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Abstract 
 
Tittle of Dissertation: Caregiver Distress and Burden and Patient Distress Across the 
Outpatient Peri-allogeneic Bone Marrow Transplantation Period 
 
Meredid Caves, Doctor of Philosophy 2019  
 
Dissertation Directed by: Carla Storr, ScD, MPH, Professor of Nursing, Family and 
Community Health  
  
 
Background: Outpatient allogenic bone marrow transplants (alloBMT) are feasible due to 

improved vigilance and decreased transplant-related toxicities. The outpatient setting 

compels caregivers to fulfill non-physician roles. Few studies have examined the 

relationship between caregiver distress and burden and how they are manifested in the 

context of outpatient alloBMT; there is also scarce information on how distress manifests 

itself within the patient/caregiver dyad when faced with a life-threatening treatment. 

Purpose: Aim 1 examined the trajectory and association of caregiver distress and burden, 

and the movement of caregivers between caregiving states longitudinally. Aim 2 

examined the distress trajectory of patients and caregivers, and assessed how they moved 

between low/high distressed states both individually and as a dyad. Aim 3 explored the 

possible association between absolute neutrophil count (ANC) and patient distress.  

Methods: This observational longitudinal repeated-measures study recruited patients and 

caregivers undergoing outpatient alloBMT. Surveys were administered at 3 time-points: 

infusion of donated bone marrow (T0), ANC recovery (T1), and discharge (T2). 

Caregivers were asked to respond to distress and burden questions using the Distress 

Thermometer (DT) and Caregiver Burden Scale, which measured objective and 

subjective demand, and subjective stress burden. Patients completed the DT surveys. 



 

ANC values for patients were extracted through medical chart review at the same time 

surveys were completed.  

Results: Caregiver distress and subjective stress burden were associated at all time points. 

Increase in burden leads to increase in distress. For patients and caregivers, distress was 

the highest at baseline and improved over time. As a dyad, the transition between 

high/low distressed states was ever-changing, demonstrating the dynamic nature of the 

alloBMT process. No significant differences were found in the distress scores of patients 

and caregivers, but there was a difference in distress scores along the alloBMT period, 

suggesting a temporal effect. ANC and patient symptomology were not consistently 

associated with patient distress.  

Conclusion: Caregiver distress and burden are related throughout the duration of the 

alloBMT period. As the dyad moves through the alloBMT period, they display the 

mutuality of distress, influencing each other as they face this difficult but life-saving 

journey together.    
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Chapter 1 
 

General Introduction  
 
1.1 Overview, Problem Statement and Significance  

Advances in the field of cancer treatment are on the rise, especially in the field of 

allogenic bone marrow transplant (alloBMT). AlloBMT is performed as a curative 

treatment for various hematologic malignancies, including leukemia, lymphoma, and 

myelomas. Long stays for inpatients receiving bone marrow transplants have been 

replaced by outpatient bone marrow transplants in order to improve quality of life for 

patients and lessen the economic burden on patients and hospitals. But with this new 

approach, much of the medical care is transferred from the medical team to a caregiver 

during the peri-transplant period, defined as the time between the infusion of the donor’s 

bone marrow until the patient is discharged to the outpatient clinic. This transfer of care 

triggers an increased level of burden and distress in the caregiver resulting from an 

increase in caring responsibilities. The burden of caring for someone with cancer is high. 

As many as 62% of cancer caregivers find themselves in a high-burden situation and 

spend an average of 32.9 hours a week caring for their loved one. Nearly half (43%) of 

those providing care perform complex medical/nursing tasks without any prior medical 

preparation. On average, the length of the alloBMT critical phase of the process is about 

3 months, from the time the patient receives the donated bone marrow until the bone 

marrow recovers and the patient’s deoxyribonucleic acid (DNA) is replaced by the 

donor’s DNA. The impact of the outpatient alloBMT process on the patient and how this 

impact affects the caregiving burden and distress is not well researched. Chemotherapy 
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and other preparatory regimens obliterate the bone marrow, rendering the patient sick and 

dependent on the caregiver for medical and self-care. In addition, the patient also 

experiences distress as a result of physical symptoms that stem from preparation for the 

alloBMT, bone marrow function during the transplant process, and complications due to 

the transplant. Yet there is no surrogate measure that can be used to anticipate periods of 

increased distress for the patient.  

In recent years, research has increasingly focused on understanding cancer 

caregivers’ burden and distress as well as patient distress during cancer treatment. 

However, many of these studies either group all cancer caregivers in a heterogeneous 

group, consider burden and distress separately, or measure burden or distress in a cross-

sectional manner, which is a limitation to fully understanding the relationship between 

burden and distress specific to the alloBMT caregiver population. Prior studies have also 

found that caregivers’ distress patterns are congruent to patient distress. In addition, many 

studies have focused on measures either before alloBMT or long after the patient and 

caregiver have undergone the transplant. The available research lacks clarity on the 

trajectory of caregivers’ and patients’ distress as they go through the transplant process. 

In addition, to date there have been no studies that link patient distress with a surrogate 

biological marker for sickness. To better understand caregiver distress and burden during 

the peri-alloBMT period, research is needed on the relationship or association between 

caregiver burden and distress in the caregiver, how changes over time and patient distress 

influence these experiences, and any potential marker that is associated with patient 

distress. In order to fill the knowledge gap, a longitudinal study was employed using 
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subjective measures of distress and burden and objective measures of bone marrow 

function. The aims of the completed study were as follows:  

 

Aim 1: Describe caregiver burden and distress during outpatient alloBMT and evaluate  

movements between caregiving states throughout the transplantation period; 

Aim 2: Describe caregiver and patient distress during the alloBMT period and evaluate  

dyad movements between high and low distress states throughout the  

transplantation period;  

Aim 3: Describe the trajectory of patient distress in the alloBMT period and examine  

whether patients’ ANC was associated with distress self-report.   

1.2 Literature Review  

1.21 AlloBMT background. The bone marrow transplant procedure has been 

performed since 1939 while the first alloBMT procedure was performed in 1957 (Henig, 

& Zuckerman, 2014). Since, this procedure has evolved. At the time of the first alloBMT, 

little was known about histocompatibility antigen and in the mid to late 60s, human 

leukocyte antigens (HLA) were identified enabling oncologist to use the patients’ own 

immune system to combat the hematologic malignancies (Henig, & Zuckerman, 2014). 

Other advances such as improved conditioning, improved infection surveillance and 

supportive care have not only improved survival rate but also allowed this once inpatient-

requiring procedure to be performed in an outpatient setting. (Frey et al., 2002).  

AlloBMT is the only intention-to-cure treatment for hematologic malignancies 

such as leukemia and lymphoma. In 2016, the United States had an estimated 1.7 million 

new cases of cancer (National Cancer Institutes, NCI, 2017). The most common cancers 
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in the United States in 2016 included hematologic malignancies such as leukemia and 

lymphoma (NCI, 2017). Allogeneic Bone Marrow Transplantation (AlloBMT), a type of 

bone marrow transplant, is used for both malignant and non-malignant hematologic 

diseases (Peccatori & Ciceri, 2010). It is estimated that in 2017, 9,284 adult allogeneic 

transplants were performed in the United States (Milliman, 2017). The latest available 

cost of an alloBMT is about $892,700 (Milliman, 2017). 

1.22 The evolving transplant setting: from inpatient to outpatient.  Bone marrow  

transplantation have been performed since 1939 exclusively in the inpatient setting.  

Inpatient care is costly involving a multidisciplinary medical team including nurses, 

pharmacists, healthcare providers, social workers, physical therapists among others. 

Patients undergoing inpatient alloBMT would be monitored round the clock by the 

medical team for transplant related complications such as infection (because of the lack 

of white blood cells), bleeding (because of the lack of platelets) and anemia leading to 

extreme fatigue (because of the lack of red blood cells) (Applebaum et al, 2016). When 

inpatient, the patient would remain admitted until engraftment. In other words, the patient 

will be admitted until the donated bone marrow is working properly. After successful 

engraftment the patient is then discharged home. Engraftment, the time the donated bone 

marrow starts working, can take anywhere from 15 days until 30 days and beyond. 

Discharging the patient before engraftment was deemed dangerous as the patient was at 

risk for all the aforementioned complications.  

In addition to improved safety and quality of life of that patient, cost has been a 

major driver for this evolution. One can ascertain from some of the latest figures why the 

outpatient setting is preferred. In a 2017 cost analysis report the inpatient based alloBMT 



 5 

was approximately 5 times costlier versus an outpatient based alloBMT. This report 

examined the first 100 days post-transplant. At the one year mark the difference between 

settings remained about the same (Broder, Quock, Chang, Reddy, Agarwal-Hashmi, Arai, 

& Villa, 2017).  

In the mid 1990s, Johns Hopkins Hospital created an outpatient-based health care 

delivery model for patients undergoing bone marrow transplant (Ezzone, & Schmit-

Pokorny, 2007). In this setting, patients together with their caregiver, visit 

Inpatient/Outpatient clinic (IPOP) every day from the start of their alloBMT journey until 

they are discharged. During this early transplant period, complications such as organ 

dysfunction or febrile neutropenia may result in an inpatient admission. However, once 

stable the patient is quickly transitioned back to outpatient setting (Ezzone, & Schmit-

Pokorny, 2007). Geographically, the IPOP clinic is located adjacent to the oncology 

inpatient unit making patient transition from IPOP to inpatient and back seamless. This 

model is entirely dependent on informal caregivers.  

Having patients who are not suffering from complications who are just being 

monitored and treated for minor complications lowers the burden on the inpatient system 

of the hospital. The inpatients beds are then reserved for those who have major oncologic 

complications, acute conditions such as new cancer diagnosis or refractory symptoms 

from cancer or its treatment (Numico, Cristofano,  Mozzicafreddo, Cursio, Franco,  

Courthod,… Silvestris, 2015). Alternatives clinics such as the IPOP clinic are safe 

alternative to conventional hospitalization for uncomplicated oncology patients 

undergoing bone marrow transplant.  

1.23 Bone marrow function during AlloBMT. Found within the central cavities 
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of the long and pelvic bones, the bone marrow is responsible for the production of 

erythrocytes, granulocytes, monocytes, lymphocytes, and platelets (Travlos, 2006). The 

production, differentiation, and maturation of these blood cells all happen within this 

organ (Travlos, 2006). When malignancy develops within the bone marrow, 

differentiation pathways are blocked, leading to an increased number of immature cells or 

blasts to occupy the bone marrow space and eventually get released into the circulation 

(Kumar et al., 2017). Ultimately, all the healthy cells are replaced by immature cells 

incapable of functioning, which leads to anemia, infections, fatigue, and bleeding in the 

patient (Negrin, 2008).  

The alloBMT process begins with chemotherapy and is used to eradicate diseased 

cells and to immunosuppress the patient in preparation to receive the donated stem cells 

— a process also called “conditioning” (Skinner, Lennard & Veys, 2007).  Conditioning 

is performed in two steps: 7 days before the new donated bone marrow is infused and 7 

days after new donated bone marrow is infused. The goal is to: (1) kill any cancer cells 

present in the bone marrow, (2) empty the bone marrow and create space for the new 

bone marrow to flourish and (3) prevent rejection of the new bone marrow (Zulu & 

Kenyon, 2018). The chemotherapy used during conditioning works by destroying rapidly 

replicating cells which include for the most part cancer cells. There are different types of 

conditioning, myeloablative and non-myeloablative. Myeloablative conditioning refers to 

the administration of total body radiation and chemotherapy at high doses. With this type 

of conditioning, the patient will not be able to recover any of their own stem cells 

(Bacigalupo, Ballen, Rizzo, Giralt, Lazarus, Ho, V., … Horowitz, 2009). Non-

Myeloablative conditioning also uses radiation and chemotherapy but at lower doses. 
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This will allow the patient to be less cytopenic (without cells) for less time and reduces 

toxicity (Bacigalupo, Ballen, Rizzo, Giralt, Lazarus, Ho, V., … Horowitz, 2009). Non-

Myeloablative conditioning is the preferred conditioning for older people to prevent 

transplant related mortality.  

 After conditioning the patient is pancytopenic, which means the bone marrow is 

free of any disease and any healthy cells (Mackall et al., 2009). The bone marrow is an 

empty structure. During this time, the patient is unable to create cells such as 

erythrocytes, granulocytes, monocytes, lymphocytes, or platelets. Because of this, the 

patient needs support in the form of packed red blood cell (PRBC) transfusions, platelet 

transfusions, and infection monitoring. Needing PRBC and platelet transfusions translates 

into longer time in the IPOP clinic.  

Following this pancytopenic state, clinicians and the patient await the immune 

reconstitution state, in which the bone marrow starts working again (Keever-Taylor, 

2008). Neutrophils are among the first cells to begin to function again. Clinically, 

patients’ bone marrow function is said to be functioning once neutrophils increase and 

can be maintained at more than 0.5 × 109/L for three consecutive days without the aid of 

growth factors (Keever-Taylor, 2008). The term “neutropenic” is used to described a 

patient whose neutrophils and by extension the bone marrow has not yet recovered.  

During the neutropenic period, the ANC is nonexistent or undetectable. While the ANC 

is used as a bone marrow function marker, it is also used to predict symptoms patients 

experience during the alloBMT. One of the most prevalent symptoms is fatigue as a 

consequence of the anemia and is more prevalent after conditioning until engraftment 

(Bevans, Mitchell & Marden, 2008). Once the patient recovers his or her neutrophil 
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count, the risk for all complication decreases and the patient symptoms such as fatigue 

start to subside (Soubani & Pandya, 2010). ANC and other white blood cell markers are 

also used as a guide to estimate the risk for opportunistic infections in the newly 

transplanted patient. Figure 1-1 represents a table of the possible opportunistic infections 

as the patients’ immune system recovers from the transplant. This is used as a guide to 

monitor patients and assess which infection is more likely depending on the patient 

immune recovery.  

 
Figure 1-1. Phases of Opportunistic infections among alloBMT recipients. From Mackall 
et al 2009. 
 

Immune reconstitution or engraftment is the process by which the donated 

hemopoietic stem cells make their way to the conditioned and empty bone marrow starts 

the process of proliferation (Hutt, 2018).  A successful engraftment means that the bone 
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marrow is displaying the capability of hematopoiesis or production of red and white 

bloods cells and platelets (Hutt, 2018).  In addition to this production of cells, the bone 

marrow must be able to release these cells into the general circulation or peripheral blood 

(Locatelli, Lucarelli & Merli, 2014). Time to engraftment can vary depending on the 

patient and other factors such as age, conditioning regimen, stem cell source, and the 

hematologic malignancy diagnosis at the time of transplant. For example, patients that 

have myelodysplastic syndrome (MDS) take significantly more time to engraft than those 

with acute myeloid leukemia (Bitan, Or, Shapira, Resnick, Gesundheit, Ackerstein, Elad 

& Slavin, 2008). Also, graft source whether peripheral stem cells, bone marrow stem 

cells or umbilical cord stem cells can also produce a variance in engraftment time.  A 

large retrospective multivariate analysis comparing different types of graft source for 

transplantation found that those patients who received peripheral stem cells engrafted 2-6 

days earlier than those who received the stem cells from the bone marrow (Champlin et 

al, 2000). In another study, an umbilical cord graft took an average of 23 more days to 

engraft as compared to other sources of stem cells (Ruggeri A, Labopin M, Sormani MP, 

et al., 2014). Even though engraftment can vary, it is important to note that engraftment 

does not mean full immune recovery. Full immune recovery can take up to 24 months 

post-transplant (Keever-Taylor, 2008).  

1.24 Role of informal caregivers during alloBMT. When alloBMT is performed 

in the outpatient setting, the patient needs a caregiver to provide care while he or she is 

undergoing the transplantation process. This informal care requires the caregiver to be 

available for a significant amount of time (months to years), and requires the performance 
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of tasks that may be physically, emotionally, socially, or financially demanding (Biegel, 

Sales, & Schultz, 1991).  

 Major transplant centers have patient and care-partner agreements that must be in 

place before the bone marrow transplant process can begin. These agreements outline the 

role of the caregiver, such as providing dependable 24-hour care, communicating with the 

BMT team when there is a problem (such as in case of fever, bleeding, changes in mental 

state, severe nausea and vomiting, or uncontrolled pain), transporting the patient to and 

from the transplant clinic as needed, caring for the central venous catheter, assisting with 

medications and intravenous medications, and assisting with nutritional needs, including 

possible intravenous nutrition. Von, Ah, Spath, Nielse and Fife (2015) identified three 

major roles that caregivers assume during the bone marrow transplantation process: as 

interpreter of medical information, organizer of care and clinician providing care.  

During the period the patient is undergoing transplant, the daily schedule usually 

involves arriving at the outpatient clinic, getting vitals and blood drawn and waiting for 

the results. Once the results arrive (which can take 30-60 minutes), the medical team will 

ascertain if the patient needs hydration, PRBC or platelet transfusion or any additional 

antibiotics. Earlier in the transplant process the patient and the caregiver will spend 6-10 

hours in the clinic. As the patient improves and the bone marrow starts to work the time 

in the clinic is between 1-2 hours. In addition, at the beginning of the transplant period 

the patient needs to come to the clinic 7 days per week. As the bone marrow engrafts and 

starts to function, patients and their caregivers start getting weekends off, and eventually 

report to the clinic every other day. If there is no evidence of the bone marrow working 
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the patient and caregiver need to continue to come in every day to prevent any adverse 

event as a result of not having a working bone marrow.   

Although there is evidence that highlights how rewarding it is for caregivers to 

take part in a loved one’s alloBMT journey, caregiving for this type of patient can be 

extremely challenging both physically and mentally. In a qualitative study one caregiver 

described the experience of caring for someone undergoing bone marrow transplant as 

“riding a roller-coaster in the dark” (Wilson, Eilers, Heerman, & Million, 2009). A 

qualitative study evaluating the caregiver’s role throughout the bone marrow 

transplantation trajectory found that caregivers felt they were in charge of “running” the 

medical care of their loved one instead of the medical team. Others reported such a strong 

sense of responsibility for their loved one’s health that they were overwhelmed with 

feelings of guilt and anxiety if they were not at the patient’s side at all times and 

neglected self-care and other responsibilities such as work (Von, Ah, Spath, Nielsen, & 

Fife, 2015). As many as 40% of the caregivers reported high levels of emotional and 

physical stress, and 25% reported financial strain (National Alliance for Caregiving, 

2016). Half of the caregivers reported having to modify their work schedules, and 19% of 

them had to take a leave of absence to provide care (National Alliance for Caregiving, 

2016). Caregiving for prolonged periods of time can result in chronic stress and can lead 

to depression (Schultz & Sherwood, 2008). Only 15% of cancer caregivers report using 

respite services (National Alliance for Caregiving, 2016). 

Unfortunately for the caregivers, their caregiving role may be allotted without 

consideration as to whether or not the caregiver is capable of providing the necessary 

care, and in sufficiently good health to do so. That is, some caregivers are more 
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vulnerable to the negative effects of caregiving than others. One study found that one 

third of caregivers are in poor health themselves and thus more at risk to feel the negative 

effects of caregiving (Navaie-Waliser et al., 2002).  A 2019 study also found that 

caregivers for people with dementia that rated themselves in “poor health” were at higher 

risk of caregiving-specific stress as compared to those caregivers who rated their health 

as “good”, “very good” or “excellent” health (Känel, Mausbach, Dimsdale, Ziegler, 

Mills,Allison, Patterson, Ancoli-Israel, Grant, 2019). Psychological health may also 

contribute to the vulnerability of caregivers. One study found that 25% of caregivers 

caring for patients with advanced cancer who also met criteria for psychiatric disorders 

sought treatment for mental health concerns after the patient’s diagnosis (Vanderwerker, 

Laff, Kadan-Lottick, McColl, & Prigerson, 2005). Realizing that some caregivers are 

more vulnerable than others to the effects of caregiving is essential to understanding how 

caregiving activities can impact the informal caregivers during bone marrow 

transplantation period. 

1.25 Relationship between caregiver burden and caregiver distress. Caregiver  

burden can be defined as the extent to which meeting caregiving demands clashes with 

the basic needs of the caregiver (Braithwaite, 1996) while  distress, as it relates to cancer, 

can be defined as “A multifactorial unpleasant emotional experience of a psychological 

(cognitive, behavioral, emotional), social, and/or spiritual nature that may interfere with 

the ability to cope effectively with cancer, its physical symptoms, or its treatment” 

(National Comprehensive Cancer Network NCCN, 2017). Although two distinct 

definitions are attributed to each concept, the terms burden and distress are often used 

interchangeably (Given, Given, Sherwood, & DeVoss, 2013). It is important to note that 
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both burden and distress are responses to providing care (Given et al., 2013). It is not 

clear from the literature what the relationship between these two concepts is and how 

they occur in the course of caregiving for an alloBMT patient. Burden and distress have 

been found to be related but distinct constructs (Brannan & Heflinger, 2001). Moreover, 

patient symptoms were the best predictor of caregiver burden, whereas life stressors 

predicted caregiver distress (Brannan & Heflinger, 2001). Others have distinguished 

burden as an inability to keep up with the daily chores, which results in caregiver 

frustration, despair, and feeling overwhelmed, and defined distress as the result of a more 

acute change, such as a change in the patient’s condition, which causes caregivers to feel 

a sense of panic about their inability to take care of their loved one (Bludau, 2010). 

Whatever the relationship is, both caregiver distress and caregiver burden impact the 

caregiver and the patient in a negative way. 

1.26 Patient distress during bone marrow transplantation. Distress is common 

in patients undergoing any cancer treatment including bone marrow transplantation. The 

NCCN definition presented above describes distress as an unpleasant emotional 

experience that can arise from the diagnosis or dealing with the effects of cancer and its 

treatment. It has been established that the presence of distress in a cancer patient can lead 

to decreased adherence to medical regimens, impaired cognition, weakened motivation, 

and less effective coping (Institute of Medicine, IOM, 2008). Furthermore, there is a 

relationship between symptom severity and distress. Distress is more prevalent in patients 

with greater symptom severity (Kirkova et al., 2010). There is emerging research that 

highlights the association of distress in patients and increased risk of cancer specific 

mortality. A cohort study followed cervical cancer patients and found the presence of 
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distress was associated with an increased risk of cervical cancer-specific mortality.  

These associations were independent of known prognostic indicators of cervical cancer, 

including tumor characteristics, mode of diagnosis, and treatment (Lu, Andrae, 

Valdimarsdottir, Sundstrom, Fall, Sparen & Fang, 2019).  

 Specifically, in bone marrow transplant patients, the effects of distress can be 

palpated through and beyond the first decade post transplantation (Bevans et al., 2014). 

Distress has been identified throughout the bone marrow transplant process, although 

most of the research focuses on the presence of distress pre and post transplantation 

(Trask et al., 2002, Bevans et al., 2014). Emerging literature recognizes the potential for 

patients to develop post-traumatic stress disorder (PTSD) as a result of unchecked 

distress and poor quality of life. A study in 2016, found that disturbances such as poor 

quality of life or distress during the transplant process were predictors of post-transplant 

PTSD (El-Jawahri et al., 2016). Similarly, Hobfoll et al. found that PTSD interferes with 

neutrophil recovery and overall health in post-transplant patients (Hobfoll et al., 2015). 

Although research on the association between distress and cancer specific mortality in 

bone marrow research is deficient, there is evidence that supports the presence of distress 

has negative effects on the well-being of the cancer patient.  

1.27 Biological markers and patient symptomology. Biological markers, or 

biomarkers, are defined as objective indications of a medical state observed from outside 

the patient and can be measured accurately and reproducibly (Strimbu & Tavel, 2010). 

An example of a biomarker is CD4+. Since the early 1980s, CD4+ counts have been used 

as a prognostic, therapeutic marker as well as a surrogate marker for clinical endpoints 

(Kagan, Sanchez, Landay, & Denny, 2015). As a prognostic marker, CD4+ is used as a 
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predictor of risk for clinical disease in patients with human immunodeficiency virus 

(HIV; Kagan et al., 2015). That is CD4+ is clinically used to predict certain infection risk 

depending on the CD4+ level. In addition, CD4+ is used as a therapeutic marker for anti-

viral therapy (Kagan et al., 2015). 

Absolute neutrophil count (ANC) is used in other medical areas such as neonatal 

medicine as a prognostic marker or a surrogate measure of sickness. For example 

Kohelet, Arbel, Ballin, and Goldberg (2000) used neutrophil counts to predict the 

development of chronic lung disease in infants. Those infants who had significant 

variation in neutrophil counts in the first 5 days of life developed chronic lung disease. In 

another instance of using neutrophils as a predictive marker, Sahin, Aydin, Unver, and 

Pehlivanoglu (2017) demonstrated that ANC together with lymphocytes (neutrophil– 

lymphocyte ratio, NLR) can predict tumor aggressiveness in gastric cancer patients. The 

authors found that an increased NLR was associated with poor prognosis. In addition, this 

predictive marker was also correlated with the progression of disease.  

It is important to note that biomarkers are “medical signs,” or objective markers, 

whereas “medical symptoms” are indications of health that are perceived by the patient or 

subjective symptoms (Strimbu & Tavel, 2010). Patient distress falls under the category of 

medical symptoms. Distress in the patient can stem from symptoms related to cancer or 

its treatment as well as the emotional burden of the diagnosis and uncertainty of treatment 

or cure (Baker, Krok- Schoen, & McMillan, 2016). Various studies have found that 

symptom severity is related with patient distress. A 2010 study explored symptom 

severity and distress in patients with advanced cancer; the authors found that there was a 

strong relationship between severity and distress: The more severe the symptoms, the 
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more distressed the patient was (Kirkova et al., 2010). Pain that is not well managed, for 

example, has been linked to patient distress (Baker et al., 2016). Distress can lead to poor 

performance status, affect the patient’s quality of life, increase rates of co-morbidities and 

mortality, and decrease adherence to medical treatment (Cheng & Yeung, 2013; Baker et 

al., 2016). Distress has also been linked to readmission rates in bone marrow transplant 

population. A 2018 study observed that patients undergoing transplant exhibited distress 

as part of pre-transplant evaluation were at higher risk for hospital re-admission during 

the transplantation period (Richardson, Huang, McGinty, Elder, Newlin, Kirkendall, … 

& Rosko, 2018).  

In the alloBMT process, ANC is used as a marker for infectious and noninfectious 

complications. During the neutropenic period, when the ANC is zero or low, the patient 

is at risk for infection from gram-negative bacteria or herpes simplex virus for example. 

Once the patient recovers his or her neutrophil count, the risk decreases (Soubani & 

Pandya, 2010). Knowing the ANC count of the patient aids in narrowing down the 

possible organism responsible for the infection. Of course, ANC alone is not sufficient to 

determine why a patient would get sick. However, ANC is an important part of the work-

up. Together with distress, ANC is a  potential marker to help anticipate distress in 

patients during the transplant period.  

1.28 Simultaneous distress in patient and their caregiver. Undergoing 

alloBMT is a unique experience for both the patient and the caregiver. Patients’ feelings 

of anxiety and distress can stem from cancer-related fears (treatment or procedures, 

uncertain disease course, medication side effects) and symptom burden (pain, fatigue, 

insomnia) (Traeger, Greer, Fernandez-Robles, Temel, & Pirl, 2012). While caregivers’ 
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distress can stem from increased responsibilities, such as helping with the patients’ 

activity of daily living (ADLs), providing emotional support, performing extra household 

tasks, providing transportation, running errands, and monitoring patient symptoms 

(Stenberg, Ruland, & Miaskowski, 2010). Although distress can stem from different 

aspects within the dyad, the alloBMT process induces mutuality of distress. Mutuality is 

defined by Webster’s dictionary (2018) as “sharing of sentiments.” Dyad studies have 

consistently demonstrated that, for example, anxiety disorders in one member of the dyad 

increases the likelihood of an anxiety disorder in the partner (Bambauer et al., 2006). 

Moreover, a dyadic meta-analysis found a significant relationship between cancer 

patients’ and caregivers’ distress.  The analysis found that distress felt by the partner 

implies a mutuality in response to the situation the dyad is going through (Hodges, 

Humphris, & Macfarlane, 2005). The association noted in this meta- analysis confirms 

the findings of earlier studies that if one partner in the dyad experiences distress, the 

partner will as well (Manne, 1998). In addition, the caregiver may experience empathic 

worry. Empathic worry is being distressed or anxious about someone else’s anxiety 

(Parkinson & Simons, 2012). It is important to note that a caregiver with empathic worry 

is not concerned with the same issue or things the patient is worried about. Rather, 

empathic worry happens when the caregiver is concerned how the patient’s anxiety and 

distress will affect the caregiver and how the caregiver will be able to cope with it 

(Parkinson & Simons, 2012).  

1.29 Literature knowledge gap.  From the review of the evidence, there are  

missing elements in the existing literature of alloBMT regarding: (1) the relationship 

between caregiver burden and distress, (2) the relationship of caregiver and patient 
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distress and (3) the relationship between a biological marker ANC and patient distress. 

While there is a lot of existing research in the area of cancer caregivers, there are 

inconsistencies regarding the concepts of caregiver distress and burden. Most of the 

literature and existing evidence seems to indicate that caregiving can be detrimental to 

family relations and caregivers’ health, even while improving patient outcomes. But 

some evidence suggests that the benefits of caregiving outweigh its negative 

consequence. In 2015, researchers set to re-examine some of the evidence presented. 

Roth, Perkins, Wadley, Temple, and Haley (2009) found some evidence that despite 

caregiving being challenging at times, only 17% of those caregivers surveyed reported “a 

lot of strain” as a consequence of caregiving. There is also insufficient information 

regarding whether these concepts change in the context of bone marrow transplantation 

or if the existing information does not apply to the population of interest. In addition, 

there are inconsistencies regarding how caregiver distress is related to patient distress 

during bone marrow transplantation and the trajectory is unknown. It is also unknown 

whether a patient’s biological marker can be used as a disease proxy to predict patient 

distress. 

1.3 Conceptual Framework 

This dissertation is informed by two key theories: the interdependence theory and 

the theory of unpleasant symptoms. These theories aided in organizing and describing 

relationships among variables to explore and understand the experience of caregivers and 

patients as they undergo the alloBMT process (Barnum, 2004; King, 1997; Fawcett, 

1998).   
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The interdependence theory provides a useful framework for examining 

individual and interpersonal bidirectional influences between the caregiver and patient 

dyad during alloBMT. The interdependence theory is concerned with between-person 

connections, allowing the researcher to use this framework to guide the investigation of 

interpersonal structures such as caregiver/patient dyads (Rusbult & Van Lange, 2008). 

The theory has two major components: interdependence structure and interdependence 

process. Interdependence structure refers to the interpersonal reality the caregiver and the 

patient are experiencing and how they relate to each in this reality. Interdependence 

process refers to the interaction as the dyad moves through the process of alloBMT, and 

how the patient and the caregiver react to different situations related to the alloBMT 

process (Rusbult & Van Lange, 2008). For this theory, the modified actor-partner 

conceptual model was chosen to represent the framework and concepts to be explored. 

The solid lines in Figure 1-2 explore the effect of a person’s own actions (actor effect) on 

their own outcomes. The dashed lines explore the effects of a person’s actions on their 

partner’s outcomes (partner effect).  

Figure 1-2. Adapted conceptual model of the Interdependence Theory. From Cook & 
Kenny, 2005.  
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The theory of unpleasant symptoms was created to improve understanding of 

patients’ experience of symptoms (Smith & Liehr, 2003). This theory was the basis to 

investigate ANC as a possible biomarker. The theory is composed of three major 

concepts: the symptom(s), influencing factors, and performance outcomes (Smith & 

Liehr, 2003). The symptoms are indicators of change from baseline (Rhodes & Watson, 

1997). Factors that influence the experience of symptoms include physiologic, 

psychologic, and situational factors (Smith & Liehr, 2003). Physiologic factors refer to 

the presence of pathology or disease state that can influence symptom severity. For 

example, as it relates to this research study, the presence of a hematologic malignancy or 

its treatment can influence symptom severity. Psychologic factors are a patient’s response 

to illness, anxiety, fear, uncertainty, and coping skills. Situational factors are those the 

patient is facing at the time of transplant. An example of such is financial instability due  

to the cancer treatment. All of these factors can enhance or dampen symptoms. Finally, 

performance outcomes refer to the consequences of the patient’s experience of 

symptoms.  
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Figure 1-3. Conceptual model of the Unpleasant Symptom Theory depicting key 
concepts and their relationships (Smith & Liehr, 2003).  
 
1.4 Methods 

This is a brief overview of the study methodology. Additional details will be 

presented in the manuscripts that follow in the subsequent chapters 2-4. 

1.41 Design and setting. This single site observational prospective longitudinal  

study took place in a National Cancer Institute (NCI) designated cancer center in 

Baltimore, Maryland. Patients admitted for outpatient alloBMT in the inpatient/outpatient 

clinic were approached by members of the study team and asked for permission to inform 

them about the study. Recruitment took place from April-December 2018. 

 1.42 Sample description. Inclusion criteria included patients who were 

undergoing a first alloBMT and admitted to IPOP for the duration of the transplant; 

Caregivers who were caregivers > 60% of the time; and both were > 18 years of age. 
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Exclusion criteria included those patients and caregivers that were undergoing autologous 

BMT or this was the patients’ second alloBMT. Patients or caregivers who needed an 

interpreter or who were admitted to the inpatient service for the duration of the transplant 

period were not eligible for this study. 

Figure 1-4 outlines study participation. A total of 54 dyads were recruited. Of 

those 54 dyads 37 completed the study (all three measures). The reasons for the 15 dyads 

who did not complete the study were: patient died, patient was too sick to continue in the 

study, disease relapse and lost to follow-up. Out of the 54 patients who participated in the 

study 39 participated at all three timepoints. Similarly, 54 caregivers participated in the 

study while 17 dropped-out.   

 

 

Figure 1-4. Dyad participation over time.  
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 1.43 Data collection. Patients and caregivers completed surveys at three time 

points: at the time of bone marrow infusion or “Day 0” (T0); At ANC recovery (T1); and 

at discharge from IPOP (T2). Demographic characteristics were assessed at baseline for 

both caregivers and patients. Caregivers were asked to respond to distress and burden 

questions at all three time points and patients completed only questions regarding their 

distress at all three time points. Each self-report survey took about 20-30 minutes to 

complete. Initially, the surveys were delivered electronically; however, paper versions 

were also made available because patients and caregivers generally preferred them. 

Medical chart review was used to gather specific demographic information such as type 

of bone marrow transplant, type of preparative regimen and source of stem cells. 

Patients’ charts were monitored for signs of engraftment (defined as > 0.5 × 109/L for 

three days without the aid of growth factors) and for possible discharge dates. Data were 

collected and entered into REDCap. All data entered were audited weekly for accuracy.  

 1.44 Measures. In addition to sociodemographic variables, three main concepts 

were captured:  

1.441Distress. The Distress thermometer (DT) is a validated self-report 

instrument created by the National Comprehensive Cancer Network (NCCN) as a tool for 

distress screening (NCCN, 2017). The DT is congruent with the NCCN conceptual 

definition of distress and has been validated in cancer patients and caregivers (Tarvernier, 

2014). It consists of a Likert type scale containing 11 items that are summed to a total 

ranging between 0-10. The DT also includes a 39-item problem list related to specific 

aspects in the areas of practical problems, family-related problems, emotional problems, 
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spiritual/religious problems and, physical problems or symptoms that the patient or 

caregiver may be experiencing.  

Overall, the DT was found to have an area under the curve (AUC) of 0.75, and a 

cutoff score of 4 yielded the optimal ratio of sensitivity (0.80) to specificity (0.70) to 

identify distress. The DT scores were operationalized as an interval measure of the 

distress: “0” (or no distress) to “10” (a high degree of distress). As a categorical measure, 

the DT can also be used in a binary or dichotomous way. In this manner, distress yes/no 

can be ascertained; high/low distress can be used in a binary or dichotomous way. 

Finally, scores > 4 identify distress, while scores < 4 indicate that distress is not present 

(Ma, Zhang, Zhong, Shu, Wang, Wen, Zhou, Sang, Jiang & Lie, 2014). The DT has a 39-

item problem question, marking “yes” or “no” to indicate whether the problem was 

experienced in the past week (NCCN, 2017). This single question problem list focused on 

whether or not the specific symptoms were bothersome (yes/no).  

1.442 Burden. The Caregiver Burden Scale (CBS) was created by Montgomery et 

al (Montgomery et al. 1985). The CBS is divided into sub scales: objective burden scale, 

a subjective demand scale, and a subjective stress burden. The objective burden scale 

measures the extent to which caregiving activities have affected aspects of the caregiver’s 

life. Items are rated on a 5- point scale (from "a lot more" to "a lot less"). The objective 

burden scale has a Cronbach’s alpha of .87-.90 (Montgomery et al. 1985). Scores range 

from 6-30, and high burden is present if the score is ≥ 23.  

The subjective demand burden scale measures the frequency with which 

caregivers experience their care responsibilities to be overly demanding.  Items are rated 

on a 5-point scale items (from "a lot more" to "a lot less"). The subjective demand burden 
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has a Cronbach’s alpha of .68-.82 and a score range from 4-20 (Montgomery et al. 1985). 

High burden is present if the score is ≥ 15.  

Finally, the subjective stress burden measures the emotional effect of caregiving 

responsibilities on the caregiver. Like the other sub scales, the items are rated on a 5-

point scale (from "a lot more" to "a lot less"). The Cronbach’s alpha for this sub scale is 

.81-.88 (Montgomery et al. 1985). Scores range from 4-20 and high burden is present 

when the scores are ≥ 13.5. 

1.443 Absolute Neutrophil Count (ANC). ANC is an objective measure that was  

extracted from each patients’ EPIC electronic health record enrolled in the research 

study. For the purpose of this research, the ANC score is operationally defined as a value 

between 0 - 7 × 109/L.  

ANC was collected daily as part of routine complete blood count (CBC) which 

monitors bone marrow function. A CBC is collected daily when patients check into the 

clinic. The baseline ANC was collected at the time the donated bone marrow was 

transfused into the patient on day 0. The ANC at T1 was collected on the first day the 

infused bone marrow showed signs of beginning to function, a value greater than 0.5 × 

109 for three consecutive days without the aid of growth factors. Once the neutrophils 

start to increase, the patient is experiencing immune reconstitution. Finally, ANC at T3 

was collected the day the patient was discharged from the IPOP clinic.   

 1.45 Data analysis. At the end of the data entry period, the data were cleaned and 

coded appropriately. Analysis was completed using SPSS v26. Statistical analysis 

included both descriptive and inferential statistics.  
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 For aim 1, burden and distress at each time point were described using 

descriptive statistics. A Repeated Measures Analysis of Variance (RM-ANOVA) was 

used to explore changes in the individual mean scores of distress and sub-score of burden 

over time.  A Markov transition matrix was created to ascertain how the caregivers 

moved between time points. Finally, correlations between distress and the burden sub 

scores were performed at each time point.  

For aim 2, patients and caregivers distress were described at each time point. A 

Markov transition matrix was created to ascertain how the caregivers and patients moved 

between transition states individually and as a dyad. A RM-ANOVA was used to 

examine individual changes in the mean scores of distress of the patient and caregiver  

over time.  A mixed effects model was used to examine differences between patients and 

caregivers at each measurement time point. Finally, a series of linear regressions, 

including a hierarchical linear regression, was used to examine possible association 

between the number of patient symptoms and caregiver distress.   

For aim 3 Distress and ANC values for patients were described at each time point. A 

LMM was performed to explore changes in the mean scores of distress of the patient over 

time. Spearman correlation was used to examine possible correlation between distress 

scores at every time point, and ANC collected from the patients. A Markov transition 

matrix was created to examine how the patients moved between transition states of being 

distressed and not distressed at each measurement time point. A series of regressions 

were estimated to assess the possible association between ANC, distress, and symptoms 

experienced at each time point. 

1.46 Sample size analysis. An a priori sample estimation was calculated using  
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G*Power Program (Faul, Erdfelder, Buchner, & Lang, 2009). Statistical power was set to 

0.80 or 80%, α of 0.05, and a two-sided tail test. Considering the sample calculation for 

every aim, in order to observe a medium effect, we needed a minimum of 84 participants, 

or 42 dyads.  

1.5 Human subjects & Ethical Considerations 

Ethical considerations for this study included assurance of protection of human 

participants, consideration of potential hazards to participants and protection of 

participants privacy. Direct oral consent was obtained from the dyad. The researcher 

assured that each participant had all elements required for consent: capacity, information 

and voluntariness (Allen, 2017). For this particular study, capacity was an issue for some 

patients during the course of the alloBMT. If so, the participant was excluded until 

capacity returned. Once capacity returned, the participants were reconsented to ascertain 

their willingness to continue to participate in the study. The participants were informed of 

the risks and benefits of participation during the oral consent process. All studies include 

the risk of a breach of confidentiality from unpermitted disclosure of identifiable 

information to unauthorized individuals. Each returned survey was secured and only 

handled by Institutional Review Board (IRB) approved research team members. Paper 

surveys were filed and secured. The REDCap software program was used to enter and 

store data. This program is a Secure Sockets Layer (SSL) encrypted web-based 

application designed to support data capture for clinical research studies. REDCap is 

HIPAA compliant in accordance with the Health Insurance Portability and Accountability 

Act of 1996.  Finally, this work was approved under the IRB NA_0090785 at the Johns 
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Hopkins School of Medicine and University of Maryland Baltimore School of Nursing 

NHSR #HP-00087316. 

1.6 Summary   

This work is organized in five chapters. Chapter one contains general 

introduction, background literature, gaps in knowledge, aims, theoretical framework, 

methods and ethical considerations of the study. Chapters two, three and four are three 

separate manuscripts informed by each the aims presented. Chapter five summarized the 

main findings of the study, implications of these findings, limitations of the study and 

recommendations for future research. Each of the three manuscripts are complete and 

ready for submission to a peer-reviewed journal. This fulfills the “manuscript option” for 

dissertation work set forth by the graduate school at the University of Maryland School of 

Nursing, Baltimore.  
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Chapter 2 
 

 Caregiver Distress and Burden During Outpatient Allogeneic Hematopoietic Stem 
Cell Transplantation  

 
2.1 Background  

An estimated 39.8 million Americans provide care to another adult; 2.8 million 

are cancer caregivers (National Alliance for Caregiving [NAC], 2016). Cancer caregiving 

is unique because, although caring for someone with cancer may have a relatively short 

duration (compared to, for example, caring for someone with dementia), it can be more 

intense for the caregivers in terms of number of hours and tasks the caregiver spends 

performing caregiving activities. Cancer caregivers devote an average of 32.9 hours per 

week providing care, compared to an estimated 23.9 hours spent by non-cancer 

caregivers (NAC, 2016). Of the cancer caregivers, caregivers of bone marrow transplant 

patients are in an unique situation due to the course of the transplantation process. 

Caregivers for bone marrow transplant patients describe the caregiving situation as 

“riding a roller-coaster in the dark” and “one-minute things seems to be fine and then the 

next they could change dramatically” (VonAh, Spath, Nielse & Fife (2015).  

Advances in the field of cancer treatment are on the rise, including in the field of 

allogenic bone marrow transplant (alloBMT). AlloBMT is performed as a curative 

treatment for various hematologic malignancies, including leukemia, lymphoma, and 

myelomas. Inpatient stays for patients receiving bone marrow transplants have been 

replaced by outpatient bone marrow transplants in order to improve the quality of life for 

patients and to lessen the economic burden on patients and hospitals (Solomon et al, 

2009). In this outpatient setting, the caregivers have become the cornerstone of the 

outpatient alloBMT by fulfilling all the non-physician roles otherwise provided by the 
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inpatient team. Previous research has identified three major roles that caregivers assume 

during the bone marrow transplantation process: as interpreter of medical information, 

organizer of care, and provider of care (VonAh, Spath, Nielse & Fife (2015). Caregiving 

for a cancer patient can be physically, emotionally, socially, and financially demanding, 

and can put the caregiver’s health and well-being at risk (Biegel, Sales, & Schultz, 1991 

and NAC 2016). Along with the increasing responsibilities faced by caregivers of 

alloBMT comes an increase in caregiver distress and burden (Foxhall, Gaston-Johansson, 

1996).   

Caregiver burden can be defined as the extent to which meeting caregiving 

demands conflicts with the basic needs of the caregiver (Braithwaite, 1996). Burden in 

general, has been associated with an array of psychological and physical sequalae ranging 

from depression to anxiety and fatigue. A meta-analysis of the effects of burden on 

caregivers found an association between burden and depressive symptoms; burden may 

even precipitate clinical depression (del-Pino-Casado, Rodríguez-Cardosa, López-

Martínez & Orgeta, 2019). In addition to the effects of burden on psychological and 

physical aspects of the caregiver’s life, it also affects how devoted caregivers are to their 

role as caregivers. One study found that, when the caregiver experience becomes more 

burdensome, the caregiver’s commitment may decrease. (Williams, 2007). This is 

especially significant because the presence of a caregiver is closely associated with 

improved outcomes in patients undergoing alloBMT.  

  Distress, like burden, can also negatively impact the patient. Distress, as it 

relates to cancer caregiving, can be defined as “multifactorial unpleasant emotional 

experience of a psychological (cognitive, behavioral, emotional), social, and/or spiritual 
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nature that may interfere with the ability to cope effectively with cancer, its physical 

symptoms, and its treatment” (National Comprehensive Cancer Network, NCCN, 2017).  

The presence of distress in the caregiver is associated with increased risk of distress 

among cancer survivors (NAC, 2016). In addition, caregivers who experienced distress 

reported poor quality of sleep and fatigue (Zwahlen, Hagenbuch, Carley, Recklitis, &  

Buchi, (2008). Caregivers who are distressed tend to feel isolated and to engage in 

unhealthy behaviors such as alcohol consumption, lack of exercise, and smoking 

(Matthews,  Baker,  & Spillers, 2003). Caregivers that are distressed and in high burden 

situations are at risk for burnout, and at risk of failing to advocate for the patient. 

Research suggests distress is highest at beginning of the bone marrow transplantation 

period and declines over time (Fife et al, 2009). However, distress can be palpable even 

years after the alloBMT period, since the caregivers continue to provide considerable 

support even as the patient continues to improve (Simoneau, Mikulich-Gilberson, Natvig 

et al, 2013; Beattie & Lebel, 2011).  

Ensuring the well-being of the caregiver is important for various reasons: 1) 

burden and distress can have negative physical and psychological effects on the 

caregiver; 2) caregiver well-being influences patient outcomes and 3) a lack of caregivers 

limits outpatient based alloBMT. Physically, the health consequences of caring include 

higher levels of stress hormones, as well as high blood pressure and glucose levels 

(Vitaliano, Zhang & Scanlan, 2003). There is evidence that patients with a caregiver 

present throughout the bone marrow transplant process benefit from improved survival 

rates and relapse-free survival, versus those patients who do not have a caregiver present 

(Foster, McLellan, Rybicki, Dabney, Copelan & Bolwell, 2013). In addition to caregiver 
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presence improving patient outcomes, the lack of a caregiver can limit the ability to use 

outpatient based alloBMT (Frey et al, 2002). Without an able caregiver, the patient will 

be obligated to undergo bone marrow transplant in the inpatient setting.   

An improved understanding of how caregiver distress and burden occur during 

the trajectory of alloBMT is valuable for planning interventions aimed at supporting these 

essential caregivers. There is sparse literature on how distress and burden occur in the 

outpatient alloBMT setting. One of the limitations of the existing literature is that 

autologous and allogeneic transplants are examined together (Akgul & Ozdemir, 2014; 

Fife et al, 2009; Futterman et al 1996; Grimm et al, 2000; Sabo, Mcleod & Couban, 

2013). During an autologous transplant, the patient is their own donor-that is the patient’s 

bone marrow is collected, treated, and infused back into the same patient. Autologous 

transplants have a lower risk of life-threatening complications; there is no need for 

immunosuppressive therapy to prevent graft versus host disease and graft rejection (both 

common side effects of allogeneic bone marrow transplants) (Holland, Frei, & Kufe, 

2003). This means that patients undergoing autologous bone marrow transplantation will 

not be as “sick” as those who are undergoing allogeneic bone marrow transplant. 

Therefore, both the frailty experienced by an autologous transplant patient and the 

caregiving necessary to support that patient is lower than that of allogeneic bone marrow 

transplant recipients. In addition, some studies provide evidence of burden and distress 

separately, and neglect to measure both distress and burden at the same time ( Akgul & 

Ozdemir, 2014; Fife et al, 2009; Futterman et al 1996; Grimm et al, 2000; Simoneau et al, 

2013; Laudenslager et al, 2015). Furthermore, there is insufficient evidence of how 

patients move about different caregiving states during this period. Longitudinally, the 
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caregivers may repeatedly fluctuate between different levels of distress and burden. 

However, these transitions have not been examined in the literature to date.  

2.11 Research Gaps and Aims. The aim of the present study is to describe the 

caregiver burden and distress trajectories during outpatient alloBMT, and to evaluate 

movements between caregiving states throughout the transplantation period. 

2.2 Methods  

 2.21 Design  

The study was a prospective repeated measures longitudinal design.  The setting was a 

single center outpatient bone marrow transplant day unit at an NCI designated 

comprehensive cancer center. All study procedures were conducted in accordance with 

ethical guidelines and were approved by an Institutional Review Board.  

2.22 Participants  

Participants were recruited from the outpatient-based clinic.  Recruitment 

occurred between May 2018 and December 2018. Eligibility criteria included caregivers 

who were > 18 years of age who were able to understand and read English language, 

caring for a patient undergoing their first alloBMT. The caregiver was designated as a 

primary informal (non-paid) caregiver expected to provide care more than 60% of the 

time. Exclusion criteria included: caregivers of patients undergoing autologous 

transplant, caregivers needing interpreters, paid or health agency designated caregivers, 

and caregivers caring for patients that had undergone a previous alloBMT.  

2.24 Procedure. Consenting caregivers completed up to three surveys.  The 

baseline survey was designated as T0 and occurred when the patient was ready to receive 

their donated bone marrow. This day is known as “Day 0”.  A second survey (T1) was 
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given once the patient recovered their neutrophils, defined as 0.5 × 109/L for three days 

without the aid of growth factors (Keever-Taylor, 2008). The final survey (T2) was given 

to the participants once the patient was discharged from the outpatient setting.  

Caregivers completed the 20-minute self-report survey electronically via a tablet 

or in paper format if they preferred. The baseline survey assessed demographic variables, 

including age, gender, marital status, ethnicity, work status, level of education, personal 

income and caregiver’s relationship to the patient. Burden and distress were assessed at 

baseline and at the two follow-up times. 

2.25 Measures. Burden was assessed by the Caregiver Burden Scale created by 

Montgomery and colleagues (2000). Three types of burden have been identified via 

previous factor analyses of the items: objective burden, subjective demand, and 

subjective stress burden. Subscales assess the three types of burden using a five-point 

Likert response, ranging from “a lot more” to “a lot less”. The six-item objective burden 

scale captures the disruption of tangible aspects of a caregivers’ life. The score range is 6-

30, and scores above 23 can be considered high burden. The Cronbach alpha for this 

scale in this study is .90. The four-item subjective burden scale assesses the extent to 

which the caregiver finds their new responsibilities to be overly demanding. Scores range 

from 4-20, with scores above 15 indicating high burden. The Cronbach alpha for this 

scale in this study is .82. Finally, the subjective stress burden assesses the emotional 

impact of caregiving responsibilities on the caregiver. This subscale is comprised of four 

items and has a score range of 4-20. Scores above 13.5 are considered high burden. The 

Cronbach alpha for this scale in this study is .88. 
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The Distress Thermometer (DT) was created by the National Comprehensive 

Cancer Network (NCCN) as a distress screening tool (NCCN, 2017). The DT is 

congruent with the conceptual definition of distress put forth by the NCCN and has been 

validated in cancer patients and caregivers (Tarvernier, 2014). Respondents self-rate their 

level of distress in a Likert-type scale from 0 (no distress) to 10 (extreme distress). Scores 

at or above 4 are the optimal cut-off to identify distress (Ma, Zhang, Zhong, Shu, Wang, 

Wen, Zhou, Sang, Jiang & Lie, 2014). The DT also has a list of associated problems; 

however, only the distress score was used in this study. The DT has been validated in 

bone marrow transplant patients (Ransom, Jacobsen and Booth-Jones, 2006) and 

caregivers (Zwahlen, Hagenbuch, Carley, Recklitis, & Buchi, (2008).  

2.26 Analysis. Analysis was completed using SPSS v26.0. Burden and  

distress at each time point were described using descriptive statistics. A Repeated 

Measure Analysis of Variance (RM-ANOVA) was used to examine changes in the mean 

scores of distress and sub scores of burden individually over time.   Each model 

contained fixed effects terms for baseline distress/burden, time, and distress/burden level 

by time interaction. The intercept was included as a random effect.  A Markov transition 

matrix was created to ascertain how the caregivers moved between caregiving state at 

each time points. Finally, correlations between distress and the burden sub scores were 

performed at each time point. All correlations were examined based on an alpha value of 

0.05. Holm corrections were used to adjust for multiple comparisons.   

2.3 Results  

2.31 Sample Characteristics and Response. Most of the caregivers were 

spouses (70%) followed by other family members (such as in-laws) 15%, and children of 
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the patient (9%). The ages ranged from 27 to 77, averaging at 57.86 (SD = 12.17) years. 

The sample was predominantly female (65%) and married (87%). Most (72%) of the 

caregivers were white (not of Hispanic origin), followed by black 15% (not of Hispanic 

origin), Asian or Pacific Islander (7%) and Hispanic (6%). Almost a quarter of the 

caregivers (22%) finished high school, 22% completed college or university, 30% had 

some college or university and 26% completed graduate or professional school. Most 

caregivers worked full time (39%), followed by caregivers that were retired (30%). A 

plurality of caregivers had a personal income of greater than 100K (20%), with the 

second-largest group of caregivers having a personal income of 40-80K (19%), and 15% 

reporting a personal income of 60-80K. Some caregivers (13%) refused to share financial 

information.  

A total of 54 caregivers participated at baseline (T0). At T1, participation among 

caregivers remained high, with 40 people or 74% of the caregivers still participating. At 

T2, 35 caregivers, or 65% of the baseline sample, continued to participate and completed 

the survey. In other words, 65% of the sample completed the survey at all three time 

points.  Reasons for attrition included: disease relapse, patient caring for was too sick to 

continue, succumbed to complication of transplant, and loss to follow-up. No significant 

differences in the distribution of age, sex, marital status, ethnicity, highest education 

obtained, personal income and relationship with patient were detected over time between 

those who remained in the sample versus those lost to follow-up. 

2.32 Distress & Burden Across Time. Caregiver distress is highest at the 

beginning of the transplant process and decreases over time.     
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Table 2-1 
 
Summary Statistics Table for Distress and Burden Sub-Scores  

Variable M SD SEM Min Max Skewness Kurtosis 
DistressScore_T0 5.04 2.84 0.39 0.00 10.00 -0.12 -0.97 
DistressScore_T1 4.72 2.80 0.44 0.00 9.00 -0.36 -1.12 
DisressScore_T2 4.20 2.86 0.48 0.00 10.00 0.09 -1.17 
        
Objective_Burden_T0 21.14 3.11 0.42 10.83 25.00 -0.92 0.74 
Objective_Burden_T1 21.12 3.36 0.51 15.00 25.00 -0.45 -1.14 
Objective_Burden_T2 20.07 3.87 0.62 11.67 25.00 -0.44 -0.95 
        
Subjective_Demand_Burden_T0 14.44 3.05 0.42 5.00 20.00 -1.15 1.98 
Subjective_Demand_Burden_T1 14.48 3.71 0.57 5.00 21.25 -1.15 1.53 
Subjective_Demand_Burden_T2 14.36 3.95 0.64 5.00 25.00 -0.21 1.21 
        
Subjective_Stress_Burden_T0 18.26 2.80 0.38 11.25 25.00 0.08 -0.11 
Subjective_Stress_Burden_T1 17.41 3.57 0.54 6.25 25.00 -0.39 0.72 
Subjective_Stress_Burden_T2 16.79 4.45 0.71 5.00 25.00 -0.29 0.12 

 

As seen in table 2-1 and figure 2-1, the average of the distress score at baseline was 5.04 

(SD = 2.84). At T1, the mean distress score was 4.72 (SD = 2.80) and at T2, the average 

distress score was 4.20 (SD = 2.86). On average, caregivers were distressed at every time 

point but there was a downward trajectory in distress reflecting improvement over time.  

The RM-ANOVA showed that the difference between distress scores across time 

was not significant F(2,62)= 0.90, p= .411 even after adjusting for the violation of the 

Mauchly’s test of sphericity assumptions using the Greenhouse-Geisser correction. A 

Friedman rank sum test was also conducted, which does not require sphericity 

assumption (Conover & Iman, 1981).  The results of the Friedman test also were not 
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significant, based on an alpha value of 0.05, χ2(2) = 1.05, p = .593, indicating no 

significant differences in the median values of distress scores across time.   

  Figure 2-1. Caregivers mean distress scores at T0, T1 and T2. Scores above the solid  
  line denote high distress.  
 

 All three burden sub scores, like distress, started out high but decreased over time 

(Table 2-1, Figure 2-2). The objective demand burden scores were skewed, ranging from 

6-30. The mean score across the three time points was fairly stable, as shown in Figure 2-

2A: 21.14 (SD=3.11) at baseline, 21.12 (SD=3.36) at T1, and 20.07 (SD=3.87).  
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    Figure 2-2. Caregivers mean (A) Objective Demand Burden Scores (B) Subjective  
    Demand Burden Scores and (C) Subjective Stress Burden at T0, T1 and T2. Scores    
    above dashed line denote high burden. 

(A)

(B)

(C)
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On average, all three objective demand burden scores were just shy of crossing the 

threshold score of 23, denoting high burden, as established by the creators of the tool. 

Subjective demand scores were stable at all three time points. As shown in Figure 2-2B, 

the mean score at T0 was 14.44 (SD=3.05), 14.48 (SD=3.71) at T1 and 14.36 (SD=3.95) 

at T2. The mean score was very close to the threshold score of 15, denoting a high 

subjective demand burden. On the other hand, subjective stress burden scores declined 

over time (Figure 2-2C). At baseline, the mean score was 18.26 (SD=2.80), at T1 17.41 

(SD=3.57) and at T2 16.79 (SD=4.45). On average, the mean subjective stress burden 

scores at all time points were well above the 13.5 threshold denoting constant high 

burden. This indicates that, for this particular sample, the aspect of caregiving that was 

the most difficult to deal with involved coping with anxiety regarding the caregiving 

situation, and stress in the relationship with the person for whom they were caring. 

RM-ANOVA was also used to examine the difference between caregiver burden 

sub scores across time. The results were not significant for the objective demand score 

F(2,72) = 2.40, p = .098, the subjective stress burden F(2,72)= 2.61, p= .080 or the 

subjective demand burden score F(2,70)= 0.18, p= .838. The objective demand score and 

the subjective demand score violated Mauchly’s test of sphericity. Therefore, a Friedman 

rank sum test was also conducted, which does not require sphericity assumption.  The 

results of the Friedman test also were not significant based on an alpha value of 0.05. The 

result of the Friedman test for the objective demand score was χ2(2) = 5.24, p = .073; the 

result for the subjective demand score was χ2(2) = 0.90, p = .638. Both results indicate no 

significant differences in the median values of these burden sub scores across time.  



 41 

Since burden and distress probably do not act independently of each other over 

time, a Markov transition matrix was created to observe movements between caregiving 

states throughout the transplantation period. Caregiver states were categorized based on 

the following combinations (Figure 2-3): (1) High distress/high burden, (2) High 

distress/Low burden (3) Low distress/Low burden and (4) Low distress/High burden. 

High distress was defined as any caregiver who scored > 4 in the DT scale. Caregivers 

were classified as having high burden if they had score denoting high distress in >2 of the 

sub scores of burden.  

Figure 2-3. Caregiver Markov Transition Probability Matrix (A) From T0 to T1 and (B) 
From T1 to T2. 

 

At baseline, 31% of the caregivers were in the high distress/high burden category; 

40% were in the low distress/low burden category; 15% were in the high distress/low 

From State /To State 
High Distress/ 
High Burden 

High Distress/
Low Burden

Low Distress/
Low Burden 

Low Distress/
High Burden 

High Distress/High Burden 0.67 0.25 0.08 0.00

High Distress/Low Burden 0.17 0.00 0.67 0.17

Low Distress/Low Burden 0.20 0.27 0.33 0.20

Low Distress/High Burden 0.50 0.17 0.00 0.33

P=

A) From T0 to T1

B) From T1 to T2

From State /To State High Distress/ 
High Burden 

High Distress/
Low Burden

Low Distress/
Low Burden 

Low Distress/
High Burden 

High Distress/High Burden 0.42 0.08 0.25 0.25

High Distress/Low Burden 0.14 0.71 0.14 0.00

Low Distress/Low Burden 0.00 0.25 0.75 0.00

Low Distress/High Burden 0.33 0.00 0.67 0.00

P=
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burden category; and, 13% were in the low distress/high burden category. The 

probabilities of possible caregiver state changes are illustrated in Figure 3.  For state 

transitions between T0 and T1, caregivers who were in a high distress/high burden 

situation at baseline had a very high probability (.67) of staying in that same situation at 

T1, and a very low probability (.17) of moving to a high distress/low burden situation. 

However, there was some movement to a low distress/low burden situation (probability 

of .20), and low distress/high burden situation (probability of .20). While most of the 

caregivers that started in high distress/high burden stayed there between T0 and T1, all of 

the caregivers that started with high distress/low burden moved from that state. The 

largest influx probability was from high distress/low burden to low distress/low burden 

with a .67 chance of movement between those states.  

 From T1 to T2, the probability of a caregiver in a high distress/high burden state 

remaining in the same state is .42. There is a .08 probability that the caregiver moves to a 

high distress/low burden situation, while there is a .25 probability of the caregiver to 

move to a low distress/low burden situation. The probability of a caregiver moving to a 

low distress/high burden situation state is .25.  Most caregivers that started in the low 

distress/low burden stayed in that state (.75), while the largest influx was from low 

distress/high burden to low distress/low burden (.66).  

 The results of the Markov transition matrix demonstrate that caregiving for an 

alloBMT patient is a dynamic experience. Caregivers repeatedly transitioned between 

different states, although the greatest density of transitions at all time points was from a 

state back to itself. The most densely populated caregiving states were high distress/high 
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burden and low distress/low burden. The probabilities of staying within those states was 

higher than moving to a different state.  

2.32 Relationship between Burden and Distress. At every time point, the 

correlation between burden sub-scores and distress was comparable and indicated a 

moderate effect size. Positive correlations were observed between distress scores and 

objective demand burden at T0 (rp = 0.41, p = .002; moderate effect size), T1(rp = 

0.34, p = .029; moderate effect size) and T2 (rp = 0.40, p = .016; moderate effect size). 

This particular burden sub-score burden is related to higher distress scores at all time 

points.  

Another positive correlation was found between distress and subjective stress 

burden at T0 (rp = 0.62, p < .001; large effect size), T1 (rp = 0.64, p < .001; large effect 

size) and T2 (rp = 0.54, p < .001; large effect size). Like objective demand burden, 

subjective stress burden is also related to higher distress scores.    

2.4 Discussion  

To the author’s knowledge, this is the first observational longitudinal study that 

sought to observe the path of distress and burden in caregivers during the peri-allogeneic 

transplant period; there appear to be no previous studies on the observed distress and 

burden during this timeframe. First, burden and distress were present all time points. This 

indicates that the entire peri-alloBMT from baseline until discharge from the clinic tends 

to subject the caregiver to distress and burden. Fluctuation between time periods was also 

observed, suggesting that the association between distress and burden changes over the 

course of transplant. From general disruption of the caregiver’s life due to caring 

responsibilities to coping with transplant side effects, distress and burden are not only 
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present but also fluctuating, making it challenging to create one type of intervention to 

address caregiver distress and burden. In addition, the distress and burden endured during 

the allo-BMT period does not stop after the caregiving responsibilities are done.  Nearly 

25% of allo-BMT patient endure chronic consequences of allo-BMT and require frequent 

help from the caregivers (Wulff-Burchfield, Jagasia, & Savani, 2013). 

The baseline period (T0) seems-for both distress and burden - to be the worst time 

during the bone marrow transplant journey. This suggests that at the beginning of the 

alloBMT period, the caregiver is likely to experience the highest distress, with a 

downward trajectory in distress reflecting improvement over time. This is congruent with 

findings from other studies. Bevans and colleagues (2011), who also used the DT scale to 

evaluate the presence of distress longitudinally (before transplant, at discharge and six 

weeks post discharge), observed heightened distress at the same point in time: They 

reported a mean caregiver distress score of 4.7which is comparable to the mean score of 

5.0 found in this study. The results presented in the Bevans study similarly followed the 

scores reported in this work. Distress was the highest at the beginning and then 

diminished as time went on (Bevans, Wehrlen, Prachenko, Soeken, Zabora & Wallen, 

2011). Similarly, Simoneau and colleagues (2013) found in a cross-sectional study that 

caregivers of patients undergoing transplants demonstrated high levels of distress at the 

beginning of transplant. At baseline, only subjective stress burden - the emotional impact 

of caregiving responsibilities - was high enough to be classified high burden. Objective 

burden and subjective demand burden were somewhat elevated, but not enough to be 

considered high burden. According to the Montgomery-Borgatta scale, high subjective 

stress burden signals stress in the relationship between the patient and caregiver, as well 
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as nervousness and anxiety related to the transplant process (Montgomery & Stull and 

Borgatta, 1983).  

At T1 and T2, distress and burden both decreased relative to the baseline. 

However, for distress, the caregiver’s mean score remained above the established cut-off 

of 4 (Cutillo, O'Hea, Person,  Lessard, Harralson, & Boudreaux, 2017). Intriguingly, 

neither the objective demand score nor the subjective demand score demonstrated high 

burden at any of the time points. Subjective stress burden - the emotional impact of 

caring responsibilities on the study participant - indicated high burden at all time points. 

This indicates that, for this particular sample, the aspect of caregiving that was the most 

difficult to deal with involved coping with anxiety about the caregiving situation and 

stress in the relationship with the person for whom they are caring.  

This finding highlights the emotional turmoil the caregivers endure during the alloBMT 

period. A mixed method exploratory evidence supports the finding of emotional turmoil. 

Sabo, Mcleod & Couban described the experience of  one of the caregivers who 

participated in their mixed methods study. The caregiver described the experience of 

undergoing bone marrow transplant as one of uncertainty. The patient expressed these 

feelings because no one - not even the medical personnel - could re assure her that 

“everything was ok” and “no one has an [definitive] answer” (Sabo, Mcleod & Couban, 

2013).  

2.41 Study Limitations. The study had some limitations that are important to 

discuss. First, this study relies on self-report assessments, which can introduce bias that is 

unrelated to the construct measured. The sample was a convenience sample and as such 

bias could have been introduced.  Self-selection bias also needs to be considered as those 
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caregivers who opted to participate may have been less distressed and burdened, and thus 

more willing to participate. The majority of the sample was homogenous.  Single site 

results may also affect generalizability of the results. Attrition is also important to 

mention as some participants left the study prematurely. In this study, the differences 

between those in the original sample and those who remained were tested. This was done 

to ensure that the participants who dropped out were not systematically different from 

those who remained in the study. Fortunately, as mentioned above, there were no 

significant differences in the variables tested. This means that any bias was not 

systematic.  

2.5 Conclusion  

 2.51 Future research. One consideration for future research would be to examine 

distress and burden from the time of diagnosis with a hematologic malignancy until the 

post-allo BMT period. This would allow for better understanding of the overall trajectory 

from start of illness until resolution. Another consideration would be a comparison of 

longitudinal distress and burden measures between inpatient-based versus outpatient-

based alloBMT caregivers to examine how caregiver distress differs depending on the 

settings the patients are receiving the alloBMT. Finally, future research can explore the 

dynamicity of caregiving during alloBMT by employing Markov transition matrix to 

explore intensity levels while caregiving. Probabilities and transition have been used to 

examine other aspects of caregiving such adaptation to the role of caregiver. For 

example, Seltzer and Li, used transition probabilities to assess the movement in to and 

out of the caregiving role as the caregivers adapted to caregiving as a ‘career’ (Seltzer & 

Li, 2000). Same pair of researchers also employed transition probabilities to explore 
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which factors such as type of caregiving onset (abrupt or gradual) influences the 

transition into the caregiving roles (Seltzer & Li, 1996). The exact time in which the 

caregiver enters into an agreement to provide care can be explored further to improve 

understanding of how caregivers embraced the role and if they adapt to the role.   

2.52 Clinical implications. Understanding distress and burden, and how 

caregiving exacerbates them, is an important piece of information, particularly as 

outpatient based alloBMT clinics become more prevalent. Evaluating the interplay 

between caregiving state transitions allows for a better understanding of temporal aspects 

of caregiving during the outpatient alloBMT period. This study presents evidence that the 

overall caregiving experience is not static.  
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Chapter 3 
 

Changes and Transitions of Caregiver and Patient Distress During Outpatient Peri-
Allogeneic Hematopoietic Stem Cell Transplantation Period  

 
3.1 Background  

Allogeneic Bone Marrow Transplantation (alloBMT) is the only intention-to-

cure treatment for hematologic malignancies such as leukemia and lymphoma. In 2016, 

the United States had an estimated 1.7 million new cases of cancer (National Cancer 

Institutes, NCI, 2017). It is estimated that, in 2017, 9,284 adult allogeneic transplants 

were performed in the United States (Milliman, 2017). Originally, bone marrow 

transplantation was performed in the inpatient setting.  Patients would remain admitted 

until successful engraftment (anywhere from 15 to 30 days and sometimes longer) 

because discharging a patient before the donated bone marrow started working was 

deemed dangerous.  Patients would be monitored around the clock by the medical team 

for complications such as infection, bleeding and anemia. This intensive inpatient care is 

costly. More recently, long in hospital stays for patients receiving bone marrow 

transplants have been replaced by outpatient bone marrow transplants in order to improve 

quality of life for patients and lessen the economic burden on patients and hospitals. But 

with this new approach, much of the medical care is transferred from the medical team to 

an informal caregiver during the peri-transplant period. Caregivers include spouses, 

parents, siblings, partners, children and friends who are closely involved in the patient’s 

care (Applebaum, 2016) The informal caregiver has to be available for significant 

amount of time (months to years) and is required to perform tasks that may be physically, 

emotionally, socially, or financially demanding (Biegel, Sales & Schultz, 1991). Major 

transplant centers have patient and care-partner agreements that outline the role of the 
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caregiver, which include but are not limited to: dependable 24-hour care, communicate 

with the BMT team when there is a problem (for example: fevers, bleeding, changes in 

mental state, severe nausea and vomiting, or uncontrolled pain), transport the patient to 

and from the transplant clinic as needed, care for the central venous catheter, assist with 

medications and intravenous medications and nutritional needs, including possible 

intravenous nutrition (Cleveland Clinic, 2017).Once the caregiver accepts the role of 

caregiver, the patient-caregiver pair becomes a dyad.  

Undergoing alloBMT, is a unique experience for both the patient and the 

caregiver and they can both experience distress. Distress is defined as “multifactorial 

unpleasant emotional experience of a psychological (cognitive, behavioral, emotional), 

social, and/or spiritual nature that may interfere with the ability to cope effectively with 

cancer, its physical symptoms, and its treatment” (National Comprehensive Cancer 

Network NCCN, 2017).  For the patient undergoing alloBMT, feeling distressed can stem 

from cancer-related fears (treatment or procedures, uncertain disease course, medication 

side effects, transplant related mortality) and symptom burden (pain, fatigue, insomnia) 

(Traeger, Greer, Fernandez-Robles, Temel, & Pirl, 2012). Caregivers’ distress can stem 

from increased responsibilities, such as helping with patient activities of daily living 

(ADLs), providing emotional support, performing extra household tasks, providing 

transportation, running errands, and monitoring patient symptoms (Stenberg, Ruland, & 

Miaskowski, 2010). Caregiving for an alloBMT patient can put the caregiver at risk for 

distress as the patients undergoing alloBMT are among the most vulnerable and acutely 

ill cancer populations (Bevans, Mitchell, & Marden, 2008). Distress is experienced by the 

caregiver starting before the transplant period (Simoneau, Mikulich-Gilbertson, Natvig, 
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Kilbourn, Spradley, Grzywa-Cobb, R., … Laudenslager, 2013) and extending well after 

the patient recovers (Boyle et al., 2000). Some research has suggested that the distress 

level of the caregiver is often higher than the distress in the patient (Braun et at, 2007; 

Mathews, 2003; Grundfeld et al, 2004; Janda et al, 2007), and distress can fluctuate 

depending on patient symptoms and complications during the alloBMT process. For 

example, complications related to alloBMT can lead to unscheduled hospital admissions, 

which in turn can increase caregiver distress (Grant, Cooke, Bhatia, & Forman, 2005).  

Although distress can stem from different aspects within the dyad, the alloBMT 

process induces mutuality of distress. Mutuality is defined by Webster’s dictionary 

(2018) as “sharing of sentiments.” Dyad studies have consistently demonstrated this 

sharing of sentiments. For example, previous research found that the presence of anxiety 

disorders in one member of the dyad increases the likelihood of an anxiety disorder in the 

partner (Bambauer et al., 2006). Moreover, a dyadic meta-analysis found a significant 

relationship between cancer patients’ and caregivers’ distress.  The analysis found that 

distress felt by the partner implies a mutuality in response to the situation the dyad is 

going through (Hodges, Humphris, & Macfarlane, 2005). The association noted in this 

meta- analysis confirms the findings of earlier studies that if one partner in the dyad 

experiences distress, then the partner will likely experience it as well (Manne, 1998). 

Moreover, although there are many studies addressing the distress patient/caregiver dyad, 

research in the area of dyads undergoing alloBMT in the outpatient setting remains 

limited. Much of the available research focuses on measures either before alloBMT or 

long after patient and caregiver have undergone transplant. The available research lacks 

clarity on the distress trajectory as the dyad goes through the outpatient alloBMT process.   
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3.11 Research Gaps and Aims. The Interdependence theory provides a useful 

framework for examining individual and interpersonal bidirectional influences between 

caregiver and patient during the alloBMT. The interdependent process-a main component 

of the theory-refers to the interaction as the dyad moves through the alloBMT process 

and how the patient and the caregiver react to different situations related to the journey.  

This longitudinal repeated measure study focuses on caregiver and patient distress as the 

interdependent process during outpatient alloBMT and examines whether the distress 

remains constant or fluctuates with time.  The purpose of this study was to: (1) Describe 

caregiver and patient distress longitudinally and (2) Evaluate transitions in patient and 

caregiver distress during the peri-transplantation period.  

3.2 Methods  

 3.21 Design  

The study design was a prospective repeated measures observational longitudinal 

design.  The setting was an outpatient bone marrow transplant day unit at an NCI 

designated comprehensive cancer center. The Institutional Review Board approved the 

study and all procedures were conducted in conformance to ethical guidelines. All 

participants provided informed consent for participation. 

3.22 Participants  

Participants were recruited from a single outpatient-based clinic.  Recruitment 

occurred between May 2018 and December 2018. Eligibility criteria included caregivers 

and patients who were > 18 years of age; the patient also had to be undergoing their first 

alloBMT and able to understand and read English. In addition, the caregiver had to be 

designated as a primary informal (non-paid) caregiver, and to provide care more than 
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60% of the time. Exclusion criteria included: caregivers of patients and patients 

undergoing autologous transplant, caregivers or patients needing interpreters, paid or 

health agency designated caregivers, and caregivers and patients that already have 

undergone an alloBMT.  

3.23 Procedure. Consenting caregivers and patients completed up to three 

surveys at designated time points.  The baseline survey was designated as T0 and 

occurred when the patients were ready to receive the donated bone marrow. This day is 

commonly known as “Day 0”.  A second survey (T1) was given once the patient 

recovered their neutrophils, defined as 0.5 × 109/L for three days without the aid of 

growth factors (Keever-Taylor, 2008). Neutrophil recovery is a signal of proper bone 

marrow function. The final survey (T2) was given to the participants once the patient was 

well enough to be discharged from the outpatient setting.  

Caregivers and patients completed the 20-minute self-report survey electronically 

via a tablet or in paper format if they preferred. The baseline survey assessed 

demographic variables, including age, gender, marital status, ethnicity, work status, level 

of education, personal income, and caregiver’s relationship with patient. Other patient 

variables assessed at baseline type of bone marrow transplant and type of bone marrow 

conditioning. 

3.22 Measures.  Distress was assessed using the Distress Thermometer (DT). The 

DT is a validated self-reporting instrument created by the National Comprehensive 

Cancer Network (NCCN) as a tool for distress screening (NCCN, 2017). The DT is 

congruent with the conceptual definition of distress put forth by the NCCN, and has been 

validated in cancer patients and caregivers (Tarvernier, 2014). The DT is a one item 



 53 

Likert scale that ranges from 0 (no distress) to 10 (extreme distress). The DT also has a 

list of associated problems (patient symptoms) with a dichotomous response (yes/no). 

The DT was validated in bone marrow transplant patients (Ransom, Jacobsen and Booth-

Jones, 2006) and caregivers (Zwahlen, Hagenbuch, Carley, Recklitis, &  Buchi, 2008). In 

addition to using distress as an interval variable, the scores can be categorized to denote 

high distress (scores greater than 4) and low distress (scores below 4). A meta-analysis of 

the DT established that scores at or above 4 are the optimal cut-off to identify distress 

(Ma, Zhang, Zhong, Shu, Wang, Wen, Zhou, Sang, Jiang & Lie, 2014). 

Sociodemographic details were collected using self-reported data on age, gender, 

marital status, ethnicity, work status, level of education, personal income, and caregiver’s 

relationship with the first questionnaire. Stem cell source and conditioning regimen was 

collected via medical record review.    

3.24 Analysis. Analysis was completed using SPSS v26.0. The sample was 

described using descriptive statistics. A Markov transition matrix was created to ascertain 

how the caregivers and patients moved between transition states. A correlation between 

distress of the patient and distress of the caregiver scores was performed at each time 

point.  A Repeated Measures Analysis of Variance (RM-ANOVA) was performed to 

explore changes in the mean scores of distress of the patient and caregiver individually 

over time.  A Mixed model was used to examine differences between patients and 

caregivers at each measurement time point. The p-values for the within-subjects factor 

and the interactions with the within-subjects factor were calculated using the 

Greenhouse-Geisser correction to adjust for the violation of the sphericity assumption.  
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3.3 Results  

 3.31 Sample Characteristics and Response. Patients had an average age of 

55.10 (SD = 14.28). For Caregivers, the average age was 57.86 (SD = 12.17). Table 3-1 

contains the breakdown of all the nominal variables at baseline. For patients, the overall 

the sample was predominantly female (56%) and married (81%). The majority of the 

caregivers (71%) of the patients were white (not of Hispanic origin) followed by black 

15% (not of Hispanic origin). Only 17% had some college or university while 35% had 

completed graduate or professional school. Most of the patients were retired (28%), and a 

slightly smaller percentage worked full time (26%). About 33% of patients had taken 

leave of absence. A plurality of patients reported a personal income of greater than 100K 

(21%), with the second largest group having a personal income of 20-40K (19%). 11% of 

the patients refused to share financial information. Most of the patients (96%) had non-

myeloablative conditioning. The majority of patients had haploidentical transplants 

(70%), while matched unrelated donor (MUD) (19%) was the second most common type 

of transplant.  

Most (72%) of the caregivers were white (not of Hispanic origin), followed by 

black 17% (not of Hispanic origin), Asian or Pacific Islander (6%) and Hispanic (6%). 

About 30% reported some college or university and 26% completed graduate or 

professional school. Most caregivers worked full time (39%), followed by caregivers that 

were retired (30%). Most caregivers had a personal income of greater than 100K (20%), 

with the second largest group of caregivers having a personal income of 40-80K (19%). 

13% of caregivers refused to share financial information. Most caregivers were spouses 
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(70%), followed by other family members (such as in-laws) (15%), and children of the 

patient (9%).  

Table 3-1 
 
Frequency Table for Nominal Variables 

Variable Patient Caregiver 

Sex     
    Female 24 (44%) 35 (65%) 
    Male 30 (56%) 19 (35%) 
Marital Status     
    Married 44 (81%) 47 (89%) 
    Single 6 (11%) 3 (6%) 
    Other  4 (7%) 3 (6%) 
Ethnicity     
    White, not of Hispanic Origin 37 (71%) 39 (72%) 
    Black, not of Hispanic Origin 9 (17%) 8 (15%) 
    Other  6 (11%) 7 (13%) 
Highest Education     
    Graduate or Professional 16 (30%) 14 (26%) 
    Completed College or University 19 (35%) 12 (22%) 
    Some College or University 9 (17%) 16 (30%) 
    Vocational (Technical) Education 3 (6%) 0 (0%) 
    High School (up to grade 12) 7 (13%) 12 (22%) 
Employment Status     
    Retired 15 (28%) 16 (30%) 
    Full-Time 14 (26%) 21 (39%) 
    Self-Employed 3 (6%) 3 (6%) 
    Leave of Absence 18 (33%) 6 (11%) 
    Part-Time 0 (0%) 4 (7%) 
   Other  3 (6%) 4 (7%) 
Current Personal Income     
    Refuse to answer 6 (11%) 7 (13%) 
     20,000 or less  5 (9%) 6 (11%) 
    20,001-40,000 10 (19%) 5 (10%) 
    40,001-60,000 7 (13%) 10 (19%) 
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Variable Patient Caregiver 
    60,001-80,000 6 (11%) 8 (15%) 
    80,001-100,000 8 (15%) 5 (10%) 
    Greater than 100,000 11 (21%) 11 (21%) 

 

Table 3-2 reports selected sample changes as attrition happened. For patients, the 

attrition rate at T1 and T2 was less than the attrition rate of the caregiver. Of the patients 

that did not continue on the study, 58% were distressed, which is similar to the 

percentage of the distressed caregivers (55%) who did not complete the study. Of those 

patients that were distressed, 29% did not complete the T1 measure; therefore, 71% 

completed the T1 measure despite high distress. For caregivers, 56% did not complete 

measure at T1, and 33% completed the measure but were also in the high distress 

category and did not complete the survey at T2. 

Table 3-2 

Variation of Sample by Time  

 T0 T1 T2 

Age    

Patients  55.15 (SD±4.46) 54.86 (SD±14.58) 53.62 (SD±14.71) 

Caregivers  57.79 (SD±12.40) 57.66 (SD±12.86) 59.36 (SD±11.35) 

Sample Size (n)    

Patients 51 46 41 

Caregivers 52 40 35 

Attrition Rate (%)    

Patients N/A 10 % 11% 

Caregiver  N/A 23% 13% 

Distressed %    

Patient 63% 52% 39% 

Caregivers 60% 60% 51% 
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 T0 T1 T2 

Not Distressed %     

Patient  37% 48% 61% 

Caregiver  40% 40% 49% 

 

Due to attrition, the categorical variables of sex, marital status, ethnicity, highest 

education and employment status were tested for significant differences between the 

expected frequencies from baseline and the observed frequencies at T1 and T2. The 

results indicate that those who dropped out were not significantly different from those 

participants who continued the study.   

3.32 Estimated prevalence of distress over time. A decrease in the proportion of 

distress among patients was seen overtime. At baseline, 64% of the 50 patients providing 

data were distressed. At T1 52% of the 46 patients were distressed, and at T2 39% were 

distressed. For caregivers, the proportion of distressed participants was similar to that of 

the patients, with 60% of the 51 caregivers providing data. At T1, the proportion of 

distressed caregivers remained constant, with 60% indicating high distress. Finally, at T2 

the proportion of distressed caregivers was lower but still represented about half of the 

caregivers. Table 3-3 reports detailed distress scores by time and group 

(patient/caregiver).  
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Table 3-3 

Summary Statistics Table for Interval and Ratio Variables by Patient Or Caregiver 

Variable M SD n SEM Min Max Skewness Kurtosis 
Distress Score at T0                 
    Patient 5.63 3.29 51 0.46 0.00 10.00 -0.09 -1.24 
    Caregiver 5.04 2.84 52 0.39 0.00 10.00 -0.12 -0.97 
Distress Score at T1                 
    Patient 4.39 2.91 46 0.43 0.00 10.00 0.16 -0.83 
    Caregiver 4.72 2.80 40 0.44 0.00 9.00 -0.36 -1.12 
Distress Score at T2                 
    Patient 3.39 2.38 41 0.37 0.00 7.00 0.13 -1.32 
    Caregiver 4.20 2.86 35 0.48 0.00 10.00 0.09 -1.17 

 

3.33 Transitions of patient and caregivers distress over time. A Markov 

transition matrix was created to observe the movements of caregivers and patients 

between distressed and non-distressed states throughout the alloBMT period.  In figure 3-

1, the states were categorized as follows: (1) High Distress (2) Low Distress. Figure 3-1 

contains the probabilities of possible patient and caregiver states changes from baseline 

(T0) to T1 and T1 to T2 individually.  From baseline to T1, for both patients and 

caregivers, there was a greater chance of remaining in the state they started with. For 

example, patients and caregivers had a probabilities of .62 and .67 respectively of 

remaining in the high distress state in which they began. Similarly, patients and 

caregivers had probabilities of .67 and .53 of remaining in the low distress state. The 

probability of transitioning from a high distress to a low distress state was highest among 

caregivers .47 compared with patients .38. 

From T1 to T2, the most significant finding is that both patients (.74) and 

caregivers (.71) had a high probability of remaining in the low distress state. Patients had 
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the highest probability of transitioning from the high distress state into the low distress 

state (.47). Although the transition probability for caregivers from a high distress state to 

a low distress state is not as high as the patients, the transition into a low distress state 

had a higher probability (.37) than the transition into the high distress state (.29).  

Figure 3-1. Markov Transition probability matrix for patients (A and B) and Caregivers 
(C and D)  

In addition to individual transitions between states, a separate transition matrix 

was created for dyads. The possible states for this dyad transition matrix were categorized 

as follows (Figure 3-2): (1) High Distress Patient/High Distress Caregiver (2) Low 

Distress Patient/High Distress Caregiver (3) Low Distress Patient/Low Distress Caregiver 

and (4) High Distress Patient/Low Distress Caregiver. From T0 to T1, the probabilities 

that the dyad remains in the same state as baseline were similar. Dyads that were 

comprised of high patients’ distress/high caregiver distress and low patient distress/low 

From State /To 
State 

High 
Distress 

Low
Distress 

High Distress 0.62 0.38

Low Distress 0.33 0.67

P=

A) Patient From T0 to T1

B) Patient From T1 to T2

From State /To 
State 

High 
Distress 

Low 
Distress 

High Distress 0.53 0.47

Low Distress 0.26 0.74

From State /To 
State 

High 
Distress 

Low 
Distress 

High Distress 0.63 0.37

Low Distress 0.29 0.71

From State /To 
State 

High 
Distress 

Low 
Distress 

High Distress 0.67 0.33

Low Distress 0.47 0.53

P=

P=

P=

C) Caregiver  From T0 to T1

D) Caregiver  From T1 to T2



 60 

caregiver distress remained in that same state with probabilities of .41 for the dyad which 

the patient and the caregiver were in high distress and .43 for the dyad comprised of low 

distress both in the patient and the caregiver. The biggest transition was from the state in 

which the patient was low distress and the caregiver was high distress into a state in 

which both the patient and the caregiver were in a low distress state (.50).  

Figure 3-2. Markov Transition probability matrix for patient/caregiver dyads (A) From 
T0 to T1 and (B) From T1 to T2 
 

From T1 to T2, the highest probability of remaining in the same state occurred in 

the state comprised of a low distressed patient and caregiver dyad (.50); that same state 

had the largest influx of dyads, with a .50 probability of transitioning into that state. 

Moving from a low distressed patient and caregiver state to either high patient 

From State /To State 
High Patient Distress/

High Caregiver 
Distress 

High Patient Distress/
Low Caregiver 

Distress  

Low Patient Distress/
Low Caregiver 

Distress

Low Patient Distress/
High Caregiver 

Distress 

High Patient Distress/
High Caregiver Distress 0.41 0.12 0.18 0.29

High Patient Distress/
Low Caregiver Distress 0.40 0.00 0.40 0.20

Low Patient Distress/
Low Caregiver Distress 0.14 0.43 0.43 0.00

Low Patient Distress/
High Caregiver Distress 0.17 0.00 0.50 0.33

P=

A) From T0 to T1

B) From T1 to T2

P=

From State /To State 
High Patient Distress/

High Caregiver 
Distress 

High Patient Distress/
Low Caregiver 

Distress  

Low Patient Distress/
Low Caregiver 

Distress

Low Patient Distress/
High Caregiver 

Distress 

High Patient Distress/
High Caregiver Distress 0.44 0.22 0.22 0.11

High Patient Distress/
Low Caregiver Distress 0.00 0.25 0.50 0.25

Low Patient Distress/
Low Caregiver Distress 0.10 0.20 0.50 0.20

Low Patient Distress/
High Caregiver Distress 0.22 0.00 0.33 0.44
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distress/low caregiver distress or low patient distress/high caregiver state had the same 

probability of .20. 

 3.34 Changes in distress score over time. Mean distress scores for both patients 

and caregivers decreased over time (Figure 3). For patients, the distress scores at T0 had 

an average of 5.63 (SD = 3.29) while the caregiver distress scores at T0 had an average of 

5.04 (SD = 2.84). Both of the scores were above the cut off for the presence of distress.  

At T1, the patients’ distress scores decreased sharply by 1.24 units (M=4.39; SD = 2.91) 

while the caregiver decreased by only 0.32 unit (M=4.72; SD=2.80). Although the patient 

mean distress score was higher than the caregivers at baseline, the decrease was 4-fold 

compared to the caregivers. At T2, the patients continued to sharply decline (M=3.39; 

SD = 2.38), crossing below the cutoff point for distress. In contrast, caregivers’ mean 

distress scores decreased, but remained above the cutoff point (M=4.20; SD = 2.86).  

 The RM-ANOVA was used to examine the differences between distress scores at 

T0, T1 and T2 for both patients and caregivers. For patients, the within subject factors 

were significant     F (2, 70) = 11.77, p < .001 indicating that there were significant 

differences in the distress scores across the alloBMT period. Post-hoc Tukey comparisons 

were used to pinpoint where the significant difference in distress scores lies along the 

alloBMT period. The baseline distress scores was significantly greater than distress 

scores at both T1, t(35) = 2.77, p= .024 and T2, t(35) = 4.89, p < .001.  

Since the distress scores for caregivers at T0, T1 and T2 violated the assumption 

of normality, a Friedman rank sum test was conducted to examine whether the medians 

of the distress scores at baseline, T1 and T2 were equal instead of an RM-ANOVA. The 

results of the Friedman test were not significant based on an alpha value of 0.05, χ2(2) = 
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1.05, p = .593, indicating no significant differences in the median distress scores for 

caregivers.  

Figure 3-3. Patient and caregivers distress scores at T0, T1 and T2. Above dashed line 
denotes presence of high distress.  
 

A mixed-effects model (Table 3-4) was used to examine one within-subjects 

factor and one between-subjects factor to determine whether significant differences exist 

among distress scores at T0, T1 and T2 between the levels of patient and caregivers.  
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Table 3-4  

Mixed Model Results-Distress Changes Across Time Between Independent Groups 
(Patient and Caregiver) 

Source df SS MS F p ηp2 
Between-Subjects             
    Patient Or Caregiver 1 0.00 0.00 0.00 1.000 0.00 
    Residuals 66 824.33 12.49       
Within-Subjects             
    Within Factor 2 95.30 47.65 8.36 < .001 0.11 
    Patient Or Caregiver: Within. Factor 2 22.83 11.41 2.00 .139 0.03 
    Residuals       

 

The main effect for patient/caregiver levels was not significant F(1, 66) = 

0.00, p = 1.000, indicating the patient and caregiver group are similar. The main effect for 

the within-subjects factor was significant F(2, 132) = 8.36, p < .001, indicating there 

were significant differences between the values of distress scores at T0, T1 and T2. The 

interaction effect between the within-subjects factor and the patient/caregiver level was 

not significant F(2, 132) = 2.00, p = .146, indicating that for all combinations of the 

within-subjects factor and the combinations of patient/caregiver level, the strength of the 

relationship between the outcome and the interaction of patient/caregiver level does not 

change significantly.  Post-Hoc used Tukey comparisons were used to pinpoint where the 

significant difference in distress scores lies along the alloBMT period. For the 

patient/caregiver level, the distress scores at T0 were significantly greater than distress 

scores at T1, t(66) = 2.63, p = .028 and distress scores at T0 were significantly greater 

than distress scores at T2, t(66) = 4.05, p < .001. No other significant differences were 

found for the patient/caregiver level.  
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3.35 Patient symptomology and caregiver distress. In addition to the distress 

score, the DT had a symptom list (yes/no) filled out at each time point. The number of 

symptoms marked by the patient was used to explore possible association with caregiver 

distress. For baseline, the average number of symptoms marked by the patients was used 

in a linear regression as a possible explanation for statistically significant amount of 

variance in caregiver distress scores. This regression was not significant which means 

that the average number of symptoms endorsed on the DT was not significantly 

associated with  caregiver distress scores at baseline.  

Next, a two-step hierarchical linear regression was conducted to examine the 

possibility of the average number of symptoms marked by patients was associated with 

caregiver distress scores at T1. For Step 1, the average symptom marked was entered as a 

predictor variable into the null model, followed by the average symptom marked at T1 

into the model at Step 2. The results indicate that the average number of problems 

marked by the patients at baseline was not associated to the distress scores for caregivers 

at T1. However, the average number of symptoms marked by patients at T1, 

is statistically significantly related to caregiver distress scores at the same period F (1, 

35) = 13.66, p< .001, ΔR2 = 0.28.  The unstandardized beta was B = 0.43, t (35) = 

3.70, p < .001, which means that every additional symptom the patient marked by 

patients will increase the caregiver distress scores by 0.43. Finally, a three-step test was 

used hierarchical regression was used to examine the possibility of a relationship between 

caregiver distress with patient symptoms at each time point. The F test results were not 

significant: Patient symptoms did not consistently relate to caregivers’ distress scores.  
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3.4 Discussion  

To the author’s knowledge, this is the first observational longitudinal study that 

sought to observe the path of distress in both the patients and caregivers during the peri-

alloBMT period.  The findings show that the majority of the patients and caregivers in 

this study reported distress. Scores were the highest at baseline, with patients expressing 

more distress than their caregivers. The scores decreased for both the patient and 

caregiver as they progressed through the alloBMT experience. At the time of discharge, 

on average patients were no longer distressed, while the average caregiver score indicated 

they remained distressed. Being distressed at the beginning of the alloBMT period is 

supported by research for both patients and caregivers (Simoneau et al, 2013; Fife, 

Monahan, Abonour, Wood, & Stump, 2009; Grimm, Zawacki, Mock, Krumm, & Frink, 

2000; Keogh, O'Riordan, McNamara, Duggan, & McCann, 1998; Langer, Abrams, & 

Syrjala, 2003). The caregiver group remaining “distressed” towards the end of the study 

demonstrates two things. First, ongoing caregiving responsibilities extend beyond the 

immediate (0-60 days) post the allo-BMT period (Boyle et al, 2000). Since it takes time 

for the donated bone marrow to become completely functional, patients continue to be 

dependent on the caregiver for support. The full bone marrow recovery after transplant 

can be affected by infection, drug toxicities, relapse of the hematologic malignancy and 

marrow microenvironment defects, and it can take up to 24 months to be completely 

functional (Kim, Frederick, Armand, Andler, Kao, Cutler..Ho, 2014). Second, the level of 

distress felt by caregivers can be higher than those receiving the care (Bevans, & 

Sternberg, 2012; Hodges, Humphris, & Macfarlane, 2005; Braun et at, 2007; Mathews, 

2003; Grundfeld et al, 2004; Janda et al, 2007).  
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Key findings of the Markov matrix results indicate how dynamic the alloBMT 

process is. Previous cross-sectional research was unable to reveal these findings since 

prior studies captured only a single time period. Other longitudinal bone marrow 

transplant dyad research focuses on interventions or had other measures that did not 

include distress. As a dyad, the transition matrix provided novel insight into how the dyad 

moves through the states the alloBMT period, supporting the interdependence theory 

framework. These findings support previous studies indicating that dyad responses to 

demands of advanced cancer and its treatment such as in alloBMT are interrelated, with 

dyads reacting as an emotional system rather than individuals (Hagedoorn, Sanderman,  

Bolks, Tuinstra, & Coyne, 2008; Wells, Booth-Jones & Jacobsen, 2009). This provides 

evidence that interventions aimed at reducing or mitigating distress need to consider 

intervening in the dyad as a unit and not patients and caregivers individually, since their 

paths are interconnected.  

Results of the mixed effects model describe a pattern that has emerged in previous 

research. These finding demonstrate how the alloBMT process itself impacts distress 

scores. The significant differences in distress scores over time are consistent with 

previous research on the pre-alloBMT period. The uncertainty of the procedure causes 

increases in the distress of both patients and caregivers (Sannes, Simoneau, Mikulich-

Gilbertson, Natvig, Brewer, Killbourn & Laudenslager, 2019; Trask et al., 2002, Bevans 

et al., 2014, Cooke, Gemmill, Kravits, & Grant, 2009). In considering how to improve the 

alloBMT experience, the ability to discern the points along the alloBMT trajectory where 

distress is significantly different could be beneficial.  In contrast, the analysis failed to 

discern the difference in longitudinal distress scores between the patients and caregivers. 
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The lack of significant differences between the caregiver and patient distress scores may 

highlight mutuality of distress, in which the patient and the caregiver dyad share 

sentiments as the alloBMT progresses. As a dyad, the patients and caregivers create their 

own interrelatedness, in which the mutuality of distress is shared (Kent, Rowland, 

Northouse, Litzelman, Chou, Shelburne, Huss, 2016; Williams & McCorkle (2011). The 

caregiver and patient distress paths followed the same general trajectory, providing more 

evidence of dyad shared experiences. The distress path was so interrelated it was unlikely 

to unearth a significant difference between the two groups.  

This analysis also found evidence of how patient symptomology influences 

caregivers distress scores. Although the significance was not present at all time points, 

patient symptoms at certain time points explained a statistically significant amount of 

variance of the caregiver distress scores. This significance in the timeline is supported by 

previous research evidence that patient symptom experience is worse at certain times 

during the alloBMT period (Bevans, Mitchell  & Marden, 2008), and that increased or 

worsening symptoms influence and its associated caregiver distress (Elko et al, 2019).  

3.41 Study Limitations. Self-selection bias and lack of diversity in the sample 

collected and analyzed may limit the generalizability of the results.  Also, due to the 

sample, size dyadic analysis was not feasible, so the data need to be applied carefully to 

dyads. The problem of attrition, a characteristic problem with longitudinal studies, could 

have influenced the scores over time. The majority of the dyads that did not complete this 

study experienced mortality and critical illness, but some were lost to follow-up as well.  
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3.5 Conclusion  

3.51 Future research.  Future research should consider a larger sample, which 

could allow for dyadic data analysis to examine how much each portion of the dyad 

contributes to their counterpart’s distress. In addition, future investigations should focus 

on non-participation in order to better understand those dyads that were lost to follow-up. 

Given that the setting of this study was a large research academic institution, and given 

that patients were approached to consent for this study, there was a significant likelihood 

that they had been approached before to participate in other studies, or were already 

participating in other studies simultaneously. This was an unanticipated challenge that 

should be researched in order to improve retention in the alloBMT population.  

3.52 Clinical implications. The results presented in this work support the distress 

trajectory evidence for both patients and caregivers. The mapped trajectory can serve as a 

blueprint for intervention targeting the dyad. The dyad distress connection clearly reflects 

the mutuality in response of the dyad. Therefore, individual intervention-for either the 

patient or caregiver-may fail to adequately address distress during the alloBMT period. 

This study highlights the uniqueness of the alloBMT process and the impact on the 

patient-caregiver dyad.   
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Chapter 4  
 

Absolute Neutrophil Count Possible Association with Patient Distress During the 
Outpatient Allogeneic Bone Marrow Transplant Period  

 
4.1 Background 

Allogeneic Bone Marrow Transplant (alloBMT) is the only intention-to-

cure treatment for hematologic malignancies such as leukemia and lymphoma. In 2016, 

the United States had an estimated 1.7 million new cases of cancer (National Cancer 

Institutes, NCI, 2017). The most common cancers in the United States in 2016 included 

hematologic malignancies such as leukemia and lymphoma (NCI, 2017). AlloBMT, a 

type of bone marrow transplant, is used for both malignant and non-malignant 

hematologic diseases (Peccatori & Ciceri, 2010). It is estimated that in 2017, 9,284 adult 

allogeneic transplants were performed in the United States (Milliman, 2017). The latest 

available cost of an alloBMT is about $892,700 (Milliman, 2017). 

Patients undergoing alloBMT endure significant conditioning, including 

chemotherapy and radiation, in order for their bodies to accept the donated bone marrow. 

Distress is common in patients undergoing any cancer treatment including bone marrow 

transplantation. Distress in cancer patients can be defined as “A multifactorial unpleasant 

emotional experience of a psychological (cognitive, behavioral, emotional), social, and/or 

spiritual nature that may interfere with the ability to cope effectively with cancer, its 

physical symptoms, and its treatment.” (National Comprehensive Cancer Network 

NCCN, 2017). The presence of distress in a cancer patient can lead to decreased 

adherence to medical regimens, impaired cognition, weakened motivation, and less 

effective coping (Institute of Medicine, IOM, 2008). There is emerging research that 

highlights the association between distress in patients and increased risk of cancer 
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specific mortality. A cohort study followed cervical cancer patients and found the 

presence of distress was associated with an increased risk of cervical cancer-specific 

mortality.  These associations were independent of known prognostic indicators of 

cervical cancer, including tumor characteristics, mode of diagnosis, and treatment (Lu, 

Andrae, Valdimarsdottir, Sundstrom, Fall, Sparen & Fang, 2019). The presence of 

distress in the cancer patient leads to myriad problems that could affect the outcome of 

the alloBMT treatment.   

 Specifically, in alloBMT patients, the effects of distress can be transmitted 

through and beyond the first decade post transplantation (Bevans et al., 2014). Distress 

has been identified throughout the bone marrow transplant process, although most of the 

research focuses on the presence of distress pre and post transplantation (Trask et al., 

2002, Bevans et al., 2014). Emerging literature recognizes the potential for patients to 

develop post-traumatic stress disorder (PTSD) as a result of unchecked distress (El-

Jawahri et al., 2016). The presence of  PTSD in turn can impact neutrophil recovery (an 

alloBMT milestone) and overall health in the immediate post-transplant period (Hobfoll 

et al., 2015). Although research on the association between distress and cancer specific 

mortality in bone marrow is scarce, there is an abundance of  evidence that the presence 

of distress has negative effects on the overall well-being of the alloBMT patient.  

4.12 Biological Markers as Predictors of Distress. Biological markers, or 

biomarkers, are defined as objective indications of a medical state observed from outside 

the patient that can be measured accurately and reproducibly (Strimbu & Tavel, 2010). 

An example of a biomarker is CD4+. Since the early 1980s, CD4+ counts have been used 

as a prognostic, therapeutic marker as well as a surrogate marker for clinical endpoints 
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(Kagan, Sanchez, Landay, & Denny, 2015). As a prognostic marker, CD4+ is used as a 

predictor of risk for clinical disease in patients with human immunodeficiency virus 

(HIV; Kagan, Sanchez, Landay, & Denny, 2015). That is, CD4+ is used clinically to 

predict certain infection risks. In addition, CD4+ is used as a therapeutic marker for anti-

viral therapy (Kagan, Sanchez, Landay, & Denny, 2015). More specifically, cancer 

researchers are examining the role of cytokines and symptoms that the cancer patient may 

experience. In mouse models, for example, when exposed to pro-inflammatory agents 

such as IL-1, IL-6 and  TNF-µ, the mice exhibit sickness and behavior characterized 

psychological and physical responses (Gilbertson-White,  Aouizerat, & Miaskowski, 

2011).   

Absolute neutrophil count (ANC) is another type of biomarker that has been used 

in other medical areas as a prognostic marker or a surrogate measure of sickness. For 

example, Kohelet, Arbel, Ballin, and Goldberg (2000) used neutrophil counts to predict 

the development of chronic lung disease in infants. Those infants who had significant 

variation in neutrophil counts in the first 5 days of life developed chronic lung disease, as 

predicted. In another example of using neutrophils as a predictive marker, Sahin, Aydin, 

Unver, and Pehlivanoglu (2017) demonstrated that ANC together with lymphocytes 

(neutrophil– lymphocyte ratio, NLR) can predict tumor aggressiveness in gastric cancer 

patients. The authors found that an increased NLR was associated with a poor prognosis. 

In addition, ANC was also correlated with the progression of the disease.  

4.13 Patient Distress and ANC  

It is important to note that biomarkers are “medical signs,” or objective markers, 

whereas “medical symptoms” are indications of health that are perceived by the patient, 
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or subjective symptoms (Strimbu & Tavel, 2010). Patient distress falls under the category 

of medical symptoms. Distress in the patient can stem from symptoms related to cancer 

or its treatment, as well as the emotional burden of the diagnosis and uncertainty of 

treatment or cure (Baker, Krok- Schoen, & McMillan, 2016). In the alloBMT process, 

ANC is used as a marker for infectious and non-infectious complications. During the 

neutropenic period, when the ANC is nonexistent or low, the patient is at risk for 

infection from gram-negative bacteria, or herpes simplex virus. Once the patient recovers 

his or her neutrophil count, the risk decreases (Soubani & Pandya, 2010). Knowing the 

ANC count of the patient aids in narrowing down the possible organisms responsible for 

the infection. Of course, ANC alone is not sufficient to investigate why the patient would 

get sick; However, it  is an important part of the work-up.  

A low ANC count  signals the lack of bone marrow function which is normal for 

alloBMT patient during the transplantation period. In addition to being at risk for 

infection, a low ANC count means that other hematopoietic components of the bone 

marrow are also not working.  For example, in the early period after the conditioning and 

marrow infusion, patients are unable to produce enough red blood cells.   The lack of red 

blood cell production during this time translates insufficient hemoglobin, which reduces 

oxygen transport capacity in the patient (van der Linden S.J. et al., 2018).  This causes 

‘fatigue’ in the patient, a subjective symptom in which the patient feels tired and without 

energy. In the course of transplant, as the ANC count improves, the patient feels better 

because the bone marrow exhibits sustained hematopoiesis and is able to produce white 

and red blood cells as well as platelets.  
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Various studies have found that symptom severity is also related to patient 

distress. A 2010 study explored symptom severity and distress in patients with advanced 

cancer. The authors found that there was a strong relationship between symptom severity 

and distress: The more severe the symptoms, the more distressed the patient was 

(Kirkova et al., 2010). Pain that is not well managed, for example, has been linked to 

patient distress (Baker, Krok- Schoen, & McMillan, 2016). Distress can lead to poor 

performance status, affect the patient’s quality of life, increase rates of co- morbidities 

and mortality, and decrease adherence to medical treatment (Cheng & Yeung, 2013; 

Baker, Krok- Schoen, & McMillan, 2016; IOM, 2008). Distress has also been linked 

increased readmission rates in alloBMT patients. A 2018 study observed that patients 

undergoing transplant that exhibited distress prior to the start of the transplantation period 

were at higher risk for hospital re-admission immediately after bone marrow infusion 

(Richardson, Huang, McGinty, Elder, Newlin, Kirkendall, … & Rosko, 2018). Although 

there is a clear connection between ANC and the functionality of the bone marrow, the 

relationship between ANC fluctuations and distress scores is not clear.  

4.14 Aims of the Study. Given the importance of the identification of distress in 

order to decrease the potential for psychological morbidity, the ability to anticipate 

distress at critical time points during the alloBMT period is essential. Although ANC is 

used to stratify the risk of infections during the transplant period and as a surrogate 

marker of bone marrow function, no study to date has examined ANC as a possible 

predictor of patient distress. The aims of this longitudinal study were to (1) Describe the 

trajectory of distress in the alloBMT period and (2) Examine whether patients ANC was 

associated with subsequent self-report distress.  
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4.2 Methods  

 4.21 Design  

The study employed a prospective repeated measures longitudinal design.  The 

setting was a single center outpatient bone marrow transplant day unit at an NCI 

designated comprehensive cancer center. All study procedures were conducted in 

accordance with ethical guidelines and were approved by an Institutional Review Board.  

4.22 Participants  

Participants were recruited from the outpatient-based clinic.  Recruitment 

occurred between May 2018 and December 2018. Eligibility criteria included patients 

who were > 18 years of age, were undergoing their first alloBMT, and were able to 

understand and read English language. Exclusion criteria included: patients undergoing 

autologous transplants, patients needing interpreters, and patients that had already 

undergone a previous alloBMT.  

4.23 Procedure. Consenting patients completed up to three surveys.  The baseline 

survey was designated as T0 and occurred when the patients were ready to receive their 

donated bone marrow. This day is known as “Day 0”.  A second survey (T1) was given 

once the patient recovered their neutrophils (ANC) which is defined as greater 0.5 × 

109/L for three days without the aid of growth factors (Keever-Taylor, 2008). The final 

survey (T2) was given to the participants once the patient was ready to be discharged 

from the outpatient setting.  

The patients completed the 20-minute self-report survey electronically via a tablet 

or in paper format if they preferred. The baseline survey assessed demographic variables, 
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including age, gender, marital status, ethnicity, work status, level of education, personal 

income and personal income.  

4.22 Measures  

Sociodemographic and Clinical Information. Sociodemographic details were 

collected using self-report data on age, gender, marital status, ethnicity, work status, level 

of education and personal income. AlloBMT indication, conditioning regimen, stem cell 

source, ANC and average days to engraftment were collected via medical record review.   

 Distress Thermometer (DT). The DT is a validated self-reporting instrument 

created by the National Comprehensive Cancer Network (NCCN) as a tool for distress 

screening (NCCN, 2017). The DT is congruent with the conceptual definition of distress 

put forth by the NCCN and has been validated in cancer patients and caregivers 

(Tarvernier, 2014). The DT is a one item Likert scale that ranges from 0 (no distress) to 

10 (extreme distress). The DT also has a list of associated problems or symptoms. This 

was a categorical variable (yes/no). For the analysis, this was used a continuous variable 

i.e. number of problems. In addition, a categorical variable was created for analysis. A 

second categorical variable was created off the DT. This variable employed the 

established cut-off to create a high distress/low distress variable.  The DT was validated 

in bone marrow transplant patients (Ransom, Jacobsen and Booth-Jones, 2006) and 

caregivers (Zwahlen, Hagenbuch, Carley, Recklitis, &  Buchi, (2008). A meta-analysis of 

the DT established that a score at or above 4 gives the optimal cut-off to identify distress 

(Ma, Zhang, Zhong, Shu, Wang, Wen, Zhou, Sang, Jiang & Lie, 2014).  

ANC Collection. ANC was collected daily as part of routine complete blood 

count (CBC) monitoring for the bone marrow transplant process. A CBC is collected 
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when patients check into the clinic. The ANC at baseline was collected at the time the 

donated bone marrow was transfused on day 0. The ANC at T1 was collected on the first 

day the bone marrow showed signs of beginning to function, which means greater 0.5 × 

109/L. Once the neutrophils start to increase, the patient is experiencing immune 

reconstitution. Finally, ANC at T3 was collected the day the patient was officially 

discharged from the outpatient bone marrow transplant clinic.   

4.24 Analysis. Analysis was completed using SPSS v26.0. The sample was 

described using descriptive statistics. A Repeated Measures Analysis of Variance (RM-

ANOVA) was performed to explore changes in the mean scores of distress of the patient 

over time. Spearman correlation was used to examine possible correlation between 

distress scores at every time point and ANC collected from the patients. The correlations 

were examined using Holm corrections to adjust for multiple comparisons based on an 

alpha value of 0.05. A Markov transition matrix was created to ascertain how the patients 

moved between transition states of being distressed and not distressed at each 

measurement time point. Finally, a series of regressions were conducted to assess the 

ability of ANC to predict patient distress and symptoms experienced at each time point. 

Multicollinearity was evaluated using Variance Inflation Factors (VIFs). All of the VIFs 

were < 2 meaning the variables did not exhibit multicollinearity. The regression analysis 

results consisted of model comparisons and a model interpretation based on an alpha of 

0.05. Each step in the hierarchical regression was compared to the previous step using F-

tests. The coefficients of the model in the final step were interpreted. 
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4.3 Results  

 4.31 Sample Characteristics and Response. The patient had an average age of 

55.10 (SD = 14.28). Table 4-1 continuous variables while Table 4-2 contains the 

breakdown of all the nominal variables.  

Table 4-1 
 
Summary Statistics Table for Interval and Ratio Variables 
Variable M SD SEM Min Max Skewness Kurtosis 

Age                            55.10 14.28 2.02 20.00 76.00 -0.68 -0.34 
ANC0 1.67 1.30 0.18 0.00 6.19 1.18 1.41 
ANC1 0.90 0.47 0.07 0.50 2.52 2.01 3.64 
ANC2 3.42 2.31 0.36 0.64 12.39 1.82 4.06 
Distress Score at T0 5.63 3.29 0.46 0.00 10.00 -0.09 -1.24 
Distress Score at T1 4.39 2.91 0.43 0.00 10.00 0.16 -0.83 
Distress Score at T2 3.39 2.38 0.37 0.00 7.00 0.13 -1.32 
Avg # of Symptoms at T0 7.01 4.10 0.56 0.95 17.00 0.32 -0.44 
Avg # of Symptoms at T1 6.71 4.02 0.57 0.00 17.00 0.23 -0.33 
Avg # of Symptoms at T2 5.24 3.27 0.51 0.00 12.41 0.25 -0.91 
Days to  
Immune-Reconstitution 

18.91 7.26 1.00 14.00 55.00 3.29 12.19 

 
The overall the sample was predominantly male (56%) and married (81%). Most 

of the patients (71%) were white (not of Hispanic origin) followed by black 17%. More 

than a half of the patients either completed graduate or professional school (35%) or 

completed college or university (30%).  A plurality of the patients were retired (28%), 

followed by patients that worked full time (26%).  A plurality of patients reported 

personal income of greater than 100K (21%), with the second largest group having a 

personal income of 20-40K (19%). Some patient  of the patients refused to share this 

financial information (11%). Most of the patients (96%) had non-myeloablative 
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conditioning. The majority of the patients had haploidentical transplants (70%) with 

matched unrelated donor (MUD) (19%) as the second most common type of transplant.  

Table 4-2  
 
Frequency Table for Nominal Variables 

Variable Patient 
Sex   
    Female 24 (44%) 
    Male 30 (56%) 
Marital Status   
    Married 44 (81%) 
    Single 6 (11%) 
    Other  4 (7%) 
Ethnicity   
    White, not of Hispanic Origin 37 (71%) 
    Black, not of Hispanic Origin 9 (17%) 
   Other  6 (11%) 
Highest Education   
    Graduate or Professional 16 (30%) 
    Completed College or University 19 (35%) 
    Some College or University 9 (17%) 
    High School (up to grade 12) 7 (13%) 
    Vocational (Technical) Education 3 (6%) 
Employment Status   
    Retired 15 (28%) 
    Full-Time 14 (26%) 
    Self-Employed 3 (6%) 
    Leave of Absence 18 (33%) 
    Other  3 (6%) 
Current Personal Income   
    Refuse to answer 6 (11%) 
     20,000 or less  5 (9%) 
    20,001-40,000 10 (19%) 
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Variable Patient 
    40,001-60,000 7 (13%) 
    60,001-80,000 6 (11%) 
    80,001-100,000 8 (15%) 
    Greater than 100,000 11 (21%) 
Type of Transplant    
    Matched Unrelated Donor  10 (19%) 
    Haploidentical  38 (70%) 
    Other  6 (11%) 
Type of Conditioning    
    Non-Myeloablative  52 (96%) 
    Myeloablative 2 (4%) 

Note. Due to rounding errors, column wise percentages may not equal 100%. 

 

A total of 54 patients participated at baseline (T0). At T1, participation among 

patients was high with 46 people or 85% of the baseline sample participating again. By 

T2, 41 or 89% of the patients had completed the surveys at all three time points. Reasons 

for not completing the surveys included: disease relapse, too sick to continue, succumbed 

to complication of transplant, and loss to follow-up.  

Across time, differences in the sample were tested to examine whether there were 

significant sample differences in distress scores at baseline, T1 and T2 as attrition 

occurred and the group composition changed. The variables of age, sex, marital status, 

ethnicity, highest education obtained, personal income, type of bone marrow transplant, 

type of conditioning, ANC and time to immune reconstitution were tested. The results 

were not significant. This means that the baseline sample is similar to the sample at T1 

and T2, after attrition occurred. There were no significantly different characteristics 

between those participants who dropped out and those who remained in the study.   
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4.32. Distress prevalence and changes over time. The distress scores at T0 were 

on average 5.63 (SD = 3.29) and at T1 the patients average distress score was 4.39 (SD = 

2.91).  As seen in figure 4-1, the patient distress scores at T2 continued to decrease 

averaging at 3.39 (SD = 2.38). The distress scores at the T2 fell below the distress cut-off 

of <4. Baseline scores had the greatest decrease to T1 of 1.24 units. From T1 to T2, the 

scores only decreased by 1 unit. At baseline, the distress prevalence among patients was 

62%. At T1 and T2, the distress prevalence among the sample decreased to 52% and 39% 

respectively indicating an improvement in distress scores.    

    Figure 4-1. Mean Patient Distress Scores at T0, T1 and T2. Area above dashed line    
    indicates the presence of distress.  

 

The RM-ANOVA was used to examine the differences between distress scores at 

all time points. The within subject factors was significant F (2, 70) = 11.77, p < .001 

Figure 1. Mean Patient Distress Scores at T0, T1 and T2. Area above dashed line 
indicates the presence of distress. 

5.63

4.39

3.69
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indicating that there were significant differences in the distress scores across the alloBMT 

period. Post-hoc Tukey comparisons indicated the baseline distress scores were 

significantly greater than distress scores at T1, t(35) = 2.77, p= .024 and distress scores at 

T2, t(35) = 4.89, p < .001.  

4.33 Transitions between distress and non-distressed states. A Markov 

transition matrix was created to observe the movements of patients between high distress 

and low distress states throughout the alloBMT period.  In figure 4-2, the states were 

categorized as follows: (1) High Distress (2) Low Distress. Figure 4-2 contains the 

probabilities of possible patient states changes from baseline or T0 to T1 and T1 to T2.  

At baseline, 63%(n=32) were distressed and 37% (19) were low distress. At T1, the 

percentage of distressed patients decreased to 52% (n=24), and at T2 the percentage of 

distressed patients continued to decrease to 39% (n=16). 

From T0 to T1, .67 (n=10) of those that were not distressed remained in that 

category, while .33 (n=5) transitioned from not being distressed to being distressed. Of 

those patients that started distressed, .62 (n=18) remained distressed while .38 (n=11) 

transitioned to a non-distressed state. During this transition, some patients dropped out 

and some did not answer the distress question, which explains why the total number of 

patients is not equal to the sample at baseline.  When calculating conditional probabilities 

such as Markov transition matrix, only complete data is used.   The largest influx was the 

transition from a distressed to non-distressed state; the non-distressed state retained the 

majority of the patients within that state.  

Similar to the previous transition period, from T1 to T2, the probability of 

remaining in the non-distressed state was .74 (n=14), while the probability of 
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transitioning to a distressed state was.26 (n=5). Those patients that started distressed had 

a .67 (n=10) probability of remaining distressed, and a probability of .47 (n=9) of 

transitioning to a non-distressed state.  

 
  Figure 4-2. Markov transition probability matrix (A) From T0 to T1 and (B) from T1 to  
  T2.  

 

4.34. Association of ANC and distress. The mean for ANC at T0 was 1.67 

(SD=1.30), at T1 it was 0.90 (SD=0.47) and at T2 it was 3.42 (SD=2.31). A spearman 

From State /To State High Distress Low Distress 

High Distress 0.62 0.38

Low Distress 0.33 0.67

P=

A) Patient From T0 to T1

B) Patient From T1 to T2

From State /To State High Distress Low Distress 

High Distress 0.53 0.47

Low Distress 0.26 0.74

P=
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correlation was conducted among distress and ANC at T0, T1 and T2. There were no 

significant correlations between ANC and distress in patients at any of the time points.  

To examine whether ANC could be used as a surrogate marker for distress, a 

series of regressions were conducted. The results of the linear regression model were not 

significant, F (1,49) = 0.48, p = .492, R2 = 0.01, indicating that ANC at baseline did not 

explain a significant proportion of variation in baseline distress scores. Next, a series of 

hierarchical regressions were employed to examine the possible prediction of distress 

scores at T1 and T2. At T1 (Table 4- 3), the F-test for Step 1 was significant, F (1, 38) = 

4.45, p = .042, ΔR2 = 0.10 which indicates that adding ANC at T0 explained an additional 

10.47% of the variation in distress scores at T1. However, the F-test for Step 2 was not 

significant, F (1, 37) = 0.52, p = .473, ΔR2 = 0.01 indicating that adding ANC at T1 did 

not account for a significant amount of additional variation in distress scores at T1.   

Table 4-3 
 

Summary of Hierarchical Regression Analysis for Association Between Distress Scores 
and ANC at T1 

Variable B SE CI β t p 
Step 1             
    (Intercept) 5.43 0.67 [4.07, 6.79] 0.00 8.07 < .001 
    ANC at T0 -0.70 0.33 [-1.37, -0.03] -0.32 -2.11 .042 
Step 2             
    (Intercept) 5.89 0.93 [4.00, 7.79] 0.00 6.31 < .001 
    ANC at T0 -0.60 0.36 [-1.33, 0.13] -0.28 -1.66 .106 
    ANC at T1 -0.69 0.95 [-2.60, 1.23] -0.12 -0.72 .473 

 
 At T2 (Table 4-4), the F-test for Step 1 was significant, F (1, 37) = 5.72, p = 

.022, ΔR2 = 0.13 indicating that ANC at baseline explained an additional 13.39% of the 

variation in final distress score. The F-tests for Step 2 and Step 3 were not 
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significant, F (1, 36) = 0.26, p = .614, ΔR2 = 0.01 and F (1, 35) = 0.71, p = .404, ΔR2 = 

0.02 respectively.  

Table 4-4 
 
Summary of Hierarchical Regression Analysis for Association Between Distress Scores 
and ANC at T2 

Variable B SE CI β t p 
Step 1             
    (Intercept) 4.37 0.58 [3.18, 5.55] 0.00 7.47 < .001 
    ANC at T0 -0.70 0.29 [-1.29, -0.11] -0.37 -2.39 .022 
Step 2             
    (Intercept) 4.01 0.91 [2.16, 5.87] 0.00 4.39 < .001 
    ANC at T0 -0.73 0.30 [-1.33, -0.12] -0.38 -2.42 .021 
    ANC at T1 0.45 0.88 [-1.34, 2.23] 0.08 0.51 .614 
Step 3             
    (Intercept) 3.49 1.11 [1.24, 5.74] 0.00 3.15 .003 
    ANC at T0 -0.69 0.30 [-1.31, -0.07] -0.36 -2.26 .030 
    ANC at T1 0.45 0.88 [-1.34, 2.25] 0.08 0.51 .612 
    ANC at T2 0.13 0.16 [-0.19, 0.45] 0.13 0.84 .404 

 
 Although the overall results were not significant at all timepoints (like a predictor 

should be), ANC was able to predict distress scores at specific time points (baseline and 

T1).  This could provide insight into how distressed the patient is at that time during the 

alloBMT period. Baseline and T1 are the times where the patient is the sickest because of 

all the chemotherapy and radiation received in order to receive the donated bone marrow. 

This analysis provides evidence that lower ANC could significantly influence the distress 

score of the patient.  

4.35 Association of average number of patient positive symptoms and 

distress. In addition to the distress score, the DT instrument had a symptom (yes/no) 

filled out at every time point. The number of symptoms marked by the patient was used 
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explore a possible association with distress scores. It is important to note that the actual 

symptoms the patient marked changed over time. For example, fatigue may have been a 

problem at baseline but not at T1 or T2.  For this analysis the aggregate number of 

positive symptoms was used. The average positive symptoms at baseline was 

7.01(SD=4.10) while at T1 it was 6.71 (SD=4.02). At T2, the average decreased further 

to 5.24 (SD=3.27).  To examine whether the average number of symptoms marked by the 

patient could predict the distress scores, a linear regression and a series of hierarchical 

regressions were employed. At baseline, the relationship was significant, F(1,49) = 

25.29, p < .001, R2= 0.34, indicating that approximately 34% of the variance in baseline 

distress scores is explainable by  symptoms at baseline. The average number of 

symptoms at baseline significantly predicted baseline distress scores, B = 0.49, t(49) = 

5.03, p < .001. This indicates that, on average, a one-unit increase in the symptom list 

will increase the value of baseline distress scores by 0.49 units.   

At T1 (Table 4-5), a two-step hierarchical linear regression was conducted with 

distress scores at T1 as the dependent variable. For Step 1, the average symptom marked 

by the patient at baseline was entered as a predictor variable into the null model and the 

average symptom marked by the patient at T1 as a predictor variable into the model at 

Step 2. The F-test for step 1 was not significant. Moreover, the F-test for Step 2 was 

significant, F (1, 43) = 5.72, p= .021, ΔR2 = 0.11. This model indicates that the average 

number of symptoms at T1 explained an additional 11.16% of the variation in the patients 

distress scores at T1. In addition, the symptoms at T1 significantly predicted distress 

scores at T1, B = 0.29, t(43) = 2.39, p = .021. On average, a one-unit increase of the 
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number of symptoms at T1 will increase the value of patient distress scores in the same 

period by 0.29 units.  

Table 4-5 
 
Summary of Hierarchical Regression Analysis for Association Between # of Positive 
Symptoms and Distress at T1  

Variable B SE CI β t p 
Step 1             
    (Intercept) 3.27 0.86 [1.54, 5.00] 0.00 3.82 < .001 
    Avg Symptoms at T0 0.15 0.10 [-0.05, 0.36] 0.22 1.51 .139 
Step 2             
    (Intercept) 2.49 0.88 [0.72, 4.26] 0.00 2.83 .007 
    Avg Symptoms at T0 -0.00 0.12 [-0.24, 0.23] -0.01 -0.04 .972 
     Avg Symptoms at T1 0.29 0.12 [0.04, 0.53] 0.40 2.39 .021 

 
At T2 (Table 4-6), a two-step hierarchical linear regression was conducted with 

distress scores at T2 as the dependent variable. For Step 1, average symptom at baseline 

was entered as a predictor variable into the null model. Average symptom at T1 was 

added as a predictor variable into the model at Step 2. Average symptom at T2 was added 

as a predictor variable into the model at Step 3. The F-test for Step 1 was not 

significant, F (1, 39) = 2.32, p = .135, ΔR2= 0.06. This model indicates that the symptoms 

reported at baseline did not account for a significant amount of additional variation in 

distress scores at T2. However, the F-test for Step 2 was significant, F (1, 38) = 11.83, p= 

.001, ΔR2 = 0.22 indicating that that the average number of symptoms experienced at T1 

explained an additional 22.41% of the variation in the final (T2) distress scores. In 

addition, the average symptom at T1 significantly predicted final distress scores, B = 

0.24, t(37) = 2.10, p = .043 and a one-unit increase of in the symptom marked by the 

patient will increase the value of the distress score by 0.24 units. Finally, the F-test for 
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Step 3 was not significant, F (1, 37) = 1.74, p = .196, ΔR2 = 0.03. indicating that the 

symptoms the patient experienced at T2 did not account for a significant amount of 

additional variation in the final distress scores.   

Overall, the results demonstrate that the average symptoms endorsed by the 

patients influence the distress scores.  This significance was not demonstrated at all time 

points however given the dynamicity of the distress scores this is not unexpected.  

Table 4-6 
 
Summary of Hierarchical Regression Analysis for Association Between # of Positive 
Symptoms and Distress at T2  

Variable B SE CI β t p 
Step 1             
    (Intercept) 2.42 0.74 [0.93, 3.90] 0.00 3.29 .002 
    Avg Symptoms at T0 0.14 0.09 [-0.04, 0.32] 0.24 1.52 .135 
Step 2             
    (Intercept) 1.22 0.74 [-0.27, 2.72] 0.00 1.66 .105 
    Avg Symptoms at T0 -0.01 0.09 [-0.19, 0.17] -0.01 -0.09 .931 
    Avg Symptoms at T1 0.33 0.10 [0.14, 0.52] 0.54 3.44 .001 
Step 3             
    (Intercept) 0.94 0.76 [-0.60, 2.49] 0.00 1.24 .222 
    Avg Symptoms at T0 -0.01 0.09 [-0.19, 0.17] -0.02 -0.10 .921 
    Avg Symptoms at T1 0.24 0.12 [0.01, 0.48] 0.39 2.10 .043 
    Avg Symptoms at T2 0.17 0.13 [-0.09, 0.42] 0.23 1.32 .196 

 

4.4 Discussion  

 The importance of early detection of distress in patients undergoing alloBMT is 

critical for many reasons. Patients that exhibit more distress are at risk for post-transplant 

PTSD, shorter survival and more transplant related complications (El-Jawahri et al., 

2016). The present study corroborates evidence of collective research that indicates 
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distress in the patient undergoing alloBMT is the highest at the beginning and decreases 

over time (Trask et al., 2002). During the first two measurement time points (T0 and T1), 

more than half of the patients were distressed while at the end of the study more than half 

of the patient were not distressed and the mean scores fell below the cut-off for distress.  

 Findings from Markov transition between states provides evidence that the 

process of undergoing alloBMT is dynamic. Evaluating how the patients moves between 

distressed and non-distressed states is essential to understanding how patients react to 

process and side effects of the alloBMT.  The greatest density of transitions between T0 

and T1 and T1 and T2 was noted in the low distressed state, suggesting that patients were 

generally most likely to transition into to the same low distressed state.  

The regressions indicated that only ANC at baseline (T0) was significantly 

associated with distress at T1 and T2. The overall lack of significance at every time point 

could indicate that ANC as a single measure would not be suitable for use as a predictor 

of distress in the patient. While having a low ANC translates into more physical 

symptoms for the patient (fatigue, infections, bleeding), the construct of distress is more 

than just physical. A similar pattern of results was obtained in a study predicting general 

cancer related distress in women with newly diagnosed breast cancer. The authors found 

that selected medical variables did not predict anxiety, depression or cancer-specific 

distress (Gibbons, Groarke, & Sweeney, 2016). Moreover, these findings provide some 

understanding about the multidimensional nature of distress in the alloBMT patient.   

The average symptoms marked by the patient revealed another possible 

contributor to patient distress.  The most significant results were those at baseline and T1, 

in which the average number of symptoms was associated with patient distress. This is 
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consistent with previous research indicating that patients experience the worst symptoms 

at certain times during the alloBMT period (Bevans, Mitchell & Marden, 2008). The 

average number of symptoms the patients reported at T2 was not significantly associated 

with distress.  During the same period, the majority of the patients in the sample were not 

experiencing distress. This finding is also congruent with previous research emphasizing 

that an increase in the number of symptoms reported by the patients is significantly 

associated with higher distress (Sheldon, Blonquist, Hilaire, Hong, & Berry, 2014).  

 4.41 Study Limitations. The study had some limitations that are important to 

discuss. First, this study relies on self-reported assessments, which can introduce bias that 

is unrelated to the construct measured. Lack of diversity in the sample and self-selection 

bias in participants may also limit the generalizability of the results. An additional study 

limitation was the use of a single instrument to measure distress. The reliability and 

validity of the distress measure might have improved if multiple measures were 

employed. The DT is a reliable and validated tool for use in the bone marrow transplant 

population. However, other tools such as the Hospital Anxiety and Depression Scale 

(HADS) have been used as a criterion measure to evaluate distress measured by the DT 

in other studies (Vodermaier, Linden, & Siu, 2009). Finally, attrition was one of the 

studies main limitations. This could have influenced the distress scores over time, 

possibly inflating them as the participants who remained in the study were perhaps less 

distressed and less critically ill.  

4.5. Future Research and Clinical Implications 

 Overall, the findings of this study could provide the basis to future research. The 

importance of distress in the cancer patient and more specifically in the alloBMT patient 
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has been established. Knowing the distress path during the alloBMT period and 

potentially being able to predict period of high distress can aid the prevention, quick 

detection, and alleviation of distress. Broadly translated, the findings of this study suggest 

that, although well researched in cancer patients, distress is a multidimensional construct 

hard to define with one a single measure such as ANC. Other biomarkers, such as 

cytokines, have been associated with cancer related symptoms such as fatigue, pain, 

depression and sleep disturbance (Miaskowski & Aouizerat, 2012). Future studies could 

focus on an “index” rather than a single measure as a way to predict distress in the patient 

during alloBMT. This work also provided evidence that ANC and average number of 

patient symptoms could be used as part of an index to predict distress in the patient 

during the trajectory of outpatient alloBMT.  
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Chapter 5  
 

General Discussion  
 

 Undergoing to the alloBMT procedure in the outpatient setting is a challenge for 

both the patient and the caregiver. For the patient, the combined effects of chemotherapy, 

radiation, the side effects of the transplant itself (i.e. graft versus host disease), and 

questioning whether they will even survive the transplantation can be physically and 

psychologically overwhelming (Holland, Frei, & Kufe, 2003). For the caregiver, taking 

care of the patient while acting as their ‘advocate’, ‘medical interpreter’ and ‘clinician’, 

all while simultaneously attempting to maintain balance in their own lives, can also be 

overwhelming (Von Ah, Spath, Nielsen, & Fife, 2015). Together, the two act as a unit, 

exhibiting mutuality in their responses to the challenges and triumphs they face. 

Moreover, while the patient and caregiver influence and respond to each other, individual 

factors also contribute to the overall changes in distress and burden in the patient and the 

caregiver during the transplant period.  

 This dissertation has examined the quantitative trajectory of patient distress, 

caregiver distress, and burden, as well as the experience of the dyad. Chapters 2, 3 and 4 

encompassed three manuscripts that addressed each of the aims of the dissertation.  The 

objective of this final chapter is to provide an overall summary of findings for each aim, 

to discuss strengths and limitations of this research study, and to review future directions 

and clinical implications for the findings.  
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5.1 Summary of Findings  

 5.11 Aim 1 main findings. The first aim intended to describe quantitively the 

trajectory of distress and burden in the caregivers, to determine whether distress and 

burden remain constant or fluctuate throughout the alloBMT period, and to evaluate the 

movements of caregivers between states.  First, the quantitative results of this work 

provided longitudinal evidence of the trajectory of distress and burden in the caregivers 

of alloBMT patients performed in an outpatient setting. These findings expand previous 

evidence on caregiver burden and distress by adding temporality and direction to distress 

and burden in the context of outpatient alloBMT. Consistent with previous research, both 

distress and burden were the highest at the beginning of the caregiving period-around day 

0- and improved as time elapsed (Simoneau et al 2013; Bevans, Wehrlen, Prachenko, 

Soeken, Zabora & Wallen, 2011). At the end of the study however, most caregivers still 

identified themselves as being distressed and burdened. Both  distress scores and  

subjective stress burden decreased, but remained above the cutoff indicating high distress 

and burden. This could be attributed to ongoing caregiving activities beyond the first 

three months post-transplant. Complete bone marrow recovery can take up to 2 years, and 

the chronic consequences of the transplant itself requires continued support from the 

caregiver (Boyle et al, 2000; Kim, Frederick, Armand, Andler, Kao, Cutler..Ho, 2014; 

Wulff-Burchfield, Jagasia, & Savani, 2013).  

In addition, the results highlighted how levels of distress and burden fluctuate as 

the caregiver progresses through the alloBMT period. This underlines the ever-changing 

multidimensionality of the caregiver process. The transition matrixes confirmed the 

fluidity of distress and burden during the dynamic alloBMT period. They also permitted a 
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more accurate representation of how the caregivers moved between different states as 

time progressed. In addition to the transition matrix corroborating the dynamic nature of 

caregiving,  it is also novel in that there is no previous evidence mapping the movements 

of caregiving between milestones of the alloBMT period. Probabilities and transitions 

have been used to examine other aspects of caregiving. For example, Seltzer and Li used 

transition probabilities to assess the movement into and out of the caregiving role as 

caregivers adapted to caregiving as a ‘career’ (Seltzer & Li, 2000). The same pair of 

researchers also employed transition probabilities to explore which factors, such as type 

of caregiving and onset (abrupt or gradual), influences the transition into the caregiving 

roles (Seltzer & Li, 1996).  

The key findings of aim 1 demonstrate better understanding of distress and 

burden, and how caregiving exacerbates them in the outpatient alloBMT milieu. The 

interplay between caregiving state transitions offers insights into temporal and directional 

aspects of caregiving for an outpatient alloBMT patient. 

 5.12 Aim 2 main findings. This aim meant to describe the distress trajectory 

between patients and their caregivers, and to explore the association of patient and 

caregiver distress longitudinally using the Interdependence Theory as a guide. First, both 

patient and caregiver distress scores were high at baseline and decreased as the alloBMT 

period progressed. As the patient progressed, their distress scores improved more rapidly 

than those of the caregivers. At T1, the patients’ mean scores decreased 4 times as fast as 

the caregivers’. By the end, the mean for the patient distress score was below the cutoff 

of 4: During the last measurement period, the average patient was not experiencing 

distress. In contrast, although caregivers followed the same general trajectory as patients, 
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their mean scores remained above the cut-off: Caregivers remained distressed, even when 

patients were not. This supports previous evidence that, although the patients and 

caregivers share distress sentiments, the distress trajectory is different depending on the 

role. Previous research has also found that caregiver distress is usually higher than patient 

distress. (Bevans, & Sternberg, 2012; Hodges, Humphris, & Macfarlane, 2005; Braun et 

at, 2007; Mathews, 2003; Grundfeld et al, 2004; Janda et al, 2007).  

  In addition, this study provided evidence on how the patients and the caregivers 

move as a unit during the alloBMT period. This novel data supports the notion that the 

transplant process is dynamic. Patients and caregivers influence each other and share 

similar sentiments as they, together, face the inevitable obstacles of the alloBMT process. 

The proposed theory of Interdependence, and more specifically the interdependence 

process, was used as framework for the interpretation of dyad behavior as the dyad 

progressed through the transplant phase. What is unique about this finding is that the 

probabilities calculated relied on paired data. Although the sample of dyads in this work 

was not sufficient to meet the assumptions for dyadic analysis, pairing data to calculate 

dyadic probabilities did not have that constraint. To the best of our knowledge, this work 

is the first to provide dyadic sequence data mapping how the dyads move between states 

through the alloBMT progresses.   

The findings of this specific aim provided strong evidence to begin to clearly 

delineating which time points along the outpatient alloBMT transplant course cause more 

distress for the patient and caregiver.  It also provides foundational knowledge regarding 

dyadic interactions in the outpatient alloBMT environment.   
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 5.13 Aim 3 main findings. This aim was designed to examine patient distress and 

the possibility of using a biomarker to anticipate periods of high distress for the patient. 

First, the trajectory of distress is similar to that of the caregiver. Not surprisingly, and in 

accordance with previous research, distress in the patient was the highest at the beginning 

of the process and decreased, demonstrating improvement in distress scores as the 

alloBMT progressed (Trask et al., 2002). During the last measurement, the average 

patient was not distressed.  

This study also found that ANC was not associated with patient distress scores at 

any of the measurement time points. This lack of mutual relationship between ANC and 

distress scores was the first indication that ANC, as a standalone biomarker, may not be 

able to anticipate periods of patient distress. Moreover, a series of regressions provided 

further evidence on the inappropriateness of ANC as a surrogate marker. ANC was only 

significant at certain time points, but not all. Accordingly, ANC is not clinically accurate 

to act as a surrogate distress marker in the alloBMT patient. In addition to ANC, patient 

symptomology was examined as well. Similar to ANC, patient symptoms were associated 

with patient distress score at some time-points but not all.  

Finally, the results of a transition probability matrix illustrate the patients’ 

dynamic experience as they undergo alloBMT. Tracking the changes in the distress status 

over time provides evidence of the psychological and physical impact of the alloBMT 

process on patients. Factors such as the uncertainty of the transplant process itself, the 

realization of possible mortality, and lack of physical strength secondary to treatment 

(just to name a few) contribute the oscillation between distressed and non-distressed 

states (Holland, Frei, & Kufe, 2003).  Together, these findings speak to the 
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multidimensional nature of distress. Due to this multidimensionality, an index, rather than 

a single measure, would likely improve the accuracy of efforts to anticipate distress in the 

patient.  

The evidence presented for this aim provides foundational knowledge that may 

contribute to future research on how to best anticipate patient distress.    

5.14 Strengths and limitations. Two main strengths of this dissertation work lie 

in the longitudinal design and the repeated measures. From the results, one can appreciate 

how fast distress changes in the outpatient alloBMT setting. The findings of this 

longitudinal work help to determine temporality and direction of the distress trajectory 

for both patients and caregivers.   In addition, collecting repeated measures allowed time-

related characteristics of the alloBMT process to be captured by the data.  Finally, by 

employing a repeated measure design, each participant acted as their own control. 

 There are three main limitations of this work: reliance on self-reported measures, 

sample homogeneity, and attrition. This work relied on self-report from both the patients 

and the caregivers. This type of data can introduce bias to the results. For example, in the 

caregiver burden scale there was a question asked regarding “attempts by your relative to 

manipulate you” or “feelings that you are being taken advantage of by your relative”. 

These types of questions could have introduced social-desirability bias in which the 

participants want to ‘look good’ in the survey, even though all the surveys were 

anonymous. The answers to these questions could have underreported socially 

undesirable behavior such as admitting that the caregiver feels taken advantage of by a 

critically ill relative (Lavrakas, 2008). It is important to note that this type of bias may 
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decrease over time as the participants come to know and trust the researchers they are 

working with (Rosenman, Tennekoon & Hill, 2011).  

 The lack of diversity of the sample or sample homogeneity is another limitation 

that merits discussion. This study employed a convenience sampling strategy and 

participants were selected based on their accessibility and eligibility. One disadvantage of 

this sampling method is the lack of representation of all sociodemographic subgroups. 

The sample had only a handful of underrepresented sociodemographic subgroups (e.g., 

ethnic minorities). Underrepresentation of ethnic minorities is a common problem in 

research. In the area of cancer specifically, white and male participants dominate research 

involvement (Guerrero et al, 2018; Kwiatkowski, Coe, Bailar, & Swanson, 2013). Similar 

to the patterns discussed the literature, this sample was dominated by mostly white 

participants.  

 Attrition, a risk in any longitudinal study, was another limitation of this research. 

As outlined in the previous chapters, attrition can introduce bias when those who drop out 

are systematically different from those who remained in the study (Salkind, 2007). In this 

study, there were two main reasons for loss of study participants: (1) withdrawal and (2) 

survey non-return.  Withdrawal included those patients who passed away, experienced 

disease relapse, or were too critically ill or incapacitated to complete the survey. Survey 

non-return included patients who repeatedly “forgot to fill-out” or return surveys. 

Fortunately, the remaining sample at T1 and T2 was not significantly different from the 

baseline sample.  
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5.2 Clinical implications 

This work examined the patient and the caregiver both individually and together 

as a dyad. Individually, the findings of this work indicate that, in order to prevent and 

mitigate  distress during the outpatient alloBMT period, a multimodal approach may be 

preferable. Distress detection and intervention in the early portion of the alloBMT 

process could alleviate some of the obvious apprehensions regarding the transplant 

process for both the patient and the caregiver. From the caregiver results on distress and 

burden, an intervention that targets distress towards the time the patient is going to be 

discharged home may alleviate some of the distress as the patient transitions to a new 

phase of treatment. The dyad may benefit from a  psycho-oncological pre-habilitation 

intervention. The concept of pre-habilitation has been used in other aspects as it relates to 

bone marrow transplant. For example, pre-habilitation exercise programs are emerging 

since the bone marrow transplant procedure is physically demanding and the patients 

undergo considerable physical and functional deterioration. Pre-rehabilitation programs 

involve regular exercise before the transplant period to enhance functional capacity in 

anticipation of the forthcoming stressor (Hamada et al, 2018). Pre-habilitating dyads 

through psycho-oncology counseling could alleviate some of the worries and anxieties 

that are experienced at the beginning of the bone marrow transplant period.  

 Another clinical implication involves distress measurements. Distress in both the 

patient and the caregiver were measured as part of the study, but are not a measured as 

part of the standard clinical assessment for patients while undergoing outpatient 

alloBMT. Distress has been called the “6th vital sign” among the oncology population, 

because it is a common concern and can be present since diagnosis of the oncological 
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issue, and extending to the post-transplant phase (Howell, & Olsen, 2011). Monitoring or 

screening for distress can provide insight into how the patient and caregiver are feeling, 

can facilitate communication, and help the medical team to select the appropriate 

intervention to address feelings of distress (Howell, & Olsen, 2011).  

5.3 Future directions and conclusion 

The finding that the ANC and the patient symptomology have some association 

with patient distress can serve as a springboard to create an aggregate of multiple 

indicators to anticipate distress in the alloBMT patient. This index can predict the 

probability of patients being distressed at various points in time during the alloBMT 

period. Future research could examine which characteristics of patients, caregivers, and 

dyads place them at elevated risk for distress during the alloBMT period. In addition, 

future studies examining this particular population should strive to recruit as many dyads 

as possible so that dyadic analysis can be performed. In addition, further examination of 

how the dyad copes with distress together as they face the challenges of an outpatient 

alloBMT might prove important to more fully understanding dyadic resiliency.  

Another recommendation for future research is to examine and define the 

beginning of the caregiving period as it relates to the timing of bone marrow 

transplantation. For the majority of the population in this study, caregiving activities 

began once the patient was diagnosed with a malignancy, and patients were ready to be 

transplanted within 6 months of diagnosis. However, some caregivers have been caring 

for patients (such as those with myelodysplastic syndrome or slow-growing lymphomas) 

for years before the transplant course is decided (Bartenstein & Deeg, 2010). The distress 
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and burden trajectory for this type of chronic caregiver may be different than for 

caregivers in acute situations.  

This work has provided detailed evidence on how patient and caregiver distress 

fluctuates during the outpatient alloBMT period. After identifying the limitations of 

applying previous research to the population of outpatient alloBMT patients and 

caregivers, this work expanded on previous research findings in several ways. First, this 

research focused on patient distress while facing transplant treatment and related side 

effects in the outpatient setting without the constant vigilance of medical personnel. 

Second, this research has examined how caregiver distress and burden are related 

throughout the duration of the alloBMT period. Third, this work has examined how dyads 

behave as they move through the transplantation period displaying the mutuality of 

distress. Collectively, this work provides a broader understanding of the transplant 

experiences of the patient and the caregiver. As alloBMT becomes more prominent in the 

outpatient setting and caregivers increasingly become an essential part of the process, it is 

important to engage and consider adding caregiver well-being as part of the overall 

patient care plan.  
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