grant, 1991). Self-efficacy is very important for the actual performance of 

tasks by an individual (Bandura, 1986, 1997). Even if individuals believe that particular 

actions will produce certain results, they will not act on that belief, if they question 

whether they have the ability to engage in the necessary actions or behaviors. Self-

efficacy for informal caregivers refers to the confidence they have in their ability to 

provide physical and emotional care to their ill loved one  (Northouse, Katapodi, Song, 

Zhang, & Mood, 2010). Keefe et al. (2002) showed that when caregivers had higher self-

efficacy, cancer patients reported having more energy, feeling less ill, and spending less 

time in bed. In this study, caregiver self-efficacy was significantly associated with cancer 

patients’ levels of anxiety and quality of life. When caregivers had low self-efficacy, 

patients had higher level of anxiety and poorer quality of life (Porter, Keefe, Garst, 

McBride, & Baucom, 2008). Although studies of caregiver burden and self-efficacy in 

caregivers of patients with cancer diagnoses were found, no studies have directly 

assessed the caregiver burden and self-efficacy with regard to LOS and readmission in 

HSCT recipients.  
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The LOS and readmission are important measures of health care utilization. A 

major reason for the continued increase in use of HSCT is the steady improvement 

in transplant outcomes (National Marrow Donor Program, 2010). Advances in treatment 

methods have reduced the amount of time patients spend in the hospital by speeding 

recovery. This shorter recovery time has reduced cost (Cancer.gov, 2010). The LOS was 

significantly correlated with hospitalization costs (as LOS decreased, costs decreased) 

among the autologous and allogeneic HSCT patients (Bennett et al., 1995; Lee, Klar, 

Weeks, & Antin, 2000). Increased LOS and hospital unplanned readmission increase 

patient and family suffering (www.Qualitynet.org). Approximately 20% of Medicare 

beneficiaries were readmitted within 30 days of hospital discharge and about 90% of 

these admissions were unplanned  (Hernandez et al., 2010; Jencks, Williams, & Coleman, 

2009). In the HSCT patient population, LOS varies depending upon the type of transplant 

and complications due to the preparatory regimen or the transplant itself. These 

complications may result in unplanned readmissions and frequent use of health care 

services. In addition, the move to early discharge of patients undergoing HSCT has had a 

tremendous impact on the caregiver responsibilities during the high-risk period of 

discharge from the hospital (Grant, Cooke, Bhatia, & Forman, 2005). 

Though the LOS and readmission for HSCT patient are influenced by various 

biomedical factors, caregiver related factors might contribute to prolonged LOS and 

frequent unscheduled readmissions. Several studies have examined the biomedical factors 

influencing the LOS and risk for 30- day readmission in HSCT recipients. Infection, 

unrelated donor, and total body radiation based conditioning are significant factors 

predicting the LOS and 30 day hospital readmission (Bejanyan et al., 2012; Faucher et 
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al., 2012). Very little research examines the characteristics of the informal caregiver as 

potentially explanatory variables for LOS and readmission for HSCT recipients.  To fill 

this gap, a secondary data analysis was proposed to examine caregiver characteristics and 

their influence on LOS and readmissions. 

CONCEPTUAL FRAMEWORK 

The model of health care utilization (Figure 1) proposed by Andersen was used to 

guide this study. This model suggested that people’s use of health services is a function 

of their predisposition to use services, factors which enable or impede use, and their need 

for care (Andersen, 1995). Each component in this model is conceived of as making an 

independent contribution to predicting use. This model also suggested an explanatory 

process or causal ordering in determining factors influencing health care utilization 

(Andersen, 1995).  

Predisposing factors 

According to this model, demographic factors represent biologic factors 

suggesting the likelihood that people will need health care. Social structure is measured 

by factors that determine the status of a person in the community, his ability to cope with 

presenting problems and resources to deal with these problems. Health beliefs are 

attitudes, values and knowledge that people have about health and health services that 

might influence their subsequent need and use of health services (Andersen, 1995). This 

model assumes that (a) individuals with different demographic characteristics have 

different types and amounts of illness and, as a result, different patterns of using health 

services; (b) individuals with different social structure characteristics have different 

lifestyles and, as a result, different patterns of health service utilization; and (c) an 
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individual’s health services utilization varies according to his/her heath beliefs (Wolisky 

& Coe, 1984). 

 Enabling factors 

 Both community and personal factors enable the utilization of resources. For 

instance, if there is a health care facility available where people live and if they have the 

means to get to those services, there is a high chance of utilization. Factors including 

having health insurance, short travel time, minimal waiting times and presence of 

caregiver are all considered as enabling factors. Individual financial factors (income) 

might also influence an individual’s ability to pay and utilize health services. This can 

also be determined by the individual’s insurance status.  

Need factors 

 A third set of variables that might influence the health service use are patients’ 

perception of their own health and functional state, as well as how they experience 

symptoms of illness, pain, and worries about their health.  At the individual level, 

Andersen differentiates between perceived need for health services and evaluated need. 

Perceived need is how people view and experience their own health and evaluated need is 

professional assessments and objective measurements of patient’s health status and need 

for medical care. According to this model, even when one is predisposed and able to use 

health services, there must be some perceived need that serves as the basic and direct 

stimulus for the use of health services (Figure 1). Traditionally, this need is measured by 

self-reports of symptoms, functional limitations, or perceived health status (Andersen, 

1995). 
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In the adapted model (figure 2), variables are chosen based on their clinical 

relevance and evidence from the literature in congruence with the health care utilization 

model. Age of the patient, type of conditioning regimen, disease risk index, infection, 

acute Graft Versus Host Disease (GVHD) and psychological distress are conceptualized 

as predisposing factors as these variables play a major role in determining the LOS and 

readmission for HSCT recipients and might predispose for a longer stay or unplanned 

readmissions. Though knowledge and health beliefs were a subset of predisposing factors 

as postulated by Andersen, it was not possible to include them in the model as the study 

is a secondary data analysis and these variables were not collected in the parent study.  

According to the original model family resources and community resources were 

considered as enabling factors.  Various studies in the past have considered the 

characteristics of informal caregivers as enabling factors as they might either facilitate 

service use or, on the other hand, discourage use of services by meeting the patient’s 

needs directly (Horowitz, 1985; Stone et al., 1987; McKinlay &Tennstedt, 1986; Skinner 

et al., 1994). Financial status and insurance status play a key role in determining heath 

care use. Though these variables are collected in the parent study, a decision was made 

not to include them in the study as   patients are enrolled under protocols at NIH and their 

insurance status might not influence their treatment or LOS in contrast to private 

hospitals or transplant centers. 

 As suggested by Andersen, need factors explain a major variance in predicting 

the LOS and readmission. In the proposed study, patient’s perceived health status was not 

collected. However, data regarding their performance status was collected. These data 

were used as a proxy for the evaluated health status (objective) of the patients.  
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SIGNIFICANCE OF THE STUDY 

Family caregivers play an important role in the management of HSCT recipients. 

They are a critical element in effective transplant management. As the closest family 

member of the patient, caregivers may have negative experiences including perception of 

low self-efficacy and high burden (Martite, Lustig, Schultz, Miller, &Helgeson, 2004). In 

addition to that, the shift of HSCT care to the outpatient care setting predisposes 

caregivers to increased burden and psychological distress (Wulff, Jagasia &Savani, 

2012). Despite the significant impact of their caregiving responsibilities, only a handful 

of studies examined the influence of caregiver factors on the clinical outcomes of the 

HSCT recipients. Data from cancer caregivers and caregivers of elderly patients indicated 

worse clinical outcome for patients including longer than expected LOS and increased 

risk of readmission (Skinner et al, 1994; Wolff & Kasper, 2004).  

Nurses assess the physical and psychological needs of the patient and caregiver as 

individuals within a family unit. As a holistic care provider, nurses take care of the 

caregiver of the patient. Among the interdisciplinary team members, nurses play a 

significant role in examining physical, psychological and social factors around the patient 

and the caregiver as they directly affect the health outcomes of the patient. To be able to 

decrease hospital LOS and unplanned readmissions for HSCT recipients an 

understanding of the factors influencing these two outcomes and of interventions that 

promote caregiver self-efficacy and reduce burden and psychological distress are 

imperative. Based on the study findings nurses along with the social workers can take a 

lead on educating the caregivers regarding the signs and symptoms of burden and 
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psychological distress and referring them to the mental health care provider for further 

assessment.  

Caregiver assessment utilizing valid, reliable and clinically relevant tools to 

assess self-efficacy, caregiving burden and psychological distress are an essential part of 

transplant management. This study will help to identify the specific caregiver 

demographic and clinical variables influencing the LOS and risk of readmission for 

HSCT recipients. This information will assist in planning nursing strategies to assist 

patients and families with information to physically, psychologically and socially adjust 

with issues surrounding HSCT. Based on the study findings interventional studies could 

be developed and tested to reduce caregiver burden and psychological distress and 

improve their self-efficacy. Testing of specific, replicable and targeted intervention 

studies based on the significant findings along with changes in cost due to reduced LOS 

are relevant to health policies. Shorter LOS and decreased readmission risk have a 

potential to, reduce patient and family suffering, enhance patient and caregiver quality of 

life, and improve health care outcomes. 

PURPOSE OF THE STUDY 

 The purpose of the study was to examine caregiver characteristics as predictors of 

LOS and readmission risk in allogeneic HSCT recipients. The specific aims were: 

Aim 1: To evaluate the contributions of patient’s predisposing factors (age, disease risk 

index, type of conditioning regimen, comorbidity index, infection, acute GVHD during 

hospitalization and psychological distress before HSCT), patient’s need factors 

(performance status) and caregiver enabling factors (caregiver’s age, gender, relationship 
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to patient, caregiver health problems, self-efficacy, burden and psychological distress 

before HSCT) to the LOS of allogeneic HSCT recipients. 

Aim 2: To evaluate the contributions of patient’s predisposing factors (patient’s age, 

disease risk index, type of conditioning regimen, comorbidity index, infection, acute 

GVHD within 30 days of discharge, and psychological distress before discharge), 

patient’s need factors (performance status) and caregiver enabling factors (caregiver’s 

age, gender, relationship to patient, caregiver health problems, self efficacy, burden and 

psychological distress before discharge) to readmission within first 30 days of discharge 

following allogeneic HSCT recipients. 

RESEARCH QUESTIONS 

 The following research questions were examined among allogeneic 

HSCT recipients. 

1. Is there an association between patients’ predisposing factors (patient’s age, type 

of conditioning regimen, disease risk index, comorbidity index, infection, GVHD 

and psychological distress), caregiver’s enabling factors (caregiver’s age, gender, 

relationship to patient, caregiver health problems, self-efficacy and burden and 

psychological distress), patient’s need factors (performance status) and LOS of 

allogeneic HSCT recipients? 

2. Do caregivers’ enabling factors independently predict LOS in allogeneic HSCT 

recipients beyond the effect of predisposing factors and need factors? 

3. Is there an association between patient’s predisposing factors (patients’ age, type 

of conditioning regimen, disease risk index, comorbidity index, infection and 

GVHD), caregivers’ enabling factors (caregiver’s age, gender, relationship to 
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patient, caregiver health problems, self-efficacy, burden and psychological 

distress), patient’s need factors (performance status) and readmission risk within 

first 30 days of discharge following allogeneic HSCT? 

4. Do caregiver’s enabling factors independently predict readmission risk within 

first 30 days of discharge following allogeneic HSCT recipients beyond the 

effect of predisposing factors and need factors? 

SUMMARY 

 The study was designed to examine selected predisposing (patient’s age, type of 

conditioning regimen, disease risk index, comorbidity index, infection, GVHD and 

psychological distress), enabling (caregiver’s age, gender, caregiver’s relationship to 

patient, health problems, self-efficacy, burden and psychological distress), and need 

factors (performance status) that contribute to the LOS and risk of readmission in 

allogeneic HSCT recipients.  Predisposing factors such as biomedical factors are known 

to influence disease outcomes in allogeneic HSCT recipients however the effects of 

enabling factors (caregiver characteristics) on LOS and readmission risk have not been 

studied.  Data from phase II clinical trial to determine the effectiveness of problem 

solving education in caregivers and patients during allogeneic HSCT was used for this 

investigation. 

 The findings of the current study provide insights to inform nurses and other 

health care providers regarding effective ways to identify patients at risk for prolonged 

hospital stay and readmission and the caregiver factors that might contribute to the 

prolonged hospital stay and readmissions. Interventions may then be designed, tested, 
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and implemented to ultimately decrease the LOS and readmissions for patients and 

caregivers by reducing their burden, improving their self-efficacy. 
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CHAPTER II  

REVIEW OF LITERATURE 
 

BACKGROUND 

The purpose of this study was to examine the contributions of caregiver 

characteristics to the LOS and readmission risk in allogeneic HSCT transplant patients. 

The LOS, hospital readmission and the factors predicting these two outcome measures 

have been extensively studied in different patient and caregiver population including 

stroke, heart failure, pulmonary embolism, hospice patients and patients undergoing 

cardiac surgeries and abdominal surgeries  (Aujesky et al., 2009; Chuang, Wu, Ma, Chen, 

& Wu, 2005; Fasken, Wipke-Tevis, & Sagehorn, 2001; Frantz, Lawrence, Somov, & 

Somova, 1999; Guinier et al., 2007; Schwarz & Elman, 2003; Somova, Somov, 

Lawrence, & Frantz, 2000). However, since the sample of this study is caregivers of 

allogeneic HSCT patients, the literature review was restricted to the caregivers of 

individuals with chronic conditions. Initially studies exploring the impact of patient 

(predisposing factors) and caregiver factors(enabling factors) on the LOS and 

readmission among HSCT patient population is presented followed by studies exploring 

the association between these factors and LOS and readmission among cancer patients 

and elderly patients to address the gap in literature. 

In this study, LOS and readmission risk were examined using Andersen’s model 

of health care utilization. The literature review was divided into two sections: first 

studies examining LOS and second, studies examining readmission. Each of these were 

further divided into three sections: first studies evaluating predisposing factors (patient 

clinical factors such as patient’s age, type of conditioning regimen, comorbidity status, 

disease risk index, infection, GVHD and psychological distress; second enabling factors 
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(caregiver characteristics such as caregiver’s age, gender, caregiver’s relationship to 

patient, health problems, self-efficacy, burden and psychological distress) and finally, 

need factors (performance status of patients). 

PREDISPOSING FACTORS AND LENGTH OF STAY 

  HSCT is a complex process that involves various phases. The pre 

transplantation phase is associated with conditioning regimen, which includes intense 

chemotherapy and radiation therapy. During this phase patients might experience the 

side effects of chemo and radiation therapy. During the post transplant phase, along 

with the effects of conditioning regimen, patients might experience the complications 

of the transplantation, which might range from infection to organ dysfunction. There is 

a large variation in the survival rates following HSCT depending upon the underlying 

disease, stage of disease pre transplant and the type of transplant  (Loberiza, Serna, 

Horowitz, & Rizzo, 2003). Similarly the LOS is influenced by various factors such as 

age of the patient, disease condition, risk status, type of transplant, and complications 

such as infection and GVHD. In this study patient’s clinical factors that might 

contribute to prolonged LOS are conceptualized as predisposing factors. A thorough 

literature search was undertaken to obtain information regarding the association 

between clinical factors and LOS of patients undergoing HSCT. 

Age. Literature examining the impact of age and the LOS of HSCT patients are 

contradicting. Some studies found a positive association between age and LOS and 

other studies age did not play a significant role in predicting LOS. Popplewell and 

Forman (2002) conducted a literature review and concluded that age should not be 

considered as a contraindication for HSCT. This review highlighted the association 
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between advanced patient age at the time of transplant and increased transplant related 

morbidity and mortality. But changes in the transplant practices such as less toxic 

conditioning regimen and development of methods for delivering more targeted therapy 

have reduced the complications of both autologous and allogeneic transplant for older 

patients. 

Liu et al. (2011) conducted a study to examine the impact of blood stream 

infection on the LOS of HSCT patients. In this study Linear regression analysis showed 

an association between age at HSCT and LOS following HSCT. Patients <18 years had 

a mean hospitalization days of 68.8+34 whereas patients > 18 years of age had a mean 

hospitalization days of 56.59+31 with a p value of 0.022.The older patients had a 

significantly shorter LOS. Dividing the sample into less than 18 and over 18 is more a 

comparison of LOS of children and adolescents to adult patients than a true relationship 

of age and LOS (Lee et al., 2000).    

McClune et al. (2010) examined the impact of age on various outcomes such as 

neutrophil recovery, incidence of acute and chronic GVHD, non-relapse mortality 

(NRM), relapse, Disease Free Survival (DFS) and Overall Survival (OS) among HSCT 

patients who underwent reduced intensity conditioning. Patients were divided into four 

cohorts for analysis (40-54, 55-59, 60-64, and > or equal to 65 years of age). There was 

no significant impact of age on NRM, relapse, DFS, and OS. LOS was not included in 

this study. Other significant findings in this study were: greater HLA disparity 

adversely affected 2 year NRM, DFS and OS; better pre-HSCT performance status 

predicted improved 2 –year OS. 
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Bressi et al. (2006) conducted a study to examine the impact of psychiatric 

morbidity on LOS among medical patients. In this study among the demographic 

variables, age was significantly associated with LOS. Elderly patients (>65 years) had a 

longer mean LOS compared to patients below 65 years of age (p<. 001). 

Disease Risk Index. Disease risk index is the patient’s disease risk status at the time of 

transplant. The outcome of allogeneic HSCT varies considerably by the disease and 

remission status at the time of transplant (Armand et al, 2012). Therefore, it is very 

important to take account for this in any retrospective or prospective study that enrolls 

patients across diseases and disease stages.  Prieto et al. (2002) investigated the impact 

of psychiatric morbidity on the LOS and survival rate of HSCT recipients. Disease and 

treatment related variables collected in this study were hematologic cancer diagnosis, 

time since cancer diagnosis, conditioning regimen, source of stem cell, and type of 

HSCT. In this study patients were divided according to their disease risk index into low 

risk and high risk. Low risk patients had myelofibrosis, chronic myelogeneous 

leukemia, or were at complete remission from any disease at the time of transplant. 

High-risk patients were partially responsive, had refractory disease, or were at relapse 

at the time of transplant. In this study though the disease risk index was not associated 

with LOS, it was associated with increased rate of death (p<. 001). Similar to these 

findings a study conducted by Park et al (2010) also showed a significant association 

between high relapse risk disease and overall survival rate (p<0.05). 

Comorbidity Status. Labonte et al. (2008) demonstrated the utility of three types of 

assessment scales (Charlson comorbidity index, Hematologic Cell Transplant-

Comorbidity Index(HCT-CI) and mPAM) in identifying patients at risk for increased 
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toxicity in HSCT patients. This study showed a significant association between high 

HCT-CI comorbidity index and prolonged length of hospital days beyond 18 days (OR 

5.34; 95% CI = 2.24-12.75; P < .001). 

Infection. Infection is an important complication of HSCT. Few studies have examined 

the association between blood stream infection and LOS among HSCT patients. 

Baddley et al (2013) examined the factors associated with length of stay among patients 

undergoing HSCT or Solid organ Transplant (SOT). Variables included in this study 

were demographics (age, gender, and race), transplant type, underlying disease, co 

morbid conditions, neutropenia, GVHD, malnutrition, infection (Invasive aspergillosis 

(IA) and cytomegalovirus), early combination therapy or initial voriconazole therapy 

for IA, and length of ICU stay. A multi variable logistic regression showed neutropenia 

(p=0.007), malnutrition (p=0.02), Disseminated IA (p=0.02) and length of ICU stay 

(p<0.001) to be associated with increased length of stay. In this study combination 

antifungal therapy was associated with decreased LOS but was not significant.  

Liu et al. (2011) conducted a retrospective study to determine the impact of 

Blood Stream Infection (BSI) on outcomes of HSCT patients. The influence of two 

prophylactic antibiotic protocols was also investigated in this study. Patients 

undergoing allogeneic HSCT were divided into BSI and non-BSI groups and the 

outcomes were compared between the two groups. Patients with BSI, compared with 

those without, had a significantly greater 6-month mortality (hazard ratio, 1.75; 955 

confidence interval, 1.09-2.82, p=. 021) and a significantly increased LOS (70.8vs.55.2 

days, p=0.021). In addition to BSI, age at HSCT (<18years), graft type of BM, presence 

of acute GVHD, catheter related infection and CMV infection were significantly 
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associated with increased LOS after transplant. BSI remained significant even after 

adjusting for acute GVHD, CMV infection and catheter related infection. 

Inoue et al. (2010) conducted a study to evaluate the impact of early 

rehabilitation on the duration of hospitalization following Allogeneic HSCT. Patients 

received physical exercise immediately after neutrophil engraftment. In this study the 

degree of physical activity showed a negative correlation with the LOS. Interestingly, 

toxicities such as acute GVHD, infection and CMV reactivation did not affect the LOS. 

Similar to these findings a large retrospective data base study showed a 

significant association between fungal infection and length of stay among hospitalized 

high-risk patients. Menzin and colleagues (2009) examined the association between 

fungal infection and mortality, LOS and costs among high-risk patients (patients with 

cancer, HIV, Chronic Obstructive Pulmonary Disease (COPD), Diabetes Mellitus, and 

solid organ and hematopoietic stem cell or bone marrow transplant). The sample was 

from the 2004 Health care cost and utilization project. Patients with invasive fungal 

infection were matched to a control group. In this study patients with invasive fungal 

infection had a significantly higher mortality (15% vs. 5%) rate and mean LOS 

(18.4+0.4 vs. 7.3+ 0.1) and mean costs ($44,726+1255 vs. $15,445+404) than patients 

without invasive fungal infection. 

Lal et al. (2008) evaluated the factors influencing LOS in cancer patients with 

febrile neutropenia and identified age, type of cancer diagnosis and presence of 

infection to be the significant factors. In this study, older age, hematologic malignancy, 

pneumonia and culture positivity were significantly associated with LOS and death. 

Similar to these findings an epidemiologic study conducted by Williams and colleagues 
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(2004) showed sepsis as a major cause of mortality in hospitalized cancer patients. In 

this study mean LOS for cancer patients with sepsis was 27+25 days whereas patients 

with no sepsis had a mean LOS of 6.5+8.2 days. 

Wolff & Kasper (2004) conducted a prospective epidemiological study among 

women aged 65 and older to examine caregiver attributes with respect to recipient’s 

hospitalization outcomes. This study showed an association between patient’s age, 

presence of co morbidities such as musculoskeletal conditions, cardiopulmonary 

conditions, sensory impairment diabetes and risk of being hospitalized. Of the control 

variables, income, task limitations and diabetes were positively associated with 

experiencing a delayed discharge. 

Graft Versus Host Disease. A prospective study conducted by Prieto et al (2001) 

showed an association between acute GVHD and hospital LOS. This study primarily 

examined the prevalence of psychiatric disorders among HSCT patients and its impact 

on hospital LOS. In this three-year prospective inpatient study both admission and in 

hospital risk factors were examined initially to investigate their association with LOS. 

Acute GVHD was categorized into grade 0-1 vs. 2-4. Having grade 2-4 GVHD was 

associated with a 4% increase in LOS (p=0.012). 

Similar to this study a retrospective cohort study conducted by Liu et al. (2011) 

showed a significant association between acute GVHD and LOS among allogeneic 

HSCT patients. In this study, patients were categorized into those with GVHD (grade 1-

4) and without GVHD. The LOS of patients with acute GVHD was 67.19 days+32.5 as 

compared to 53.48+31.3 days for those without acute GVHD (p<0.001) 
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Psychological Distress. Psychological morbidity such as anxiety, depression and its 

impact on patient outcomes such as quality of life, functional status and symptom burden 

or distress is well studied in the cancer population  (Foxall & Gaston-Johansson, 1996; 

Hopwood & Stephens, 2000). Few studies have focused on the psychosocial 

consequences of HSCT on the quality life of patients and their caregivers  (Broers, 

Kaptein, Le Cessie, Fibbe, & Hengeveld, 2000; Fife et al., 2009; Prieto et al., 2002). Of 

these, only two studies (Prieto et al, 2002 &Park et al, 2012) included the hospital LOS as 

an outcome. 

 Prieto et al. (2002) conducted a prospective study to determine the prevalence of 

psychiatric disorders during hospitalization and their impact on LOS for HSCT patients. 

There was a high prevalence of psychiatric disorders (44.1%) among this population 

including an adjustment disorder (22.7%), a mood disorder (14.1%), an anxiety disorder 

(8.2%), and delirium (7.3%). In this study diagnosis of any mood, anxiety, or adjustment 

disorder (p=. 022), chronic myelogenous leukemia (p=0.003), Karnofsky performance 

score less than 90 at hospital admission (p=. 025), and higher regimen related toxicity 

(p<. 001) were associated with a longer LOS controlling for admission and in-hospital 

risk factors.  Acute Lymphocytic Leukemia (p=. 009), Non- Hodgkin’s Lymphoma (P=. 

04), use of peripheral- blood stem cells (p<. 001), were associated with a shorter LOS. 

This study underscored the high incidence of psychiatric morbidity among patients 

undergoing HSCT and its positive association with longer LOS. Contrary to these 

findings a more recent study conducted by Park et al. (2010), showed no significant 

difference in the LOS for patients with and without psychological distress history. In this 

study the primary outcome was overall survival and the secondary outcome was LOS. 
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The researchers took effort to control bias by matching patients with psychological 

distress history (1:3) to patients without psychological distress history from the stem cell 

transplant database. Factors associated with an increased rate of death were high-risk 

disease status (p<. 001) and total body irradiation containing conditioning regimen (p=. 

014).  

Beyond HSCT population, one study examined the effect of psychiatric morbidity 

on LOS among medical patients. This study (Bressi et al. 2006) showed a significant 

association between psychiatric morbidity and LOS among medical patients in a general 

hospital. Psychiatric morbidity was categorized into schizophrenia, major mood 

disorders, and substance abuse disorders. Differences in mean LOS between patients with 

psychiatric morbidity and those without were examined. In this study, patients who were 

elderly, on Medicare and those with mood disorders were found to be at risk for longer 

LOS. Patients with psychiatric morbidity had LOS longer than those without psychiatric 

morbidity that was .33 days (p<. 001), but after controlling for other predictors the 

difference was reduced to .15 days (p<.001). 

Based on the evidence from the literature, in this study patient’s age, disease 

risk index, infection, GVHD and psychological distress were conceptualized as 

predisposing factors that might contribute to prolonged LOS. 

ENABLING FACTORS AND LENGTH OF STAY 

Caregiver relationship to patient.  No studies investigating the influence of marital status 

on the HSCT patient’s LOS was found in the literature. Studies in cancer care show some 

evidence that marital status or cohabitation of caregiver and continuity of single or few 

caregivers may improve outcomes. Pruthi et al. (2009) investigated the impact of marital 
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status on the LOS of patients with carcinoma of bladder. This study showed a shorter 

LOS for married patients by a mean of 1.6 days. These findings revealed the relative 

importance of the relationship of the caregiver playing a role in predicting LOS.  

Caregiver burden. There is little data examining the impact of caregiver burden on 

patient outcomes after HSCT. The existing literature on this topic investigates a 

population that is most often in need of caregivers: elderly patients.  Wolff et al. (2004) 

examined the relationship between socio economic characteristics of elderly women, 

recipient living arrangement and primary caregiver/ care recipient relationship, caregiver 

competence and hospitalization outcomes. This study showed a positive relationship 

between caregiver burden and the likelihood of being delayed in discharge from hospital. 

Individuals whose primary caregivers were characterized by higher caregiver burden 

were twice more likely to have a longer LOS than those with less caregiver burden.  

Caregiver psychological distress. Though one study (Prieto et al., 2002) has shown an 

association between patient’s psychological distress and LOS for allogeneic HSCT 

recipients, no study was found in the literature specifically focused on the impact of 

caregiver psychological distress on LOS of this patient population. Beattie & Lebel 

(2011) critically reviewed the studies focused on the experience of caregivers of 

allogeneic HSCT recipients. This review showed a significantly higher level of 

caregiver distress in the pre transplant period than in the post transplant period and the 

distress decreased over time following transplant.  Caregivers also displayed distress 

levels comparable to or higher than patient reported distress levels. From this review it 

is clear that allogeneic transplant recipients and caregivers distress levels were 

comparable and as patient’s psychological distress influenced their LOS (Prieto et al, 
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2002) we can assume that caregiver psychological distress might also influence 

patient’s LOS.  

Caregiver self-efficacy.  No study was found in the literature investigating the impact of 

caregiver self-efficacy on the LOS of patients undergoing HSCT. The available studies 

have focused on the caregivers of elderly patients. Wolff & Kasper (2004) examined the 

relationship between socio economic characteristics of the patient, recipient living 

arrangement and primary caregiver/ care recipient relationship, caregiver competence and 

hospitalization outcomes. In this study, individuals with primary caregivers who 

perceived themselves as being competent in care giving role were approximately 48% 

less likely to be delayed in their discharge from hospital.  

Skinner et al. (1994) conducted a study to explore the contribution of social 

factors and biomedical factors in explaining the LOS for frail older people. The author 

applied Andersen’s health care utilization model including the caregiver characteristics as 

enabling factor in predicting the LOS. Predisposing variables included in this study were 

participant’s age and living arrangement. Need variable was the reason for hospital 

admission. Age of the caregiver, number of caregivers and geographic proximity of the 

caregiver were examined as enabling factors. In this study, predisposing variables alone 

explained no variability in LOS, whereas when need factors added to the model, LOS 

explained by the predictors increased to 19%. When enabling factors were included in the 

model, it explained 27% of the variation in LOS. As geographic proximity between the 

elder and the caregiver increased, LOS was longer.  
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NEED FACTORS AND LENGTH OF STAY 

Prieto et al. (2002) examined the association between the psychiatric morbidity 

and LOS of patients undergoing HSCT. In this study the performance status of the 

patients was examined using Karnofsky performance score (a scale that allows patients 

to be classified as to their functional impairment). In this study a Karnofsky score less 

than 90 showing increased functional impairment at hospital admission (p=. 025) and was 

associated with a longer LOS. 

Based on the above literature review, in this study, caregiver’s age, caregiver’s 

relationship to patient, caregiver self efficacy, caregiver burden and caregiver 

psychological distress are conceptualized as enabling factors that might contribute to the 

LOS of allogeneic HSCT recipients.  

30- day Readmission 

PREDISPOSING FACTORS 

Readmissions for HSCT patients increase health care burden and cost (Dignan et 

al, 2013).  Nonetheless, we have limited information on unplanned readmissions and the 

related risk factors in HSCT patients admitted within 30 days of discharge from hospital. 

Bejanyan et al. (2012) conducted a study to identify the reasons and risk factors 

for 30-day readmissions among the recipients of myelo-ablative allogeneic HSCT. The 

variables examined in this single-center retrospective study included patient age, gender, 

race, type of hematologic cancer, pre transplantation disease status (remission or no 

remission), number of prior chemotherapy regimens, prior radiation treatment, 

hematopoietic cell transplantation- co morbidity index (HCT-CI), type of preparatory 

regimen, source of hematopoietic cells, donor type, time until neutrophil count recovery, 
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infection and Acute GVHD during hospital stay, and length of hospital stay. In this study 

HCT-CI, Total Body Irradiation (TBI) based preparative regimen, and infection during 

admission for allogeneic HSCT predicted 30-day readmission. 

Moya et al. (2006) examined the rate, causes and evolution of HSCT among 

patients who received an autologous HSCT or allogeneic HSCT. In this study the length 

of stay for each readmission was 25 + 21 days. The causes of readmission were 

infections, graft related including GVHD, graft failure, coagulation disorders and second 

neoplasm.  

A study conducted (Dignan et al., 2013) among the allogeneic HSCT patients to 

evaluate the impact of acute GVHD on the readmission rates and associated costs showed 

infection, GVHD, and relapse to be the major causes of readmission. In this study, acute 

GVHD was associated with an increased readmission rate before 100 days. There was a 

significantly higher mean number of inpatient days for patients with stage 3 &4 GVHD 

compared to those with grade 1 &2 GVHD.  

Grant et al. (2005) conducted a study to describe discharge and unscheduled 

readmission patterns of adult patients undergoing HSCT. Retrospective chart-review tool 

was utilized to collect data in three areas: demographic (age, diagnosis), clinical 

(remission status at transplant, type of transplant, presence of comorbid conditions, 

number of infections, number of catheter related infections, number of bacteremic 

episodes, and psychological support), and readmissions (reason for readmission, 

discharge or death data, number of days of each readmission, and length of time between 

discharge to the next admission). In this study 80% of patients developed an infection 
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after HSCT. Allogeneic transplant recipients had a higher number of readmissions, 

unscheduled readmission and infection comparing to autologous transplant recipients.  

Apart from these studies conducted among the stem cell transplant population, a 

few studies explored the risk factors for readmission among elderly and patients with 

medical conditions. In general, patient characteristics, disease characteristics and health 

care system factors were the three major predictors of hospital admission or readmission 

in elderly patients. In a multicenter retrospective cohort study (Silverstein, 2008) 

demographic variables (age, sex, race), health system variables (insurance, discharge 

location, medical versus surgical service), co morbidity and geographic variables 

(distance from patient’s residence to hospital and median income) were examined to 

assess their association with readmission. In this study among elderly patients age 

(>75years), African American race, Medicare health insurance with no other health 

insurance, discharge to home with home care or discharge to long term care and 

residence within 50 miles of the index hospital as significant univariate predictors. In the 

final model, age, African American race, male sex, Medicare with no other insurance, 

discharge to a skilled nursing facility and specific co morbidities predicted the 30-day 

readmission. 

 Allaudeen and colleagues (2011) conducted a study to identify the factors 

influencing readmission rates among the general medicine patients. In this study the 30-

day readmission rate was 17% with approximately 50% of readmissions happening 

within the first 10 days of discharge. Of the clinical factors, high-risk medications and six 

co- morbidities (congestive heart failure, renal disease, cancer with and without 

metastasis, weight loss and iron deficiency anemia) were associated with readmission. 
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The study also examined operational factors, such as weekend discharge or admission 

source, but none were significantly associated with readmission. Wolff and Kasper 

(2004) examined the impact of informal caregiver characteristics and subsequent 

hospitalization outcomes among elderly patients. This study found a significant 

association between patient health related variables such as task limitations, self-reported 

health status, and the presence of co morbidities (musculo skeletal conditions, 

cardiopulmonary conditions, sensory impairment and diabetes) and the risk of 

readmission. 

ENABLING FACTORS AND READMISSION 

In this study caregiver characteristics were conceptualized as the enabling factors. 

There is astonishingly little data investigating the influence of caregiver characteristics on 

readmission of HSCT patients following discharge. The existing literature on this topic 

focuses on two patient populations: cancer patients and elderly patients. There were few 

recent studies that included caregiver characteristics in evaluating risk factors for 

readmission in HSCT recipients. 

Spring and colleagues (2015) examined the risk factors for 30-day and 100-day 

readmission following discharge after HSCT. In this retrospective review, a total of 1141 

patients who underwent either Myelo- Ablative Conditioning (MAC) or Reduced 

Intensity Conditioning (RIC) transplant. Patient’s socio demographic variables including 

primary caregiver relationship to patient, disease characteristics and transplant 

characteristics were included in this study. The findings of this study suggested that the 

significant risk factors for 30 day readmission in the MAC transplant group were having 

a child or non-relative as a primary caregiver versus a spouse or significant other (odds 
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ratio [OR], 3.10; P < .04), the occurrence of acute GVHD during index transplantation 

admission (OR, 2.60; P <.007), and the occurrence of an infection during the index 

admission (OR, 2.51; P < .001). Surprisingly, caregiver relationship to patient did not 

influence the readmission risk in the RIC transplant group. 

 Another study conducted by Rauenzahn and colleagues (2014) included caregiver 

variables including caregiver relationship to patient, number of caregivers and 

documented unreliable caregiver in the model while examining the risk factors and costs 

of 30-day readmission in RIC transplant patients. This study found no significant 

association between social variables such as caregiver relationship to patient, number of 

caregivers and readmission risk. 

Weaver et al. (2006) conducted a study among patients with cancer diagnosis and 

found significant difference in readmission rate based on the marital status of the patients 

whereas no difference was found in relation to race and gender. In this study, of the 

patients readmitted, 26% were single or divorced compared to only 12% of those not 

readmitted.  

In the elderly population, caregiver relationship to patient, whether caregiver lives 

with patient as intimate partner and distance to care facility were cited as potential 

influences on patient readmission (Wolff et al., 2004; Skinner et al., 1994). Caregiver 

burden and caregiver difficulty were found to increase the risk of mortality and 

readmission. The participants with a higher caregiver burden score were 1.86 times more 

likely to die and readmitted during the follow up period than caregivers with less 

caregiver burden scores (Kuzuya et al., 2011).  
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Morandi et al. (2013) conducted a retrospective cohort study to describe the rate 

of unplanned readmission occurring within thirty days and to identify clinical risk factors 

for readmission. Variables collected in this study included age, comorbidity, serum 

albumin, number of drugs, decline in functional status, delirium, mini mental 

examination score, and length of stay in the acute care hospital. Among 2735 patients 98 

(4%) were readmitted within 30 days of discharge. Independent predictors of unplanned 

30-day readmission were use of 7 or more drugs, and a significant decline in functional 

status compared with the month before hospital admission. In addition to these factors, a 

LOS of 13 days or more carried a two fold higher risk of readmission. 

Cho (2007) conducted a secondary analysis to examine the effects of 

nonprofessional caregivers on the readmission of elderly recipients in home health care. 

In this study, presence and type of nonprofessional caregivers were the primary variables 

with covariates of age, gender, race, Medicaid beneficiary or not, severity of illness, 

baseline cognitive function, baseline depressive symptoms, primary diagnosis, living 

arrangements, frequency of care from non professional caregivers. Readmission within 

60 days after the patient enrolled to the home health care agency was the outcome 

variable. This study showed no significant differences in the risk of readmission between 

patients with a spouse caregiver and those with an offspring caregiver. However, there 

was a trend identified toward increased hospitalization risk (OR=1.28) at a marginal 

significance level (p=. 13) when non-relative rather than spouse provided care. 

Wolff & Kasper (2004) conducted a study among elderly women to examine 

caregiver attributes with respect to recipient’s hospitalization experience. In this study 

caregiver’s age, low self-competence and higher caregiver burden were predictors of 
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readmission. In this study, caregiver competence was related to a 39.7% greater 

likelihood of elderly patients being hospitalized controlling for individual level 

characteristics (p<0.05). Caregivers of patients who perceived themselves as being 

competent in care giving role were approximately 48% less likely to be delayed in their 

discharge from hospital and caregiver burden was positively related to the likelihood of 

being delayed in discharge from the hospital. 

NEED FACTORS AND READMISSION 

Only one study was found in the literature that examined the influence of 

performance status of the patient on readmission. This study (Weaver et al., 2006) 

utilized a retrospective descriptive design to evaluate the risk of unplanned hospital 

readmission among cancer patients. The ECOG performance status at hospital discharge, 

fall risk at discharge, activities of daily living at discharge, active non-cancer related 

heath problems, psychiatric problems exhibited within 48 hours of discharge, 

psychosocial problems during length of admission were included in the chart review. In 

this study the performance status as measured by the ECOG score did not increase the 

readmission risk.  

SUMMARY 

In summary, many patient and disease related characteristics affect LOS and 

readmission for allogeneic HSCT recipients. Studies in the past reported the association 

between patient factors such as type of preparatory regimen, diagnosis, performance 

status and psychological distress or psychiatric morbidity and LOS or readmission. Few 

studies in the general medical patient population, elderly patients and cancer population 

have examined the relationship between caregiver characteristics and its impact on LOS 
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and readmission. In these studies, factors found to be associated with LOS and 

readmission were caregiver’s age, caregiver’s relationship to patient, caregiver burden, 

caregiver competence, psychological distress and geographic proximity to the hospital  

(Cho, 2007; Skinner, Tennstedt, & Crawford, 1994; Weaver et al., 2006; Wolff & 

Kasper, 2004) . There is a knowledge gap in literature examining characteristics of 

informal caregivers as potentially explanatory variables for LOS and readmission for 

allogeneic HSCT recipients. To fill this gap a secondary data analysis was proposed to 

examine the caregiver characteristics and its influence on LOS and readmission. 
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CHAPTER III  

METHODOLOGY 

 

INTRODUCTION 

This study examined the predictors of length of stay during hospitalization for 

HSCT and readmission risk after discharge for HSCT in allogeneic HSCT recipients. 

This chapter provides the research hypotheses, the study design, and the database used 

to examine the study questions. The data from a phase II clinical trial to determine the 

effectiveness of problem solving education in caregivers and patients during allogeneic 

HSCT (Bevans et al., 2013) was used to conduct these analyses. The sample was 

described and the variables related to this study were operationally defined.  

Instruments used were identified. Data screening procedures and statistical analyses 

were detailed. 

RESEARCH HYPOTHESES 

1. Increased patient age, myelo-ablative conditioning regimen, greater disease risk 

index, higher comorbidity index, presence of infection, greater severity of acute 

GVHD, greater psychological distress and decreased performance status will 

significantly increase the LOS for HSCT recipients. 

2. Increased caregiver age, male gender, higher number of caregiver health 

problems, non-spousal caregiver, decreased self-efficacy, greater burden, and 

greater psychological distress will significantly increase the LOS for HSCT 

recipients controlling for significant patient factors. 

3. Increased patient age, myelo-ablative conditioning regimen, greater disease risk 

index, higher comorbidity index, presence of infection, greater severity of acute 



 
 
  

36 
 

GVHD, greater psychological distress and decreased performance status will 

significantly increase the risk of readmission for HSCT recipients. 

4. Increased caregiver age, male gender, higher caregiver health problems, non-

spousal caregiver, decreased self-efficacy, greater burden, greater psychological 

distress will significantly increase the risk of readmission for HSCT recipients 

controlling for significant patient factors. 

RESEARCH DESIGN 

A dataset from a phase II clinical trial (Bevans et al., 2013) was used to examine 

predictors of LOS and readmission risk within thirty days following discharge from 

hospitalization following allogeneic HSCT. The subjects for this study were patients 

and their caregivers who participated in a Problem Solving Education (PSE), which was 

designed to cope with problems during HSCT. The parent study utilized a prospective 

repeated measure design with a primary objective to examine the effectiveness PSE in 

allogeneic HSCT caregivers. The primary outcome measures of this study were self-

efficacy and psychological distress. This study was a secondary data analysis to answer 

the research questions in chapter one. The Institutional Review Board of National Heart, 

Lung and Blood Institute (NHLBI) approved the parent study. This study was approved 

by the scientific review board at NIH clinical center. An Inter Agency Agreement (IAA) 

to rely on NIH Institutional Review Board was obtained between NIH and University of 

Maryland to ensure human subjects protection (see appendix III). The measures selected 

in the study were guided by theory and previous research as presented in the theoretical 

framework and the literature review section. 
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STUDY SAMPLE 

 The data set was from a phase II clinical trial (Bevans et al., 2013) that applied a 

prospective repeated measure design. The sample in the parent study included patients 

and their caregivers at a single center (National Institutes of Health, Clinical Center). A 

total of 195 participants (patients n=82, caregivers n=113) were enrolled from October 

2008 through September 2010.  Out of the 82 patients enrolled, 9 patients were removed 

from the study either due to having no caregiver or not undergoing HSCT, or patient died 

within 30 days post-HSCT. Three patients were removed off study by investigator choice. 

The final sample included 181participants of which 69 were patients and 111 were 

caregivers. Out of the 69 patients, 31 patients were readmitted within 30 days post-

allogeneic HSCT. Enrolled caregivers had a mean age of 53 ±12.6years. Patients who 

completed the study had a mean age of 45.4±14years. In this study potential patients were 

approached during their inpatient or outpatient eligibility screening for an allogeneic-

HSCT. The following eligibility assessment criteria were employed to enroll the patients 

and the caregivers in the parent study. The inclusion criteria included patients receiving 

their first allogeneic HSCT, age>18 years, ability to provide informed consent with adult 

caregiver available who is willing to participate in the study.  Caregiver eligibility criteria 

included age >18 years, able to give informed consent and able to read and speak 

English, and willing to participate in the study. 

POWER ANALYSIS 

 Generalized linear mixed method modeling was used to examine the impact of 

caregiver’s enabling factors on LOS for patients undergoing HSCT. Eliason (1993) 

suggests a sample size of 60 if 5 or fewer parameters for covariates are to be estimated. 
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Sample size of the present data is 72 (patient caregiver sets). Seventy-two subjects 

provide power of .80 at alpha .05 for a medium effect with five predictors. Generalized 

estimated equations modeling was used to examine the impact of caregiver’s enabling 

factors on readmission risk following discharge from the hospital post-HSCT. According 

to Steven’s formula 15 subjects per predictor is needed. Five predictors are appropriate in 

the data set (N=72). Seventy-five subjects provide power of .80 at alpha of .05 for a 

medium effect with 5 predictors. Among the variables, selection of variables to be 

included in the final model is critical. The goal is to build a model that is most 

parsimonious that still explains the data. In order to minimize the number of variables 

and to build a numerically stable model, chi-square test was conducted initially to explore 

the association between the variables. Hosmer and Lemeshow (1977) suggests p of .20 

level be used as a screening criteria for predictors. Variables that are significantly 

associated with readmission at p of .20 were included in the final model.  

DEFINITION OF TERMS 

The definitions for the variables of interest include the predictor variables 

(predisposing factors, enabling factors and need factors) and outcome variables (length 

of stay and readmission). 

Independent Variables 

The independent variables address the constructs of predisposing factors, 

enabling factors and need factors.v 
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Predisposing factors 

Age. Age is the length of time that a person has lived.  Age is defined as the age in 

years of the patient at the time of allogeneic HSCT procedure and recorded as 

allogeneic HSCT Date subtracted from birthdate of the patient. 

Disease risk index. Patient’s disease risk status at the time of transplant categorized into 

low risk, intermediate risk and high risk. 

Type of conditioning regimen. Type of conditioning regimen is the transplant type 

classified as Reduced Intensity Condition (RIC) and Myelo- Ablative (MA). 

Comorbidity index. Pre transplant comorbidity score as measured by Hematologic Cell 

Transplantation- Comorbidity Index (Soror et al, 2005). 

Infection. Measured by Common Toxicity Criteria (CTC criteria)-evidence of > one 

infection/ febrile neutropenia during hospitalization and following discharge to 

readmission. 

GVHD. Acute GVHD grade >2 as retrieved from patients chart review (Clinical Research 

Information System) during hospitalization and following discharge to readmission. 

Psychological distress. Psychological distress experienced by patients as measured by 

Brief Symptom Inventory-18 (BSI-18). See instrumentation section for details. 

Enabling factors 

Caregiver’s age. Age is defined as the age in years of the caregiver at the time of 

allogeneic HSCT procedure 

Gender. Gender is the sexual identity, especially in relation to culture or society.  

Gender is classified as male or female as recorded by the study coordinator on the 

parent study code book.   
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Caregiver’s relationship to patient. Relationship between the patient and the caregiver 

classified in the parent study as spouse or non- spouse 

Caregiver health problems. Number of chronic health problems self-reported by 

caregivers during clinical assessment.  

Caregiver self-efficacy.  The caregiver’s confidence in managing the impact of stem cell 

transplant as measured by Cancer Self Efficacy –Transplant (CASE –T scale). See 

instrumentation section for details.  

Caregiver burden.  Caregiver burden experienced by caregivers as measured by 

Caregiver Reaction Assessment Scale (CRA). See instrumentation section for details. 

Caregiver psychological distress. Psychological distress experienced by caregivers as 

measured by Brief Symptom Inventory-18 (BSI-18). See instrumentation section for 

details. 

Need factors 

Patient’s performance status. Performance status of the patient as assessed by The 

Eastern Cooperative Oncology Group (ECOG) scale at the time of transplant. 

Dependent Variables 

LOS (time to discharge). LOS is the time to discharge following the transplant date. It is 

defined as the number of overnight stays from the day of transplant (day 0) until hospital 

discharge. 

Readmission. Readmission will be defined as the admission to a hospital (yes/no) within 

30 days of patients’ discharge after initial hospitalization following transplant. 
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INSTRUMENTATION 

The Institutional Review Board of NHLBI approved the parent study. All patients 

gave informed, written consent to participate in the study. Primary study data included 

participant reported demographic data collected by self-report. Clinician reported data 

related to transplant recipient were: disease risk index, type of conditioning (reduced 

intensity or full intensity myeloablative), acute GVHD , initial length of stay and 

readmission data collected from record review. The three major instruments utilized in 

the parent study are Cancer Self Efficacy Scale, Brief Symptom Inventory and Caregiver 

Reaction Assessment.  

Caregiver Reaction Assessment (CRA) 

Caregiver burden was assessed by Caregiver Reaction Assessment (CRA) scale 

(Given et al, 1992). The CRA is a well established tool which includes 24 items scored 

on a 5- point Likert scale covering domains of caregiver self esteem, family support, 

finances schedule, and health. Participants indicate their agreement with the given 

statements on a 5-point Likert Scale ranging from “strongly disagree” (1) to “strongly 

agree” (5) with higher scores on each subscale indicating a greater degree of caregiver 

burden.  It has excellent test-retest reliability (Cronbach’s alpha=0.90) and response to 

change of .81(Deekan, Taylor &Magan, 2003). Construct validity has been supported 

through correlations with the Center for Epidemiologic Studies Depression Scale (CES-D 

Depression Scale) and the Activities of Daily Living Dependency Scale (ADL 

Dependency Scale)  (Given et al., 1992).  
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Cancer Self Efficacy Scale-Transplant 

Self-efficacy was be assessed by the CASE-T (Cancer Self Efficacy Scale-

Transplant) scale. The CASE-T scale is a 17-item self-report measure of the person’s 

confidence in managing the impact of the stem cell transplant. This questionnaire was 

adapted by the investigator of the parent study from a version developed for cancer 

patients and their caregivers. The family caregiver specific scale (e.g., ‘I am confident 

that I can call on my inner strengths to pull myself through my family member’s 

transplant’) was used in the parent study to measure caregiver self-efficacy.  The CASE 

has been used extensively in cancer caregivers demonstrating good psychometrics  

(Lewis et al., 2008; L. Northouse et al., 2007) The answers range from 0 (Not at all 

confident) to 10 (Very confident). The internal consistency reliability for the total CASE 

scale was 0.97 (Lewis et al., 2008) and the parent study had an internal consistency 

reliability of 0.96 for caregivers  (Bevans et al., 2013). Evidence of content and criterion 

validity has been reported by Lewis (2008). 

Brief Symptom Inventory-18 (BSI-18) 

In the parent study caregivers completed the well-validated Brief Symptom 

Inventory-18 (Derogatis, 1994), an 18 item self-report measure of psychological 

functioning with three subscales scores including anxiety, depression, and somatization 

(Derogatis, 2000). It also yields a global severity index. Respondents were asked about 

the degree to which they felt bothered by each symptom (i.e., somatization, depression, 

and anxiety) during the previous 7 days. Responses for each item were scored on a 5-

point Likert-type scale, ranging from 0 (never) to 4 (extremely). This scale had strong 

internal consistency reliability with a Cronbach’s alpha of 0.89 (Zabora et al, 2001).In the 
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parent study, the internal consistency reliability for the Global Severity Index ranged 

from 0.84-0.87 for caregivers (Bevans et al, 2013). 

Patient’s performance status 

The Eastern Cooperative Oncology Group (ECOG) was used in the parent study 

to evaluate the performance status of the patient. ECOG is a scale used to assess how the 

disease affects the daily living abilities of the patient, and determine appropriate 

treatment and prognosis. It is classified as follows:  

0-Fully active, able to carry on all pre-disease performance without restriction. 

1-Restricted in physically strenuous activity but ambulatory and able to carry out work of 

light or sedentary nature (light housework, office work). 

2-Ambulatory and capable of all self-care but unable to carry out any work activities. Up 

and about more than 50% of waking hours. 

3-Capable of only limited self-care, confined to bed or chair for more than 50% of 

waking time. 

4-Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair. 

5-Dead 

The variables that were not collected through the hospital stay and discharge to 

readmission were collected using the case report forms (appendix II). These variables 

include disease risk index, comorbidity status (HCT-CI), infection status and acute 

GVHD status. 

HUMAN SUBJECTS PROTECTION 

The Institutional Review Board of NHLBI approved all aspects of the study. 

There was no greater than minimal risk associated with the parent study for either the 
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patient or healthy (caregiver) volunteers. Institutional Review Board of NHLBI approved 

an expedited amendment and IAA was submitted to University of Maryland. 

DATA ANALYSIS PLAN 

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

(SPSS) version 22 (IBM, Armonk, NY). Before conducting the main analyses, 

Exploratory Data Analyses (EDA) and descriptive analyses was conducted in order to 

check and screen the data for code errors, outliers and missing values, to examine the 

extent to which the assumptions of the statistics are met and to describe sample 

characteristics and examine the relationships between variables in the study. Tests of 

assumptions for univariate and multivariate normality were conducted.  Descriptive 

statistics was used to describe the demographic characteristics of patients and caregivers, 

clinical characteristics and LOS and readmission.  

Hypotheses related to LOS 

1. Increased patient age, myelo-ablative conditioning regimen, greater disease 

risk index, presence of infection, greater severity of acute GVHD, greater psychological 

distress and decreased performance status (patient factors) will significantly increase 

the LOS for HSCT recipients: This hypothesis was tested with generalized linear mixed 

method modeling. In this study initially a cox regression analysis method was proposed 

to determine the association between the caregiver characteristics and the LOS of patients 

undergoing Allogeneic HSCT. During the preliminary data analyses, it was noted that 

some patients had more than one active caregivers.  One limitation of including all the 

active caregivers of the patient is that the observations collected from these caregivers 

could be correlated. The dependence of clustered data (caregivers nested within patients) 
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can lead to spurious associations and misleading inferences. To account for such 

dependency, a linear mixed model was adopted for the LOS. LOS was considered as a 

count variable (number of days of hospitalization from the day of HSCT to discharge) 

and Poisson regression model was considered to be an appropriate analysis method for 

the non-normally distributed LOS. This approach adjusts for patient and caregiver 

characteristics while allowing for inherent correlation structure (Wang, Yau & Lee., 

2002). 

The following steps were followed. 

Initially, the association between the predisposing factors (patient’s age, type of 

conditioning regimen, disease risk index, infection, GVHD and psychological distress) 

and LOS was analyzed using generalized linear mixed method model. Predisposing 

factors at baseline were the independent variables. LOS was the outcome variable. 

Separate analyses were conducted for each predictor variable.  Any variable that 

predicted LOS with p < .20 was included in a combined analysis of predisposing 

predictors.   

The association between the enabling factors (caregiver’s age, gender, 

relationship to patient, caregiver health problems, self-efficacy, burden and 

psychological distress) and LOS was analyzed using generalized linear mixed method 

model. The enabling factors at baseline were the independent variables. LOS was the 

outcome variable. Separate analyses were conducted for each predictor variable.  Any 

variable that predicted LOS with p < .20 was included in a combined analysis of enabling 

predictors.  
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The association between the need factors and LOS were analyzed using 

generalized linear mixed method modeling. The need factors (patients’ performance 

status) at baseline were the independent variable.  LOS was the outcome variable.  If the 

variable predicts LOS with p < .20, it was included in a combined analysis of need 

predictors.   

2. Increased caregiver age, male gender, higher number of caregiver health 

problems, non-spousal caregiver, decreased self-efficacy, greater burden, and greater 

psychological distress (enabling factors) will significantly increase the LOS for HSCT 

recipients controlling for significant patient factors. 

This hypothesis was tested with generalized linear mixed method modeling. All 

enabling factors with individual p-values of < .20 were entered simultaneously into a 

generalized linear mixed method model. Those that were significant at p < .20 were 

retained for use in hierarchical analyses. Need factors with p-values < .20 were entered 

simultaneously into a generalized linear mixed method model. Those that were 

significant at p < .20were retained for use in hierarchical analyses. The sets of 

predisposing (significant patient factors) and need predictors (patients’ performance 

status if significant) obtained in these analyses were simultaneously placed in the first 

step of a generalized linear mixed method modeling with the enabling factors added in 

the second step. Removing non- significant variables and re-running the regression 

iteratively created a parsimonious model.  

Hypotheses related to readmission  

1. Increased patient age, myelo-ablative conditioning regimen, greater disease risk 

index, higher comorbidity index, presence of infection, greater severity of acute 
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GVHD, greater psychological distress and decreased performance status (patient 

factors) will significantly increase the risk of readmission for HSCT recipients. 

2. Increased caregiver age, male gender, higher caregiver health problems, non-

spousal caregiver, decreased self-efficacy, greater burden, greater psychological 

distress (enabling factors) will significantly increase the risk of readmission for 

HSCT recipients controlling for significant patient factors. 

These hypotheses were tested with generalized estimating equations (GEE). This 

approach is selected based on the assumptions that caregivers were clustered/nested 

within patients, which deems the data correlated, violating the independence assumption 

of traditional regression (Hubbard et al., 2010). The GEE approach was selected over 

multilevel linear mixed models due to the distribution of the dependent variable, 30-day 

hospital readmission, a binary variable. The following steps were followed. 

A descriptive analysis was conducted to describe the sample, with t test or Chi-

square test to compare characteristics between those who were readmitted and not 

readmitted. Chi- square tests were used to find the association between the categorical 

variables and the readmission.  

Hospital readmission (yes/no) was the dependent variable. Readmission was 

defined as admission to NIH within 30 days of patients’ discharge after initial 

hospitalization following transplant. Predisposing factors at baseline will be the 

independent variables. Initially, the association between the predisposing factors 

(patient’s age, type of conditioning regimen, disease risk index, comorbidity index, 

infection, GVHD and psychological distress) and readmission were analyzed. Separate 

analyses were conducted for each predictor variable. Any variable that predicts 
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readmission risk with p < .20 were included in a combined analysis of predisposing 

predictors.   

The association between the enabling factors (caregiver’s age, gender, 

relationship to patient, caregiver health problems, self-efficacy, burden and 

psychological distress) and readmission were analyzed. The enabling factors at baseline 

were the independent variables.  Readmission risk was the outcome variable.  Separate 

analyses were conducted for each predictor variable. Hosmer and Lemeshow (1977) 

suggests p of .20 level be used as a screening criteria for predictors. Separate analyses 

were conducted for each predictor variable.  Any variable that predicted mortality with p 

< .20 were included in a combined analysis with all the factors (predisposing, enabling 

and need factors).  Any variable that predicted readmission risk with p < .20 were 

included in a combined analysis of enabling predictors.  

The association between the need factors and readmission risk were analyzed. The 

need factors (patients’ performance status) at baseline were the independent variable.  

Readmission risk was the outcome variable.  If the variable predicts readmission risk with 

p < .20, it will be included in a combined analysis of need predictors.   

Finally whether enabling factors are independent predictors of readmission risk to 

beyond the effects of predisposing and need factors was tested with generalized estimated 

equations modeling at the p<0.05 level. Adjusted odds ratio with 95 % confidence 

interval was generated from this analysis.  All predisposing predictors with individual p-

values < .20 were entered simultaneously into the model.  Those that are significant at p 

< .20 were retained for use in hierarchical analyses.  All enabling predictors with 

individual p-values < .20 were entered simultaneously into a generalized estimated 
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equation model.  Those that were significant at p < .20 were retained for use in 

hierarchical analyses.  The sets of predisposing and need predictors obtained in these 

analyses were then simultaneously placed in the first step of  generalized estimated 

equations modeling, with the enabling variables added in the second step.  Removing 

non- significant variables and re-running the regression iteratively will create a 

parsimonious model. Several models were developed to compare and contrast the 

goodness of fit in order to select the best model for final inference. 
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CHAPTER 4 

RESULTS 
 

INTRODUCTION  

Chapter 4 describes data analysis. The study purpose is to examine the caregiver 

characteristics as predictors of LOS and readmission risk for allogeneic HSCT recipients.  

Descriptive analysis was conducted for the sample characteristics. Prior to the main 

analysis, preliminary analyses were conducted including testing assumptions, missing 

data analysis, and descriptive data analyses. Tables and graphs were provided to visualize 

findings. To answer the research questions, Generalized Linear Mixed Modeling 

(GLMM) with a Poisson distribution was used to test the hypothesis related to length of 

stay and Generalized Estimation Equations (GEE) modeling was used to test the 

hypotheses related to readmission. Caregivers were nested within patients for all 

analyses. 

LENGTH OF STAY 

Descriptive analyses  

Descriptive and exploratory analyses were conducted. Baseline demographic and 

clinical characteristics of the patients were examined followed by the demographic and 

clinical characteristics of caregivers. The initial analysis consisted of examining the 

frequency distributions of all variables and computing descriptive statistics appropriate 

for the level of measurement. 

The dependent variables undertaken for this study were length of stay (LOS) and 

30 day readmission. LOS is defined as the number of overnight stays from the day of 

transplant (day 0) until hospital discharge. Readmission was defined as admission to the 
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hospital (yes/no) within 30 days of patients’ discharge after initial hospitalization 

following transplant. Readmission data was available for all the patients. 

The LOS variable was examined for missing data, outliers, and normality. There 

was no missing data for LOS. The mean LOS was 26.4 days ranging from 4- 176 days. 

Box plots and stem and leaf graphs were created to examine the outliers. There was one 

outlier with a LOS of 176 days. This extreme value was replaced by the next lowest value 

(80) by winsorizing the variable LOS. A new variable named LOSW (winsorized LOS) 

was computed which was used for further analyses. After winsorizing, the mean LOS 

was 24.9 days with a range of 4 to 80 days. 

Missing data analysis  

A missing values analysis was conducted to evaluate the pattern of missing data. In 

the data set, it was noted that only a few data points(less than 5%) were missing. The 

MCAR test on the EM correlations table showed a significant result (p=.000) indicating 

that the data were not missing completely at random. Given the small number of missing 

data, a decision was made to run the analysis with the same data without imputation as 

the problems with negligible amount of missing data are less serious and almost any 

procedure for handling missing values will yield similar results (Tabachnick, 2007). 

Table 4.1 reflects the demographic and clinical data for the HSCT recipients.  
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Table 4.1: Transplant patient's demographic and clinical characteristics at baseline  

            (N=60) 

      Mean SD n  %   

Age, years 46.3 14.5       

LOS, Days  24.9 18.9     

Gender          

Male     38 63.3   

Female     22 36.7   

Race          

White     41 68.3   

African American    9 15   

Other     10 16.7   

Marital Status        

Married      40 66.7   

Unmarried     20 33.3   

Primary disease        

Lymphoma/MM    31 51.7   

Leukemia    12 20   

Nonmalignant disease   13 21.7   

Other      4 6.7   

Disease stage       

CR/PR     21 35   

Stable     14 23.3   

PD/severe disease    25 41.7   

Disease risk index       

Low     21 35   

Intermediate    9 15   

High     30 50   

HCT-CI        

Low     6 10   

Intermediate    20 33.3   

High     34 56.7   

Performance Status       

Fully active    21 35   

Restricted activity    39 65   

Note. Numbers may not sum to the total due to missing data   
HCT-CI- Hematopoietic Cell Transplantation- Comorbidity Index 

 

 
LOS- Length of Stay, CR-Complete remission, PR-Partial remission, PD- Progressive disease 
  

The majority of the patients were male (63.3%), married (66.7%) and predominantly 

White (68.3%). The mean age was 46 years (SD = 14.5) with a range of 20 to 69 years. 
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The major primary disease was lymphoma/Multiple Myeloma (51.7%), followed by non-

malignant diseases (21.7%), and leukemia (20%).  Of the 60 patients, 30patients had high 

disease risk status and 21 patients had a low and 6 patients had an intermediate disease 

risk status. The majority of patients (56.7%) had more than two comorbidities as 

measured by the hematopoietic stem cell transplant-comorbidity index. About one third 

of the patients (35%) were fully active at baseline and 65%were able to perform restricted 

activity. The average LOS for HSCT patients was 25 days. LOS is considered as a count 

variable (number of overnight stays from the day of transplant to hospital discharge). 

 Infection status and severity of acute GVHD are presented in table 4.2.  

Table 4.2: Infection and Acute GVHD status of patients from transplant to discharge   

                 (N=60) 

 Variable                     n                        %     

Presence of 

Infection      

Yes    36                         60 

                        40 

  

No    24   

Severity of Acute 

GVHD       

Grade <2    54 90   

Grade > 2       6 10     

 

Among the 60 patients 60% had infection as graded by the Common Toxicity Criteria 

(CTC) from the day of transplant to discharge from hospital. Ninety percent of the 

patients had grade 0 or 1 Acute Graft Versus Host Disease (acute GVHD) while 10% had 

grade >2 acute GVHD. 

Table 4.3 shows the demographic and clinical characteristics of active caregivers. 
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Table 4.3: Active  caregiver's demographic and clinical characteristics at baseline (N=72) 

              Mean SD n     %  

Age, years   51.7 13.5     

Gender          

Male     24 28.9  

Female     59 71.1   

Race         

White     53 73.6   

African-American    10 13.9   

Others     9 12.5   

Employment status       

Full-time     22 30.6   

Part-time     7 9.7   

Not working    5 6.9   

Education        

High school    13 18.1   

Some college     26 36.1   

Undergraduate/Graduate   33 45.8   

Relationship to Patient       

Spouse     37 51.4   

Non-spouse    35 48.6   

Chronic health problems       

None     32 44.4   

> 1     40 55.6   

Caregiver Team        

Sole caregiver    43 59.7   

Caregiver Team    29 40.3   

 Note. Numbers may not sum to the total due to missing data 

 

The participants of the study were patients who underwent allogeneic hematologic stem 

cell transplant and their caregivers. In the parent study active caregiver was defined as 

someone expecting to spend > 6 hours/ day, for most days during the study period with 

the patient (Bevans et al., 2013). Eighty nine of the 100 caregivers (89%) served as active 

caregivers during the study period. The final sample size of caregivers was 72 for this 

study as patients who died after transplant and patients who underwent myelo- ablative 

transplant were excluded from the analysis though they had active caregivers. The 
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majority of the caregivers were female (75%) and white (73.6%) with an average age of 

52 years (SD =13.5), ranging from 22 to 79 years. Thirty three percent of caregivers had 

some college education and were working full time at the time of the study enrollment. 

There were equal number of spousal caregivers (50.6%) and non-spousal caregivers 

including family members or friends (49.4%). Fifty eight percent of the caregivers had 

more than one chronic health problems. Approximately 60 % of the patients had a sole 

caregiver, and the remaining 40% had a caregiver team of two to three caregivers.  

The model of health care utilization proposed by Andersen is used to guide this 

study. This model suggested that people’s use of health services is a function of their 

predisposition to use services, factors which enable or impede use, and their need for care 

(Andersen, 1995). In the adapted model variables are chosen based on their clinical 

relevance and evidence from the literature in congruence with the health care utilization 

model. Age of the patient, disease risk index, infection, Acute Graft Versus Host Disease 

(acute GVHD) and patient’s psychological distress are conceptualized as predisposing 

factors as these variables play a major role in determining the LOS and readmission for 

HSCT recipients and might predispose for a longer stay or unplanned readmissions. 

According to the original model family resources and community resources were 

considered as enabling factors.  Various studies in the past have considered the 

characteristics of informal caregivers as enabling factors as they might either facilitate 

service use or, on the other hand, discourage use of services by meeting the patient’s 

needs directly (Horowitz, 1985; Stone et al., 1987; McKinlay &Tennstedt, 1986; Skinner 

et al., 1994). In the adapted model caregiver factors including caregiver age, relationship 

to patient, number of chronic health problems, caregiver self- efficacy, burden and 
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psychological distress are conceptualized as enabling factors. As suggested by Andersen, 

need factors explain a major variance in predicting the LOS and readmission. In this 

study, patient’s perceived health status was not collected. However, data regarding their 

performance status were collected. These data were used as a proxy for the evaluated 

health status (objective) of the patients. Descriptive statistics of the clinical and socio 

demographic factors of patients and caregivers are presented in tables 4.1 and 4.2. Table 

4.4 represents the descriptive statistics for other continuous variables.  

Table 4.4: Descriptives of continuous variables Patient N=60, Caregiver N=72 

              

Variable   Mean  SD Skewness Kurtosis   

Patient       

Distress 8.06 6.49 1.08 0.16  

Caregiver       

Caregiver 

burden 46.29 10.37 0.52 0.28  

Self- efficacy 146.86 21.27 -0.99 0.48  

Distress  7.94 7.62 1.53 3.38  

              

 

The mean psychological distress score for patients was 8.06 and caregivers was 

7.94.Caregivers had a mean burden score of 46.29 and their mean self-efficacy score was 

146.86. The following research questions were examined among allogeneic HSCT 

recipients. 

Research Question 1 and Hypotheses 

The following research questions were examined among allogeneic HSCT recipients. 

Research question 1. Is there an association between patients’ predisposing factors 

(patient’s age, type of conditioning regimen, disease risk status, infection, GVHD and 

psychological distress), caregiver’s enabling factors (caregiver’s age, gender, 

relationship to patient, caregiver health problems, self-efficacy and burden and 
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psychological distress), patient’s need factors (performance status) and LOS of 

allogeneic HSCT recipients? 

Hypothesis 1. Increased patient age, myelo-ablative conditioning regimen, greater 

disease risk status, presence of infection, greater severity of acute GVHD, greater 

psychological distress and decreased performance status will be associated with longer 

LOS for HSCT recipients. 

Hypothesis 1 was addressed with a series of Generalized Linear Mixed Model with a 

Poisson distribution.  

Research question 1A: Is there an association between patient’s predisposing factors 

(patient’s age, type of conditioning regimen, disease risk index, infection, acute GVHD, 

HCT Comorbidity Index and psychological distress) and LOS? 

 A generalized linear mixed model with a Poisson distribution was used to find 

the association between the patient’s predisposing factors and LOS. Patient’s age, 

disease risk index, infection during the hospital stay, severity of GVHD during 

hospitalization, comorbidity index and patient’s psychological distress at baseline were 

the predisposing factors in this study. Descriptive analysis suggested little variability in 

transplant type and acute GVHD.  Eighty seven percent (n=60) of the patients 

underwent reduced intensity conditioning transplant and only 13% (n=9) underwent 

myelo- ablative transplant. Similarly 90% (n=54) of the patients had grade < 2 acute 

GVHD while 10 % ( n=6) had grade > 2. A decision was made to perform the analysis 

on the patients who underwent reduced intensity conditioning transplant and remove 

the variable acute GVHD from the model. Patient’s disease risk index at the time of 

transplant was categorized into low risk, intermediate risk and high risk. Running the 
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analyses with the disease risk index showed a longer hospitalization for patients with low 

risk index than patients with high disease risk index. A decision was made to use the 

patient’s disease condition and their stage of the disease at the time of transplantation 

instead of disease risk index for meaningful interpretation of the findings. More details 

can be found in discussion chapter. 

Initially separate bivariate analyses were performed for each predictor variable 

with the response variable (LOS). Table 4.5 summarizes the bivariate generalized linear 

mixed modeling examining the association between the predisposing factors (patient 

factors) from the Andersen health care utilization model and LOS.  

Table 4.5: Parameter Estimates for patients (N=60) using Generalized linear mixed  

       method models with Poisson distribution  of each  predisposing factor to   

       predict LOS 

     
Odds 

ratio 

95% CI for 

Exp B   

Predisposing 

factors 
B S.E t Exp B Lower Upper 

p 

Age  
-

0.012 
0.006 12.05 0.99 0.98 1 0.044

* 

Diagnosis+
 

       

Non-malignant 0.41 0.21 1.99 1.51 1.001 2.28 0.05 

Leukemia  0.3 0.22 1.38 1.35 0.87 2.08 0.17 

Disease stage
+
        

Remission -0.009 0.2 
-

0.044 
0.99 0.66 1.49 0.96 

Stable   -0.41 0.19 -2.11 0.66 0.45 0.98 0.038
* 

Infection(Yes)
+
 0.71 0.14 5.22 2.03 1.55 2.67 <001* 

 

HCT CI
+
        

High  0.5 0.16 3.09 1.65 1.19 2.28 0.003
* 

Psychological 

Distress 
-0.01 0.015 -0.69 0.99 0.96 1.02 0.49 

                  
Diagnosis+ Reference group= Lymphoma and multiple myeloma; disease stage+ reference group= progressive and 

severe disease; Infection (yes) + reference group=no infection; HCT-CI+= Hematologic Cell Transplant-comorbidity 

index, reference group=low; * P<0.05 
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Four variables including patient’s age, patient’s disease stage, presence of infection 

during hospitalization and patient’s hematologic cell transplant comorbidity index made 

a significant contribution to LOS in the bivariate analyses. The results suggest that for 

every one-year increase in age, the expected LOS decreased by 1.01 days. Patients with 

stable disease stayed 2.2 days shorter than patients with progressive and severe disease 

stage (reference group). Compared to patients with lymphoma and multiple myeloma, 

there was no significant difference in the LOS for patients with leukemia. However, a 

marginal significance was noted in the LOS for patients with non-malignant diseases 

who stayed .66 days (p=0.05) longer than patients with lymphoma and multiple 

myeloma (reference group). Patients with infection stayed 0.5 days longer than the 

patients without infection (p<0.001). Patients with high comorbidity index stayed 0.6 

day longer compared to patients with low comorbidity index (reference group). There 

was no significant association between patient’s psychological distress and LOS.  

Enabling factors 

Research question 1B: Is there an association between caregiver’s enabling factors 

(caregiver’s age, gender, relationship to patient, caregiver health problems, self-efficacy, 

burden and psychological distress) and LOS of HSCT recipients. 

Caregiver factors were conceptualized as enabling factors for this study. The 

caregiver factors included are caregiver’s age, gender, relationship to patient, caregiver 

health problems, self-efficacy, burden and psychological distress.  

Separate bivariate analyses were performed using GLMM model to determine the 

association between the caregiver factors and LOS. The results are presented in table 4.6. 
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Caregiver relationship and psychological distress were associated with LOS at<0.20.  The 

association between the caregiver relationship and LOS showed a trend towards 

significance (p=.09) suggesting a longer LOS for patients with non-spousal caregivers. 

There was no significant association between other caregiver factors including caregiver 

gender, health problems, burden, self-efficacy and LOS at <0.05 level (Table 4.6). 

Need Factors 

Research question 1C: Is there an association between patients’ need factor 

(performance status) and LOS? 

 Patient’s performance status was conceptualized as the need factor based on 

Andersen’s health care utilization model. Bivariate analysis was performed using GLMM 

modeling to determine the association between the patients’ performance status and LOS. 

The analysis was conducted with patients with restricted physical activity, having fully 

active patients as the reference group. There was no significant difference in the LOS for 

patients with restricted activity comparing to fully active patients (Table 4.7). 
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Table 4.7: Parameter Estimates for patients (N=72) using Generalized linear mixed 

        method models with Poisson Distribution  of   need  factor to  predict LOS 

          
Odds 

ratio 

95% CI for Exp 

B   
 

 
   

 

Need factor B S.E t Exp B Lower Upper 
p-

Value       

Performance 

Status  
       

      

Restricted 

activity 
0.211 0.178 1.18 1.24 0.866 1.762 0.24 

      

                      

Reference group: Fully active       

 

SUMMARY OF BIVARIATE GLMM ANALYSIS  

Based on the findings of the bivariate GLMM analysis, 7 variables including 

those with p- value of < 0.20 were entered into a multi-variable GLMM model. The 

predisposing factors entered first, then the enabling factors. The potentially influential 

variables (p < .20) entered into the model were patient’s age, disease condition, disease 

stage, co- morbidity index, and caregivers’ relationship to patient and caregiver’s 

psychological distress. The variables not entered into the model were patients’ 

psychological distress, caregivers’ age, gender, self- efficacy, burden and health 

problems.  

Research Question 2 and Hypotheses 

Do caregivers’ enabling factors independently predict LOS in allogeneic HSCT 

recipients beyond the effect of predisposing factors and need factors? 

This question was addressed with multivariable generalized linear mixed method 

modeling. 

Based on the findings of the individual generalized linear mixed method bivariate 

models, the following predisposing factors that made a contribution to the prediction of 

LOS at < 0.20 were included in the combined analysis of the predisposing factors in the 
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GLMM model together (patient’s age, diagnosis, disease stage, infection, and co 

morbidity index).  

Table 4.8 outlines the results. With all potentially influential (p<.20) predisposing 

factors included, patient’s disease stage and presence of infection were the significant 

predictors of LOS controlling age, disease condition and comorbidity index. 

Table 4.8: Parameter Estimates for patients (N=72) using Generalized linear mixed  

       method models with Poisson distribution  for  predisposing factors  to  predict  

       LOS: multivariable analyses 

          
Odds 

ratio 

95% CI for Exp 

B 
  

Predisposing 

factors 
B S.E t Exp B Lower Upper 

p-

Value 

Intercept 2.84 0.26 10.88 17.16 10.18 28.927 <.001 

Age  
-

0.006 
0.005 -1.3 0.99 0.98 1.003 0.197 

Disease 

condition
+ 

       

Non malignant 0.14 0.19 0.75 1.15 0.79 1.67 0.46 

Leukemia  0.33 0.18 1.88 1.39 0.98 1.98 0.065 

Disease stage
+
        

Remission 0.22 0.18 1.28 1.25 0.88 1.78 0.2 

Stable  -0.4 0.17 -2.39 0.67 0.48 0.94 0.02
* 

Infection(yes)
 +

 0.65 0.16 1.95 1.91 1.4 2.62 <.001
* 

HCT CI
+
        

High  0.3 0.15 1.95 1.35 0.99 1.84 0.05 

                  
AIC 107.09   BIC 109.19 Diagnosis+ Reference group= Lymphoma and multiple myeloma; disease stage+ -reference 

group= progressive and severe disease; Infection (yes) + reference group=no; HCT-CI+= Hematologic Cell Transplant-

comorbidity index, reference group=low;  

* P<0.05 

 

There was a significant association between disease stage and LOS. The LOS was 

significantly shorter (2 days) for patients with stable disease compared to patients with 

progressive or severe disease (p=0.02). The analysis also suggested that the LOS for 

patients with infection during hospitalization was 0.52 days longer than the LOS of 

patients with no infection (reference group) (p<0.001). The enabling factors (caregiver 



 
 
  

63 
 

factors) were then entered into the GLMM model with the predisposing factors. The 

results are outlined in table 4.9. 

Table 4.9: Model 1 Parameter Estimates for patients (N=72) using Generalized linear 

     mixed method models with Poisson distribution  for  predisposing factors and  

     enabling factors to  predict LOS: multivariable analyses 

        
  

Odds 

ratio 

95% CI for 

Exp B   

Factors        B S.E t 
Exp 

(B) 
Lower Upper 

p-

Value 

Intercept 2.58 0.29 8.68 13.18 7.27 23.89 <.001 

Predisposing factors       

Age  -0.006 0.005 -1.26 0.99 0.98 1.003 0.21 

Diagnosis+        

Non-malignant 0.12 0.18 0.65 1.13 0.78 1.63 0.51 

Leukemia  0.3 0.17 1.72 1.35 0.95 1.92 0.09 

Disease stage
+
        

Remission 0.19 0.18 1.05 1.2 0.84 1.72 0.29 

Stable  -0.42 0.17 1.05 0.65 0.47 0.91 0.01
* 

Infection(yes)
 +

 0.66 0.15 4.4 1.93 1.43 2.56 <.001
* 

HCT CI
+
        

High  0.29 0.14 2.005 1.34 1.001 1.787 0.05
* 

Enabling factors        

Relationship
+
(spouse

) 
-0.03 0.061 -0.49 0.97 0.859 1.096 0.62 

Distress   0.009 0.006 1.52 1.009 0.997 1.021 0.13 
AIC 115.55 BIC 117.57 Diagnosis+ Reference group= Lymphoma and multiple myeloma; disease stage+  reference 

group= progressive and severe disease; Infection (yes) + reference group=no; HCT-CI+= Hematologic Cell Transplant-

comorbidity index, reference group=low; Relationship(spouse)+-reference group: Non spouse 

 

When enabling factors entered with all potentially influential (p<.20) 

predisposing factors in the model, disease stage and presence of infection were 

significant predictors of LOS. Comorbidity index showed a trend towards significant 

association with the LOS (P=.05). The analysis suggested that, the LOS was 

significantly shorter in patients with stable disease , who stayed 1.5 days shorter than 

patients with progressive and severe disease stage(reference group) (p=0.01). The LOS 

was significantly longer for patients with infection, who stayed 0.5 days longer than 
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patients with infection (p<.001). The analysis also indicated no significant association 

between caregiver relationship and psychological distress to LOS.  

Additional GLMM models were constructed with the removal of non significant 

variables in a stepwise backward fashion. This procedure was performed to obtain the 

most parsimonious model. With removal of each variable, the model performance was 

evaluated and improvement was compared with the AIC values of different models. 

Three models were compared to evaluate the model fitness. Table 4.10 represents model 

II obtained from this iterative process. 

Table 4.10: Model II: Parameter Estimates for patients (N=72) using Generalized linear  

        mixed method models with Poisson distribution  for  predisposing factors and  

        enabling factors to  predict LOS: multivariable analyses 

        
  

Odds 

ratio 

95% CI for Exp 

B   

Factors        B S.E t Exp (B) Lower Upper p-Value 

Intercept 2.26 0.14 15.66 9.63 7.21 12.85 <.001 

Predisposing factors       

Diagnosis
        

Non-malignant 0.12 0.19 0.65 1.13 0.78 1.64 0.52 

Leukemia  0.28 0.17 1.69 1.33 0.95 1.85 0.09 

Disease stage
+
        

Remission 0.17 0.18 0.99 1.19 0.84 1.69 0.33 

Stable  -0.49 0.16 -2.7 0.64 0.46 0.89 0.008
* 

Infection(yes)
 

+
 

0.68 0.15 4.66 1.97 1.47 2.64 <.001
* 

HCT CI
+
        

High  0.33 0.14 2.32 1.39 1.05 1.85 0.02
* 

Enabling 

factors 
       

Distress   0.009 0.006 1.57 1.009 0.99 1.02 0.12 
AIC 105.69 BIC 107.75 Diagnosis+ Reference group= Lymphoma and multiple myeloma; disease stage+  reference 

group= progressive and severe disease; Infection (yes) + reference group=no; HCT-CI+= Hematologic Cell Transplant-

comorbidity index, reference group=low; * P<0.05 

 

The most parsimonious model based on this procedure is outlined in Table 4.11.  
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The model includes four variables: disease stage, presence of infection, co-morbidity 

index and caregiver psychological distress. The AIC as indicated in table 4.11, decreased 

from the initial model from 115.55 to 105.32.  

The LOS was significantly shorter in patients with stable disease, who stayed 0.5 day 

shorter than patients with progressive and severe disease (reference group) (p=0.012). 

LOS for patients with high comorbidity index was 0.75 days longer than the LOS of 

patients with low co-morbidity index (reference group) (p=0.03). The LOS was 

significantly longer for patients with infection, who stayed 0.5 days longer than patients 

without infection (p=<.001). The analysis suggested a trend towards significance for the 

association between caregiver psychological distress and LOS indicating a higher 

caregiver psychological distress associated with longer LOS for patients (p=.09). 
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READMISSION 

The purpose of the study was to identify the caregiver related predictors of LOS 

and hospital readmission. The following research questions related to readmission are 

addressed. Question 3: Is there an association between patient’s predisposing factors 

(patients’ age, type of conditioning regimen, disease risk index, infection and GVHD), 

caregivers’ enabling factors (caregiver’s age, gender, relationship to patient, caregiver 

health problems, self-efficacy, burden and psychological distress), patient’s need factors 

(performance status) and readmission risk within first 30 days of discharge following 

allogeneic HSCT? Question 4: Do caregiver’s enabling factors independently predict 

readmission risk within first 30 days of discharge following allogeneic HSCT recipients 

beyond the effect of predisposing factors and need factors? 

The research hypotheses were:  3: Increased patient age, myelo-ablative 

conditioning regimen, greater disease risk status, presence of infection, greater severity 

of acute GVHD, greater psychological distress and decreased performance status will 

significantly increase the risk of readmission for HSCT recipients. 4: Increased 

caregiver age, male gender, higher caregiver health problems, non-spousal caregiver, 

decreased self-efficacy, greater burden, greater psychological distress will significantly 

increase the risk of readmission for HSCT recipients controlling for significant patient 

factors. 

Descriptive analysis 

Descriptive statistics were used to summarize the patient characteristics. 

Categorical data were described using contingency tables including counts and 

percentages. Continuously scaled measures were summarized with descriptive 
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statistical measures. Baseline characteristics of the patients were shown in Table 4.12 

(N=60). Study variables were compared between patients who were readmitted and those 

who were not.  

 

Numbers may not sum to the total due to missing data 

HCT-CI = Hematologic Cell Transplant-comorbidity index, acute GVHD=Acute graft versus host disease 
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Chi-square test was used to compare the categorical variables. Kruskal-Wallis test was 

used to compare the continuous variables. A total of 21 patients of the 60 patients (35%) 

were readmitted within thirty days after hospital discharge following their index 

hospitalization for HSCT. There were no differences between the readmitted and not 

readmitted group with regard to age, gender, race, marital status, disease condition and 

comorbidity index. Compared to the group that was not readmitted, the readmitted group 

was enriched for patients who had infection (67% versus 10%, p<.001) from discharge to 

readmission. No difference was noted in the scores of psychological distress between the 

two groups. Grade 2 or greater acute GVHD developed in 23.8% of readmitted group, 

compared to 5.1% in the not readmitted group (Table 4.12). 

Baseline measures were used to predict the risk of readmission except for the 

performance status and caregiver burden. Baseline measures including patient’s 

psychological distress, caregiver self-efficacy and caregiver psychological distress were 

used as there was non-significant difference between time point one and time point two 

scores for these variables (Bevans et al, 2013). However, there was a significant 

difference between caregiver burden from time point one to time point two. Hence a 

decision was made to use the caregiver burden scores from time point two for the 

readmission analyses. 

Research Question 3 and Hypotheses 

Bivariable analyses 

Hypothesis 3: Increased patient age, myelo-ablative conditioning regimen, 

greater disease risk status, presence of infection, greater severity of acute GVHD, 

greater psychological distress and decreased performance status will significantly 
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increase the risk of readmission for HSCT recipients. Hypothesis 1 was addressed with 

a series of Generalized Estimated Equations with binomial link. The GEE approach was 

selected over multilevel linear mixed models due to the distribution of the dependent 

variable, 30-day hospital readmission, a binary variable.  

Predisposing factors 

Research question 3A: Is there an association between patient’s predisposing factors 

(patient’s age, type of conditioning regimen, disease risk status, infection, GVHD, HSCT 

Comorbidity Index and psychological distress) and risk of 30-day readmission? This 

question was addressed with a series of Generalized Estimated Equations modeling. 

 Descriptive analysis suggested less variability in transplant type and acute 

GVHD.  Eighty seven percent of the patients underwent reduced intensity conditioning 

transplant and only 13% underwent myelo- ablative transplant. Similarly Grade 2 or 

greater acute GVHD developed in 5 patients (23.8%) in the readmitted group, compared 

to 2 patients (5.1%) in the not readmitted group. A decision was made to perform the 

analysis on the patients who underwent reduced intensity conditioning transplant only 

and remove the variable acute GVHD from the model. 

Initially separate bivariate analyses were performed for each predictor variable 

with the response variable (30 day readmission). Table 4.13 summarizes the bivariate 

generalized estimating equation modeling examining the association between the 

predisposing factors (patient factors) from the Andersen health care utilization model 

and 30-day readmission after discharge.  
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Table 4.13: Parameter Estimates for patients (N=60) using GEE modeling for each 

       predisposing factor predicting readmission 

            Odds ratio 95% CI   

characteristics B S.E Exp b Lower Upper 

p- 

value 

Predisposing factors      

Age  -0.012 0.019 0.98 0.95 1.02 0.52 

Disease risk 

index
+       

Low  -1.34 0.84 0.26 0.05 1.35 0.11 

Medium  0.45 0.72 1.57 0.38 6.43 0.53 

Infection(yes)
+
   2.9 0.69 18.26 4.65 71.73 <.001

* 

HCT- CI
+        

Low  -0.33 0.55 0.71 0.24 2.12 0.55 

Distress  -0.005 0.04 0.99 0.91 1.09 0.91 

                
Disease Risk index+ -Reference group-high; Presence of Infection (yes) + reference group=no; 

HCT-CI+= Hematologic Cell Transplant-comorbidity index, reference group=high; * P<0.05 

 

Patients’ factors, such as age, disease risk index, comorbidity index and psychological 

distress did not contribute to readmission risk. In bivariate analysis, only documented 

infection predicted 30 day readmission. Compared to patients without any documented 

infection, patients with documented infection were 18.3 times more likely to be 

readmitted within 30 days of discharge. Disease risk index had potential influence on 

the readmission risk as evidenced by a p- value of .11 for patients with low disease risk 

index. 

Enabling factors 

Research question 3B: Is there an association between caregiver’s enabling factors 

(caregiver’s age, gender, relationship to patient, caregiver health problems, self-efficacy, 

burden and psychological distress) and risk of 30 day readmission. 

Caregiver factors were conceptualized as enabling factors for this study. The 

caregiver factors included are caregiver’s age, gender, relationship to patient, caregiver 

health problems, self-efficacy, burden and psychological distress. Separate bivariate 
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analyses were performed using GEE model to determine the association between the 

caregiver factors and risk of 30 day readmission. The results are presented in table 4.14. 

There was no significant association between any of the caregiver factors and the risk of 

30 day readmission for HSCT patients. 

Table 4.14: Parameter estimates for caregivers(N=72)using GEE modeling for each  

         enabling factor  predicting readmission: bivariate analysis 

    Odds ratio 
95% CI for 

Exp(B)  

Enabling factors B S.E Exp B Lower Upper 
p-

Value 

Age  -0.59 0.0005       1 0.99 1.001 0.99 

Gender        0 0.0098       1 0.98   1.02 0.99 

Relationship(spouse)
+
 0.001   0.012    1.001 0.97 1.024 0.96 

Self-Efficacy 0 0.0003       1 0.99 1.001 0.99 

Burden  0   0.008       1 0.99 1.002 0.99 

Psych distress 0 0.0009       1 0.99 1.002 0.98 

Health Problems(no)
+
 0   0.148       1 0.97 1.029 0.99 

                
 Relationship(spouse)+-reference group: Non spouse 

 Caregiver Health Problems(no)+- reference group: one or more health problems 

 

Need factor 

Research question 3C: Is there an association between patients’ need factor 

(performance status) and risk of 30-day readmission? 

 Patient’s performance status was conceptualized as the need factor based on 

Andersen’s health care utilization model. Bivariate analysis was performed using GEE 

modeling to determine the association between the patients’ performance status and risk 

of 30 day readmission. The analysis was conducted with patients with restricted physical 

activity, having fully active patients as the reference group. There was no significant 

association between the performance status of patients and the risk of 30 day 

readmission (Table 4.15) 
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Table 4.15: Parameter estimates for patients(N=60)using GEE modeling for need factor   

        predicting readmission: bivariate analysis 

    
Odds 

ratio 

95% CI for 

Exp(B)   

Performance 

status 
B S.E Exp B Lower Upper p-Value 

 

Restricted activity 0.44 1.04 1.55 0.2 12 0.67  
 AIC 87.9; BIC 87.4 Reference group: Fully active 

 

Research Question 4 and Hypotheses 

Multi-variable GEE results 

Research question 4: Do caregiver’s enabling factors independently predict 

readmission risk within first 30 days of discharge following allogeneic HSCT recipients 

beyond the effect of predisposing factors and need factors? 

Hypothesis 4: Increased caregiver age, male gender, higher caregiver health 

problems, non-spousal caregiver, decreased self-efficacy, greater burden, greater 

psychological distress will significantly increase the risk of readmission for HSCT 

recipients controlling for significant patient factors. Hypothesis 4 was addressed with a 

series of multi variable generalized estimated equations with binomial link. 

Based on the findings from the bivariate GEE models, the two variables (disease 

risk status and infection) that were potentially influential (p= 0.20) were included in the 

final model. No need factor or enabling factors were added to the model as none of them 

made any contribution in predicting risk of 30 day readmission. The results suggested 

that only infection made a significant contribution in predicting the risk of 30 day 

readmission after discharge for HSCT patients. Table 4.16 summarizes the findings.  
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Table 4.16: Parameter Estimates for patients (N=60) using GEE modeling for  

        Predisposing factor predicting readmission 

            Odds ratio 95% CI    

characteristics B S.E Exp B Lower Upper p- value  

Predisposing factors       

Disease risk 

status
+
        

Low  -0.71 0.94 0.49 0.078 3.1 0.45  

Medium  0.079 0.89 1.08 0.18 6.23 0.93  

Infection(yes)
+
  2.7 0.72 15.08 3.66 62.0 <.001

* 
 

                 
     AIC 74.4 BIC 73.8 Disease Risk status+ -Reference group-high; Presence of Infection (yes) + reference group=no; *  

     P<0.05 
 

Compared to patients without any documented infection, patients with documented 

infection were 15 times more likely to be readmitted within 30 days of discharge.  

SUMMARY OF RESEARCH AIMS AND HYPOTHESES 

Aim one 

Aim one sought to determine the contributions of patient’s predisposing factors, 

patient’s need factors and caregiver enabling factors to the LOS of allogeneic HSCT 

recipients. Patients predisposing factors include age, disease condition, disease stage, 

infection, and psychological distress before HSCT. Patient’s need factor includes 

performance status at baseline. Enabling factors include caregiver’s age, gender, 

relationship to patient, caregiver health problems, self-efficacy, burden and 

psychological distress before HSCT). The findings of this study partially supported 

hypothesis 1 which sought to establish an association between the predisposing factors 

and LOS. Specifically, this study found statistically significant associations between the 

following predisposing factors and LOS: patient’s disease stage, infection and 

comorbidity index. The LOS was significantly shorter for patients with stable disease, 

who stayed 0.5 day shorter than patients with progressive and severe disease (reference 
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group). LOS for patients with high comorbidity index was 0.75 days longer than the 

LOS of patients with low comorbidity index .The LOS was significantly longer for 

patients with infection, who stayed 0.5 days longer than patients with infection. There 

was no significant association between patients need factor and LOS. Similarly, none of 

the caregiver factors were associated independently with LOS after controlling for the 

patient factors, though the caregiver psychological distress showed a marginally 

significant association with LOS. 

Aim two 

To evaluate the contributions of patient’s predisposing factors (patient’s age, 

disease risk index, type of conditioning regimen, infection, acute GVHD within 30 days 

of discharge, and psychological distress before discharge), patient’s need factors 

(performance status) and caregiver enabling factors (caregiver’s age, gender, relationship 

to patient, caregiver health problems, self efficacy, burden and psychological distress 

before discharge) to readmission within first 30 days of discharge following allogeneic 

HSCT recipients. Only documented infection predicted the risk of 30 day readmission. 

None of the caregiver factors had any influence on the risk of 30 day readmission.  
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CHAPTER V:   

SUMMARY, DISCUSSION, LIMITATIONS,  

IMPLICATIONS AND RECOMMENDATIONS 
 

SUMMARY  
 

 The purpose of the study is to examine caregiver characteristics as predictors of 

LOS and readmission risk for allogeneic HSCT recipients. The aims were 1: to evaluate 

the contributions of patient’s predisposing factors (age, disease risk index, type of 

conditioning regimen, infection, acute GVHD during hospitalization and psychological 

distress before HSCT), patient’s need factors (performance status) and caregiver enabling 

factors (caregiver’s age, gender, relationship to patient, caregiver health problems, self-

efficacy, burden and psychological distress before HSCT) to the LOS of allogeneic 

HSCT recipients;  2: to evaluate the contributions of patient’s predisposing factors 

(patient’s age, disease risk index, type of conditioning regimen, infection, acute GVHD 

within 30 days of discharge, and psychological distress before discharge), patient’s need 

factors (performance status) and caregiver enabling factors (caregiver’s age, gender, 

relationship to patient, caregiver health problems, self efficacy, burden and 

psychological distress before discharge) to readmission within first 30 days of discharge 

following allogeneic HSCT recipients. This chapter addresses the study findings, 

limitations and implication for future studies and clinical practice. 

 The investigation was conducted using data from a phase II clinical trial to 

determine the effectiveness of problem solving education in caregivers and patients 

during allogeneic HSCT (Bevans et al., 2013). The subjects for this study were patients 

and their caregivers who participated in a Problem Solving Education (PSE), which was 

designed to cope with problems during HSCT. 
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The model of health care utilization proposed by Andersen (1995) guided this 

study. This model suggested an explanatory process in determining factors influencing 

health care utilization. According to this model three components independently 

contribute to the use of health care which include predisposing factors, enabling factors 

and need factors. Predisposing factors have been traditionally viewed as the direct and 

primary cause of health care utilization. Some of the predisposing factors are difficult to 

modify but are important to consider because of the direct effects they may have on 

health status. Biologic factors, demographic factors and social factors suggest the 

likelihood that people will need health care. Biologic variables include age, gender, 

disease characteristics. Social factors include education, occupation and ethnicity. 

Community and personal factors are considered as enabling factors. This includes 

financial status, insurance status and caregiver availability and their characteristics. The 

third component that contributes to health care use is need factors which are patients’ 

perception of their own health and functional state. In the adapted model, patients 

demographic and disease characteristics are conceptualized as predisposing factors, 

caregiver characteristics are conceptualized as enabling factors and patients performance 

status was considered as need factor. 

 In the current study, two outcomes were considered, length of hospital stay (LOS) 

and risk of 30 day readmission. LOS is defined as the number of overnight stays from the 

day of transplant (day 0) until hospital discharge. Readmission was defined as admission 

to the hospital (yes/no) within 30 days of patient’s discharge after initial hospitalization 

following transplant. Predisposing factors included in the final analysis were patient’s 

age, disease condition, disease stage, infection status during hospital stay and 
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psychological distress at baseline. In the parent study, brief symptom inventory (BSI) was 

used to measure the psychological distress. Enabling factors included caregivers age, 

gender, relationship to patient, health problems, self –efficacy, psychological distress and 

burden. In the parent study, self efficacy was measured by cancer self-efficacy scale 

(CASE), psychological distress was measured by BSI and burden was measured by 

caregiver reaction scale (CRA). Performance status of the patient was measured by 

ECOG scale. Data were analyzed using generalized linear mixed method modeling and 

generalized estimated equation. 

DISCUSSION OF STUDY FINDINGS 

Length of Stay  

The first research question investigated the association between patient’s 

predisposing factors (patient’s age, disease condition, disease stage, infection, HCT 

comorbidity index and psychological distress), caregiver enabling factors (caregiver’s 

age, gender, relationship to patient, caregiver health problems, self-efficacy, burden and 

psychological distress before HSCT), patient’s need factor(performance status) and LOS. 

This study found statistically significant associations between the following predisposing 

factors and LOS: patient’s disease stage, infection and comorbidity index controlling for 

each other and other predisposing factors. Progressive or severe disease stage, presence 

of infection and higher comorbidity index predicted longer LOS. The enabling factors 

did not make a significant contribution to LOS, though there was a trend towards 

significance in the association between caregiver relationship and LOS in the bivariable 

analysis. This suggested a longer LOS for patients with non-spousal caregivers. The need 

factor did not make a significant contribution in predicting LOS. 
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The second question was to investigate whether caregiver factors independently 

predict LOS in allogeneic HSCT recipients beyond the effect of predisposing factors 

and need factors. The final model included analyses of predisposing, enabling and need 

factors together. Three predictor variables were identified as significantly related to LOS. 

Disease stage, presence of infection and HCT comorbidity index were significant 

predictors of LOS. There was no association between the caregiver factors and LOS 

though there was a trend towards significance in the association between caregiver 

psychological distress and LOS in the multi variable analyses.   

First, the study findings suggested a significant association between 

progressive/severe disease stage and LOS. Originally, disease risk index was the 

variable proposed to be included in the analysis. Disease risk index was developed for 

the purpose of stratifying patients undergoing HSCT based on their disease type and 

remission status (Armand et al, 2012). It was particularly developed for stratifying 

hematologic cancer patients. The current study included patients with hematologic 

cancers and non-malignant diseases including sickle cell disease, aplastic anemia, and 

chronic granulamatous disease. In general these diseases are chronic in nature and their 

risk is classified as low. While performing the analysis, it was noted that these patients 

stayed longer than patients with hematologic/solid cancers which led to a result 

suggesting patients with low disease risk index staying longer than patients with high 

disease risk index. Hence the components of disease risk index (disease condition and 

stage) were included in the final analysis instead of disease risk index. The findings 

suggested no association between disease condition and LOS, though progressive/ 

severe disease stage had a significant association with LOS. This finding conflict with 
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the previous studies conducted in the HSCT population though these findings are 

consistent with cancer population. Liu et al, 2011 conducted a study to assess the 

impact of blood stream infections on hospital stay for HSCT patients. In this study the 

disease stage of the patients was categorized in to early and late. The disease status did 

not influence the LOS in this study. In contrary, a study conducted in cancer patients 

showed an association between disease stage and LOS. Berardi et al, (2014) examined 

the predictors of LOS in cancer patients. Age, sex, staging of the cancer, chemotherapy, 

serum sodium levels were the predictors included in this study. This study concluded 

advanced diseases stage and low sodium levels to be the independent prognostic factors 

of increased LOS in cancer patients. One issue with comparing these findings with the 

current study findings is that the current study had a higher percentage of hematologic 

cancer patients where as the latter included patients with different kinds of solid 

tumors. 

The findings of the current study suggested no significant association between 

patients’ disease condition at the time of transplant and LOS. In contrary to theses 

findings a study conducted by Prieto et al. (2002) showed a significant association 

between these two variables. The primary purpose of this study was to evaluate the 

impact of psychiatric disorders during hospitalization for HSCT procedure. In this 

study, patients with cancer diagnoses including acute lymphoblastic leukemia (p= .009) 

and non-Hodgkin’s lymphoma (p=.04) had a shorter LOS controlling for other 

variables. Patients with chronic myelogenous leukemia (P=.003) had a longer LOS. 

One reason for disease conditions not making a significant contribution to LOS in the 
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current study could be the heterogeneity of the patients’ disease conditions which 

included hematologic cancers and non-malignant diseases. 

Secondly, the finding of longer LOS for those with infection is consistent with 

findings from other studies of patients with allogeneic HSCT (Liu et al., 2011; Menzin et 

al., 2009., Poutsiaka et al, 2007). Liu et al. (2011) showed a significantly increased 

LOS for HSCT recipients for patients with blood stream infections. Similarly, 

Poutsiaka et al (2007) evaluated the association between blood stream infection (BSI) 

on HSCT patient’s LOS and mortality. The median LOS for HSCT patients who did not 

develop BSI was 19 days compared to 25 days for patients who did develop BSI 

(P<.0001). Menzin et al (2009) compared the impact of invasive fungal infections in 

high risk patients including HSCT/BMT patients, solid cancer, hematologic cancer,  

solid organ transplant(SOT), HIV, COPD, diabetes and patients with multiple 

complications. This study emphasized the huge impact of fungal infection on 

HSCT/BMT patient’s mortality and hospital stay relative to other high risk patients. 

The findings revealed increased mortality and highest mean hospital LOS for patients 

with HSCT/BMT followed by solid cancer, blood cancer and SOT. In this study 

patients with fungal infection stayed an average of 11.4 days longer comparing to the 

control group (p<.001). 

Despite of all the advancements in the management of HSCT patients, infection 

remains as a major complication following HSCT and increases the mortality in this 

patient population. The infectious complication might occur during different post- 

transplantation phases including phase I: pre engraftment phase (<15-45 days post 

transplant), phase II: the post engraftment phase (30-100 days post transplant, phase III: 
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the late phase (more than 100 days after transplant). During phase I prolonged 

neutropenia predisposes patients for bacteremia. During phases II, infections are 

primarily due to impaired cell mediated immunity. The severity of GVHD and 

immunosuppressive therapy also determines the extent of infectious complications 

during this phase. During phase III, persons with chronic GVHD and allogeneic 

transplant recipients are at a greater risk of developing infections (Tomblyn et al, 2009). 

Various strategies can be followed to decrease the risk of infection including utilizing 

new immunosuppressive therapies and prophylactic antibiotic/ antifungal treatments 

(Kim et al., 2012).  Hematopoietic growth factors such as granulocyte colony 

stimulating factor which stimulates survival, proliferation, and differentiation of 

hematopoietic precursors are often given to HSCT patients to prevent febrile 

neutropenia by improving neutrophil recovery. HSCT in cancer patients offers 

remarkable improvements in engraftment, recovery of neutrophil and platelet counts 

compared to conventional marrow grafts (Ottinger et al, 1996). Utilizing strategies and 

guidelines to prevent infection, early identification and effective management of 

infectious complications will improve the patient outcomes including reduced 

morbidity and mortality in this population. 

This study found a significant association between HSCT patient’s comorbidity 

index and the LOS. Patients with high comorbidity index stayed longer than patients 

with low comorbidity index. All the transplant centers have pre transplant assessment to 

determine a patient’s fitness to tolerate HSCT. Various studies have examined different 

scales to measure patient’s comorbidity status. Some of the scales include Charlson 

comorbidity index, hematopoietic cell transplantation comorbidity index (HCT-CI) and 
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modified pre-transplantation assessment of mortality (mPAM). The current study used 

HCT-CI (see appendix III) to measure the comorbidity status of HSCT patients prior to 

transplant. Labonte. et al (2008) demonstrated the utility of three types of assessment 

scales (Charlson comorbidity index, HCT-CI and mPAM) in identifying patients at risk 

for increased toxicity in HSCT patients. In consistent with the current study findings, 

this study showed a significant association between high HCT-CI comorbidity index 

and prolonged length of hospital days beyond 18 days (OR 5.34; 95% CI = 2.24-12.75; 

P < .001). 

Of the predisposing factors age of the patient was not a significant predictor of 

LOS in the current study. This is similar to findings reported by many studies in 

contrast to a minority of reports that showed a significant difference. Though age was 

associated with LOS in the bivariate analysis, it become non significant in the 

multivariable analysis. The bivariate results resonated with a study conducted by Liu et 

al which showed an increased mean hospital stay for younger patients (<18 years) 

compared to older patients> 18 years. In the current study the bivariate analysis showed 

similar finding suggesting a 1.01 days decreased LOS for every one-year increase in 

age. In contrast to this finding, a study conducted by Bressi et al., 2006, showed a 

significant positive association between age and LOS. In this study older patients (>65 

years) had a longer mean LOS compared to patients below 65 years of age (p<. 001).  

Though the literature is inconsistent, findings from the current study, (no significant 

association between age and LOS in allogeneic HSCT patients in the multivariable 

analysis), to no surprise, is consistent with changes in the transplant practices such as 
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less toxic conditioning regimen and development of methods for delivering more 

targeted therapy to reduce the complications of allogeneic transplant for older patients. 

In the current study none of the caregiver factors were significantly associated 

with LOS. Caregiver’s psychological distress had a marginal association with LOS 

(p=.09). Though there were few studies in the past (Prieto et al. 2002) that examined the 

patient’ psychological distress on LOS, no studies till date evaluated caregiver distress on 

the patient’s outcome such as LOS and readmission. It is also possible that the relatively 

small sample size in the current study prevented the detection of a significant association 

between caregiver factors to LOS. Further research is needed to examine the influence of 

caregiver distress on patient’s LOS. Another reason might be that the analyses were 

conducted only in patients who underwent reduced intensity conditioning due to few 

patients in the myelo- ablative conditioning group. Compared to RIC transplant, patients 

who undergo MAC transplant experience life threatening complications and this group 

needs more physical and psychological support from their caregivers. Excluding this 

group from the analyses might have influenced the contribution of caregiver factors to the 

outcome.  

Readmission 

 A second set of hypotheses was examined with generalized estimated equations to 

determine if predisposing factors, enabling factors and need factors predict readmission 

in allogeneic HSCT patients and the contribution of enabling factors alone to readmission 

controlling for the other factors. In the current study only one predictor variable was 

significantly related to readmission in the bivariate and multivariable analyses: presence 

of infection. This finding is consistent with many other studies. Bejanyan and colleagues 
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(2012) reported infection as one of the major risk factors for 30-day readmission 

controlling for patient’s demographic, disease and transplant characteristics. The other 

factors found to be significantly associated with 30- day readmission risk in this study 

were comorbidity index and type of conditioning regimen. Though in the initial analysis, 

type of transplant (conditioning regimen) was included and the results revealed a 

significant association with risk of 30 day readmission, in the final analysis only patients 

who underwent reduced intensity conditioning were included, as the number of patients 

who underwent myelo-ablative conditioning was too few to allow for appropriate 

analyses in the current study.   

A recent study conducted by Spring et al. (2015) confirmed the current study 

findings. In this study the investigators examined the rates of readmission within 30 

days of discharge and by day +100 after HSCT. Readmission rates were also compared 

between patients who underwent reduced intensity conditioning and those who had 

myelo-ablative conditioning. Age, gender, race, ethnicity, marital status, distance 

traveled, median income for home zip code, insurance type, primary caregiver, disease 

type, disease risk index, prior treatment with radiation therapy, prior autologous 

transplantation (for RIC only), disease status at time of transplantation, donor type, stem 

cell product type, use of total body irradiation during conditioning (for MAC only), 

documented infection during index HSCT admission, grade II to IV GVHD during index 

HSCT admission, hepatic veno-occlusive disease (for MAC only) during index HSCT 

admission, and length of stay for index HSCT admission were the variables included in 

this study. Interestingly, infection during index hospitalization was one of the 

significant predictors of readmission in both the groups and at both the time points in 
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the multi variable regression analysis. Rauenzahn et al. (2014) examined the predictors 

and impact of 30- day readmission on HSCT patient outcomes and health care costs. In 

this study, documented infection during index hospitalization affected the 30 day risk of 

readmission. Though 30 day readmission did not affect mortality or survival in this study, 

it was significantly associated with 100 day readmission and increased health care costs. 

There are other studies that showed a significant association between infection status and 

readmission (Grant et al., 2005). This could be related to the intense nature of the HSCT 

procedure. First of all, patients undergoing allogeneic HSCT are at higher risk for 

complications such as infection and acute GVHD comparing to autologous HSCT 

recipients. Secondly these patients are at increased susceptibility to infection due to the 

prolonged immune suppressive therapy to prevent GVHD. Some institutions also 

discharge patients home with a peripherally inserted central line which increases the risk 

of catheter related blood stream infections. In our institution, patients are eligible for the 

HSCT protocols only if they have a dedicated caregiver. Patients and their caregivers are 

also educated to communicate to the transplant nurse and report to the clinical center if 

they develop signs and symptoms of infection such as fever >100.4 degree. This helps the 

transplant team to identify the cause and treat the patient promptly before the 

development of life threatening sepsis. 

It is interesting to note that none of the other patient factors including age, disease 

risk index, co morbidity index, performance status and psychological distress was 

associated with the risk of 30 day readmission though disease risk index showed a 

potential influence on the risk of 30 day readmission in the bivariable analysis. The 

results suggested a 74% reduced risk of thirty day readmission for patients with low 
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disease risk index in the bivariable analyses. In this regard the current study partially 

corroborates with findings from a study that reported decreased readmission in patients 

with no evidence of active disease at the time of transplant in both bivariable and 

multivariable analyses. It could be worthwhile to conduct longitudinal studies to 

investigate the effects of these variables on the readmission risk as the risk of 

complications are higher during the first 100 days post transplant. 

In the current study none of the caregiver factors were significantly associated 

with 30 day readmission. These findings are consistent with a study conducted by 

Rauenzahn and colleagues (2014). The caregiver variables included in this single center 

study were caregiver relationship to patient and number of caregivers. In both the 

bivariable and multivariable analysis, the caregiver variables did not affect the 

readmission risk in this study. Allogeneic HSCT patients belong to a unique group of 

patients with an intense pre- transplant preparation and a post transplant phase which 

could be complicated by prolonged immune suppression, development of infection, acute 

GVHD and cytopenias. Patient’s clinical factors and transplant related factors could 

possibly explain a major variance in predicting the risk of readmission comparing to 

caregiver variables due to these complications.  

In stem cell transplant patients 100 days post transplant is very important as this 

can be a time during which the patient is at risk for many late effects of the transplant. 

During this period both caregivers and patients are expected to take the primary role in 

managing the physical and psychological consequences of transplant. In the current study 

30- day readmission was considered due to its relevance as a quality of care indicator 

after discharge from index hospitalization. But exploring the influence of caregiver 
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factors on 100 day readmission rates would reveal possible association between caregiver 

factors and the readmission risk. Another possible reason for not detecting a significant 

association between caregiver factors and readmission risk might be utilizing the baseline 

measures (pre- transplant measures) to predict the outcome. It is worthwhile to use the 

post transplant measures and explore 100 day readmission risk to further expand the 

knowledge related to the relationship between caregiver characteristics and readmission 

risk in this population.  

STRENGTHS AND LIMITATIONS 

Analyses conducted with secondary databases have a number of strengths and 

limitations. Secondary data analysis helps to improve the understanding of a problem and 

the gaps in literature related to a specific research question which was not originally 

posed in the primary data. Hinde (1991) noted that secondary analysis builds upon 

previous work, and thereby creates new knowledge. Analyzing data from a different 

perspective or applying a different theoretical framework may reveal unexpected 

relationships between variables. One of the major advantages of secondary data analysis 

comparing to a prospective design is its potential for resource savings and cost 

effectiveness. A prospective study might require hiring and paying personnel to collect 

data and it might take months to finish the data collection process versus, secondary data 

analysis where the data is readily available and clean.  

In general using a large data set for SDA might improve the external validity of 

the study. Because many large data sets use complex sampling designs and the results can 

be more generalizable than smaller prospective studies (Magee et al, 2006). However, 

while conducting SDA using a large data set, the researcher must be careful about the 
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artificial inflation of the significance of the results. Appropriate corrections should be 

made while interpreting the findings to prevent Type 1 error. Considering the current 

study, this issue is minimized as it is not using a large data set. 

On the other hand, there are limitations. For example, research analysis is limited 

to the data elements included in the database; therefore, requiring careful examination of 

the database to determine if it contains the variables required to address the research 

questions. It is necessary to understand limitations regarding inability to evaluate other 

outcomes of interest in this population. For example, in the parent study some variables 

including infection status and acute GVHD were collected only at specific time points 

(pre intervention, at discharge and after 6 weeks of discharge). But for the current study, 

infection statuses throughout hospitalization and from discharge to readmission were 

needed, as they were important predictors of LOS from the previous literature. This 

limitation was overcome by developing case report forms and retrieving data from the 

electronic medical record.  

A major problem while conducting secondary data analysis is related to the 

sample size. Either inadequate sample or inability to conduct a particular subgroup 

analysis might become an issue. In the primary study, only allogeneic transplant 

recipients and caregivers were utilized probably with a view of allogenic recipients being 

different from autologous recipients. Allogenic patients experience greater medical risks 

and psycho social demands, including a lengthy period of disability and risks of acute 

GVHD with donation of unrelated stem cell than the autologous recipients (Molassiotis, 

Van Den Akker, &Bougton, 1997). But collecting the data on both the types of transplant 

and analyzing controlling for the type of transplant might be more meaningful at the same 
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time generalizable to both the population. In the current study, though the type of 

conditioning regimen the patients underwent was collected, it was not possible for the 

researcher to include them in the analysis due to the less number of patients in the myelo-

ablative conditioning group comparing to reduced intensity conditioning group. 

Similarly, the variable acute GVHD was excluded from the analysis due to insufficient 

number of patients who developed severe (grade >2) GVHD. 

One of the exclusion criteria in the primary study is participants speaking 

languages other than English. The Clinical Center at NIH enrolls patients from all over 

the world and there is a huge Spanish population who undergo trials for their hematologic 

cancers. Excluding other population makes it less generalizable. The primary data in this 

study is interventional in nature which might influence the variables such as self efficacy 

as the intervention is focused on reducing psychological distress and improving self 

efficacy. In order to overcome these issues only the baseline data of the patients and 

caregivers (pre –intervention) were used in the current study. The primary study in this 

case is conducted in 2010 at the NIH. NIH is an ever changing clinical research facility 

where newer treatment modalities are experimented very often. Changes that happened in 

this research environment might influence the study results if it is conducted as a 

prospective study now. NIH is a research environment where most of the patients have 

terminal illnesses and trying to offer themselves for clinical trials with a hope of cure. As 

this is a unique environment, it is doubtful whether the findings will hold true if this 

study is carried out in a regular hospital or a transplant center. 

Another limitation in this study is selection, which is a threat to internal validity 

that could arise when using an IV that is a classification variable (Magee, Lee, Giuliano 
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&Munro, 2006). The patient population undertaken in this study is composed of 

heterogeneous cancer types and non-malignant conditions such as aplastic anemia, sickle 

cell disease and chronic granulamatous disease. Each cancer type itself differs widely in 

terms of morbidity, mortality, treatment indication and success rate. There might be pre-

existing differences between the categories. Hence it will be hard to know, if the IV 

produced the difference vs. the pre-existing differences which might be tangentially 

related to the IV. This issue was solved by including the cancer diagnosis in the model 

and statistically controlling for them. 

IMPLICATION TO NURSING PRACTICE 

Nurses play a central role along with other health care members in planning, 

implementation and evaluation of HSCT recipients’ health care goals. Advanced nurse 

practitioners along with the transplant team perform activities from initial evaluation of 

potential candidates to determine their eligibility to long term outpatient management of 

post transplant patient care. Traditionally nurses have been responsible for teaching 

patients how to meet the demands of maintaining their health status. Understanding the 

contribution of patients’ factors to length of hospitalization and readmission will guide 

the nurse to educate patients and their caregivers on the most important factor such as 

prevention of infection. 

The finding from this study will contribute the knowledge concerning which 

patient factors are associated with increased hospital stay and readmission with in 30 

days of initial discharge. Equipped with this knowledge, nurses and other transplant team 

members can better anticipate the health care needs of the HSCT recipient in a manner 
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that may potentially improve patient’s health care outcomes and decrease their use of 

expensive health services. 

Nurses are generally responsible for assessing physical and psychological status 

of the patients. In addition to this, nurses should also pay attention to caregiver’s 

psychological state. This study showed a trend towards significance in the association 

between caregivers’ psychological distress and LOS for patients undergoing allogeneic 

HSCT. It is normal for cancer patients and their caregivers to feel distressed. It could be a 

minor problem or become serious if the patient or the caregiver could not take care of 

themselves. Identifying this problem is very important in this population. Valid, short 

form surveys such as distress thermometer can be used in the clinical practice by nurses 

and other health care team members such as physicians to detect the presence and 

severity of psychological distress in both patients and caregivers. 

RECOMMENDATIONS FOR NURSING RESEARCH 

It would be worthwhile to confirm these study findings in other HSCT patients, 

either prospectively or retrospectively.  Databases from other large clinical trials of the 

subject population (Center for International Blood and Marrow Transplant research) 

could be explored.   

The current study was not able to evaluate the contribution of type of transplant to 

LOS or readmission due to limited number of myelo-ablative transplant patients in this 

study. Future studies should consider including HSCT patients who had both the types of 

transplants (autologous and allogeneic) and conditioning regimen (myelo-ablative and 

reduced intensity conditioning) in order to investigate the influence of these variables on 

patient outcomes. 
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Future studies can include socio- economic factors such as education, insurance 

status, employment status of the caregiver and social support which might possibly 

influence hospital use particularly readmission status. More longitudinal, prospective 

studies to evaluate the predictors of readmission within 100 days post- transplant might 

help us to understand the influence of predisposing, enabling and need factors on health 

care utilization in a better way. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
  

93 
 

APPENDIX 
 

Full Executed IAA 

 



 
 
  

94 
 

Full Executed IAA (Cont.) 
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Figure 1. Theory of Healh Care Utilization 
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Figure 2. Adapted Model of Theory of Health Care Utilization 

 

Type of conditioning regimen and GVHD excluded in the final model. 
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Case Report Form: Infection 

        Subject ID:                  Source: MR/Chart review            Notes:           

        Date of data collection: 

        DOT:                       Initial DOD:                                     Day 30:                            

Adverse Event Grade 

0 

Grade 

1 

Grade 

2 

Grade 

3 

Grade 

4 

Catheter related infection      

Febrile neutropenia 

(ANC <1.0x10
9
/L 

     

Infection(documented 

clinically or 

microbiologically)with 

neutropenia(ANC<1.0x10
9
) 

     

Other infection      

Other infection      

 

      Final determination: Day of Discharge:  Grade     0   1      2       3      4                                                                               

      Readmission:  Y         N         Readmission date:                     

      Date of Data      collection:                          Notes:                                                  

Adverse Event Grade 

0 

Grade 1 Grade 2 Grade 

3 

Grade 

4 

Catheter related infection      

Febrile neutropenia 

(ANC <1.0x10
9
/L) 

     

Infection(documented 

clinically or 

microbiologically)with 

neutropenia(ANC<1.0x10
9
) 

     

Other infection      

Other infection      

 

       Final determination: 30 Day of Discharge:  Grade     0   1      2       3      4    
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Case Report Form: Acute GVHD 

      Subject ID:                  Source: MR/Chart review      

     Date of data collection:                                     Notes: 

     DOT:                                         DOD:                           

     Acute GVHD: Overall stage 

Grade skin Liver Gut 

I +1 to +2 0 0 

II +1 to +3 +1 +1 

III +2 to +3 +2 to +3 +2 to +3 

IV +2 to +3 +2 to +4 +2 to +4 

 

    Final determination- Day of Discharge: Acute GVHD 

o None                         

o Grade  1                     

o Grade  2                     

o Grade  3                     

o Grade 4                      

   Readmission:   Y      N                                           Readmission date:        

   Date of Data Collection: 

   Acute GVHD: Overall stage                               Notes: 

Grade skin Liver Gut 

I +1 to +2 0 0 

II +1 to +3 +1 +1 

III +2 to +3 +2 to +3 +2 to +3 

IV +2 to +3 +2 to +4 +2 to +4 

 

    Final determination- 30 Day of discharge: Acute GVHD 

o None                         

o Grade  1                     

o Grade  2                     

o Grade  3                     

o Grade 4                      
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