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Advancements in hematopoietic stem cell transplantation (HSCT) result in a
growing number of long-term survivors. Recent research has shifted attention from
HSCT side-effects to patient-reported outcomes (PROs) including symptoms and
health-related quality of life (HRQOL). The three aims were to 1) refine the HSCTspecific physical symptom scale for long-term survivors based on the Functional
Assessment of Cancer Therapy–Bone Marrow Transplant (FACT-BMT), 2) develop and
test a conceptual framework of factors influencing PROs, and 3) examine population
heterogeneity based on PTSS and PTG in HSCT survivors and the impact on HRQOL.
This study is a secondary data analysis of PROs measures collected from 662
subjects in the RO1 parent study, “Quality of Life and Relationships in BMT Survivors”;
PI: Dr. John Wingard. First, the FACT-BMT scale was refined using item response
theory methods and validated against known markers of health status. Second,
structural equation modeling was used to test relationships between physical and
psychological symptoms, psychosocial factors, and HRQOL outcomes. Third, mixture
modeling was used to identify classes of survivors based on items measuring PTSS and
PTG. Demographic and clinical factors were evaluated as predictors of class
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membership using multinomial logistic regression and HRQOL outcomes were
compared across classes.
The revised unidimensional FACT-BMT resulted in a 13-item scale with strong
known-groups validity with physical HRQOL. In the SEM, physical symptoms, as
measured by the revised scale in Aim 1, were more strongly associated with physical
HRQOL compared to mental HRQOL. Psychosocial factors played a larger role to
influence the relationship of physical symptoms with physical HRQOL than with mental
HRQOL. A 2-factor 4-class mixture model partially relaxing the conditional
independence assumption generated the following classes: low PTSS/low PTG
(16.3%), low PTSS/high PTG (35.5%), high PTSS/low PTG (26.6%), and moderate
PTSS/moderate PTG (21.6%). Class membership was more strongly associated with
mental HRQOL (low PTSS/high PTG vs. high PTSS/low PTG; p<0.01) compared to
physical HRQOL.
Overall, physical and psychological symptoms were strongly associated with
HRQOL. Conceptual models assisted in mapping out relationships between symptoms,
psychosocial factors and HRQOL. Finally, mixture modeling provided insight into
complex psychological experiences of long-term survivors of HSCT.
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CHAPTER 1
INTRODUCTION TO HEMATOPOEITIC STEM CELL TRANSPLANT SURVIVORSHIP
Epidemiology of Health Conditions in HSCT Survivors
Hematopoietic stem cell transplantation (HSCT) is a medical procedure
conducted to replace the stem cells from bone marrow, peripheral blood, or umbilical
cord blood in patients with damaged bone marrow or immune systems. HSCT is
typically used for treating patients with severe malignant diseases (~95%) and nonmalignant hematological diseases (~5%) [1]. The most recent estimates indicate the
majority of HSCT recipients are diagnosed with lymphoma (54.5%), followed by
leukemia (33.8%), and solid tumors (5.8%) [1]. The treatment is delivered to more than
45,000 patients annually worldwide [2]. In the United States, about 50,000 HCST
recipients survive for more than 5 years [3] and more than 85% of the recipients survive
for more than 10 years [4]. However, the overall life expectancy of HCST recipients
remains lower than the general population [5]. With the increasing long-term survival
rates, attention has shifted to long-term side effects, or late effects, due to the diseases
and treatment [6].
Two types of HSCT are utilized with potential differences in long-term late
effects: allogeneic and autologous HSCT. Allogeneic HSCT uses donor stem cells and
is associated with graft-versus-host disease (GVHD) [7]. Graft-versus-host disease,
classified as acute or chronic (cGVHD), is the most frequent complication of allogeneic
transplantation [7]. The condition occurs when a donor’s transplanted bone marrow
attacks the patient’s organs and tissues. While it is typically seen on the skin or mouth,
cGVHD can manifest in any organ system. cGVHD occurs in 40% to 70% of the
allogeneic HCST recipients [8, 9]. In contrast, autologous transplantation uses the
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patient’s own bone marrow or peripheral stem cells. Although some normal blood cells
may be lost leaving the patient at risk of infection or bleeding, the risk of cGVHD is very
minimal.
Allogeneic and autologous HSCT recipients are at-risk of impaired health
outcomes immediately following transplant and in the subsequent years. The
cumulative incidence of chronic health conditions at 10 years is 60% and the incidence
of a severe or life threatening condition is 35% [10]. The most common comorbid
conditions for HSCT survivors include cardiac and cardiovascular complications,
pulmonary complications, endocrine issues (i.e. thyroid conditions, metabolic
syndrome), fertility, musculoskeletal complications, chronic kidney problems, visual
problems, and subsequent malignant neoplasms [11]. Chronic conditions or other
subsequent long-term effects may influence survivors’ patient-reported outcomes
(PROs), which is a rubric term comprised of the concepts of symptoms, functional
status, and health-related quality of life (HRQOL). Symptoms are a patient’s report of
effects most proximal to the disease or treatment process [12]. Functional status refers
to a patient’s report of their day-to-day ability to conduct normal activities (i.e. rolefunctioning in work or family). HRQOL refers to a patient’s perception of their health
status and subjective well-being. The general consensus for domains of HRQOL
includes physical, psychological, spiritual and social well-being [12-14].
While the distribution and risk factors for chronic conditions post-HSCT have
been well described, survivors’ self-reports of symptoms and HRQOL have resulted in
heterogeneous findings. Some studies suggest that long-term HSCT survivors recover
to a state comparable to the general population in some domains of HRQOL [15-17],
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while others show continued impairment physically or psychologically over time [17-22].
It is unclear which factors contribute to some survivors reporting an almost complete
restoration of HRQOL while others continue to have impaired health outcomes. Limited
PROs measurement tools and a lack of a clear conceptual framework to guide studying
important factors associated with PROs may contribute to the inconsistent findings.
PROs in Long-Term HSCT Survivor Research
PROs are information obtained directly from the patient regarding their health
status or well-being [23]. The term encompasses a variety of health outcomes,
including somatic symptoms such as pain, fatigue, vomiting, insomnia, and physical,
psychological, and social functional relating to disease and treatment [12]. In medicine,
PROs measures can help evaluate whether treatments are doing more harm than good.
Similarly, PROs can be delivered as end-points to clinical trials or measured over time
to assess for changes in health status. In public health, PROs are a feasible method of
gaining information with respect to a person’s current health status. For example, PRO
measures are incorporated into population surveys and epidemiologic studies to
compare population outcomes [24].
The Institute of Medicine’s report calls for interventions to help address
consequences of cancer and its treatment. These consequences may include, but are
not limited to, problems with pain, fatigue, and role functioning [25]. Measuring HRQOL,
symptoms, and functional status, and identifying factors associated with symptoms and
HRQOL is now a priority. Wingard and colleagues evaluated HRQOL and the factors
(i.e. time since HSCT, comorbid conditions, optimism, anxiety and other PROs)
associated with HRQOL outcomes in two studies through bivariate and multivariate
analysis [26]. The findings suggest that demographic, clinical, and social factors
16

significantly influenced health outcomes, such as HRQOL, and that further study is
warranted to better understand the complex relationships and mechanisms among
these factors.
It is evident that PROs play an important role in evaluating health status of longterm HSCT survivors, but several research gaps exist in the use of PROs in this
population. First, there are no validated instruments for measuring unique a set of
physical symptoms for long-term HSCT survivors. Second, no evidence-based model is
available to describe the complex relationships among physical and psychological
symptoms, intrapersonal factors (e.g., personality), social influences, coping strategies,
PROs (symptoms and HRQOL), and the joint effects of these factors on HRQOL. Third,
limited studies focus on positive psychological effects in long-term HSCT survivors.
Previous research suggests that experience from cancer and treatment may result in
negative psychological reactions such as posttraumatic stress [27]. However, additional
early evidence also points that potential positive “psychological restructuring” such as
posttraumatic growth, benefit-finding, or stress related growth may lead to a perceived
gain from cancer and HSCT [28]. It is also suggested that both positive and negative
responses can co-occur and are not mutually exclusive [29, 30]. While both the
negative and positive effects of HSCT have been found to impact HRQOL, few studies
have attempted to use sophisticated methods to untangle the complex relationship of
these psychological responses and their effects on HRQOL [31, 32]. These gaps
provide the foundation for the overall goal of this dissertation to attempt to address the
measurement and evaluation issues related to PROs in long-term HSCT survivors.
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Symptom measurement tool for long-term HSCT survivors: Utilizing high
quality measurement tools is paramount to the design of an epidemiologic study.
Specifically, when designing a study to evaluate health outcomes in a population, it is
important to consider that clinical measures and PROs capture different aspects of a
patient’s health [12]. PROs such as physical symptoms (fatigue and pain) and HRQOL
can only be obtained from the patient’s judgment, and developing appropriate tools to
accurately and reliably measure PROs is essential in clinical and public health research.
A review of the literature revealed the availability of symptom measurement tools
specific to HSCT survivors is limited, particularly for long-term survivors (5+ years) [16,
33, 34]. Type and severity of symptoms in recent HSCT survivors may not appear the
same as the long-term survivors (e.g. anxiety about treatment effectiveness vs. fertility
concerns or cognitive issues). Because HSCT is used in severe disease states and
with the treatment having a potentially greater impact on physical functioning, HSCT
survivors are likely to have different symptoms persisting over time compared to cancer
survivors receiving standard therapy [35].
The most renowned HSCT symptom scale, the Functional Assessment of Cancer
Therapy- Bone Marrow Transplant scale (FACT-BMT) was developed using classical
test theory (CTT) methods and then validated using a sample of HSCT recipients who
were at most 1 year post-treatment [36]. The sample contained a small proportion of
allogeneic patients (20%) who may have different item response patterns in terms of
symptom type or severity compared to autologous patients [37]. In addition, the use of
CTT encounters some limitations in instrument development and validation (Chapter 2).
The item set was designed as an extension to the Functional Assessment of Cancer
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Therapy–General scale, without evaluation of its properties as a stand-alone instrument.
Analyzing measurement properties of the individual items using advanced methodology
such as item response theory (IRT) to better capture symptom severity is warranted
(Chapter 2). The use of the extant FACT-BMT scale may limit our ability to accurately
measure symptoms as a result of treatment in long-term survivors.
An HSCT-specific instrument for long-term survivors is preferred for measuring
the level of symptoms experienced that are most proximally attributable to the HSCT
treatment. A more HSCT-sensitive tool to identify symptoms related to HSCT may help
address the overreliance on the use of generic or non-disease specific tools to measure
symptom burden for long-term HSCT survivors [38]. Refining existing instruments such
as the FACT-BMT is an efficient method to improve symptom measurement systems for
HSCT [39].
Complex relationships among demographic and clinical characteristics,
symptoms, and social resources on HRQOL in HSCT survivor: To our best
knowledge, no conceptual model is available to guide investigations on the relationships
between demographic and clinical characteristics, symptoms, social resources, and
HRQOL for long-term survivors of HSCT. Previous research has produced inconsistent
findings with respect to the relationships between symptom reports and HRQOL in
HSCT survivors [40-43]. Some long-term HSCT survivors reported comparable HRQOL
in contrast to the general population or their pre-treatment levels despite the presence
of physical symptoms [15-17, 22], while other survivors continue to suffer from impaired
HRQOL [18-21, 26]. The inconsistencies may be a result of true differences in
survivors' HRQOL, the selection of different factors (e.g. psychological symptoms,
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coping strategies), and the hypothesized role of these factors (i.e. direction of influence)
in influencing HRQOL across different studies. Unfortunately, research on the
interrelationships between the factors themselves and their influence on HRQOL is
sparse [42].
Demographic characteristics such as age, sex, socioeconomic status, education
level, and marital status have been associated with HRQOL [26, 43, 44]. Clinical
factors deemed important in their association with PROs; these factors include disease
diagnosis, treatment, severity of HSCT experience (autologous vs. allogeneic and
presence of cGVHD), intensity of treatment before HSCT (e.g. chemotherapy intensity)
and the time since HSCT [45]. In addition, the presence of comorbid conditions and
current symptom status are important clinical factors contributing to poor HRQOL [46].
Research also shows that psychosocial factors such as social support, social
constraints, and coping are associated with HRQOL in HSCT survivor in multivariate
analysis [26] and may act as mediating or moderating factors between physical
symptoms and/or psychological symptoms and HRQOL [47].
Given the importance of identifying risk factors for improving a survivor’s
HRQOL, the development of comprehensive conceptual model can better lead
hypothesis testing for the relationship of demographic, clinical, symptomatic, and
psychosocial factors with HRQOL. Haase & Braden described how the lack of
theoretical framework can lead to failure in a study [48]. First, the relationship between
domains cannot be determined and interpretability of relationship patterns is misleading.
Second, there is no basis for determining moderation or mediation among factors. A
review by Mosher and colleagues [42] suggests the key factors to consider in HRQOL
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research include clinical variables related to severity of treatment experience, physical
and psychological symptoms, and social and coping resources of the HSCT survivors.
Conclusions of the review by Mosher indicated that the domains of HRQOL were often
assessed without understanding their interrelationships and relating to clinical
information and symptom variables such as distress or anxiety [42]. Importantly, no
framework is available to guide a structured analytic procedure and compare the results
across different studies. Evaluating the mechanism through which these factors
influence HRQOL may provide insight to why patients with similar clinical reports may
have variable outcomes.
Positive and negative psychological experiences resulting from HSCT:
According to the American Psychiatric Association [49], the experience of cancer
(diagnosis, treatment, etc.) is regarded as a “traumatic” event and the impact on
psychological symptoms and HRQOL is of research and clinical interest. However, it is
unclear if or how this traumatic event plays a role in the HRQOL of long-term survivors
through psychological effects seen in traditionally-defined traumatic events such as
natural disasters or assaults [28, 50].
It is possible that a cancer-related event has similar impacts on psychological
health and different aspects of HRQOL compared to other traumatic events such as
natural disasters, accidents, or violent attacks. Individuals suffering from traumatic
events (e.g., natural disasters, accidents, attacks) often reported both negative
psychological state (e.g., posttraumatic stress symptoms (PTSS)) and positive
psychological state (e.g., posttraumatic growth (PTG)) [51-53]. It is theorized that many
individuals with HSCT experience may also report experiencing PTSS and PTG [50, 54,
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55]. PTSS are a set of 17 behavioral and psychological symptoms that make up the
criteria for establishing a diagnosis of posttraumatic stress disorder (PTSD) [49]. PTSS
are characterized by three clusters including avoidance, intrusive thoughts, and
hyperarousal that develop in response to the trauma itself. The symptoms resulting
from the struggle to deal with the shock of a traumatic event may alter one’s core beliefs
or views about oneself and the world [56]. PTG was defined by Calhoun and
colleagues as the “experience of significant positive change arising from the struggle
with a major life crisis” (p. 521) [57]. PTG occurs when an individual reinterprets a
traumatic event resulting in positive personal change [58].
Evidence suggests that PTSS and PTG do not necessarily occur in isolation from
one another [29, 54]. Previous examination of the relationship between PTSS and PTG
within the cancer and HSCT survivor populations has resulted in mixed findings.
Several cross-sectional studies using standard measures found no association between
PTSS and PTG [55, 59]. However, some studies found those with higher level of
distress reported greater growth [28], whereas others found those with lower level of
distress reported higher levels of positive growth [60].
Given the possible co-existence or co-occurrence of PTSS and PTG in a
survivor, questions of how to classify individuals based on different levels of PTSS and
PTG, identify factors related to the classification, and link the classification results to
HRQOL outcomes become critical. In assessing these concepts, several classes of
individuals are likely to emerge which is associated with different combinations of item
responses to PTSS and PTG measures. One approach that has yet to be utilized to
explore this issue is latent variable mixture modeling or factor mixture modeling (FMM)
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[61] (Chapter 4). This analytic method allows for examining heterogeneous populations
of HSCT survivor population who experience both PTSS and PTG at varying levels [61,
62].
Specific Aims of Dissertation
This dissertation proposes three aims to address the gaps in the current
literature. The first aim was to refine the HSCT-specific physical symptom scale for
long-term survivors; the second aim was to develop and test a conceptual framework of
factors influencing PROs of HSCT survivors; the third aim was to examine the
population heterogeneity based on PTSS and PTG in HSCT survivors and the impact
on HRQOL.
Specific Aim 1: Refine the HSCT-Specific Physical Symptom Scale
The first aim was to develop a HSCT-specific physical symptom scale for longterm survivors. This possesses particularly important clinical implications. This is
because condition-specific PRO measures provide detailed information on the patient’s
health status that is proximally related to the disease or treatment of interest compared
to generic PRO measures that evaluate the overall status of the individual. Refining an
instrument that is brief in length, covers appropriate symptoms related to long-term
HSCT survivors, and demonstrates acceptable psychometric properties will help detect
the variation of symptom burden and increases the utility of clinical practice [63].
The first aim had two main objectives. The first objective was to use itemresponse theory (IRT) to refine the Functional Assessment of Cancer Therapy–Bone
Marrow Transplant (FACT-BMT) scale to better measure physical symptoms. It was
hypothesized that IRT can help select appropriate items to measure physical symptoms
specific to long-term survivors and the modified scale will demonstrate acceptable
23

psychometric properties. The second objective was to validate the newly refined scale
using health status markers. These include the MOS SF-36 Physical Component
Summary score (PCS) and Mental Component Summary score (MCS) [64], Karnofsky
Performance Scale (KPS) [65], presence of comorbid conditions, and severity of
treatment experience. It was hypothesized that physical symptoms measured by this
modified FACT-BMT scale will be most strongly associated with the MOS SF-36 PCS
scale and severity of treatment experience compared to other health status markers.
A main contribution of this aim is the modified FACT-BMT scale will be
appropriate for measuring physical symptoms for a long-term survivor population (5+
years) as opposed to original development in the immediate survivor population (up to 1
year) [36]. An additional advantage is the application of IRT methodology to refine the
scale will be sample and scale independent using items with the best measurement
properties [66, 67]. IRT approach focuses on the item level analysis. Information
obtained from a questionnaire will be useful if the contents of items are appropriate and
valid for the population of interest.
Specific Aim 2: Develop and Test a Conceptual Framework of Factors Influencing
PROs of HSCT Survivors
The second aim was to develop a conceptual framework to test the relationship
between physical symptoms, psychological symptoms, psychosocial variables (e.g.,
optimism, social constraint, and coping), and HRQOL through structural equation
modeling (SEM) approach. This study collected comprehensive information from longterm HSCT survivors with respect to demographic, clinical, symptom, and psychosocial
factors in addition to HRQOL outcomes, which allow for pursuing this specific aim.
Generating an evidence-based framework for assessing important factors contributing
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to HRQOL of long-term HSCT survivors will provide constructive information for guiding
future research and identify risk factors of poor HRQOL for further target interventions.
This aim had two major objectives. The first objective was to evaluate whether
psychological symptoms including depressive symptoms and PTSS mediate the effect
of physical symptoms on HRQOL in long-term survivors of HSCT through path analysis.
We hypothesized that physical symptoms had a direct effect on both physical and
mental HRQOL as well as an indirect effect on HRQOL through psychological
symptoms. We also hypothesize that the psychological symptoms play a more
significant role to mediate the relationship of physical symptoms with mental HRQOL
than with physical HRQOL.
The secondary objective was to test the overall conceptual model of factors in
contributing to HRQOL, which include psychosocial factors, such as optimism, social
constraints, and coping, in addition to physical and psychological symptoms.
Specifically, this objective was to identify specific pathways through which physical
symptoms, depressive symptoms, and psychosocial variables influence physical and
mental HRQOL. We hypothesize that the psychosocial variables (i.e., optimism, social
constraints, and coping) will explain the pathway from physical symptoms through
depressive symptoms to physical HRQOL as identified in objective 1, but not mental
HRQOL. Specifically, we hypothesize that the pathways of physical symptoms-copingphysical HRQOL and optimism-physical symptoms-physical HRQOL will explain the
physical symptoms-depression-physical HRQOL relationship. However, for mental
HRQOL, we hypothesize that the same pathways (physical symptoms-coping-mental
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HRQOL and optimism-physical symptoms-mental HRQOL) will not play a significant
role and that depressive symptoms will remain an important mediator.
Establishing and testing PROs conceptual frameworks will be provide a critical
foundation for guiding a variety of PROs research. A framework helps describe the
interrelationships and pathways among factors toward PROs outcomes, identify specific
antecedent factors and mediator variables of poor PROs outcomes, and design
interventions targeting risk factors that influence PROs. Lastly, an evidence-based
framework can highlight potential gaps or inconsistencies in research to drive future
hypotheses. Within epidemiology, frameworks can guide to mapping relationships
among variables and are useful to better describe and study complex interrelationships.
Combining a theoretical foundation of why certain relationships exist with how the
relationships exist (depicted by the model or framework) is essential to understanding
disease processes and health outcomes.
Specific Aim 3: Examine the Population Heterogeneity Based on PTSS and PTG in
HSCT Survivors and the Impact on HRQOL
The third aim was to describe complex relations between PTSS and PTG by
categorizing HSCT survivors into different classes using a factor mixture model (FMM).
We hypothesize that PTSS and PTG may co-exist in the form of different combinations
among long-term HSCT survivors. Individuals may possess one of the unique
combinations of psychological states: high PTSS/high PTG, low PTSS/low PTG, high
PTSS/low PTG, and low PTSS/high PTG. Traditional analytic strategies simply add
PTSS and PTG as the independent variables in the regression model and assume the
effect of PTSS and PTG is subtractive. In addition, the traditional approach relies on
scale level rather than item level information in the analysis, ignoring the measurement
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errors derived from scales. In this study, we use an innovative strategy to analyze
PTSS and PTG simultaneously and create a class or profile to help characterize
psychological symptoms of individual HSCT survivors. It is preferred to use a method
that allows for evaluating both PTSS and PTG without diluting the outcome (i.e., adding
positive to negative scores). As a result, these unique combinations of positive and
negative psychological symptoms should have different effects on HRQOL. PTSS and
PTG may coexist because the negative consequences of stress are important to
proceeding through the cognitive processing that may lead to a positive impact [68].
Park & Helgeson recognized this methodological issue in their study on PTSS and PTG,
and suggest that it is not necessary to assume the two concepts are on the opposite
ends of a continuum and advanced statistical methods should be used to tease out the
true relationship [31].
FMM is a form of generalized latent variable modeling that can be used to
examine the complex constructs of psychological states by allowing the underlying
structure to be both categorical and continuous (dimensional) [61, 69]. It is a hybrid
approach of the common factor model and latent class model. The FMM methodology
is described in detail in Chapter 4 and Appendix D. Table 1-1 provides a comparison
across different type of latent methods for psychological and PROs research. Briefly,
FMM combines different aspects of the common factor model and latent class model to
evaluate the class membership among individuals and account for measurement error
of items measuring psychological sates [69] (Table 1-1). In this study, FMM will be
used to differentiate sub-groups of survivors into different classes based on their
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responses to both the PTSS and PTG scales while also accounting for the
multidimensionality of the scales.
A FMM approach will be used to identify heterogeneous classes of survivors
based on items of PTSS and PTG scales. As described in the previous paragraph, we
anticipated four unique classes will be generated: high PTSS/ high PTG, low PTSS/ low
PTG, high PTSS/low PTG, and low PTSS/high PTG. We also hypothesized that
individuals with younger current age, lower education, and greater severity of treatment
experience are likely to relate to the class with symptoms of higher PTSS/higher PTG.
Individuals with older age, lower severity of treatment experience, and no comorbid
conditions are likely to relate to the class with symptoms of lower PTSS/lower PTG. In
addition, we hypothesized that the classes comprised of individuals with low PTSS/high
PTG are associated with higher physical HRQOL and mental HRQOL scores compared
to classes comprised of survivors with high PTSS/low PTG.
Compared to traditional latent class approach, the use of FMM approach is
flexible to identify heterogeneous classes of PTSS and PTG and also allow for the
individual classes to have within-class heterogeneity. These characteristics are
particularly useful to PROs research because individuals may potentially endorse both
positive and negative outcomes in any one of multiple combinations (i.e. high
PTSS/high PTG, low PTSS/low PTG, high PTSS/low PTG, and low PTSS/high PTG).
In the broader context of epidemiology, individual diversity can greatly influence disease
or health outcomes. However, traditional statistical approaches do not take into account
the issue of heterogeneity and may result in limited inferences for the results.
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Study Design
Participant Recruitment
This study is a secondary data analysis of a large multi-site study (40 centers)
comprised of long-term cancer/HSCT survivors (the parent study: NIH RO1 “Quality of
Life and Relationships in BMT Survivors”; PI: Dr. John Wingard). Potential participants
were HSCT recipients at participating transplantation centers with records identified
from International Bone Marrow Transplant Registry/Autologous Blood and Marrow
Transplant Registry (IBMTR/ABMTR). The participating centers register transplants
performed at their center and submitted demographic and clinical information on eligible
patients to the IBMTR/ABMTR Statistical Center. The preliminary eligibility criteria for
study participation included the age at 18 years or older, a single allogeneic or
autologous HSCT, at least 12 months post-HSCT, specific diagnosis of cancer (e.g.,
chronic myelogous leukemia, acute leukemia, lymphoma, or breast cancer), continuous
remission since HSCT, and able to read and understand English.
Initially, 2,447 eligible participants were identified between 2000 and 2002.
Patients at each center who met the first three criteria were then stratified by diagnosis,
transplant type, years since HSCT (<5 vs. >= 5 years), and intensity of pretransplantation therapy at each center (less intense vs. more intense). Less intense
included survivors who received transplant for chronic phase chronic myelogenous
leukemia (CML) within one year of diagnosis, those who received transplant for acute
leukemia or lymphoma in their first year of remission, and survivors who received
transplant for adjuvant treatment of Stage II or III breast cancer. More intense pretransplant therapy included those who were transplanted for chronic phase CML over 1
year from diagnosis, survivors transplanted for accelerated or blast phase CML,
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survivors transplanted for acute leukemia or lymphoma beyond the first remission, and
survivors transplanted for metastatic breast cancer.
After stratification, survivors were randomly selected to be contacted for
eligibility confirmation. The flow chart in Figure 1-1 demonstrates the process of subject
recruitment after the random selection of 1,946 potentially eligible survivors from the
2,447 identified. Of the 1,946 survivors identified, 295 were ineligible (n=133: death and
n=134: disease relapse). For the remaining 1,399, contact was attempted and was
successful for 960 survivors. Among the 960 survivors, 704 provided written consent
(n=118: declined participation and n=138: verbal but not written consent). Once
informed consent was received via postal mail (73.3% of eligible survivors that were
contacted), a telephone interview was scheduled by Center on Outcomes, Research
and Education (CORE) at Evanston Northwestern Healthcare Center (Evanston, IL).
Forty-two survivors were withdrawn from the study after consent. Reasons for
withdrawal included voluntary withdrawal from the study (n=16), ineligibility (n=12), and
loss to follow up (n=10).
Participants were informed that they would receive a mailed packet of
questionnaires with half of the measures to be completed prior to the phone interview.
After the mailed packets were completed and mailed back to the research team, a
phone interview was conducted to ask the remaining half of the questionnaires and to
obtain basic demographic information. After phone interview and mailed questionnaire
were completed, records were abstracted from IBMTR/ABMTR to obtain date and type
of initial diagnosis, date and type of HSCT, and the nature of donor relationship
(allogeneic). Table 1-2 shows the characteristics of study sample used in this study.
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Study Measures
Several questionnaires were used in this study. The description of the
questionnaires is provided in Table 1-3. The items in each PROs questionnaire contain
question prompts to assess the participant’s state at the time of survey, past 7 days, or
past one month in addition to a prompt to refer the response to having had cancer or
cancer treatment.
Advantages of Study Population
Data collected from the RO1 parent study provide a rich data source with
extensive demographic, clinical, and PRO information on a large sample of long-term
HSCT survivors. The parent study provides the most comprehensive set of information
to be able to accomplish the three aims proposed in this study. The large sample size
used in this study provides sufficient statistical power for conducting sophisticated
analyses to accomplish three aims: IRT for Aim 1, structural equation modeling and
path analysis for Aim 2, and FMM for Aim 3. Finally, several previous studies based on
this data source also build the foundation for pursuing the specific aims proposed in this
study [26, 33, 70-72].
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Table 1-1. Comparison of statistical models for examining heterogeneous populations [62]
Statistical Model
General linear
models
(e.g.,
discriminant
analysis, logistic
regression, and
MANOVA)

Utilization
Source of heterogeneity is
observed or explicit (e.g., male
and female)
Focus typically on relationship
among variables of interests
Relate the observed group
membership, other independent
variable, and outcomes

Assumptions
Linearity
Independence of observations
Normality of residuals
Independent variables are
measured without error

Advantages
Easily implemented
Simple interpretation

Disadvantages
Equal weight for all items on
the same factor
Treat population as
homogenous
Assume unidimensional factor
(or outcome of interest)

Common factor
model
(e.g.,
exploratory
factor analysis,
multi-group
confirmatory
factor analysis)

Source of heterogeneity is
observed or explicit (e.g., male
and female)
Multidimensional constructs
Identify latent factors comprising
of item measuring the factors

Latent factor describes all
correlations among items
measuring that factor
Local independence (once
latent factor is assumed, the
correlations are all explained
by the latent factor)

Allow for continuous
latent factor
representing the
underlying latent trait
Allow for
multidimensionality
Different weights for
different items

Treat population as
homogenous

Latent class
model
(i.e., latent class
analysis, LCA)

Source of heterogeneity is not
directly observed or explicit
Focus on
relationship/classification among
individuals
Categorical items or variables
Creating classes of individuals
that homogenous within-class and
heterogeneous across classes
Useful when classification is
primary focus

Local independence of items
within a class (within-class
homogeneity)
Non-linearity of the data
Non-normal distribution of data

Latent class
membership can be
determined
Other advantages
remain the same as
common factor model

Not allow for within-class
heterogeneity
Categorical observed items
only
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Table 1-1. Continued
Statistical Model
Latent profile
model
(i.e., latent
profile analysis,
LPA)

Utilization
Source of heterogeneity is not
directly observed or explicit
Focus on
relationship/classification among
individuals
Continuous items or variables
Creating classes of individuals
that homogenous within-class and
heterogeneous across classes
Useful when classification is
primary focus

Assumptions
Local independence of items
within a profile (within-profile
homogeneity)
Conditional normal distribution

Advantages
Continuous observed
variable that may
provide more
information compared
to categorical observed
variable
Other advantages
remain the same as
latent class model

Disadvantages
Not allow for within-profile
heterogeneity

Factor mixture
model
(i.e., factor
mixture
analysis)

Source of heterogeneity is not
directly observed or explicit
Focus on
relationship/classification among
individuals
Allow categorical, ordinal or
continuous items to determine
class membership
Population heterogeneity
anticipated within classes

Theoretical or practical
foundation required for
relaxing local independence
assumption
Distributional assumptions
based on observed item or
variable type (categorical,
ordinal, continuous)

Incorporates the
advantages of common
factor model and LCA
Items may be more
representative of
varying levels of latent
trait (within-class
heterogeneity)
Factor means
variances can vary
across classes (withinclass heterogeneity)
Allows for inclusion of
continuous, ordinal and
categorical observed
items

Complex modeling process
which involves problems of
model identification and result
convergence
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Table 1-2. Study characteristics
N

Distribution, %

Demographics
Age, years

662
Mean (SD)
Median (Range)
<35
35-39
40-44
45-49
>50

182
95
106
120
159

42.1 (11)
42.4 (18-71)
28
14
16
18
24

Male
Female

251
411

38
62

White
Other

603
56
658
194
209

92
8

122
133

18
20

484
100
75
659
483
176

73
15
11

70
141
156
100
181
597
193
387
17

11
22
24
15
28

Mean (SD)
Median (Range)

662

7.0 (3.1)
6.6

Allogeneic
Autologous

272
390

41.1
58.9

Sex

Race

Education
High school or below
Some college or
technical education
College degree
> College degree
Occupational status
Working or student
Not working
Retired
Marital status
Married/living with partner/ committed
Other
Annual family income
< $20,000
$20,000 - $40,000
$40,000 - $60,000
$60,000 - $80,000
>$80,000
Insurance status
Public
Private
No insurance

30
32

73
27

32
65
3

Clinical variables
Time since HSCT, years

Type of Transplant
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Table 1-2. Continued
N

Distribution, %

Donor relationship
HLA-identical sibling
187
70
Alternative related donor
11
40
Unrelated donor
33
12
Alternative related donor
11
40
Unrelated donor
33
12
Other or missing
36
13
Malignant disease at initial diagnosis
Acute leukemia (acute myelogous
243
37
leukemia or acute lymphoblastic
leukemia)
Chronic myeloid leukemia
131
20
Breast cancer
156
24
Hodgkin’s or non-Hodgkin’s lymphoma
132
20
Severity of treatment
Low- autologous no GVHD
390
60
Moderate-allogeneic no GVHD
168
26
High – allogeneic GVHD
88
14
Comorbid conditions
Presence of comorbid conditions at
104
16
survey
Intensity of treatment before HSCT*
Less intense
441
66.6
More intense
221
33.4
Karnofsky Performance Score at last
follow up
Mean (SD)
597
90.2(10.1)
Median (Range)
10-100
*Less intense treatment category includes patients who underwent treatment with the first year of being
diagnosed with CML, patients with acute leukemia or lymphoma in remission, or treatment of stage II or
stage III breast cancer. Higher intensity category included patients who had undergone BMT for chronic
CML more than a year after diagnosis, accelerated CML, acute leukemia or lymphoma b.
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Table 1-3. Clinical variables and patient reported outcomes (PROs) instruments
Variable

Item description

Response options/Domains (items)

Items

Scoring Direction

Pre-transplantation
treatment intensity

Based on status and duration of
disease before transplantation

Less-intense= patients who underwent
transplantation for chronic phase CML
within 1 year, acute leukemia or
lymphoma in first complete remission, or
adjuvant treatment of high-risk stage II or
III breast cancer
More intense= transplantation for chronic
phase CML >1yr from diagnosis,
accelerated or blast phase CML, acute
leukemia or lymphoma beyond first
remission, or metastatic breast cancer

Time since diagnosis
Severity of treatment

Years since diagnosis date
Type of HSCT treatment and presence
of graft-versus-host disease

Comorbid conditions

Comorbid conditions present at survey

Low= autologous (no GVHD)
Moderate=allogeneic (no GVHD)
High = allogeneic (GVHD)
No/Yes

Functional status
outcome

Instrument

Domains (items)

Physical functioning

MOS-SF 36* Physical Component
Summary (PCS)

Physical functioning (10)
Role limitations due to physical problems
(4)
Bodily pain (2)
General health perceptions (5)

21

Higher scores indicate
better functioning

Mental functioning

MOS-SF 36* Mental component
summary (MCS)

Energy/ vitality (4)
Social functioning(2)
Role limitations due to emotional health
problems (3)
Mental health (5)

14

Higher scores indicate
better functioning

36

Table 1-3. Continued
Variable
Post-traumatic growth

Item description
Post-Traumatic Growth Inventory
(PTGI)

Response options/Domains (items)
Relating to others (7)
New possibilities (5)
Personal strength (4)
Spiritual change (2)
Appreciation of life (3)

Items
21

Scoring Direction
Higher scores indicate
greater growth

Depressive symptoms

Center for Epidemiologic Studies
Depression scale (CES-D)

Depressed affect
Positive affect
Somatic
Interpersonal

10

Higher score indicate
worse symptoms

Posttraumatic stress
symptoms

Impact of Events Scale (IES)

Intrusion (7)
Avoidance (8)

15

Higher score indicate
worse symptoms

Functional Assessment of Cancer
Therapy – Bone marrow transplant
scale (FACT-BMT)

N/A

25

Higher scores indicate
better health (fewer
symptom experience)

Social Constraints Scale (SCS)

N/A

16

Higher scores indicate
greater constraints

Psychological Symptoms

Physical Symptoms
Treatment specific
symptoms

Social resources
Social constraints
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Table 1-3. Continued
Variable
Coping

Item description
Brief COPE

Response options/Domains (items)
Active coping (2)
Planning (2)
Positive reframing (2)
Acceptance (2)
Humor (2)
Religion (2)
Using emotional support (2)
Using instrumental support (2)
Self-distraction (2)
Denial (2)
Venting (2)
Substance use (2)
Behavioral disengagement (2)
Self-blame (2)

Items
28

Scoring Direction
Higher scores indicate
greater coping

Life Orientation Test (LOT-12)

N/A

12

Higher scores indicate
greater optimism

Personality
characteristics
Optimistic personality
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Figure 1-1. Flow chart summarizing recruitment of HSCT survivor group (IBMTR/ABTR: International
Bone Marrow Transplant Registry/Autologous Blood and Marrow Transplant Registry)
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CHAPTER 2
REFINING SYMPTOM MEASUREMENT TOOL FOR LONG-TERM SURVIVORS OF
HEMATOPOIETIC STEM CELL TRANSPLANT
Introduction
Hematopoietic stem cell transplantation (HSCT) is a medical procedure that
replaces stem cells from bone marrow, peripheral blood, or umbilical cord blood in
patients with damaged bone marrow or immune systems due to malignant disease such
as cancer [3]. Approximately 85% of HSCT recipients are now living 10 years or longer,
and many of them are suffering from late effects such as chronic conditions [4].
Evidence suggests that the occurrence of chronic conditions or complications was 60%
in survivors 10 years from diagnosis, and the occurrence of life-threatening conditions
was 35% [10]. In addition, HSCT-relevant symptoms can persist in many survivors after
the primary disease and treatment have been resolved [73, 74]. The longer survival
time together with the persistence of symptoms and long-term chronic or life-threatening
conditions will substantially affect survivors’ functional status or health-related quality of
life (HRQOL) [10].
Symptoms reported by HSCT survivors include changes to bodily appearance,
fatigue, pain, loss of strength, and appetite loss [42, 75]. Measuring treatment-related
symptoms and HRQOL through patient-reported outcomes (PROs) measure is
important to obtaining the complete picture of a survivor’s health status [76]. The use of
diagnoses (i.e. chronic obstructive pulmonary disease and cardiomyopathy) or clinical
indicators (i.e. high cholesterol and imbalanced hormone levels) [6, 10] is not adequate
to determine the impact of the long-term effects of HSCT treatment. Evidence suggests
self-reported symptoms might be more sensitive to relevant changes in a survivor’s
health status compared to clinical measures [76]. Compared to psychological
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symptoms, physical symptoms are more proximally related to the cancer and HSCT
treatment and are a direct result of the intensity of disease and physical invasiveness of
the treatment [77]. Physical symptoms have been identified as pre-cursors to other
long-term effects such as psychological symptoms and health-related quality of life
(HRQOL) [78], making them particularly important as the “first-line” of health outcome
assessment.
The availability of instruments to measure HSCT-specific symptom is limited [16,
33, 34]. Previous studies assessing HSCT survivor symptoms have utilized symptomspecific scales (e.g., McGill Pain Questionnaire (MPQ) for pain) [79], disease-specific
scales (e.g., Functional Assessment of Cancer Therapy- General) [80], or other scales
created to meet an individual study’s needs to measure symptoms of HSCT survivor
[81]. A limitation of these scales is that each scale was designed to measure a specific
symptom (e.g., pain) or for cancer patients currently receiving therapy and may not
contain items measuring key symptoms applicable to long-term HSCT survivors.
Developing a new tool or refining existing tools to measure comprehensive physical
symptoms in long-term HSCT survivors will be beneficial for long-term survivorship
research and clinical practice. Given the fact that developing a new scale involves
painstaking effort, refining an existing tool, Functional Assessment of Cancer Therapy –
Bone Marrow Transplant Scale (FACT-BMT) [37], to measure physical symptoms for
HCST survivors is a practical way to create a survivor-specific tool. In contrast to the
FACT-BMT, the previous scales were not developed with a sample of HSCT recipients
and the goal of measuring their unique symptoms. This limitation of the previous scales
makes the FACT-BMT, which was created with HSCT recipients, an efficient instrument
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to refine for a long-term HSCT survivor symptom specific scale. However, the original
FACT-BMT scale has several limitations for a long-term survivor population.
First, the subjects used for developing FACT-BMT consisted of those who
finished HSCT within 1 year. Survivors in the first 12 months typically experience
physical symptoms directly related to treatment and are different from long-term
survivors who have late symptoms or complications [6].
Second, conventional measurement methodology (i.e., classical test theory
(CTT)) was used to develop the original FACT-BMT scale. The CTT approach to
construct and evaluate PROs is limited by the characteristics of scale dependence
(observed scores are hypothesized to represent the true scores and tied to a particular
set of items) and sample dependency (measurement properties such as reliability and
validity depend upon the sample under investigation) [82]. In addition, CTT methods for
scale development do not allow for a distinction between the ability of the scale to
measure the latent trait (i.e. depression, physical functioning) and the underlying
severity of the subjects [83].
Third, the original FACT-BMT scale has the potential to be shortened in length.
Developing a physical symptom scale which is short in content and possesses good
measurement properties may increase the likelihood of use in clinical practice and
decrease the response burden. A previous analysis by Huang and colleagues used a
CTT approach to create a shortened subscale of the FACT-BMT items [84]. The items
selected were subject to the limitations of CTT and cited a modern test theory approach,
such as item response theory (IRT), as the next step to refining the scale.
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IRT is comprised of a variety of modeling methods for analyzing specific items
that are designed to capture a particular latent trait (i.e. physical symptoms) [85, 86].
IRT allows for creation of a latent trait scale measured by a set of items that are
calibrated on the same metric as the latent trait of survivors. IRT provides the
advantages of sample and scale independence to address the previously stated
problems of CTT. In addition, IRT gives precise information for selecting best
performing items to measure the underlying burden of physical symptoms (θ) for HSCT
survivors. Burkett and colleagues identified several future directions for symptom
research in cancer survivors including the recommendation to increase use of
assessment tools that are validated, simple, and for multiple symptoms [74]. A refined
item pool may result in stand-alone scale that can reduce the response burden for
patients.
Given the importance of physical symptom burden on HSCT survivors and the
needs of developing a scale to monitoring progress of physical symptoms of this
population, the first objective of this study was to use IRT methodology to refine the
FACT-BMT scale for measuring physical symptoms for long-term survivors. The
second objective was to validate the newly refined scale using PRO measures and
clinical information.
Methods
Participants and Data Collection
This study is a secondary data analysis of the multi-site study (40 centers)
described previously in Chapter 1, Study Design. Briefly, participants were HSCT
recipients at participating transplantation centers with records identified from
International Bone Marrow Transplant Registry/Autologous Blood and Marrow
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Transplant Registry (IBMTR/ABMTR). Inclusion criteria for study participation are: age
at 18 years or older, a single allogeneic or autologous HSCT, at least 12 months postHSCT, specific diagnosis of cancer (chronic myelogous leukemia, acute leukemia,
lymphoma, or breast cancer), continuous remission since HSCT, and able to read and
understand English. Eligible survivors were randomly selected to be contacted for
eligibility confirmation. The flow chart in Chapter 1 Figure 1-1 demonstrates the process
of subject recruitment. Data were collected from mail surveys and phone interviews. Of
the 704 survivors that provided written consent, 662 completed the study; 658 who
completed the FACT-BMT with no missing data were available for instrument
development. Clinical information was extracted from medical records and the
IBMTR/ABMTR.
Study Measures
Demographic information included age at survey, gender, race, education,
occupational status, family income, and marital status. Clinical information used
included presence of comorbid conditions, severity of treatment experience, and
physician’s report of Karnofsky’s Perfomance Scale (KPS). Severity of treatment
experience was defined as low severity for autologous and no cGVHD; moderate
severity for allogeneic and no cGVHD; high severity for allogeneic and cGVHD. Clinical
information was obtained through the registry and medical record information. PROs
measures used include physical symptoms measured by the modified FACT-BMT and
HRQOL measured by the Medical Outcomes Study 36-item short form health survey
instrument (MOS SF-36) [64].
The modified FACT-BMT contains 25 items instructing participants to respond
with how much they experience the physical symptoms. The items are based on a
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Likert-type scale with 5 response options including “not at all,” “a little bit,” “somewhat,”
“quite a bit,” and “very much.” Higher scores indicate better health or less symptoms
and negatively worded items were reverse scored. The item set was previously
modified by expert panel prior to survey administration to eliminate items not relevant to
long-term survivors and add new items determined to be important to survivors by the
panel [84]. Of the 23 items in the original FACT-BMT [37], 6 items appropriate for
current those who were currently receiving HSCT or had just completed the treatment
will be excluded. These 6 items include “worry that the transplant will not work,” “effects
of treatment are worse than I imagined,” “have confidence in my nurses,” “regret having
the bone marrow transplant,” “illness is a personal hardship for my close family,” and
“cost of treatment is a burden on me or my family.” An additional 8 items were added
by expert panel to better address issues previously reported by long-term survivors.
These 8 items include “have headaches”, “have dizzy spells”, “have stiff joints”, “have
urinating difficulty”, “have hearing loss”, “have sleep problems”, “have mouth sores”, and
“be content with quality of my life right now.” This resulted in the 25-item modified
FACT-BMT scale used in the present study.
The MOS SF-36 is a generic HRQOL instrument comprised of 36 items designed
to measure 8 domains (physical functioning, role limitations due to physical health
problems, role limitations due to emotional health problems, social functioning, bodily
pain, mental health, energy vitality, and general health perceptions). In addition, two
component scales (Physical Component Summary (PCS) and Mental Component
Summary (MCS)) were created to summarize physical and mental aspects of health. In
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this study, the PCS and MCS were treated as the main outcome variables. The scores
of the PCS and MCS scale are normalized with a mean of 50 and a SD of 10 [64].
The KPS scale is the clinician’s assessments of an individual patient’s
performance status based on a 0-100 scale [65]. The performance status is determined
by the clinician’s view of the patient’s ability to perform normal activity, do active work,
and the need for assistance with 100 representing “normal, no complaints, no evidence
of disease” and 0 representing “dead”.
Analytic Strategy
Two phases of analysis were used: instrument refinement and instrument
validation. Instrument refinement was an iterative process using quantitative (IRT
methodology) and qualitative information to select and remove items for the symptom
scale. The instrument validation was conducted based on known-groups validity which
is determined by the extent to which scale scores can distinguish between clinical
known-groups that are related to physical symptoms.
Instrument Refinement
A four-step approach was conducted to accommodate the iterative process for
item selection. These steps include: step 1 for examining the content of individual
items; step 2 for inspecting the distribution of item response; step 3 for testing IRT
assumptions (i.e., unidimensionality and local independence); step 4 for evaluating item
level measurement properties based on IRT methods (i.e., item discrimination, item
difficulty, item characteristic curve, and differential item functioning). Instrument
refinement is a reiterated process comprised of different stages of analyses. Steps 1
and 2 were implemented in Stage 1, and Steps 3 and 4 were implemented in multiple
Stages until the results were satisfied (i.e., meeting certain levels of evaluation criteria).
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The following section describes the criteria used to evaluate the quality of items
across different steps:
Step 1: Item content was examined for its ability to assess physical symptoms
and the content similarity to other items in the scale. We aimed to retain no more than
25 items measuring a unidimensional concept of physical symptoms for long-term
HSCT survivors. If an item had questionable content (e.g. not physical symptom), it
was considered for removal at this step.
Step 2: Item response distributions were inspected for ceiling and floor effects.
Ceiling effect refers to when the scores are at the maximum value for the domain. Floor
effect refers to when the scores are at the minimum possible value for the domain. If
80% or more of respondents respond to the highest category or lowest category
(highest category indicate no symptom, lowest indicate greatest symptom), then the
item was regarded as having ceiling or floor effects, respectively. In this study, we
collapsed the item categories from 5 categories to 3 categories to address the skewed
item distributions.
Step 3: IRT assumptions (unidimensionality and local dependency) were tested
based on a confirmatory factor analysis. If the criteria of Comparative Fit Index (CFI)
>0.95, Tucker-Lewis-Index (TLI) >0.95, and Root Mean Square Error of Approximation
(RMSEA) <0.06, the assumption of unidimensionality is held [87-89]. If the residual
correlation among any pairs of items <0.2, the assumption of local independency is held
[87]. If items demonstrated residual correlations with each other, the item with the
greater number of criteria violations was removed.
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Step 4: IRT measurement properties (i.e., item discrimination, item difficulty, item
characteristic curve, and differential item functioning) were evaluated using Samejima’s
graded response model (GRM) which is a two-parameter IRT model [90]. The two
parameters under estimation were the item discrimination and item difficulty. The item
discrimination (slope a parameter) in GRM describes how strongly an item is related to
the underlying latent trait of physical symptoms or the degree to which the item
discriminates between individuals along the latent trait. It is the slope where subjects
endorse an item with a probability of 50% [12, 66]. Higher discrimination values are
better, with values greater than 1.0 being ideal, 2.0 indicating perfect discrimination.
Item difficulty (location b parameter) in GRM describes how easy or difficult it is for a
subject to endorse an item for a concept the item intends to measure [12, 66]. It is the
location of items on the latent continuum of physical symptoms where subjects endorse
items with a probability of 50%. The latent trait in this study is a “physical symptoms”
with higher scores indicating better health. The GRM estimates the difficulty and
discrimination parameters for each item and the underlying trait of physical symptom
status (theta; θ) for each subject. Given the five response categories for each item, the
use of GRM estimates one slope parameter and four threshold parameters. The
underlying latent trait (θ) is estimated by the GRM based on the logit scale with a range
-3 to +3 with higher scores indicating better health (lower level of physical symptoms).
In this study, a discrimination value less than 0.50 and/or a difficulty value greater than
2 standard deviations from the mean of 0 were the criteria applied to remove items [91].
Item parameters are estimated using marginal maximum likelihood estimation via the
expectation-maximization (EM) algorithm. When an item had a discrimination
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parameter below the desired value and/or a difficulty parameter above the desired value
[91] it was retained (if this was the only violation identified for the item).
The item characteristic curve (ICC) describes the probability of endorsing an item
conditioning (or regressing) on the level of the underlying physical symptom trait [83].
Easier items will have higher probabilities of being endorsed at the lower end of the
latent trait (moving from left to right on trait scale, higher levels on the right end).
Harder items will have greater probability of being endorsed at the upper end of the
latent trait [91].
Differential item functioning (DIF) is an additional criterion to assist in instrument
refinement. DIF analysis is a method that can be used to identify the items we intended
to measure (i.e., physical symptoms) are responded differently by sub-groups (e.g.
gender or treatment type) after controlling for the underlying latent trait of physical
symptoms [92, 93]. In this study, we tested for the presence of DIF by gender or
treatment type that can threaten the validity of an instrument. The chi-square tests of
item location and item slope contrasts were evaluated for significant DIF in each item.
Chi-square values >10 were considered a minimal clinically important difference [94].
Technical details of DIF methodology are available in Appendix A.
The item information function (IIF) and test information function (TIF) were
estimated at each stage to describe the reliability and measurement error at the item
and scale levels, respectively [66, 95]. IIF was estimates to demonstrate the precision
of measurement across different levels of the underlying latent trait. The more
information the item provides, the more precisely the estimates will fall around the true
ability. TIF was estimated to determine to what extent the unidimensional scale can
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reliably measure different levels of underlying trait [66, 95]. TIF is a summation of IIF for
a given level of the underlying trait. The value of TIF of 10 or higher (equivalent to
Cronbach’s alpha of 0.9 in CTT) was considered as a cutoff to determine measurement
precision of the scales [91].
Instrument Validation
Validation analysis for the revised scale of physical symptoms was conducted
based on known-groups validity which evaluates the ability of the scale to discriminate
between survivors with known levels of health status determined by other markers.
Health status markers included the MOS SF-36 PCS and MCS, the KPS [65], presence
of comorbid conditions, and severity of treatment experience (low, moderate, and high).
For the SF-36, three modified cut-offs from the standard PCS and MCS cut-offs (<40
poor, 41-60 norm, >60 above norm) cut-offs were used to accodomate the distribution of
the scores in the sample (PCS: <40 poor HRQOL, 41-50 norm HRQOL and >50 above
norm HRQOL; MCS: <45 for poor HRQOL, 45-55 for norm HRQOL, >55 for above
normHRQOL) were used to facilitate analysis [96]. For the KPS, because no standard
cut-offs are available, we dichotomized the KPS scores by high and low values based
on the median score (0 for performance starus and 100 for better performance status).
To avoid overestimating known-groups validity of the instrument, the sample was
randomly split into two equal parts. The SAS procedure surveyselect with the simple
random sampling option was used to split the sample (training and validation sample
each at N=331). To evaluate known-groups validity, linear regression was conducted to
estimate the difference in latent physical symptom scores between survivors with high
and low health status as measured by the other markers. In the regression analyses,
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the latent scores were used as dependent variable and health status markers (knowngroups) as the independent variable. For health status markers, dummy variables were
created the markers with more than two groups (i.e. PCS, MCS, and severity of
treatment experience). Two analytic strategies were performed: one without covariate
adjustment and another with covariate adjustment. The selection of covariates was
based on the variables that may confound the relationship between physical symptoms
and health status markers including age at survey, gender, race, marital status,
education, and family income. This procedure was conducted in both the training and
validation samples.
Effect sizes (Cohen’s d) were calculated to determine the magnitude of the mean
difference in scores of the symptom scale for specific health markers. Each effect size
was calculated based on the difference in the mean physical symptom scores between
different categories of health markers divided by the pooled standard deviations of the
mean scores. Effect sizes <0.02 are classified as negligible, 0.2-0.49 as small, 0.5-0.79
as moderate and >0.8 as large [97]. Effect sizes of 0.5 or greater are considered
clinically important difference [98].
Data management and known-groups validity methods were conducted in SAS
9.2 [99]. The CFA was conducted using Mplus Version 7 [100] and the IRT procedures
used PARSCALE Version 4 [101].
Results
Study Sample Characteristics
The mean age of participants at the time of the survey was 42 years old (SD=11)
(Table 2-1). The majority of the sample was White (92%) and over half was female
(62%). One-third of the sample (32%) reported some college or technical education
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and another 30% reported a high school education or less. Approximately 70% of the
participants reported annual family incomes of $40,000 or more. Over half of the
sample (60%) reported autologous HSCT with no chronic graft-versus-host disease
(cGVHD) and 14% reported allogeneic transplant with cGVHD. Among the participants,
16% reported the presence of comorbid conditions at the time of the survey.
Instrument Refinement
Stage 1: Table 2-2 shows the results derived from this stage which includes 25
items for analyses. The dimensionality assessment using CFA for the initial 25 items
was not fully satisfied (CFI=0.93, RMSEA=0.08). Item response distributions were
skewed left with some ceiling effects (>80% of responses in the highest category). In
this round, five items were removed: BMT1 “concern about keeping my job,” BMT5 “be
able to get around by myself,” BMT10 “can remember things,” P7 “have urinating
difficulty,” and SCL5 “have mouth sores.” Content issues were raised for BMT1 due to
its lack of assessing physical symptom. BMT5 was flagged for ceiling effects
(CE=84.5%). BMT10 had local dependency (residual correlation >0.20) with BR1 “be
able to concentrate.” BMT10 and BR1 items were conceptually similar but BMT10
demonstrated worse discrimination and difficulty parameters compared to BR1. P7 was
identified to with ceiling effects (CE=87.5%) as well as local dependency with SCL3
“have hearing loss.” SCL5 was also identified with ceiling effects (CE=83.1%) and poor
difficulty (b=-3.25). Table 2-2 show items flagged for removal at each stage. At the end
of this stage, 20 out of 25 remained for analyses at Stage 2.
Stage 2: Table 2-3 shows the results based on this stage. The dimensionality
assessment based on CFA of the 20 items in this stage showed improved fit after the
removal the first five items (CFI=0.96, RMSEA=0.06) (Table 2-2). However, the four
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items further removed included BL4 “be interested in sex,” BMT7 “concern about my
ability to have children,” BMT14 “have tremors,” and SCL2 “have stiff joints.” Poor
discrimination was noted for BL4 (a=0.34) and BMT7 (a=0.12). BMT7, BMT14, and
SCL2 had difficulty parameters outside of the ideal range (b=-10.69, b=-2.63, b=-2.03,
respectively). In addition, BL4 was identified with large magnitude of DIF by gender. At
the end of this stage, 16 out of 20 items remained for analyses at Stage 3.
Stage 3: Table 2-4 shows the results based on this stage. The dimensionality
assessment based on CFA of 16 items was satisfied and consistent with that of the 20
item model (CFI=0.96, RMSEA=0.06). Three items were further removed: BMT11
“have frequent colds/infections,” BMT15 “be bothered by skin problems,” and SCL4
“have sleep problems.” BMT11 had a discrimination value of 0.50 and was also
identified with DIF by treatment type. BMT15 was identified with significant DIF by
treatment type and threshold values indicated it covered a limited level of the latent trait.
The discrimination and difficulty of SCL4 fell below the acceptable criteria (a=0.45,
b=2.03). At the end of this stage, 13 out of 16 items was remained for analyses at
Stage 4.
Stage 4: Table 2-5 shows the final item set’s properties. Fit indices are improved
from the initial set of 25 items (CFI=0.96, RMSEA=0.06). Item difficulties ranged
between 1.15 and -2.19. SCL3 had lower discrimination at this stage, but had good
item properties in each of the previous stages. It was retained due to clinical relevance,
item properties are only marginally outside of the desired range, and the item fit p-value
did not indicate removal (p=0.97). SCL6 showed mild DIF by gender, but the
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magnitude was low (Χ2 <10). Figure B-1 in Appendix B displays the TIF for the final 13
item scale. Detailed results for each stage are also discussed in Appendix B.
Known-Groups Validity Results
Demographic and clinical characteristics between the training and validation
samples were similar and not significantly different (Table 2-1). There were no
significant differences between the mean (M) latent symptoms scores of the training and
validation samples (Table 2-5). Those with higher levels of physical symptoms (lower
latent scores indicate more symptoms) reported MCS scores in the lowest category
(<45). Those reporting the least amount of symptoms were in the > 50 PCS category.
Table 2-6 displays the difference between the latent mean scores among the
different categories of known-groups as well as the respective effect sizes (ES) for the
unadjusted and adjusted analyses in both samples. The largest ES were observed for
the PCS known-groups with high and low physical health (adjusted ES=1.21 for the
training sample and adjusted ES=1.19 for the validation sample). The KPS
demonstrated the lowest ES across both groups (adjusted ES=0.02 for the training
sample and ES=0.06 for the validation sample). Severity of treatment experience and
comorbid conditions had moderate to negligible ES across both samples.
Discussion
In this study, we used qualitative approach combined with IRT methodology to
refine the FACT-BMT to facilitate measuring physical symptoms for long-term HSCT
survivors. We retained 13 (out of 25) items for a refined FACT-BMT and validated this
scale against health status known-groups including clinical and HRQOL measures. The
refined scale demonstrated good measurement properties and strong known-groups
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validity related to physical and mental HRQOL measured by PCS and MCS scales.
Known-groups validity related to clinical markers were negligible or moderate.
Interpretation of final items: The majority of items in the refined FACT-BMT
had difficulty parameters clustered towards the lower end (or less severe) latent trait of
physical symptoms with most having restricted threshold values (majority of thresholds
between -2.00 to 1.00). The restricted threshold range is consistent with other PROs
studies using IRT methods [102-105], meaning extant items (or item banks) measuring
specific symptoms and functional status may only capture a limited range of the severity
typically less severe/less challenge symptoms and functional status. Item C7 “like the
appearance of my body” and BMT6 “get tired easily” had the highest values of difficulty
parameters, thus capturing the highest level of the underlying trait of physical
symptoms. Given higher scores in the physical symptom scale represent less symptom
burden, the higher positive values of difficulty parameters mean these two items capture
more challenge level of underlying physical symptom burden compared to the other
items. Because item parameters based on IRT methodology are calibrated on the
distribution of population, it also implies that relative few long-term HSCT survivors are
able to “achieve satisfaction with appearance of body” and “not getting tired easily”
compared to endorsing other items in our physical symptom scale. In contrast, items
with the lower values of difficulty parameters (e.g., “having hearing loss,” “having
headaches,” and “being short of breath”) capture less challenge level of underlying
physical symptom burden compared to the other items.
Two items (BMT6 “get tired easily” and SCL6 “have headaches”) had greater a
value of discrimination parameter compared to other items, implying these two items are
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able to discriminate between participants separated by small differences in the
underlying physical symptoms. Items demonstrating the lowest discrimination (SCL3
“hearing loss” and BMT12 “eyesight is blurry”) not only contain the symptom content
that is relevant to long-term HSCT survivors, but also relevant to a decline in physical
health of individuals in the process of aging. Survivors may not perceive it as a
proximal “symptom” of their disease or HSCT treatment.
IRT findings compared with CTT findings: Nine items were consistently
retained based on this IRT analysis (13 items total) and the previous CTT analysis (12
items total) conducted by Huang and colleagues [84]. The common items shared by
these two studies included BMT6, BMT12, GF7, SCL1, BR1, SCL2, C6, B1, and SCL6.
Items retained from this study that were not in the CTT analysis are C7, BMT16,
BMT13, and SCL3. The CTT analysis included “BMT10 can remember things” but it
was excluded from this study because of residual correlation with “BR1 able to
concentrate” and the measurement non-invariance related to gender as identified by
DIF test.
Effect sizes for detecting differences in clinical markers were lower from this IRT
study using the latent mean scores compared to the observed mean scores from the
CTT analysis. For example, the effect sizes for the KPS in this study were negligible
compared to an effect size of 0.59 from the CTT study’s subscale. The magnitude of
the effect size for the difference in observed scores between different categories of
comorbid condition status and the severity of treatment experience ranged from
negligible to low in this IRT study; whereas the magnitude was moderate in the CTT
study.
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The differences between our study and the CTT study may be in part due to the
measurement errors introduced by confounding of the summed observed scores with
the sample characteristics (sample dependence) based on CTT analysis. The
parameters for symptom items derived from IRT are independent of our sample and
may be a better estimate of long-term survivors’ physical symptoms compared to the
use of summed observed scores. If the IRT scores are more accurate, higher ES in the
CTT study may overestimate the ability of the items to distinguish between groups.
Symptom measures for HSCT survivors and clinical implications: It was
hypothesized that the refined FACT-BMT scale would moderately differentiate between
the presence of comorbid conditions and severity of treatment experience as clinical
markers. Our findings meet this hypothesis given the fact that symptoms are more
proximal to the disease process and are a summative indicator of the severity of
disease as determined by patient’s perception [106]. In addition, symptoms are distinct
from the concept of HRQOL that captures the impact of diseases and related symptoms
on individuals’ daily functional status [14]. Unfortunately, many instruments designed to
measure PROs did not distinguish the concepts of symptoms from HRQOL. Although
clinical practice oftentimes relies on clinical evaluation, such as presence of diseases,
sign, laboratory data, and KPS rated by clinicians, to determine a patient’s health status,
this strategy tends to underestimate and is unable to capture the comprehensive picture
of health status that includes burden of symptoms, functional status, and HRQOL [1517]. The refinedd FACT-BMT provides a useful tool to assist clinicians to measure the
burden of physical symptoms for long-term HSCT survivors. Of note, the relationship of
physical symptoms with HRQOL is not straightforward in HSCT survivors, and
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psychological symptoms and psychosocial variables will play a role to influence the
relationship. This topic is important and will be investigated in Chapter 3.
The findings from this study suggest that, in a long-term survivor population, the
refined FACT-BMT scale is more strongly related to HRQOL and is better able
distinguish between survivors HRQOL status compared to their clinical characteristics
such as severity of treatment experience or current comorbidities. This is consistent with
previous literature suggesting discordance between patient and physician reports of
health status [107, 108], supporting evidence that symptoms measure a different aspect
of a survivors’ health condition. However, the items in this symptom instrument
measured a restricted threshold range or restricted range of the severity of the latent
trait the items were trying to measure. Qualitative approaches such as focus groups or
interviews with survivors may help to develop new items for this population.
Additionally, longitudinal studies will provide evidence for the reliability over time and
sensitivity to change.
Limitations
Several limitations are apparent in this study. First, this study is cross-sectional
and no causal relationships can be inferred. Additionally, we are unable to establish the
responsive of the refined instrument to changes in the survivor’s health condition with
only one time point. Second, the study may be subject to selection bias because study
participation may indicate that the survivor is functioning well compared to those who
decline to participate due to poor health [109]. This selection bias of a healthier sample
indicates that we may underestimate the reporting of symptoms or overestimate the
overall HRQOL status. Third, the study population is largely homogenous (91.3%
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White). Therefore, results may not be generalized to populations comprised of different
clinical and demographic characteristics as well as psychosocial and symptom burden.
Conclusion
Modern test theory approaches provide unique advantages to help refine the
FACT-BMT scale for measuring physical symptoms. The revised FACT-BMT scale
demonstrates good measurement properties and known-groups validity. Instrument
development, evaluation, and revision are ongoing processes. While the items
demonstrated adequate measurement properties and the ability to distinguish between
other clinical markers of health status, the scale could be improved through future
studies. An instrument should have items geared to a variety of severity levels of the
trait they are trying to measure. Including qualitative approaches as well as a
longitudinal design to test the reliability over time and sensitivity to change are
necessary steps to improving the measurement properties for symptom scales.
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Table 2-1. Study characteristics
Overall
N

Training Sample
N
%

%

Validation sample
N
%

Demographics
Age, years

662
Mean (SD)
Median (Range)
<35
35-39
40-44
45-49
>50

331

182
95
106
120
159

42.1 (11)
42.4(18-71)
28
14
16
18
24

Male
Female

251
411

White
Other

331

29
40
45
56
131

48.9 (10)
49.6()
8.8
12.1
13.6
15.9
48.6

37
31
45
65
153

49.4(10)
49.3()
11.2
9.4
13.6
19.6
46.2

38
62

114
217

34.4
65.6

137
194

41.4
58.6

603
56
658
194
209

92
8

304
26

92.1
7.9

299

90.9

30
32

95
100

28.8
30.3

99
109

30.1
33.2

122
133

18
20

65
70

19.7
21.2

57
63

17.4
19.2

484
100
75

73
15
11
73

240
55
35

72.7
16.7
10.6

244
45
40

74.2
13.7
12.2

Sex

Race

Education
High school or below
Some college or
technical education
College degree
> College degree
Occupation
Working
Not working
Retired
Marital status
Married/living with partner/
committed
Other
Annual family income
< $20,000
$20,000 - $40,000
$40,000 - $60,000
$60,000 - $80,000
>$80,000

659
483

73

330
237

71.8

246

74.8

176

27

93

28.2

83

25.2

70
141
156
100
181

11
22
24
15
28

37
62
77
52
94

11.5
19.3
23.9
16.2
29.2

33
79
79
48
87

10.1
24.2
24.2
14.7
26.7

390
168

60
26

197
83

60.8
25.6

193
85

59.9
26.4

88

14

44

13.6

44

13.7

104

16

52

15.8

52

15.8

597

90.2(10.1)
10-100

Clinical variables
Severity of treatment
Low- autologous no GVHD
Moderate-allogeneic no
GVHD
High – allogeneic GVHD
Comorbid conditions
Presence of comorbid
conditions at survey
Karnofsky Performance
Score at last follow up
Mean (SD)
Median (Range)

60

90.2 (10.5)
90(10-100)

90.1(9.8)
90(10-100)

Table 2-1. Continued
N

Overall
%

N

Training Sample
%

Validation sample
N
%

PROs
FACT-BMT^ score(observed)
Mean (SD) 658
76 (13.9)
76.3 (14.6)
77.1(13.2)
Median (Range)
16-100
80(16-90)
80(36-100)
MOS SF-36† Physical
component summary(PCS)
Mean (SD)
44.5 (11.6)
44.3 (11.6)
44.6(11.5)
Median (Range)
6.4-64.5
47.4(14.7-64.5)
47.9(6.6-63.6)
MOS SF-36† Mental
component summary (MCS)
Mean (SD)
50.6 (10.4)
50.6 (10.5)
50.7(10.3)
Median (Range)
10.1-70.2
54.3(10.1-70.2)
53.7(18.8-69.9)
^FACT-BMT scale is the 25 item modified version and was standardized to a T score with a mean of 50
and standard deviation of 10 on a 0-100 scale. †MOS SF-36: Medical Outcomes Study 36-item short form
health survey
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Table 2-2. Criteria for item removal based on content, ceiling effects, local dependency, IRT properties, and differential
item functioning: Stage 1 (25 items)
Item
BMT1
BMT2
C6
C7
BMT5
BMT6
BL4

Variable content
Concern about keeping my job
Feel distant from other people
I have a good appetite
Like the appearance of my body
Be able to get around by myself
Get tired easily
Be interested in sex
Concern about my ability to
BMT7
have children
BMT10
Can remember things
BR1
Be able to concentrate
BMT11
Have frequent colds/infections
BMT12
Eyesight is blurry
Be bothered by a change in the
BMT13
way food tastes
BMT14
Have tremors
B1
Have been short of breath
BMT15
Be bothered by skin problems
BMT16
Have trouble with my bowels
SCL6
Have headaches
SCL1
Have dizzy spells
SCL2
Have stiff joints
P7
Have urinating difficulty
SCL3
Have hearing loss
SCL4
Have sleep problems
SCL5
Have mouth sores
Be content with quality of my life
GF7
right now
Overall model fit indices

Content*
X

CE*

LD^

a

b
X

X

ICC†

X

X

X

X

X

X

X

DIF ‡

X

X

X

X

X

X

CFI
RMSEA
0.93
0.08
*Content and ceiling effect (CE) are descriptive criteria used in the first stage of item selection. Ceiling effect: over 80% of the respondents
endorse the category that indicates the greatest health status. ^LD (Local dependency): residual correlation between this item and another (cut-off
at r=0.20); a (slope): how strongly the item is related to the domain of physical symptoms (higher values are better)b (location): severity level the
item intends to capture (metric: -3 to +3); †ICC (Item characteristic curve) :describes probability of endorsing an item conditioning on the level of
latent trait; ‡DIF (Differential item functioning): extent to which an item may be answered differently by a subgroup (e.g. gender, treatment type)
given the same level of latent trait (or severity) of physical symptoms.
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Table 2-3. Criteria for item removal based on content, ceiling effects, local dependency, IRT properties, and differential
item functioning: Stage 2 (20 items)
Item
BMT1
BMT2
C6
C7
BMT5
BMT6
BL4

Variable content
Concern about keeping my job
Feel distant from other people
I have a good appetite
Like the appearance of my body
Be able to get around by myself
Get tired easily
Be interested in sex
Concern about my ability to
BMT7
have children
BMT10
Can remember things
BR1
Be able to concentrate
BMT11
Have frequent colds/infections
BMT12
Eyesight is blurry
Be bothered by a change in the
BMT13
way food tastes
BMT14
Have tremors
B1
Have been short of breath
BMT15
Be bothered by skin problems
BMT16
Have trouble with my bowels
SCL6
Have headaches
SCL1
Have dizzy spells
SCL2
Have stiff joints
P7
Have urinating difficulty
SCL3
Have hearing loss
SCL4
Have sleep problems
SCL5
Have mouth sores
Be content with quality of my
GF7
life right now
Overall model fit indices

Content*

CE*

LD^

a

b

ICC†

X
X

X

DIF ‡

X
X

X

X

X

X

X

X

CFI
RMSEA
0.96
0.06
*Content and ceiling effect (CE) are descriptive criteria used in the first stage of item selection. Ceiling effect: over 80% of the respondents
endorse the category that indicates the greatest health status. ^LD (Local dependency): residual correlation between this item and another (cut-off
at r=0.20); a (slope): how strongly the item is related to the domain of physical symptoms (higher values are better)b (location): severity level the
item intends to capture (metric: -3 to +3); †ICC (Item characteristic curve) :describes probability of endorsing an item conditioning on the level of
latent trait; ‡DIF (Differential item functioning): extent to which an item may be answered differently by a subgroup (e.g. gender, treatment type)
given the same level of latent trait (or severity) of physical symptoms.

63

Table 2-4. Criteria for item removal based on content, ceiling effects, local dependency, IRT properties, and differential
item functioning: Stage 3 (16 items)
Item
BMT1
BMT2
C6
C7
BMT5
BMT6
BL4

Variable content
Concern about keeping my job
Feel distant from other people
I have a good appetite
Like the appearance of my body
Be able to get around by myself
Get tired easily
Be interested in sex
Concern about my ability to
BMT7
have children
BMT10
Can remember things
BR1
Be able to concentrate
BMT11
Have frequent colds/infections
BMT12
Eyesight is blurry
Be bothered by a change in the
BMT13
way food tastes
BMT14
Have tremors
B1
Have been short of breath
BMT15
Be bothered by skin problems
BMT16
Have trouble with my bowels
SCL6
Have headaches
SCL1
Have dizzy spells
SCL2
Have stiff joints
P7
Have urinating difficulty
SCL3
Have hearing loss
SCL4
Have sleep problems
SCL5
Have mouth sores
Be content with quality of my
GF7
life right now
Overall model fit indices

Content*

CE*

LD^

a

b

ICC†

X

X

X

X

DIF ‡

X

X

CFI
RMSEA
0.96
0.06
*Content and ceiling effect (CE) are descriptive criteria used in the first stage of item selection. Ceiling effect: over 80% of the respondents
endorse the category that indicates the greatest health status. ^LD (Local dependency): residual correlation between this item and another (cut-off
at r=0.20); a (slope): how strongly the item is related to the domain of physical symptoms (higher values are better)b (location): severity level the
item intends to capture (metric: -3 to +3); †ICC (Item characteristic curve) :describes probability of endorsing an item conditioning on the level of
latent trait; ‡DIF (Differential item functioning): extent to which an item may be answered differently by a subgroup (e.g. gender, treatment type)
given the same level of latent trait (or severity) of physical symptoms.
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Table 2-5. Stage 4 final item set measurement properties (13 items)
Items

Contents

C7
BMT6
BMT12

Like the appearance of my body
Get tired easily
Eyesight is blurry
Be content with quality of my life
right now
Have dizzy spells
Have trouble with my bowels
Be able to concentrate
Feel distant from other people
Be bothered by a change in the way
food tastes
I have a good appetite
Have been short of breath
Have headaches
Have hearing loss

GF7
SCL1
BMT16
BR1
BMT2
BMT13
C6
B1
SCL6#
SCL3

Slope (a)*
0.60
1.16
0.68
0.73
0.90
0.77
0.74
0.73
0.86

Threshold
1†
-0.73
-0.60
-1.65
-1.90
-1.67
-1.91
-2.43
-2.33
-1.86

Location (b)
**
1.15
0.34
-0.60
-0.62
-0.90
-0.97
-0.99
-1.17
-1.18
-1.40
-1.46
-1.57
-2.19

Threshold 2
3.02
1.29
0.44
0.66
-0.14
-0.03
0.46
-0.01
-0.45

Item-fit
p-value‡
0.02
0.38
0.16
0.80
0.14
0.65
0.17
0.25
0.36

0.68
-2.62
-0.17
0.18
0.61
-2.53
-0.40
0.07
1.12
-2.34
-0.81
0.80
0.41
-3.58
-0.81
0.97
2
CFI
RMSEA
χ (df)
Model fit statistics
0.96
0.06
347 (104)
*Slope (a): how strongly the item is related to the domain of physical symptoms (higher values are better) †Threshold: severity of an item response
or location for that response category (i.e. three response categories makes two thresholds). **Location (b): severity level the item intends to
capture (metric: -3 to +3); ‡Lower p-values indicate worse fit. # Differential item functioning (DIF): extent to which an item may be r answered
differently by a subgroup given the same level of latent trait (or severity) of physical symptoms. DIF by gender was found for SCL6 but the location
contrast was mild (0.61) Holding the latent trait constant, females endorsed headaches slightly more than males. No DIF by treatment type in final
item set.
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Table 2-6. Unadjusted and adjusted mean latent HSCT symptom scores by knowngroups
Training Sample 1 N=331
N
Unadjusted
Adjusted
Mean†(SE)
Mean (SD)

Validation Sample 2 N=331
N
Unadjusted
Adjusted
Mean† (SE)
Mean (SD)

PROs
MOS –SF 36 PCS
Poor <=40

141

Norm 41-50

125

Above norm >50

63

MOS SF-36 MCS
Poor <=45

84

Norm 45-55

104

Above norm >55

141

-0.62
(0.91)
0.27
(0.69)
0.61
(0.69)

-0.52
(0.28)
0.31
(0.28)
0.69
(0.29)

139

-0.88
(0.85)
-0.10
(0.76)
0.50
(0.70)

-0.80
(0.27)
-0.16
(0.27)
0.49
(0.27)

77

-0.09
(0.98)
-0.01
(0.90)

-0.27
(0.35)
-0.24
(0.37)

-0.64
(0.94)
0.07
(0.89)

-0.55
(0.32)
0.07
(0.31)

125
65

106
146

-0.53
(0.75)
0.35
(0.68)
0.63
(0.76)

-0.32
(0.23)
0.49
(0.25)
0.78
(0.25)

-0.76
(0.71)
-0.04
(0.70)
0.51
(0.75)

-0.61
(0.24)
0.09
(0.25)
0.55
(0.24)

-0.05
(0.86)
0.08
(0.90)

0.06
(0.31)
0.14
(0.30)

-0.41
(0.90)
0.12
(0.90)

-0.27
(0.29)
0.11
(0.27)

Clinical indicator
Karnofsky Performance
Score^
Low <=90

109

High >90

196

Comorbid conditions at time
of survey
Yes

52

No

276

Severity of HSCT treatment
experience
Low (autologous, no
cGVHD)
Moderate (allogeneic, no
cGVHD)
High (allogeneic, cGVHD)

197

98
194

52
276

-0.03
-0.10
193
0.11
0.11
(0.87)
(0.32)
(0.83)
(0.28)
83
0.15
-0.02
85
0.02
0.15
(0.93)
(0.32)
(0.89)
(0.29)
44
-0.37
-0.50
44
-0.25
-0.15
(1.16)
(0.34)
(0.96)
(0.29)
† Adjusted for current age, gender, race, marital status, highest education attained, and family income.
^PCS and MCS categories are based on revised cutoffs to the standardized cut-off values of <40, 41-50,
50+, to accommodate the distribution in our samples; KPS is based on median split (median=90) as there
is no standardized cutoff
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Table 2-7. Difference in latent mean scores and effect sizes† for known-groups in random sample splits
Training Sample n=331
Difference 1
t-statistic
Difference 2
(ES)
(p-value)
(ES)‡

t-statistic
(p-value)

Validation Sample 2 n=331
Difference
tDifference
t1 (ES)
statistic
2 (ES) ‡
statistic

PROs
MOS-SF 36 PCS^

MOS-SF 36 MCS^

Above norm
poor(ref)
Norm vs
poor(ref)
Above norm
norm(ref)
Above norm
poor(ref)
Norm vs
poor(ref)
Above norm
Norm(ref)

vs

vs
vs

vs

1.220
(1.29)
0.885
(1.16)
0.335
(0.25)
1.378
(1.12)
0.783
(0.70)
0.596
(0.52)

10.16
(<0.0001)
9.09
(<0.0001)
2.74
(0.0065)
13.09
(<.0001)
6.99
(<.0001)
6.05
(<.0001)

1.200
(1.21)
0.820
(1.06)
0.380
(0.28)
1.293
(1.05)
0.645
(0.58)
0.648
(0.57)

9.51
(<.0001)
8.28
(<.0001)
3.03
(0.002)
12.22
(<.0001)
5.76
(<.0001)
6.65
(<0.001)

1.162
(1.33)
0.886
(0.89)
0.276
(0.31)
1.267
(1.05)
0.721
(0.66)
0.546
(0.50)

10.65
(<.0001)
9.89
(<.0001)
2.49
(0.0132)
12.39
(<0.001)
6.64
(<.0001)
5.92
(<.0001)

1.10
(1.19)
0.810
(0.76)
0.290
(0.33)
1.17
(0.95)
0.706
(0.64)
0.460
(0.41)

9.50
(<.0001)
8.37
(<.0001)
2.60
(0.010)
11.17
(<.0001)
6.42
(<.0001)
4.89
(<.0001)

Clinical indicators
Karnofsky
Performance
Score^

High vs. low
(ref)

0.076
(0.05)

0.67
(0.503)

0.028
(0.02)

0.25
(0.802)

0.130
(0.09)

1.18
(0.240)

0.086
(0.06)

0.80
(0.424)

Comorbid
conditions at time of
survey

No condition vs
presence of
conditions (ref)

0.711
(0.33)

5.22
(<.0001)

0.620
(0.29)

4.47
(<0.0001)

0.533
(0.26)

4.10
(<.0001)

0.379
(0.19)

2.90
(0.004)

Severity of HSCT
treatment

Low severity vs
-0.177
-1.45
-0.081
-0.65
-0.090
-0.80
-0.031
-0.27
moderate(ref)
(0.16)
(0.149)
(0.07)
(0.519)
(0.09)
(0.425)
(0.03)
(0.785)
Low severity vs
0.339
2.19
0.401
2.52
0.351
2.41
0.263
-1.82
High severity
(0.33)
(0.029)
(0.38)
(0.012)
(0.37)
(0.0167)
(0.28)
(0.069)
(ref)
Moderate vs
0.517
2.97
0.482
2.77
0.261
1.61
0.294
-1.84
high
(0.46)
(0.003)
(0.42)
(0.006)
(0.25)
(.1089)
(0.28)
(0.066)
severity(ref)
†Effect size <0.2 as negligible, 0.2–0.49 as small, 0.5–0.79 as moderate, and >0.8 as large; (0.5 or greater is considered as a clinically important
difference). ‡Adjusted for current age, gender, race, marital status, and highest education attained, and income.
^PCS and MCS categories are based on revised cutoffs to the standardized cut-off values of <40, 41-50, 50+, to accommodate distribution;
KPS is based on median split (median=90) as there is no standardized cutoff
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CHAPTER 3
EXAMINING THE RELATIONSHIP BETWEEN SYMPTOMS, PSYCHOSOCIAL
FACTORS AND HEALTH-RELATED QUALITY OF LIFE IN HEMATOPOIETIC STEM
CELL TRANSPLANT SURVIVORS
Introduction
The increased use and success of hematopoietic stem cell transplantation
(HSCT) has shifted the research focus from how long cancer survivors are living to how
well they are living [110]. All long-term HSCT survivors are at risk for increased
mortality [4, 5], chronic conditions or other subsequent long-term effects that may
influence survivors’ patient-reported outcomes (PROs) such as symptoms, functional
status and/or health-related quality of life (HRQOL) [46, 111, 112]. While the majority
of survivors report a health status similar to pre-treatment or comparable to the general
population, a portion of survivors have persistent adverse effects (or late effect) as a
results of cancer and treatment [113]. The impact of HSCT leaves survivors at risk for
physical (i.e. pain, sleep problems) and psychological symptoms that contribute to
decreased mental and physical aspects of HRQOL [26, 38, 112]. Estimates of emotional
distress, such as depression and posttraumatic stress symptoms (PTSS), are varied in
the literature. A review by Mosher and colleagues reported prevalence estimates of
diagnosed posttraumatic stress disorder (PTSD) in HSCT survivors range from 5 to
19% [42]. Estimates of any PTSS in HSCT survivors are as high as 50% [114, 115].
Estimates of depression in HSCT are between 25% and 50% [21, 44] and are higher
than the general cancer survivors (10% to 25%) [116].
Many studies have focused on the impact of treatment factors and other clinical
or demographic characteristics on HRQOL [117-119]. However, these factors are
beyond the point of intervention to improve HRQOL [40, 120]. Physical and
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psychological symptoms as well as other psychosocial factors, such as coping or social
constraints, may be viable points for targeting interventions [40, 121]. The relationship
among physical symptoms, psychological symptoms, and HRQOL is complex and may
contribute to the heterogeneous findings on health outcomes among survivors.
Survivors with similar physical symptom reports can have differing HRQOL outcomes
[42].
Unfortunately, most studies lack a conceptual framework to help test the
relationship between different factors and HRQOL in HSCT survivors [42, 122]. The
heterogeneous findings may be a result of true differences in survivor outcomes
between studies, the selection of different factors (i.e. psychological symptoms, coping
strategies) and/or the hypothesized role of these factors (i.e. direction of influence) in
influencing HRQOL vary from study to study making comparisons difficult and
potentially leading to the lack of conclusive evidence. Research on the
interrelationships between the factors themselves is sparse, but is needed to begin
mapping out the long-term effects of HSCT [42].
Using a structural equation modeling (SEM) approach to test pathways enables
examination of the direct and indirect effects (or pathways) among variables within the
framework to facilitate evaluation and interpretation of PROs in HSCT survivors [123].
Direct effects are the direct relationships between the variables. Indirect effects are the
effects of one variable on another through a mediating variable. A total effect is the sum
of the direct and indirect effects. Another advantage of the SEM approach is the ability
to incorporate unobserved or latent variables.
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Physical symptoms-psychological symptom-HRQOL: A robust conceptual
framework is required to carefully model the complex relationships between variables
because multiple factors may play a role in influencing HRQOL, (Figure 3-1).
Specifically, there are several possible pathways from physical symptoms through
psychological symptoms to physical and mental HRQOL (Figure 3-1A). Identifying and
quantifying these pathways may provide clarification on the role that physical symptoms
and psychological symptoms play in influencing physical and mental HRQOL.
Determining whether psychological symptoms, such as depressive symptoms and
PTSS, mediate the effect from physical symptoms to mental and physical is HRQOL is
important when considering which patient factors are significant points of intervention to
improve survivors’ HRQOL.
Framework including psychosocial factors: While physical and
psychological symptoms are hypothesized to have the most direct impact on HRQOL
[26], other factors that might influence HRQOL include a survivor’s optimism level,
social constraints, and approach to coping [124-126]. Figure 3-1B displays the
hypothesized conceptual pathway from physical symptoms to physical and mental
HRQOL and includes the relationships of depressive symptoms and psychosocial
factors. These psychosocial factors were associated with PROs in HSCT survivor in
previous studies [26]. Literature also suggests these factors may act as mediating or
moderating factors on the relationship between symptoms and HRQOL [47].
Specifically, coping was identified as a mediator to buffer the negative effect of physical
symptoms or disease status on HRQOL. Individuals with higher dispositional optimism
have not only been associated with better physical symptom reports [127], but also
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related to better physical and mental HRQOL compared to those with lower
dispositional optimism [128]. One study on lung and liver cancer patients reported that
great optimism and sense of coherence predicted better mental health status 12 months
post-transplant [129].
The unique aspect of this study was to incorporate include multiple physical,
psychological, and psychosocial factors in conceptual models to test the hypothesized
relationships among important factors on HRQOL while controlling for demographic and
clinical characteristics. The primary objective was to evaluate whether the presence of
psychological symptoms (depressive symptoms and PTSS) mediates the effect of
physical symptoms on HRQOL outcomes in long-term survivors of HSCT through path
analysis. The secondary objective was to test the overall conceptual model of factors in
contributing to HRQOL, which include psychosocial factors such as personality, social
resources, and coping methods, in addition to physical and psychological symptoms.
Specifically, this objective is to identify pathways through which physical symptoms,
depressive symptoms, and psychosocial variables influence physical and mental
HRQOL.
Methods
Participants and Data Collection
This study used secondary data derived from a large multi-site study (40 centers)
comprised of long-term cancer/HSCT survivors. A detailed description of data collection
has been previously described (Chapter 1, Study Design). Potential participants were
HSCT recipients at participating transplantation centers with records identified from
International Bone Marrow Transplant Registry/Autologous Blood and Marrow
Transplant Registry (IBMTR/ABMTR). Eligibility criteria included the age at 18 years or
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older, a single allogeneic or autologous HSCT, at least 12 months post-HSCT, specific
diagnosis of cancer (chronic myelogous leukemia, acute leukemia, lymphoma, or breast
cancer), continuous remission since HSCT, and able to read and understand English.
This study randomly selected 1,946 out of 2,447 eligible survivors for recruitment The
flow chart in Chapter 1, Figure 1-1 displays the recruitment process. Questionnaires
were completed through mailing and phone interview; medical records were abstracted
from IBMTR/ABMTR to determine the type of initial diagnosis, type of HSCT, and the
nature of donor relationship (allogeneic).
Study Measures
HRQOL outcomes: HRQOL outcome measures were two component scales
(Physical Component Summary (PCS) and Mental Component Summary (MCS)) of the
Medical Outcomes Study 36-item short form health survey (MOS SF-36) [64]. The
MOS SF-36 is a generic HRQOL measurement with 36 items designed to measure 8
domains (physical functioning, role limitations due to physical problems, role limitations
due to emotional problems, social functioning, bodily pain, mental health, energy vitality,
and general health perceptions. The PCS and MCS are component measures of the
physical and mental aspects of HRQOL. In this study, PCS was composed of items
measuring physical functioning, role limitations due to physical health problems, and
bodily pain. MCS was comprised of items measuring role limitations due to emotional
health problems, social functioning, energy/vitality, and mental health. PCS and MCS
were treated as the main outcome variables for the SEM. The scores of the PCS and
MCS scale are normalized with a mean of 50 and a SD of 10 [64]. The PCS and MCS
are scored so higher scores indicate better health. Measurement properties are
available for all instruments in Appendix C Table C-1.
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Physical symptoms: Physical symptoms related to HSCT were measured
using the modified version of the Functional Assessment of Cancer Therapy-Bone
Marrow Transplant (FACT-BMT) [37]. This modified scale is comprised of 13 items that
capture physical symptoms in long-term HSCT survivors. Chapter 2 provides the
process of scale development and validation. Higher scores indicate worse symptoms.
This scale comprised of 13 items to measure a unidimensional latent concept of
physical symptoms.
Psychological symptoms: The Impact of Events Scale (IES) was used to
measure PTSS [130]. The IES [130] is comprised of 15 items measuring two
concepts/domains: intrusion (7 items) and avoidance (8 items). . The IES used in this
study was developed prior to the creation of the post-traumatic stress disorder (PTSD)
diagnosis in the Diagnostic and Statistical Manual of Mental Disorders, IV (DSM-IV)
[131] and does not contain the third PTSS cluster of “hyperarousal”. The IES used in
this study has been widely used for many types of traumatic events (e.g., disasters,
assaults) [130]. The scale can discriminate between individuals with mild to severe
stress responses and retains good reliability over time despite the lack of hyperarousal
domain [132]. Domain scores were calculated by summing the item responses to
create a continuous score. Higher scores indicate worse PTSS.
Depressive symptoms were assessed using the Center for Epidemiologic
Studies-Depression (CES-D) [133]. The CES-D scale has 20 items and is comprised of
four domains: depressed affect (7 items), somatic complaints (7 items), interpersonal
difficulties (2 items), and low positive affect (4 items). Respondents are asked to
indicate how often the depressive symptom is experienced in the past week based on a
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4-point Likert scale (0 “rarely or none of the time” to 3 “most or all of the time”). Domain
scores were calculated by summing the item responses within each domain. Higher
scores indicate worse depressive symptoms. .
Psychosocial variables: The Life Orientation Test (LOT) is a unidimensional
scale (12 items) measuring an individual’s disposition to generalized optimism versus
pessimism [127]. Respondents are asked to indicate their agreement with the
statement for 12 items based on a Likert-type scale of 5 response categories ranging
from “strongly disagree” to “strongly agree”. The LOT is scored so higher scores
indicate greater optimism. This scale comprised of 12 items to measure a
unidimensional latent concept of optimism.
The Social Constraints Scale (SCS) is a 16 item unidimensional scale measuring
the degree to which individuals feel their social relationships are strained and the
degree to which they feel constrained in discussing their trauma-related thoughts
(HSCT-related thoughts) at the time of the survey [134]. The SCS is scored so higher
scores indicate more social constraint. This scale comprised of 16 items to measure a
unidimensional latent concept of social constraints.
The Brief COPE is a well validated 28-item scale designed to measure coping
strategies in stressful situations [135]. The full form of the COPE is comprised of 60
items [136]. In this study, a short form of the COPE was used that measures 14
domains (2 items each) of coping strategy. The 14 domains of the Brief COPE include
1) active coping, 2) planning, 3) using instrumental support, 4) using emotional support,
5) venting, 6) behavioral disengagement, 7) self-distraction, 8) self-blame, 9) positive
reframing, 10) humor, 11) denial, 12) acceptance, 13) religion, and 14) substance use.
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Items are scored on 4-point Likert scale (0 “I haven’t been doing this at all” to 3 “I have
been doing this a lot”). Acknowledging the limitations of the factor analysis for this scale
(high residual correlations among the sub-domains comprised of two-items), the
developer recommended researchers use the items of the BRIEF-COPE in a flexible
manner and select specific sub-scales or combine sub-scales [135, 137, 138]. For this
study, we used an exploratory factor analysis (EFA) as well as findings from previous
studies that have combined sub-domains of the BRIEF-COPE [137-139] to select the
domains for this study. The main domains found from our EFA were problemsolving/approach coping (7 items) and avoidant/maladaptive coping (7 items) and
demonstrated adequate fit statistics Comparative Fit Index (CFI) =0.92; Root Mean
Square Error of Approximation (RMSEA)=0.10). These two domains and items within
each are consistent with previous studies two-domain breakdown of coping strategies
[137-139]. The two domains were calculated by summing the item responses in each
domain and were scored so higher scores indicate better coping.
Covariates: Several factors that significantly contribute to physical and
psychological symptoms as well as PCS and MCS were included in the statistical
analyses. Important demographic characteristics to be considered include current age,
gender, occupational status, education, and marital status [27, 42, 43, 109]. Survivors
with female gender, lower income, lower education level, and being single or nonmarried are predictors of reporting poor physical and mental functioning status than
those with male gender, higher income, higher educational level, and being married [30,
42, 140]. Survivors with these characteristics (i.e., female gender, lower income and
education) tend to report co-occurrence of greater distress and greater positive
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psychological impacts from the treatment [30, 42, 140]. In addition, older survivors
reported greater impairment in physical health than younger survivors [43] while
younger survivors reported significant PTSS than older survivors [28].
Clinical variables include time since HSCT (unit: years), severity of treatment
experience, and comorbid conditions [27, 42, 43, 109]. Severity of treatment
experience was defined as low severity for autologous and no cGVHD; moderate
severity for allogeneic and no cGVHD; high severity for allogeneic and cGVHD. The
presence of comorbid conditions at the time of the survey was dichotomized to yes/no.
A longer time since HSCT has been identified as a significant predictor of better
PROs such as improved physical functioning, but its relationship with PROs is not
always linear. Some studies show PROs of survivors were improved continuously over
time since the treatment [18] and then reached a plateau after 2 years [40, 45]. Other
studies show PROs of survivors were improved immediately (typically physical
functioning) in the first year, and then declined subsequently [41]. Higher severity of
HSCT treatment experience as reflected by type of treatment has been associated with
poor physical functional status [26]. Some studies demonstrated null relationships
between severity and HRQOL, with the authors noting that additional factors
(psychological symptoms and psychosocial factors) not measured in the study may
likely mediate the outcome [42].
Hypothesis
For the primary objective, we hypothesized that physical symptoms had a direct
effect on both physical and mental HRQOL as well as an indirect effect through
psychological symptoms (depressive symptoms and PTSS). We also hypothesized that
the psychological symptoms play a stronger mediating role for mental HRQOL than
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physical HRQOL. Our conceptual pathway for the primary objective is presented in
Figure 3-1A. For the secondary objective, we assume that the psychosocial variables
(optimism, coping, social constraints) will explain the variation in the pathway from
physical symptoms through depressive symptoms to physical HRQOL (Figure 3-1B).
Specifically, we hypothesize that the pathway from physical symptom-coping-physical
HRQOL will explain the physical symptom-depressive symptoms-physical HRQOL
relationship. For mental HRQOL, we hypothesize that the same pathways (physical
symptom-coping-mental HRQOL) will not play as significant a role and depressive
symptoms will remain an important mediator. Our conceptual framework for the
secondary objective is presented in Figure 3-1B.
Analytic Strategy
Symptom-HRQOL pathways: The main pathways (physical symptom-HRQOL,
physical symptom-PTSS-depressive symptom-HRQOL, physical symptom-depressive
symptom-HRQOL, and physical symptom-PTSS-HRQOL) were specified in a diagram
followed by identification and evaluation of the measurement and structural portion of
the SEM [123, 141]. The measurement portion of the SEM is comprised of the
relationship between measured indicators (i.e., items of the scales) and their respective
latent constructs/latent variables the scales intend to measure. The structural portion of
the SEM is comprised of the relationships between different latent variables, which also
serve as a foundation for testing the pathways between different latent variables. As
displayed in Figure 3-1, latent variables are represented in circles (symptoms and
HRQOL) and observed variables are displayed in boxes. The covariates in this study
were observed variables hypothesized to be precursors to both health outcomes and
mediators including demographic characteristics and clinical variables.
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In this study, the observed and latent domain scores of different scales were
used to build SEM given a great number and the complexity of measurement scales.
For multidimensional scales, including CES-D, PTSS, BRIEF COPE, PCS and MCS,
the observed domain scores were treated as measured indicators for the respective
latent factor and included in SEM. In contrast, for unidimensional factors, including the
modified FACT-BMT scale, LOT, and SCS, individual items were treated as measured
indicators and included in SEM. To assess the model improvement for the
measurement portion of the model, we used the modification indices (MIs), which are
the predicted decrease in the model chi-square (Χ2) value after allowing for the
relationship to be freely estimated between two variables. Using the largest MI first,
items (or domains) measuring the same latent construct were allowed to be freely
estimated; for example, items within the physical symptom instrument were allowed to
be freely correlated with each other, but not with items in the depressive symptom
scale. For the path analysis section of this study, the default parameterization of Mplus
was used, with the first indicator variable fixed to 1 and the variance of the latent
variable freely estimated. Overall fit indices for the measurement model included the
Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), and
an examination of the residual correlations between items or domains measuring the
same latent construct [87, 142]. A CFI value ≥0.95 is preferred and ≥0.90 is deemed
acceptable [87, 142]. For RMSEA, ≤0.05 indicates close fit and ≤0.08 indicates fair fit
[143]. Residual correlations among items or domains measuring the same latent
construct <0.20 were considered acceptable to meet the assumption of local
independence [87].
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To test the pathways through which depressive symptoms and PTSS influence
the relationship between physical symptoms and physical and mental HRQOL, the full
pathways in the conceptual framework (or baseline models) were evaluated for physical
HRQOL (Figure 3-2A) and mental HRQOL (Figure 3-3A) separately based on the
structural portion of the SEM. The model fit was evaluated based on χ2 statistic, CFI,
RMSEA, and residual correlations. The first pathway to be tested is the relationship
between physical symptoms, PTSS, depressive symptoms, and physical and mental
HRQOL (Figure 3-2A and Figure 3-3A). The fit indices, direct, indirect, and total effect
effects were obtained for the desired pathways in the first model. The second path
model specifically tested the mediating effect of depressive symptoms on the
relationship between physical symptoms and physical HRQOL (Figure 3-2B) as well as
the relationship between physical symptoms and mental HRQOL (Figure 3-3B). The
third path model specifically tested the mediating effect of PTSS on the relationship
between physical symptoms and physical HRQOL (Figure 3-2C) as well as the
relationship between physical symptoms and mental HRQOL (Figure 3-3C). To conduct
the second model which is nested within the first model, all relationships with
depressive symptoms were constrained to zero. The same procedure was done for the
third model (i.e., PTSS nested model). The two nested models were individually tested
against the full path model using the Mplus DIFFTEST procedure for fit comparisons.
The DIFFTEST procedure is a Χ2 difference test that examine if the nested, or more
restrictive model, has worse fitting-function and fewer parameters than the full model.
Significant p-values indicate that the nested model is worse fitting compared to the full
model.
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Direct, indirect, and total effects were assessed using the MPlus Model
INDIRECT command. Unstandardized (b) and standardized (b) path estimates were
estimated for each latent variable. The estimates were standardized using the
variances of the continuous latent variables as well as the covariates and outcome
variables. All analyses adjusted for covariates (survivors’ age at survey, gender, race,
marital status, education, occupational status, years since HSCT and severity of
treatment experience).
Symptom-psychosocial-HRQOL framework: Important psychosocial variables
including optimism, social constraints, and coping were included to better understand
their influences on the relationships among depressive symptoms, physical symptoms,
and HRQOL outcomes. Depressive symptoms were selected as the measure of
psychological health given the significant findings on the relationship between physical
symptoms and HRQOL. In addition, literature supports depressive symptoms were
associated with the psychosocial variables such as coping and social constraints [134,
144].
To test the pathways through which psychosocial variables influence the
relationships of physical and depressive symptoms with physical and mental HRQOL,
the full pathways in the conceptual framework (or baseline models) were evaluated for
physical HRQOL (Figure 3-4A) and mental HRQOL (Figure 3-5A) separately based on
the structural portion of the SEM. The measurement portion of the model was
evaluated using the same criteria for CFI and RMSEA addressed in the previous
section. To assess the model improvement, the MIs were used to iteratively add item or
domain correlations within the same latent variable [145].
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The full baseline models with physical HRQOL (Figure 3-4A) and mental HRQOL
(Figure 3-5A) as outcome variables were tested first. Iteratively, the relationships
among symptoms and psychosocial variables were constrained to zero in the
subsequent models if the relationships were not statistically significant in the previous
models. The DIFFTEST procedure was used to assist in determining if the constrained
model was significantly worse from the previous models with a chi-square test [145].
The models were iteratively modified based on the literature and the improvement in the
overall fit statistics to establish the most parsimonious and theoretically reasonable
model.
Unstandardized and standardized coefficients were estimated for each latent
variable in both physical and mental HRQOL models. The model INDIRECT command
was used to obtain direct, indirect, and total effect information for the pathways from
physical symptom and coping. All models were adjusted for covariates that included the
survivors’ age at survey, gender, race, marital status, education, occupational status,
years since HSCT and severity of treatment experience. Mplus version 7 [100] was
used with the mean- and variance-adjusted weight least squares (WLSMV) robust
estimator [145].
Results
Study Sample Characteristics
The mean age of participants at the time of the survey was 42 years old (SD=11),
the majority of the sample was White (92%) and over half was female (62%) (Table 31). One-third of the sample (32%) reported some college or technical education and
another 30% reported a high school education or less. Approximately 73% of the
survivors reported a working or student occupational status. The mean number of years
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since HSCT was 7 years with a range of 2 to 22 years. The majority reported low
severity of treatment experience (60%) and a less intense previous treatment (66%).
Among the participants, 16% reported the presence of comorbid conditions at the time
of the survey. Due to missing data on covariates, 45 (6.8%) cases were excluded from
the analysis, leaving a sample of 617 observations for the path analysis and framework
testing.
Bivariate Correlations
The correlations in Table 3-2 display the bivariate associations among latent
variables of interests. Physical symptoms were strongly correlated with depressive
symptoms (r=0.85), mental HRQOL (r=-0.88), and physical HRQOL (r=-0.80).
Depressive symptoms were strongly correlated with mental HRQOL (r=-0.97), coping
(r=-0.74), optimism (r=-0.69), and physical HRQOL (r=-0.66). In addition, optimism was
strongly correlated with mental HRQOL (r=0.63). The magnitudes of the remaining pairwise correlations were moderate (0.4 < r < 0.6) or small (r<0.4).
Pathways and Framework Results
Symptom-physical HRQOL pathways: Figure 3-2A displays associations
between physical symptoms, depressive symptoms, PTSS, and physical HRQOL based
on the full path model. The unstandardized and standardized results of the full path
model indicate that physical symptoms was significantly associated with physical
HRQOL (b= -0.92). In addition, physical symptoms were significantly associated with
depressive symptoms (b=0.84) and PTSS (b=0.38); PTSS was significantly associated
with depressive symptoms (b=0.19). The indirect effects of physical symptoms on
physical HRQOL through PTSS were mildly significant (b=-0.04); however, the indirect
effects of physical symptoms on physical HRQOL through depressive symptoms were
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not significant (b=0.17) (Table 3-3). The total indirect effects of physical symptoms on
physical HRQOL through psychological symptoms were not significant, but accounted
for approximately 19% of the total effects on physical HRQOL (b=0.15) (Table 3-3).The
two nested models (Figures 3-2B-C) tested only the pathway of physical symptoms to
physical HRQOL through depressive symptoms as well as the pathway through PTSS,
respectively. Results showed that physical symptoms were significantly related to two
psychological symptoms (i.e., depressive symptoms and PTSS); however, the
relationship of psychological symptoms with physical HRQOL were non-significant
(b=0.12 and b= -0.05). The total indirect effects for the depressive symptoms nested
model (b= -0.11) and the PTSS nested model (b=0.02) did not significantly impact the
total effect of physical symptoms on physical HRQOL. The DIFFTEST procedure
comparing the performance of the nested pathways versus the full pathway showed a
significant Χ2 test (Χ2 (3) =142.68, p<0.001 and Χ2 (3) =294, p<0.001) indicating both
nested models had a worse model fit compared to that of a full model.
Symptom-mental HRQOL pathways: Figure 3-3A shows the associations
between physical symptoms, psychological symptoms, and mental HRQOL. Physical
symptoms was significantly associated with mental HRQOL (b=-0.25), with depression
symptoms (b=0.79), and with PTSS (b=0.37). The specific pathway from physical
symptoms through depression had the strongest relationship with mental HRQOL (b=0.59) compared to the other two pathways (b=0.01 for the pathway through PTSS alone
and b=-0.05 for the pathway through PTSS and depressive symptoms) (Table 3-3).
However, the direct effect of physical symptoms on the mental HRQOL in full path
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model did not have as large of a magnitude compared that on physical HRQOL (b=-0.25
vs. b=-0.92).
In the nested models, the effects of physical symptoms through depressive
symptoms and PTSS on mental HRQOL were all significant (Figure 3-3B and 3-3C).
The magnitude of the direct effect of physical symptoms in the depressive symptoms
only model was similar to the full model direct effect (b=-0.25 vs. b=-0.26). The indirect
effect of physical symptoms through depressive symptoms alone on mental HRQOL
was stronger compared to indirect effect through PTSS alone (b=-0.61 vs. b=-0.04).
The DIFFTEST procedure for each nested model indicated both nested models had a
worse model fit compared to that of a full model (Χ2(2) =33.24, p<0.001 and Χ2(2) =294,
p<0.001).
Symptoms-psychosocial-physical HRQOL pathways: The full path model for
the relationship between physical symptoms and physical HRQOL through psychosocial
variables (Figure 3-4A) had adequate fit statistics (CFI=0.93, RMSEA=0.04) despite
several insignificant pathways. The direct effect of physical symptoms on physical
HRQOL was significant (b=-1.01). Indirect pathways from physical symptoms through
coping on physical HRQOL were insignificant, suggesting negligible indirect effects.
Although depressive symptoms and coping were statistically insignificant with physical
HRQOL, their direct relationships with physical HRQOL were retained in the next sets of
analyses because these two variables were significantly associated with other variables
such as optimism, social constraints, and physical symptoms. Based on the other
insignificant relationships from the full model, the first pathway to be removed from the
analysis (i.e., coefficients constrained to zero) was from physical symptoms to coping.
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The next two pathways to be removed, one at a time, were the path from social
constraints to coping, followed by the path from optimism to depressive symptoms. The
fit statistics were similar for each modification (CFI=0.92 and 0.93 and RMSEA=0.04 for
both models), and the DIFFTEST results indicated that the final reduced model was
more parsimonious compared to the full model with a p-value >0.05 (Χ2(3) =2.59,
p=0.46) (Table 3-4). While the reduced model retained the same insignificant indirect
effect of physical symptoms on physical HRQOL and the effect of coping through
depressive symptoms on physical HRQOL, the direct effect of depressive symptoms
and coping was marginally significant.
Symptoms-psychosocial-mental HRQOL pathways: The full path model for
the relationship between physical symptoms and mental HRQOL through psychosocial
variables (Figure 3-5A) had adequate fit statistics (CFI=0.92, RMSEA=0.04) despite
several insignificant pathways. Insignificant relationships included the pathway of
optimism through social constraints on mental HRQOL, the pathway of optimism
through depressive symptoms on mental HRQOL, the pathway of physical symptoms
through coping on mental HRQOL, and the pathway of optimism through social
constraints and coping on mental HRQOL. The direct effect of physical symptoms on
mental HRQOL was small (b=-0.21) while the direct effect of depressive symptoms on
mental HRQOL was large (b=-0.88). The indirect effects from physical symptoms
through depression were moderate (b=-0.58). Coping had a small significant direct
effect (b= -0.15) on mental HRQOL and indirect effect through depressive symptoms
(b= -0.18) on mental HRQOL. The DIFFTEST results indicated that the final reduced
model was more parsimonious than the full model with a p-value >0.05 (Χ2(5) =4.98,
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p=0.42) (Table 3-4). The indirect and direct effects through physical symptoms, coping
and depression remained of the same magnitude and significance compared to the
baseline model.
Discussion
This study examined the relationships among physical symptoms, psychological
symptoms, psychosocial factors and HRQOL in long-term HSCT survivors using SEM
technique while controlling for important demographic and clinical characteristics. The
primary objective was to evaluate whether the presence of psychological symptoms
mediates the relationship between physical symptoms and HRQOL outcomes. We
found that compared to psychological symptoms (depressive symptoms and PTSS),
physical symptoms had the stronger direct effect on physical HRQOL. In contrast,
compared to physical symptoms, psychological symptoms had the stronger direct effect
on mental HRQOL. In both HRQOL outcome models, the full path model had a better fit
compared to the nested models. The secondary objective was to test the overall
conceptual model on how different factors contribute to HRQOL, specifically by
identifying and quantifying the pathways through which physical symptoms, depressive
symptoms, and psychosocial variables (optimism, social constraints, and coping)
influence physical and mental HRQOL. We found that after taking psychosocial factors
into account, the direct effect of physical symptoms on physical HRQOL remained
statistically significant. There was no significant direct or indirect effect through the
psychological symptom variable. The non-significant relationship was in part explained
by one pathway from physical symptoms through coping to physical HRQOL and
another pathway from optimism through physical symptoms to physical HRQOL. In
contrast, after taking psychosocial factors into account, the direct effect of both
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depressive symptoms and physical symptoms on mental HRQOL remained significant.
In addition, the significant pathway from physical symptoms through depressive
symptoms to mental HRQOL as seen in objective 1 remained significant despite the fact
that the pathway of optimism-physical symptoms-mental HRQOL was significant and
detracted some effects from the relationship of physical symptoms with mental HRQOL.
Relationship between symptoms and HRQOL: The findings that physical
symptoms had the strongest direct association with physical HRQOL compared to
psychological symptoms and that psychological symptoms had the strongest direct
association with mental HRQOL are consistent with objective 1’s hypothesis. The
findings are also consistent with previous studies reporting that a person’s physical
state has the most immediate impact on physical HRQOL compared to psychological
symptoms [77, 146] and that psychological symptoms have the strongest direct impact
on mental HRQOL [118, 147]. Direct effects of psychological symptoms were nonsignificant with physical HRQOL but the indirect effects of psychological symptoms
(PTSS) were significant in physical HRQOL. In contrast, psychological symptoms were
both significantly directly associated with mental HRQOL and also significantly mediated
the effects of physical symptoms on mental HRQOL. From an analytical perspective,
the results suggest that when physical symptoms are examined with mental HRQOL
without a psychological symptom measure, in a long-term HSCT survivor sample, a
significant amount of the effect of physical symptoms on mental HRQOL that occurs
through psychological symptoms may be missed. From a clinical perspective,
addressing physical symptoms remains the most direct point of intervention to improve
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physical HRQOL in this long-term survivor population while psychological symptoms,
particularly depressive symptoms, are a point of intervention for mental HRQOL.
In our conceptual framework, PTSS was assumed to influence depressive
symptoms (arrow from PTSS to depression in Figure 3-1A-C) based on the paradigm
that continued chronic stress contributes to major depressive disorder [148].
Depressive symptoms and PTSS had mediating effects on the relationship between
physical symptoms and physical HRQOL, but no significant direct effects on physical
HRQOL. Similar findings were reported in a previous study examining HRQOL of
cervical cancer survivors using SEM [149]. Psychological distress was not significantly
associated with physical HRQOL in this study (measured by the PCS), but was
significantly negatively correlated with physical HRQOL in bivariate analysis of the same
study.
For the mental HRQOL path models, the significant relationships among physical
symptoms, depressive symptoms, and PTSS are supported by previous studies [147,
150]. We found physical symptoms was not only directly associated with mental
HRQOL, but also indirectly through depressive symptoms and PTSS. The full path
model suggests that depressive symptoms have the overriding impact on mental
HRQOL compared to PTSS. This is especially the case in comparing across the two
nested models where depressive symptoms act more strongly as a mediator than
PTSS, although both are significant.
The finding of the mental HRQOL pathway suggests that depressive symptoms
and PTSS, alongside physical symptoms, may be viable targets for clinical interventions
to improve mental HRQOL of HSCT survivors. Previous literature suggests that
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physical symptom-related depression or distress decreases survival and contributes to
higher suicide rates in long-term HSCT survivors, although more evidence is needed
[151, 152]. Cooke and colleagues reviewed the psychological consequences of HSCT
and the intervention research available on improving psychological symptoms in
survivor populations [153]. Some of the suggested interventions to target psychological
symptoms included antidepressants, psycho-educational interventions, support groups,
and complementary and alternative medicine (CAM). Of note, the CAM therapy focuses
on encouraging a positive re-interpretation of the HSCT treatment and re-defining the
trauma of cancer as a “growth” experience. Future studies should consider positive
psychological impacts of HSCT survivorship, such as posttraumatic growth [154].
Often, these reports of growth occur in conjunction with reports of distress [155]. The
interplay of negative and positive psychological consequences of receiving HSCT
remains unclear and is the main focus of Chapter 4.
Findings from the first objective shed light on previous literature in several ways.
First, the majority of previous studies on HSCT survivors only examined the effects of a
subset of the factors included in this study. There are a substantial number of studies
modeling physical symptoms and demographic and clinical characteristics as predictors
of psychological distress [156] or HRQOL [21], while others examined the influence of
depressive symptoms or PTSS on HRQOL [157]. We incorporated multiple factors and
controlled for the influence of important demographic and clinical characteristics,
providing additional evidence that having fewer physical symptoms is the strongest
protective factor for physical HRQOL. Second, this objective also provides evidence
that psychological symptoms, especially depressive symptoms, play a stronger role
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directly on mental HRQOL and as a mediator between physical symptoms and mental
HRQOL compared to physical HRQOL.
The roles of psychosocial factors on the relationship between symptoms
and HRQOL: The second objective of this study was to examine the influence of
psychosocial factors on the relationship of physical and depressive symptoms with
HRQOL in long-term HSCT survivors. Our findings with respect to the role of
psychosocial variables on physical and mental HRQOL warrant further discussion.
First, coping was hypothesized to play a larger role, but was not significantly associated
with physical symptoms or physical HRQOL. Second, the pathways from physical
symptoms through the psychosocial variables to physical HRQOL may explain the
variation in the pathway from the physical symptoms through psychological symptoms
that was found in objective 1. Including the same psychosocial variables did not have
the same effect on mental HRQOL; the mediating effect of depressive symptoms on the
relationship between physical symptoms and mental HRQOL remained intact.
Our findings that coping was not significantly directly associated with physical
symptoms are consistent with the findings of an SEM study by Nuamah and colleagues
[157] but in contrast to previous studies findings that physical symptoms influences a
survivor’s ability to cope [38, 158]. Additionally, the secondary objective demonstrated
that coping was not directly associated with physical HRQOL. While contrary to our
hypothesis, this finding is in line with one previous cancer study showing that coping
was non-significantly associated with physical HRQOL after adjusting for social support
measure and physical symptoms in SEM analyses [159]. Another study also reported
that both positive and negative coping strategies were associated with mental HRQOL,
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but only negative coping was mildly associated with physical HRQOL [140]. This
significance of better coping approaches with better mental HRQOL is supported by
other studies as well [160, 161]. Of note, the coping variable included in our analysis
was a combined latent factor of positive and negative coping strategies, potentially
losing some variability if modeled as two separate concepts.
The relationships of the psychosocial factors of optimism, social constraints, and
coping with physical symptoms and physical and mental HRQOL were complex. As
previously discussed, coping did not play as strong of a role with physical HRQOL as
anticipated. However, the direct effects of optimism and social constraints and
mediating effects of the psychosocial variables did play a role on physical HRQOL. The
significant direct effects of optimism and social constraints and the significant pathways
from optimism to physical HRQOL are likely the mechanism that explain the physical
symptom-psychological symptom-physical HRQOL relationship that were present in
objective 1 although PTSS was not directly tested in the full model. Depressive
symptoms remained a significant mediator between physical symptoms and mental
HRQOL despite the presence of psychosocial variables. Coping was the only
psychosocial variable significantly associated with mental HRQOL, and the magnitude
of the relationship was small. The small effect of this relationship may explain why the
magnitude of the effect of both physical symptoms and depressive symptoms on mental
remained almost unchanged in the reduced model.
Social constraints were associated with physical HRQOL both directly and as a
mediator between optimism and physical HRQOL. Similar to a study by Nuamah and
colleagues, the magnitude of the direct effect of social constraints on HRQOL was not
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as strong as the direct effect of physical symptoms on physical HRQOL [157]. Social
constraints also indirectly influenced physical HRQOL through two pathways: optimismsocial constraints-physical HRQOL and optimism-social constraints-depressive
symptoms-physical HRQOL. This significant relationship supports a previous finding
that a positive social environment or fewer social constraints is associated with greater
physical activity participation and better physical functioning [162]. In our study, social
constraints were not directly associated with mental HRQOL but were significant in the
pathway optimism-social constraints-depressive symptoms-mental HRQOL. This is in
line with a path analysis by Mosher and colleagues in a sample of HSCT survivors
suggesting that social constraints were moderately associated with depression
(modeled as the outcome) [121].
The direction and the significance in the association between optimism and
physical HRQOL are interesting. We expected the magnitude of correlation to be
moderate between optimism and physical HRQOL and stronger between optimism and
mental HRQOL. In the bivariate analysis, higher optimism was significantly associated
with better physical and mental HRQOL; however, the direction for the relationship of
optimism with physical HRQOL variable was inversed after adjusting for other symptom
variables and covariates, and a negative significant relationship was found with physical
HRQOL. This finding is in contrast to that of some previous studies [128, 163]. One of
the previous studies, conducted by Hochausen and colleagues [128], examined the
relationships of pre-HSCT optimism, social support, self-efficacy and physical and
mental well-being one year after HSCT and found pre-HSCT optimism was moderately
positively associated with well-being one year post HSCT (b=0.26). However, in the
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Hochhausen study, optimism was evaluated independently with the physical symptoms
(optimism as independent variable and physical symptoms as dependent variable),
depression (optimism as independent variable and depression as dependent variable),
and well-being measures (optimism as independent variable and well-being measures
as dependent variable). The inclusion of all three of these variables simultaneously is
the likely culprit of the unexpected findings in our study. To make our study comparable
to the Hochhausen’s study, we conducted separate regression analyses to observe the
changes in the relationship between optimism and physical HRQOL when physical
HRQOL was regressed on optimism independently from physical symptoms and
depression based on our HSCT data. We replicated a similar finding of the Hochausen’s
study indicating that optimism was positively associated with both physical and mental
HRQOL and negatively associated with physical and depressive symptoms when
conducted as separate analyses. At this time, the true answers are still unknown and
future studies are needed to understand the complex mechanism among optimism,
psychosocial variables, and HRQOL outcomes.
The second objective builds on the findings from the first objective and provides
additional evidence on what role psychosocial factors are important and the role they
play in influencing HRQOL in this long-term survivor population. There are several
approaches to improving HRQOL among those at risk of experiencing physical
symptoms. Interventions for physical HRQOL with the greatest reported impact include
exercise interventions and behavioral interventions [164]. As was previously discussed,
psychosocial interventions (cognitive therapy and support group) are typically designed
with the goal of addressing psychological symptoms [153] and these interventions have

93

not had as strong of an effect on physical HRQOL compared to mental HRQOL [165].
Our study found that psychosocial variables did mediate the relationship between
physical symptoms and physical HRQOL and explained the relationship between
physical symptoms through depression to physical HRQOL. Interventions targeting
psychosocial issues (i.e. cognitive behavioral therapy and group therapy) may be a
viable route to pursue for survivors with poor physical HRQOL in our population.
Journal of Clinical Oncology report on the progress of cancer survivorship care and
research highlights the psychosocial interventions as an integral component of care and
transplantation survivors as those in particular need of this care [166]. Our study
supports previous literature suggestion that intervening on psychological symptoms to is
still the most direct approach to improve mental HRQOL [166, 167].
Limitations
The findings of this study should be interpreted with the acknowledgement of
several limitations. First, the study sample is largely homogenous (92% White), limiting
generalizability to other racial or ethnic groups. Second, the cross-sectional nature of
the data does not allow for estimating the causal relationship between variables of
interests. Specifically, for developing conceptual models and conducting the path
analysis, the findings can be interpreted as significant associations but not as a causal
pathway among variables. Future studies may test the validity of the framework with
longitudinal data. Third, the hypothesized psychosocial pathways are based previous
literature and there are several other plausible pathways with differences in
directionality of the relationships. For example, a previous study posited that coping
style influences a person’s symptom interference [126]. Finally, while this study
includes measures not previously combined in an SEM analysis, there are still other
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possible contributing factors that were not addressed. These include cognitive
functioning, self-efficacy, self-esteem and health behaviors [121, 128, 168].
Conclusion
This study demonstrates that having a strong conceptual model is important
when evaluating the complex factors influencing HRQOL in survivorship research. The
findings highlight that the relationship between physical symptoms and HRQOL is not
straightforward because psychological symptoms (e.g., depressive symptoms and
PTSS) and psychosocial variables (e.g., optimism, social constraints, and coping) will
play a critical role. Specifically, in the first objective, physical symptoms had the
stronger direct effect on physical HRQOL compared to psychological symptoms, but
psychological symptoms significantly mediated the relationship between physical
symptoms and physical HRQOL. However, in the second objective, when psychosocial
variables were included in the framework for the second objective, psychosocial factors
played a more significant role than psychological symptoms on the relationship of
physical symptoms with physical HRQOL. In contrast, psychological symptoms had the
stronger direct effect compared to physical symptoms on mental HRQOL. Psychosocial
variables did not play a significant role, with the exception of coping, on mental HRQOL
and the indirect pathways did not change the magnitude of the effect of depressive
symptoms on mental HRQOL. Our findings suggest physical symptoms and
psychosocial factors are important points of intervention to address physical HRQOL
and that to improve mental HRQOL, psychological symptoms, particularly depressive
symptoms, should be targeted.
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A

B

Figure 3-1. Hypothesized conceptual models for pathways and framework of factors
influencing HRQOL. A) Hypothesized pathway from physical symptoms
through psychological symptom to HRQOL. B) Overall conceptual model for
factors influencing HRQOL. *Model B is also adjusted for covariates
presented in A. (Circles= latent variable)
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Table 3-1. Study Characteristics
N

%

Demographics
Age, years

662
Mean (SD)
Median (Range)
<35
35-39
40-44
45-49
>50

182
95
106
120
159

42.1 (11)
42.4(18-71)
28
14
16
18
24

Male
Female

251
411

38
62

White
Other

603
56
658
194
209

92
8

122
133
659
483
176

18
20

484
100
75

73
15
11

70
141
156
100
181

11
22
24
15
28

662

7.0 (3.1)
6.6(1.8-22)

390
168
88

60
26
14

104

16

441
221

66.6
33.4

Sex

Race

Education
High school or below
Some college or
technical education
College degree
> College degree
Marital status
Married/living with partner/ committed
Other
Occupational status
Working or student
Not working
Retired
Annual family income
< $20,000
$20,000 - $40,000
$40,000 - $60,000
$60,000 - $80,000
>$80,000

30
32

73
27

Clinical variables
Years since diagnosis
Mean (SD)
Median (Range)
Severity of treatment
Low- autologous no GVHD
Moderate-allogeneic no GVHD
High – allogeneic GVHD
Comorbid conditions
Presence of comorbid conditions at
survey
Intensity of previous treatment*
Less intense
More intense
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Table 3-1. Continued
N

%

PROs
Modified FACT-BMT† score(observed)
Mean (SD)
658
37.4 (4.7)
Median (Range)
21(13-39)
MOS-SF 36‡ Physical Component
Summary(PCS)
Mean (SD)
658
44.5 (11.6)
Median (Range)
48(6.4-64.5)
MOS-SF 36 Mental component
summary (MCS)
Mean (SD)
658
50.6 (10.4)
Median (Range)
54(10.1-70.2)
*Intensity of previous treatment is based on status and duration of disease before translation. Less
intense=patients who underwent transplantation for chronic phase CML within 1 year, acute leukemia or
lymphoma in first complete remission, or adjuvant treatment of high-risk stage II or III breast cancer
More intense= transplantation for chronic phase CML >1yr from diagnosis, accelerated or blast phase
CML, acute leukemia or lymphoma beyond first remission, or metastatic breast cancer
†modified FACT-BMT using 13 items selected from previous study (Chapter 2)
‡Medical Outcomes Study 36-item short form health survey

98

Table 3-2. Bivariate standardized correlation matrix of latent factors
1.
2.
3.
4.
5.
6.
7.
1. Physical HRQOL†
1.00
2. Mental HRQOL†
0.87***
1.00
3. Depression symptoms‡ -0.66***
-0.97***
1.00
4. PTSS‡
-0.36***
-0.46***
0.49***
1.00
5. Physical symptoms‡
-0.80***
-0.88***
0.85***
0.39***
1.00
6. Coping†
0.38**
0.58***
-0.74**
-0.46**
0.55***
1.00
7. Social constraints‡
-0.42***
-0.49***
0.53***
0.48***
0.51***
-0.40**
1.00
8. Optimism†
0.36***
0.63***
-0.69***
-0.35***
0.57***
0.60**
0.37***
† Latent variable is positively scored so higher scores mean better health; ‡ negatively scored with higher scores meaning worse health. *p<0.05,
**p<0.01, ***p<0.001
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A
0.84***

0.20

0.19***

-0.92***

-0.10*

0.38***

B
0.12

0.92***

-0.87***

C
-0.75***

0.38***

-0.05

Figure 3-2. Symptoms and physical HRQOL pathways. A) Full mode,l B) Nested model
1: Depression symptoms only, and C) Nested model 2: PTSS only. Circles=
latent variable; solid lines= significant associations; dashed lines= nonsignificant associations. *p<0.05, **p<0.01, ***p<0.001
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A

-0.74***

0.79***

0.18***

-0.25***

0.03

0.37***

B
-0.71***

0.86***

-0.26***

C
-0.83***

0.37***

-0.11***

Figure 3-3. Symptoms and mental HRQOL pathways A) Full model, B) Nested model1:
Depression symptoms only, and C) Nested model 2: PTSS only. Circles=
latent variable; solid lines= significant associations; dashed lines= nonsignificant associations. *p<0.05, **p<0.01, ***p<0.001
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Table 3-3. Direct, indirect and total effects of pathways from physical symptoms† through depression† and PTSS† to
HRQOL‡
Physical HRQOL
Unstandardized
STDYX
b
b
Full Model^: Physical symptoms, PTSS, depression symptoms &
HRQOL
Direct Effects
Physical symptoms
HRQOL
Specific Indirect Effects
Physical symptoms
depression symptoms
HRQOL
Physical symptoms
PTSS
HRQOL
Physical symptoms PTSS depression symptoms HRQOL
Total Indirect Effects
Total Effects
Model Fit

Nested Model 1^: Physical symptoms, depression symptoms & HRQOL
Direct Effects
Physical symptoms
HRQOL
Indirect Effects
Physical symptoms
depression symptoms HRQOL
Total Effects
Model Fit
DIFFTEST
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Mental HRQOL
Unstandardized
STDYX
b
b

-21.81***

-0.92

-5.88***

-0.25

3.95
-0.84*
0.34
3.45
-18.36***
CFI/TLI
0.92/0.91

0.17
-0.04
0.02
0.15
-0.77
RMSEA
0.04

-13.97***
0.24
-1.18***
14.91***
-20.79***
CFI/TLI
0.92/0.90

-0.59
0.01
-0.05
0.63
-0.88
RMSEA
0.04

-36.93***

-0.87

-6.29***

-0.26

4.68
-32.25***
CFI/TLI
0.80/0.76
2
X (df)
130.30(3)

0.11
-0.76
RMSEA
0.06

-14.61***
-20.89***
CFI/TLI
0.78/0.74
2
X (df)
142.68(3)

-0.61
-0.87
RMSEA
0.07

P<0.001

P<0.001

Table 3-3. Continued
Physical HRQOL
Unstandardized
STDYX
b
b
Nested Model 2^: Physical symptoms, PTSS, & HRQOL
Direct Effects
Physical symptoms
HRQOL
Indirect Effects
Physical symptoms
PTSS
HRQOL
Total Effects
Model Fit

-38.98***

-0.75

Mental HRQOL
Unstandardized
STDYX
b
b

-22.74***

-0.83

-1.02
-0.02
-1.09***
-0.04
-40.00***
-0.77
-23.83***
-0.87
CFI/TLI
RMSEA
CFI/TLI
RMSEA
0.44/0.33
0.11
0.35/0.24
0.11
2
2
DIFFTEST
X (df)
X (df)
294(3)
P<0.001
529.47(3)
P<0.001
†Latent variable is negatively scored with higher scores meaning worse symptoms; ‡ positively scored so higher scores mean better; ^Adjusted for
age at survey, gender, race, marital status, education, occupational status, severity of treatment experience, years since HSCT, and intensity of
previous treatment; *p<0.05, **p<0.01, ***p<0.001.
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A
0.60***

0.07
-0.70***

-0.13
-1.01***

0.18***
-0.19***

-0.49***
-0.26***

-0.03
0.53**
-0.49***

0.06

-0.05

B
0.67***

0.27
-0.71***

0.20***

-1.18***
-0.26***
-0.55***

-0.30***
-0.49***

0.61***
0.40

Figure 3-4. Symptoms, psychosocial factors and physical HRQOL framework A) Full
model and B) Reduced model. All latent variables were adjusted for age at
survey, severity of treatment experience, race, gender, marital status,
education, occupational status, and years since HSCT. *p<0.05, **p<0.01,
***p<0.001
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A
0.66***

-0.88***
-0.05
-0.67***
-0.21*

0.20***
-0.21**

-0.05
-0.12

0.01

0.43**
-0.46***
-0.15**

-0.08

B
0.68***

-0.85***

-0.67***
-0.20**
0.21***

-0.24***

-0.47***
-0.15**

0.60***

Figure 3-5. Symptoms, psychosocial factors and mental HRQOL framework A) Full
model and B) Reduced model. All latent variables were adjusted for age at
survey, severity of treatment experience, race, gender, marital status,
education, occupational status, and years since HSCT. *p<0.05, **p<0.01,
***p<0.001
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Table 3-4. Direct, indirect and total effects of conceptual framework for physical symptoms†, optimism‡, coping‡,
depression† & HRQOL‡
Physical HRQOL
Unstandardized
STDYX
b
b

Mental HRQOL
Unstandardized
STDYX
b
b

Full Model^: Physical symptoms, optimism, social resources,
depression & HRQOL
Path from physical symptoms: Direct Effects
Physical symptoms
HRQOL
Specific Indirect Effects
Physical symptoms
depression symptoms HRQOL
Physical symptoms
coping
HRQOL
Physical symptoms coping
depression symptoms HRQOL
Total Indirect Effects
Total Effects

-10.69***

-1.01

-2.12*

-0.21

0.45
-0.02
0.01
0.44
-10.24***

0.04
-0.002
0.001
0.04
-0.97

-5.96***
0.19
-0.23
-6.01***
-8.14***

-0.58
0.02
-0.02
-0.58
0.78

0.86

0.06

-2.01**

-0.15

-0.19
0.67
CFI/TLI
0.93/0.92
`

-0.01
0.05
RMSEA
0.04

2.44**
0.43
CFI/TLI
0.92/0.91

0.18
0.03
RMSEA
0.04

-12.30***

-1.12

-2.07**

-0.20

1.90
-10.39***

0.18
-0.94

-5.89***
-7.96***

-0.57
-0.77

Path from coping: Direct Effects
Coping

HRQOL

Coping

Indirect Effects
depression symptoms
HRQOL
Total Effects

Model Fit
Reduced Model^:Physical symptom, depression symptoms, physical
HRQOL
Path from physical symptoms: Direct Effects
Physical symptom
HRQOL
Indirect Effects
Physical symptoms
depression symptoms HRQOL
Total Effects
Path from coping: Direct Effects
Coping

HRQOL

-0.97

0.15

-1.97**

-0.15

Coping

Indirect Effects
depression symptoms
HRQOL
Total Effects

-4.46
2.01*

-0.07
0.08

2.65***
0.68

0.21
0.05
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Table 3-4. Continued
Physical HRQOL
Mental HRQOL
Unstandardized
STDYX
Unstandardized
STDYX
b
b
b
b
Model Fit
CFI/TLI
RMSEA
CFI/TLI
RMSEA
0.93/0.92
0.04
0.92/0.91
0.04
2
2
DIFFTEST
X (df)
p-value
X (df)
p-value
2.59(3)
0.46
4.98(5)
0.42
†Latent variable is negatively scored with higher scores meaning worse symptoms; ‡ positively scored so higher scores mean better; ^Adjusted for
age at survey, gender, race, marital status, education, occupational status, severity of treatment experience, years since HSCT, and intensity of
previous treatment; *p<0.05, **p<0.01, ***p<0.001.
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CHAPTER 4
HETEROGENEITY IN POSTTRAUMATIC STRESS AND POSTTRAUMATIC
GROWTH AMONG HSCT SURVIVORS
Introduction
As a life-threatening illness requiring intensive treatment, cancer was first
included as a traumatic event in the Diagnostic and Statistical Manual of Mental
Disorders, IV (DSM-IV) [131]. Literature also suggests that the extreme physical
invasiveness of hematopoietic stem cell transplant (HSCT) can add additional stressors
to the initial cancer diagnosis [169, 170]. The cancer and HSCT experience is more
complex compared to discreet traumatic events (e.g., natural disasters, assaults)
because the set of stressors consists of a multitude of factors related to the diagnosis,
treatment, long-term complications, financial issues, and family implications [55, 112].
Additionally, a perception of internal or personal control exists related to the survivor
being responsible for follow-up care and engaging in preventive behaviors (e.g.,
screening tests and healthy behaviors) that adds additional stress in contrast to
someone who experienced discreet events caused by external factors [55].
Earlier research indicates cancer survivors reported both negative psychological
health responses such as posttraumatic stress symptoms (PTSS), and positive
responses such as posttraumatic growth (PTG) [50, 54, 55]. PTSS are a collection
anxiety related symptoms occurring after a terrifying or intensely threatening event [49].
The prevalence of any PTSS in HSCT survivors is varied due to different cancer
diagnoses and PTSS measurement methods, but estimates are as high as 50% [114,
115]. A review study suggests that 5% to 19% of HSCT survivors have symptoms
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consistent with posttraumatic stress disorder, but that the occurrence of any PTSS is
higher [42].
The term PTG describes the perceived positive change in an individual over and
above the previous level of psychological adaption as a result of a traumatic event
[171]. Similar terms include perceived positive impact, stress-related or adversarial
growth, and benefit-finding [172-174]. A review by Stanton and colleagues (2006)
estimate perceived psychological growth was between 60% and 95% of cancer
survivors [175] and another review suggests that prevalence was between 83% and
98% in breast cancer survivors [176]. The core hypothesis is that traumatic events can
change a person’s beliefs and views about themselves and the world, leading to
cognitive processing that rebuilds the beliefs and in turn, psychological growth. The
model proposed by Tedeschi and Calhoun suggests that to achieve PTG, a traumatic
event causing emotional distress is experienced, followed by rumination or reappraisal
of events, and then behaviors are initiated to reduce distress [171]. Previous studies
have hypothesized that PTG can contribute to a positive reinterpretation of the cancer
experience or act as a positive buffer to PTSS [177].
Relationship of PTSS and PTG
The relationship of PTSS with PTG and the combined effects on health outcomes
such as health-related quality of life (HRQOL) remain unclear. In Tedeschi and
Calhoun’s definition, PTG is not exclusive of negative psychological outcomes, such as
stress or anxiety. They hypothesized because PTG occurs in the context of traumatic
and stressful events, it can co-occur with PTSS [171]. The theory states it is not
necessary that everyone have completely positive or negative psychological response
[58], and this concept is supported in subsequent research [31]. Some studies reported
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positive associations (greater PTSS, greater PTG), whereas other studies found no
association between PTSS and PTG, and still others find an inverse relationship (lower
PTSS, greater PTG) [31].
Measurement Difficulties
Measuring the concepts of PTSS and PTG together has proved difficult in
previous studies. These two concepts may share common variance in psychological
aspects which is further associated with health outcomes such as physical and mental
health-related quality of life (HRQOL). A previous study on PTSS and PTG by Park &
Helgeson identified this methodological issue and suggest that it is not necessary to
assume the two concepts are on the opposite ends of a continuum and advanced
statistical methods should be used to tease out the true relationship [31]. PTSS and
PTG have similar initial pathways from the traumatic event (both theorize that distress
and cognitive processing occur), making it especially important to carefully analyze
these concepts together [56, 178]. Traditional general linear model approaches
typically aim to predict outcomes and establish relationships between predictive and
outcome variables (variable-centered) [179]. These approaches maintain the
assumption that all individuals interpret the items in a consistent way [180].
Alternatively, person-centered analytic approaches focus on the relationship among
individuals and determining which individuals are similar to each other (aggregating into
groups, clusters, or classes) and which individuals are different based on measured
characteristics [179]. It is useful to apply a person-centered method to distinguish the
heterogeneity among survivors as a result of experiencing both PTSS and PTG and
subsequently identify the factors associated with the heterogeneous groups of
survivors. This study hypothesizes that there is a unique latent (unobservable)
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construct comprised of both PTSS and PTG measures. The latent construct is
associated with the formulation of heterogeneous survivors who experience various
types/levels of PTSS and PTG (Appendix D Figure D-1).
Application of Factor Mixture Model
The use of traditional regression-based statistical approaches (i.e. discriminant
analysis, logistic regression, multivariate analysis of variance (MANOVA)) for evaluating
population heterogeneity in PROs often ignore some characteristics of PROs that may
violate standard assumptions of these techniques [62]. Chapter 1, Table 1-1 provides a
comparison of methods and Appendix D Figure D-2a-f provides a graphical
representation of models. The major restriction of the traditional regression-based
approaches to evaluating the hypothesized population heterogeneity is that it relies on
observed variables to determine heterogeneity, such as differences due to explicit
memberships or groupings such as gender or age groups [62]. Because PROs such as
PTSS and PTG cannot be observed directly (i.e., latent traits) [181, 182], latent variable
approaches are useful to analyze PROs data and generate the memberships or
groupings for people who experience various types/levels of PTSS and PTG symptoms.
Several latent variable models are available to handle the “unobserved” or
“implicit” population heterogeneity in health outcomes including PTSS and PTG. These
methods are comprised of latent class or latent profile models and factor mixture
models [62]. Latent class analysis (LCA) and latent profile analysis (LPA) are used to
create categorical classes of individuals based on the unobserved population
heterogeneity while assuming within-class homogeneity [183]. Specifically, latent class
is informed by items with categorical characteristics and latent profile is informed by
items with continuous characteristics. Factor mixture model (FMM) is another latent
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variable model that accommodates the features of common factor model and latent
class model. Figure 4-1 displays the general form of the factor mixture model. The
common factor model (i.e. factor analysis) allows for modeling of a continuous latent
factor that represents the underlying latent trait (Appendix D, Figure D-2A). The latent
factor is assumed to describe all correlations among the items measuring that specific
concept [62]. On the one hand, FMM is similar to the common factor model with
respect to item dependency, or the items being influenced by an underlying factor or
latent trait (i.e. local dependence) [62]. It is similar to LCA by creating heterogeneous
latent classes of the population based on the unobserved latent trait. On the other
hand, the FMM is different from the common factor and latent class models because it
can relax the assumption of local or conditional independence across the range of the
factor scores (or levels of latent traits), thus leading to within-class heterogeneity [62].
These generalizations of the common factor model and LCA provide more flexible
approach to analyzing PROs with respect to statistical assumptions, and the results
provide more information regarding the characteristics of the subjects.
This study had three main objectives. The first objective was to determine the
mixed classes of PTSS and PTG in HSCT survivors using an FMM approach. Second,
we examined whether demographic, clinical, and physical symptom factors are
associated with the class membership. The third objective was to evaluate whether
class membership was associated with HRQOL as measured by the Medical Outcomes
Survey 36 item short form health survey (MOS SF-36) Physical Component Summary
(PCS) and Mental Component Summary (MCS) [64].
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Methods
Participants and Data Collection
This study is a secondary data analysis of a multi-site study (40 centers) of
HSCT recipients at participating transplantation centers with records identified from
International Bone Marrow Transplant Registry/Autologous Blood and Marrow
Transplant Registry (IBMTR/ABMTR). Participant eligibility included age at least 18
years or older, a single allogeneic or autologous HSCT, at least 12 months post-HSCT,
specific diagnosis of cancer (chronic myelogous leukemia, acute leukemia, lymphoma,
or breast cancer), continuous remission since HSCT, and able to read and understand
English. Participants were randomly selected to be contacted for eligibility
confirmation. The flow chart in Chapter 1 Figure 1-1 demonstrates the process of
subject recruitment. Participants completed a series of questionnaires through written
and phone interview. Clinical information was extracted from medical records from the
IBMTR/ABMTR to determine the type of initial diagnosis, type of HSCT, and the nature
of donor relationship (allogeneic).
Study Measures
The Impact of Events Scale (IES) was used to measure PTSS [130]. The IES
was created prior to the inclusion of post-traumatic stress disorder in the DSM-IV. The
scale was based on Horowitz’s theory of psychological response to stress and empirical
evidence from clinical studies [130, 132]. The IES contains two (intrusive thoughts and
avoidance) of the three (hyperarousal) sub-scales used to diagnose posttraumatic
disorder (PTSD) [49]. The revised IES (IES-R) was made available after study
implementation [184]. The IES used in this study has been widely used for all types of
traumatic events (e.g., disasters, assaults) [130]. The IES can discriminate between
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individuals with mild to severe stress responses and retains good reliability over time
despite the lack of hyperarousal domain [132]. It was not designed as a diagnostic
measure, but may act as a screening tool for PTSD [132]. The IES is comprised of 15
items measuring two concepts/domains: intrusion (7 items) and avoidance (8 items)
[130]. Response options are on a Likert-type with four categories (0= not at all,
1=sometimes, 3=rarely, and 5=often). The scoring guidelines for PTSS are based on
the overall score and include high (>=19), medium (8.5 to19), or low (1 to 8.5) PTSS.
PTG is measured using the Post-Traumatic Growth Inventory (PTGI) [171]. The
PTGI is a 21-item scale measuring five concepts/domains: relating to others, new
possibilities, personal strength, spiritual change, and appreciation for life. A Likert scale
was used from 0 to 5, where 0 indicated “I did not experience this change” and 5
indicated “I experienced this change to a great degree.” To apply the items to HSCT
population, respondents were instructed to answer their degree of change “…as a result
of having cancer or cancer treatment”. The PTGI has been previously used for the
HSCT/cancer survivor population [28, 71]. Measurement properties of each instrument
are available in Appendix E, Table E-1.
The MOS SF-36 is a generic HRQOL measurement with 36 items designed to
measure 8 domains (physical functioning, role limitations due to physical problems, role
limitations due to emotional problems, social functioning, bodily pain, mental health,
energy vitality, and general health perceptions. The PCS and MCS are component
measures of the physical and mental aspects of HRQOL. For this study, PCS is
composed of physical functioning, role functioning- physical and bodily pain items. Role
functioning-emotional, social functioning, mental health, and energy/vitality made up the
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MCS. The PCS and MCS were treated as the distal outcome variables for physical
HRQOL and mental HRQOL. The scores of the PCS and MCS scale are normalized
with a mean of 50 and a SD of 10 [64]. The PCS and MCS are scored so higher scores
indicate better health.
Hypothesis
It was hypothesized that multiple classes will be generated, with varied levels of
both PTSS and PTG, such as high PTSS/ high PTG, low PTSS/ low PTG, etc. For
predictors of class membership, it was hypothesized that younger current age, lower
education, and greater severity of treatment experience are associated with the class
representing higher PTSS and higher PTG. Older age, lower severity of treatment
experience, and no comorbid conditions are anticipated to be predictors of the class
representing lower PTSS and lower PTG. It was hypothesized that the classes
comprised of survivors’ reporting both low PTSS and high PTG are associated with
higher physical HRQOL and mental HRQOL compared to classes comprised of
survivors with high PTSS and low PTG.
Analytic Strategy
The goals of this analysis were to use latent variable mixture models for
classifying sub-populations based on status of PTSS and PTG, determine whether
important covariates are associated with class membership, and then examine class
associations with the distal outcome of HRQOL. Descriptive statistics for the measures
used in this analysis (IES, PTGI and MOS SF-36) and demographic and clinical
characteristics were calculated. Five steps outlined below are conducted to guide
statistical analyses: 1) identifying number of factors, 2) identifying optimal number of
classes, 3) fitting best factor mixture model variation, 4) examining predictors of class
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membership in the factor mixture model identified in step three, and 5) evaluating the
association of class membership with the distal outcomes of physical HRQOL and
mental HRQOL. Appendix D provides detailed technical information on the model
building and Figures D-2A-F provide graphical representations of these models.
Model Building
Step one: The first step was to determine the ideal number of factors through
confirmatory factor analysis (CFA). As the sub-domains of each instrument are not of
interest in the analysis, a one-factor model and a two-factor model for PTSS and PTG
were tested. A one-factor model specifies that all items (both PTSS and PTG items)
load onto a single latent factor (Figure D-2A). A two-factor model specifies that all
PTSS items load onto a single latent factor and all PTG items load onto a separate
latent-factor. Standard fit criteria were used for evaluating model performance
(Comparative Fit Index (CFI) >0.95; Root Mean Square Error of Approximation
(RMSEA) <0.06) [87].
Step two: The second step was to identify the optimal number of classes for
PTSS/PTG without any latent factor model specifications from step one (Appendix D
Figure D-2B). Latent class models with PTSS and PTG observed variables (items or
“Y” in Figure D-2B) were iteratively tested, beginning with one class to determine the
maximum number of classes that fit the data and produce interpretable results. While
there is no universal agreement upon the set of criteria for evaluating class solutions,
several recommended criteria for assessing model accuracy and model fit were used
[185]. Model accuracy was evaluated using the entropy statistic (higher value indicates
better accuracy; 0 to 1). Model fit was evaluated using the log-likelihood (LL), Akaike
Information Criterion (AIC), Bayesian Information Criterion (BIC), Lo-Mendel-Rubin
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likelihood ratio test (LMR-LRT), Vuong-Lo-Mendel-Rubin LRT (VLRT), and Bootstrap
LRT (BLRT). Lower values in LL, AIC, and BIC indicate better fit. LMR-LRT, VLRT,
and BLRT were used to compare the estimated model to a model with one less class; a
p >0.05 indicates the model with one less class fits significantly better and p <0.05
indicates the model with more classes fits significantly better. VLRT and BLRT were
used in less complex models (3 classes or fewer) due to the heavy computation and
difficulty in convergence in complex models [185].
Step three: After determining the best fitting factor and class the mixture model
variations were tested. There are many variations of the FMM, ranging from highly
restrictive models that constrain several parameters across classes, to less restrictive
model that allow multiple parameters to be freely estimated across classes (Appendix
D, Table D-1). Multiple random start values were estimated to ensure the stability of the
estimated model parameters (Appendix D). Appropriate mixture models should have
application to the research problem in question (e.g., “do factor loadings differ across
classes?”), theoretical justification, and produce interpretable findings.
In the first mixture model (FM 1), the means of the latent factors were
conditioned on latent class membership (i.e., freely estimated across classes) [62].
Factor loadings, item thresholds, and the factor variance/covariance matrix were
invariant across classes (Appendix D, Figure D-2C). Factor loadings represent
correlations between the latent factor and the items. For categorical items, thresholds
are the expected values of the item at which an individual transitions from one response
category to the next [83]. For the second model (FM 2), the factor loadings and means
were conditioned on latent class membership (Appendix D, Figure D-2D). Third (FM 3),
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the factor loadings, item thresholds, and means were conditioned on latent class
membership (Appendix D, Figure D-2E). Finally, for the fourth model (FM 4), the factor
loadings, item thresholds, and the factor variance/covariance were conditioned on latent
class membership (Appendix D, Figure D-2F). However, for modeling purposes, the
means of the latent factors were conditioned to zero across latent classes. The
accuracy and fit of each model were evaluated using entropy, lowest log-likelihood, AIC,
BIC, and ABIC in addition to the substantive interpretation and utility of the class results
[61].
Item threshold values were used to estimate the conditional item response
probabilities that are provided in standard latent class models, but are not available in
mixture models requiring numerical integration to obtain factor variances/covariance.
Item response probabilities provide information on the probability of responding to a
particular item response category given the respondent is in a certain class. This
information helps to define and describe the population in each class. Item response
probabilities are not available in complex mixture models because the values are
estimated probabilities computed at the mean of the factors and not just on class
membership (Mplus Discussion Board Latent Variable Mixture Modeling, 2005). Item
threshold values can be used to obtain relative estimates of conditional item response
probabilities using the equation p= 1/(1+exp(threshold)) [145]. Model comparison
checks for two- and three- class models were conducted to verify whether the four-class
model was optimal.
Predictors and Distal Outcomes Associated with Class Membership
Predictors of class membership (step four): Using the selected FMM from the
previous step, factors of demographic, clinical, and physical symptoms were estimated
118

to associate with the class membership. These factors include gender, age at survey,
race/ ethnicity, marital status, occupational status, education, comorbid conditions,
severity of HSCT experience, years since diagnosis, and physical symptoms as
measured by the modified FACT-BMT (Chapter 2).
Step four requires several stages to assess predictors of latent class
membership. The two main approaches for analyzing factors influencing class
membership in latent class/mixture models are a one-stage and three-stage approach.
The one-stage method is more efficient than the three-stage approach since it
integrates predictive factors into the latent class models simultaneously. However, the
disadvantages are the inclusion of large numbers of predictive factors (models must be
re-estimated with specific predictive factors removed or added), difficulty in choosing the
appropriate number of classes as determined with or without predictive factors, and the
potential change in the intended meaning of the classes after the inclusion of predictive
factors [186, 187]. In contrast, a three-stage approach estimates the latent class model
independent of predictive factors and then using a multinomial logistic regression
without accounting for classification errors. However, this approach has shown to
consistently underestimate the relationship between the predictive factors and class
membership, particularly if the classification error is large (entropy <0.60) [186, 188].
Vermunt (2010) [186] created and validated a modified three-stage approach to
address the disadvantages and this method was incorporated into Mplus version 7 by
Asparouhov and Muthen (2012) [189]. This modified approach takes into account the
classification error rates. The three-stage method was used in step four to evaluate
factors of the latent class membership and subsequently the distal outcomes in this
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study (detailed technical methods in Appendix D). To identify factors associated with
latent class membership, the Mplus AUXILIARY command (r3step) for automatic threestep estimation was used. The three stages in this approach are: estimating latent
class membership without accounting for the predictive factors (the FM 3 model from
step three), 2) adjusting for classification error and 3) conducting multinomial logistic
regression to identify significant predictive factors related to class membership without
changing the latent classes. The classification error is determined by using the average
latent class probabilities of latent class membership and then adjusting for this this error
when evaluating for predictive factors’ relationship with latent class membership.
Class membership and distal outcomes (step five): Step five also requires
separate stages to assess for the association of class membership with distal
outcomes. The latent class comparisons of the unadjusted distal outcome means were
conducted using the automatic three-stage approaches. The AUXILIARY du3step
function uses a Wald χ2 test of statistical significance to test the equality of outcome
means across the various classes while also accounting for classification error [190]. In
this study, the HRQOL outcomes under investigation were the Physical Component
Summary (PCS) and the Mental Component Summary (MCS).
This study also examined the adjusted distal outcome means across classes by
including the predictors of class membership. The automatic command cannot be used
for this; therefore Asparouhov and Muthen (2012) used Vermunt’s modifications to
create a manual approach in Mplus to implement this improved method [189]. The
technical procedure and calculations are described in details in Appendix D and derived
from the webnote by Asparouhov and Muthen [189]. Briefly, using the average latent
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class probabilities for most likely latent class membership matrix information, the
classification error was manually calculated by taking the log ratio of each class
probability against the last class and including this information in the subsequent
analysis. We then conducted Wald χ2 test for each class comparison to evaluate
adjusted distal outcome means by adding the Model TEST command and testing each
class individually.
STATA version 9 was used for all data management [191] and Mplus Version 7
was used for all modeling procedures [100].
Results
Study Sample Characteristics
Participants’ mean age at the time of survey was 42 years (SD=11) (Table 4-1).
Over half of the sample was female (62%) and the majority was White (92%). One-third
of the sample (32%) reported some college or technical education and another 30%
reported a high school education or less. Approximately 73% of the survivors reported
a working or student occupational status. The median number of years since diagnosis
was 6.5 years with a range of 2 to 22 years. The majority reported low severity of
treatment experience (60%) and 16% reported the presence of comorbid conditions at
the time of the survey. The median score on the modified FACT-BMT physical
symptom scale was 21, with a range of 13 to 39. The sample had 23 (3.6%) cases with
missing values on all variables, leaving a sample of 639 to build the latent class mixture
model.
Model Building
Class enumeration: A two-factor model (PTSS factor and PTG factor) was
confirmed with a CFI = 0.94, RMSEA = 0.05, and no residual correlations among items
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above 0.20. Table 4-2 displays the results of the two-, three- and four-class model
comparisons. The four-class model was selected as the best fitting model for the
mixture model. A four-class model demonstrated the lowest log-likelihood value, AIC,
BIC, and ABIC and highest entropy (0.95). The LRT and VLRT support four class
enumeration with significant p-values (p<0.01). The BLRT did not converge with the
highest number of starts allowed, but this has been noted in more complex models.
The four-classes of FM 3 were interpretable as heterogeneous groups. Mixture model
variations were based on the two-factor, four-class model. Results of the model
comparison checks for two- and three- class models were conducted to verify that the
four-class model was optimal and more parsimonious models were not available
(Appendix E, Table E-2).
Mixture model: Table 4-2 also displays the results of the different four class
mixture model variations. FM 1 demonstrated worse log-likelihood compared to FM 3
(LL=-19309 vs. -17146) as well as worse AIC, BIC, and ABIC. FM 2 was worse in all
criteria compared to FM 1 and FM 3. For FM 4, the lowest log-likelihood could not be
replicated at the maximum number of random starts allowed. FM 3 demonstrated the
lowest log-likelihood as well as lowest AIC, BIC, and ABIC, but lower entropy than FM 1
and FM 2. Based on interpretation and utility of each model, FM 3 was selected as the
most appropriate and informative mixture model.
Class-specific item threshold values provided information on the response
probabilities within each class (Table 4-3). Threshold values allow for examining how
easy or difficult it was for respondents to endorse an item response category [192]. The
IES instrument used to measure PTSS was scored negatively, so greater negative
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values for the higher response categories suggest easier endorsement of the response
categories indicating more PTSS symptoms. For example, in class two, the item “I had
dreams about it” had a low threshold for the first category and high thresholds for the
higher response categories. Because the PTGI was scored positively, greater negative
values for the higher response categories suggest easier endorsement of these
categories (greater PTG).
Based on the proportions from the most likely latent class membership, class one
named “low PTSS/ low PTG” (n=104; 16.3%) had low endorsement of both PTSS and
PTG. Table 4-4 provides a description of the classes and the presence of PTSS and
PTG in each class. Item thresholds (Table 4-3) showed for the majority of items, class
members had the lowest threshold or highest probability of endorsing the first response
category “not at all” for PTSS and the first response category “did not
experience/experienced a little” of PTG. Class two named “low PTSS/ high PTG”,
(n=227; 35.5%) was comprised of those with little to no reports of PTSS and high PTG.
Item thresholds for PTSS showed that it was very easy to endorse the “not at all”
category to indicate never experiencing the symptom in each item (threshold values <15, or floor effects). Thresholds for PTG indicated this class responded mostly in the
two highest categories indicating “experience the change to a great/very great degree”
(lower thresholds in higher categories). Class three (n=170; 26.6%) was comprised of
those with “high PTSS/ moderate PTG”. Although the endorsement of PTSS items did
not demonstrate ceiling effects to indicate very high PTSS, the item thresholds show
that higher response categories of PTSS were endorsed more compared to the other
classes. Compared to class one, two and four, class three had comparatively lower
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reports of PTG (higher thresholds for the greater PTG categories). Class four (n=138;
21.6%) was comprised of “moderate PTSS/ moderate PTG”; those reporting some
degree of PTSS, less than class three and more than class one and two, and a
moderate amount of PTG.
Factor loadings: The items with significant factor loadings varied across
classes (Table 4-5). The PTSS item with the strongest significant factor loadings
included “I stayed away from reminders about” in class 4, (3.51) and class one (1.94).
The PTG items with the strongest significant factor loadings were “A better
understanding of spiritual matters” in class two (1.60) and “I learned a great deal about
how wonderful people are” (1.47) in class three. While no items had significant factor
loadings across all classes, four items significantly loaded onto their respective factors
in three of the four classes (“I had waves of strong feelings about it”, “I avoided letting
myself get upset…”, “An increased send of closeness with others”, and “New
opportunities are available…”).
Predictors and Distal Outcomes Associated with Class Membership
Predictors of latent class membership: Table 4-6 displays the results from the
multinomial logistic regression of covariates on class membership using the low PTSS/
high PTG (class 2) as the reference class. Compared to individuals in the low PTSS/
high PTG class, those with greater years since diagnosis were more likely to be
classified into the low PTSS/ low PTG class (class 1) than those with less years since
diagnosis (b=0.62, p<0.05). Compared to individuals in the positive psychological
impact class, those with a high school degree or less education (b=0.64, p<0.05) and
with greater symptoms (b =0.88, p<0.001) were more likely to be classified into the high
PTSS/ moderate PTG class (class 3) than those with graduate degree and with less
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symptoms. Compared to individuals in the low PTSS/ high PTG class, those with a
race/ethnicity other than White, a high school or below education, or some college or
technical education were significantly more likely to be a part of the moderate PTSS/
moderate PTG class (class 4) than White and those with graduate degree (b=1.04,
p<0.01; b=1.17, p<0.01; b=0.78, p<0.05, respectively).
Distal outcomes: Table 4-7 shows the results of physical HRQOL and mental
HRQOL means comparison across classes. For the unadjusted Wald χ2 tests of both
physical HRQOL and mental HRQOL means, the differences between the high PTSS/
moderate PTG class and each of the other classes were significant (class one vs. class
three, class two vs. class three, class three vs. class four). The low PTSS/ high PTG
class had the lowest adjusted physical HRQOL score (48.10) and the high PTSS/
moderate PTG class had the lowest adjusted mental HRQOL score (44.77). For
adjusted physical HRQOL comparisons, no Wald χ2 test of mean equality was
statistically significant although low PTSS/ high PTG class versus high PTSS/ low PTG
class was the largest difference (χ2 =1.52, p=0.07). Adjusted mental HRQOL means
comparisons resulted in a significant difference between the low PTSS/ high PTG class
and high PTSS/ moderate PTG class (χ2 =8.01, p<0.01).
Discussion
This study explored the latent structure and population heterogeneity of PTSS
and PTG using a factor mixture model, examined the association of predictors with
latent class memberships, and latent class memberships associations with health
outcomes such as HRQOL. We found that a two-factor, four-class model (FM 3) with
class varying factor loadings, thresholds, and means was the best fitting mixture model.
FM 3 partially relaxed the conditional dependence assumption by allowing for the factor
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loadings, item thresholds, and means of latent factors to vary across class membership
(freely estimated across latent classes). HSCT survivors were categorized into one of
four heterogeneous groups: low PTSS/ low PTG (class 1), low PTSS/ high PTG (class
two), high PTSS/ moderate PTG (class three) and moderate PTSS/ moderate PTG
(class four). Predictive factors significantly associated with class membership (low
PTSS/ high PTG class as the reference) included race/ethnicity, education, years since
diagnosis, and physical symptoms. In adjusted analyses, no significant differences
between physical HRQOL means were found across the four classes. For adjusted
mental HRQOL, a significant difference was noted between the low PTSS/ high PTG
class and the high PTSS/ moderate PTG class.
The two-factor four-class mixture model supported the our hypothesis that
multiple heterogeneous classes would be identified. While the proportions of classes
identified from factor mixture model were similar to the standard four-class latent class
mode from step one (class 1 n=104, class 2 n=220, class 3 n=146, class 4 n=170),
previous literature examining the latent structure and heterogeneity of PTSS and PTSD
supports the use of FMM approach over the standard latent class approach [193, 194].
The inclusion of the factor structure accounts for the residual correlation among the
items. Comparing model information criterion demonstrates that constraining the factor
loadings and thresholds to be the same across classes (FM 1 and FM 2), which
assumes measurement invariance, fits substantially worse compared to FM 3. The FM
3 partially relaxed the conditional independence assumption, thus suggesting
measurement non-invariance by allowing factor loadings and thresholds to vary across
classes [192]. The different factor loadings across classes may be interpreted as each
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class having class-specific PTSS and PTG, which is considered the “severity” level of
experiencing PTSS and PTG [195]. Severity is the extent to which individuals
experience PTSS or PTG, and is reflected not only by threshold values and factor
loadings but also factor means in FM 3. Higher loadings in one class versus another
suggest that there is a higher correlation between the item and the factor in that class.
Based on previous reviews’ estimates of PTG in survivors (60% to 95% of
survivors of multiple cancer types [175] and 83% to 98% in breast cancer survivors
[176]), it is not surprising that all four classes reported some degree of PTG, although
the low PTSS/ low PTG had the lowest reports comparatively to other three classes.
Overall, reports of PTSS were lower than reports of PTG. Theoretically, PTSS
attenuates further in time from the event [196] (or diagnosis and treatment in this study),
thus lower reports of PTSS compared to PTG in all classes is expected in a sample of
long-term survivors. One study suggests that stronger PTSS symptoms, such as those
related to intrusion, are more persistent over time while avoidant symptoms decrease
over time [197]. Interestingly, three of the four significant factor loadings for PTSS were
related to “avoidance” in the low PTSS/ low PTG class in this study. This suggests
These issues may be explored through a longitudinal study to better understand the
dynamic of PTSS.
Predictors of latent class membership: Literature suggests that demographic
characteristics associated with PTSS in cancer survivors include younger age at
diagnosis [198], Black race/ethnicity [199], and lower educational status [169, 198]. For
PTG, demographic factors consistently indicative of greater growth include younger age
at disease [199, 200], high spirituality or religiosity, and minorities [199]. Education level
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has mixed findings with PTG, some studies suggest lower education level is associated
with greater growth [201], others suggest higher education predicts greater growth. The
results of our study indicate those with lower education levels and minorities were
significantly associated with being a part of the moderate PTSS/ moderate PTG class,
supporting the notion that these characteristics are associated with a greater overall
psychological response, both positive and negative. Previous multivariate studies
examining racial/ethnic differences in PTSS conclude that it is still unclear why
minorities (primarily those of Black race/ethnicity) have an increased of risk of PTSS
[202] and report the most growth compared to other races [199, 203]. Some
suggestions for higher PTSS include potential previous anxiety, depression, or
decrease socioeconomic status [202]. For higher PTG, it is hypothesized that religious
coping and associated support may encourage positive growth [199].
Consistent with the study’s hypothesis, worse physical symptoms was associated
with membership in the high PTSS/ low PTG class and having fewer years since
diagnosis was associated with the low PTSS/ low PTG class. Previous multivariate
studies’ findings suggest that a worse physical state is predictive of PTSS in survivors
[27, 169, 204]. In the PTSS literature with typically defined traumatic events, PTSS has
been strongly linked with physical symptoms [205]. Time since diagnosis and PTSS in
cancer survivors has mixed findings in the literature, with some studies reporting no
association between time since diagnosis and PTSS [206], and others report that those
closer to diagnosis report greater distress [27]. Studies have also identified increased
time since diagnosis as associated with greater growth [59]. These two previous
studies’ findings of longer time since diagnosis associated greater growth were
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supported by our study’s results and fall in line with Tedeschi and Calhoun’s theory of
PTG that states that growth develops over time [171].
Latent class membership and physical and mental HRQOL: Accounting for
predictors of class membership increased HRQOL scores from the unadjusted in all
classes. The change in scores may likely be explained by the inclusion of physical
symptoms as a factor that is predictive of class membership. Physical symptoms were
strongly associated with both physical and mental HRQOL in Chapters 2 and 3.
Adjusted physical HRQOL for the low PTSS/ low PTG class, high PTSS/ moderate PTG
class, and moderate PTSS/ moderate PTG were all above the population norm of 50
using a minimal clinically important difference (i.e., 5 SD above or below the general
population norm of 50) [207]. However, no adjusted physical HRQOL scores were
statistically significantly different between classes. One possible explanation may be
that PTG has not been consistently associated with HRQOL, even in longitudinal
studies [29, 175, 208] and that PTSS does not have strong of an association with
physical HRQOL as mental HRQOL, per results in Chapter 3. A meta-analytic review of
77 articles suggests the results are mixed on the link between PTG and health
outcomes such as HRQOL [208]. When associations between PTG and HRQOL are
identified in studies, PTG was associated with an increase in mental HRQOL and not
associated with physical HRQOL [32].
The high PTSS/ moderate PTG class had the lowest score in mental HRQOL
and was statistically significantly different from the low PTSS/ high PTG class.
Compared to the general population mental HRQOL norms, individuals in both low
PTSS/ low PTG class and low PTSS/ high PTG class had mental HRQOL scores that
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were greater than 5 SD above the general population norm of 50 [207]. The high PTSS/
moderate PTG had a mental HRQOL score 5 SD below the population norm. The
finding that the individuals in the moderate PTSS/ moderate PTG class have a mental
HRQOL score slightly above the general population norm supports the notion that
experiencing a range of emotion might encourage some positive psychological
response in survivors [31, 208, 209].
To our knowledge, no study has conducted a latent class/ mixture analysis to
examine population heterogeneity from PTSS and PTG simultaneously in long-term
HSCT survivors. A review by Linley recommended that measures examining growth
should allow for inclusion of negatively worded responses [210]. We used the factor
mixture model to account for the within-class covariation that may occur when
constructs such as PTSS and PTG are examined together in traditional methods to
identify heterogeneous groups within this sample. The four classes identified are
consistent with the literature, and this study’s hypothesis, that PTSS and PTG share
some common characteristics and PTG may deflect some of the effect of PTSS on
HRQOL [31, 32, 177, 210]. Of note, Mosher and colleagues [211] found that only 50%
of their distressed HSCT survivor population sought mental health services, despite
availability in medical centers. The authors found barriers to mental health services
included knowledge barriers and emotional barriers, but the interventions to increase
services should be tailored to the individual’s needs or concerns [211]. A classification
model, such as the one presented in this study, that also incorporates the
dimensionality of distress and growth, may be useful in future studies for intervention
development as well as for informing treatment in clinical practice.

130

Limitations
Several important limitations should be considered. First, the data is crosssectional and therefore causality of the response variables and covariates cannot be
established. Significance was examined without making any causal inference. Second,
the population examined is homogeneous, with approximately 92% of the sample being
White. This limits the generalizability to other race/ethnicities where differences in
psychological outcomes have been noted. Third, only two of the three current domains
of PTSS (intrusive and avoidant thoughts) were measured by the IES because the
revised IES was not available at study onset. Without the hyperarousal domain, the
presence of PTSS is mildly underestimated, although this domain has been more
difficult to relate to cancer survivors compared to intrusive and avoidant thoughts [204].
Finally, all latent class and mixture model analysis are subject to being considered
exploratory procedures when classes are not known prior to analysis and future studies
are needed to replicate the findings [195].
Conclusion
Cordova and Andrykowski (2003) hypothesized that cancer and treatment should
be viewed as a “psychosocial transition” rather than exclusively as a trauma with only
negative effects [154]. Our study supports the hypothesis that PTSS and PTG can cooccur with the emergence of four classes of long-term survivors. Furthermore, the
mixture model selected suggests there are varying levels of PTSS and PTG among
classes. Future studies should consider longitudinal evaluation through growth mixture
modeling to track the potential changes in PTSS and/or PTG reporting as well as the
subsequent effect on health outcomes over time.
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Table 4-1. Study characteristics
N

%

Mean (SD)
Median (Range)
<35
35-39
40-44
45-49
>50

662
182
95
106
120
159

42.1 (11)
42.4(18-71)
28
14
16
18
24

Male
Female

251
411

38
62

White
Other

603
56
658
194
209

92
8

122
133
659
483
176

18
20

484
100
75

73
15
11

70
141
156
100
181

11
22
24
15
28

662

7.0 (3.1)
6.6(1.8-22)

390
168
88

60
26
14

104

16

Demographics
Age, years

Sex

Race

Education
High school or below
Some college or
technical education
College degree
> College degree
Marital status
Married/living with partner/ committed
Other
Occupational status
Working or student
Not working
Retired
Annual family income
< $20,000
$20,000 - $40,000
$40,000 - $60,000
$60,000 - $80,000
>$80,000

30
32

73
27

Clinical variables
Years since diagnosis
Mean (SD)
Median (Range)
Severity of treatment
Low- autologous no GVHD
Moderate-allogeneic no GVHD
High – allogeneic GVHD
Comorbid conditions
Presence of comorbid conditions at
survey
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Table 4-1. Continued
N

%

Patient-reported measures
Refined FACT-BMT† score(observed)
Mean (SD)
658
37.4 (4.7)
Median (Range)
21(13-39)
MOS-SF 36‡ Physical Component
Summary(PCS)
Mean (SD)
658
44.5 (11.6)
Median (Range)
48(6.4-64.5)
MOS-SF 36‡ Mental component
summary (MCS)
Mean (SD)
658
50.6 (10.4)
Median (Range)
54(10.1-70.2)
†Refined version of FACT-BMT using 13 items selected from previous study (Chapter 2)
‡Medical Outcomes Survey 36-item short form health survey
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Figure 4-1. General latent variable mixture model. Y1 through Y3 represent individual
items. Factor 1 is a latent factor defined by items Y1-Y3. X represents
covariates that can be included in analysis.
Item thresholds are
conditioned on latent class variable.
Factor loadings are conditioned
on latent class variable.
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Table 4-2. Latent class and factor mixture model accuracy and fit parameters (n=639)
Model
# Class
1
2
3
4

LL

# parameters

AIC

BIC

ABIC

VLRT (p)

LRT (p)

BLRT (p)

Entropy

-21885
-20261
-19156
-18634

87
175
263
351

43944
40872
38839
37971

44332
41653
40012
39536

41097
39177
38422

0.02
0.004
0.01

0.02
0.01
0.01

0.00*
0.00
NOCVG

0.90
0.94
0.95

4C 2F
FM
1
-19309
129
38877
39452 39042
0.92
FM
2
-25288
230
51036
52062 51331
0.82
FM
3
-17146
498
35288
37509 35928
0.83
FM
4
NCVG
Note: LL= loglikelihood; AIC= Akaike Information Criterion; BIC=Bayesian Information Criterion; ABIC=Adjusted BIC; LL= Log Likelihood; VLRT=
Vuong, Lo, Mendel & Rubin Test; BLRT=Bootstrap likelihood ratio test; NCVG= Best LL not replicated at maximum random starts
FM-1: Factor covariance matrix, threshold, and factor loadings fixed across classes; means freely estimated (conditioned on class membership)
FM-2: Item thresholds and factor covariance matrix invariant; freely estimate means and factor loadings;
FM-3: Factor variance invariant; freely estimate means, factor loadings item thresholds
FM-4: Factor mean fixed at 0; freely estimate covariances and variances, item thresholds, and factor loadings
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Table 4-3. FM 3 four-class model item threshold values
Class 1:
Low PTSS/
Low PTG
N=104

Class 2:
Low PTSS/
High PTG
N=227

Class 3:
High PTSS/
Moderate
PTG
N=170

Class 4:
Moderate
PTSS/
Moderate
PTG
N=138
0.58
2.65
7.23

IES1

I thought about it
when I didn’t mean
to

T1*
T2
T3

-1.95
0.07
1.91

-6.08
-4.06
-1.35

2.05
3.07
31.60

IES4

I have trouble falling
asleep or staying
asleep because of
pictures or thoughts
about it that came
into my mind

T1
T2
T3

-0.10
1.49
2.81

-6.02
-3.48
-1.82

3.65
5.13
7.07

2.42
3.41
5.46

IES5

I had waves of
strong feelings
about it

T1
T2
T3

-2.28
-0.73
1.93

-7.60
-5.35
30.25

2.25
3.48
31.09

1.49
4.22
5.47

IES6

I had dreams about
it

T1
T2
T3

-0.57
1.21
3.48

-4.17
-2.18
-0.29

3.01
4.04
28.55

2.87
4.05
30.29

IES10

Pictures about it
popped into my
mind

T1
T2
T3

-2.14
-0.74
1.82

-8.50
-6.22
-2.56

6.92
9.02
37.56

0.78
2.59
5.62

IES11

Other things kept
making me think
about it

T1
T2
T3

-2.79
-0.65
1.62

-7.59
-5.8
-2.48

2.45
3.69
6.07

0.68
2.43
3.94

IES14

Any reminder
brought back
feelings about it.

T1
T2
T3

-2.44
-1.00
1.31

-7.47
-5.54
-1.92

2.15
2.84
4.93

1.13
3.27
5.28

IES2

I avoided letting
myself get upset
when I thought
about it or was
reminded of it

T1
T2
T3

-0.78
-0.21
1.88

-4.56
-3.69
-2.84

1.41
2.32
3.44

1.22
2.73
3.80

IES3

I tried to remove it
from memory

T1
T2
T3

0.09
0.95
4.22

-7.73
-5.98
-3.43

2.58
3.76
4.69

2.36
3.23
4.35

IES7

I stayed away from
reminders about it

T1
T2
T3

0.19
1.43
4.98

-5.90
-4.58
-2.15

2.91
4.31
4.99

7.87
9.35
12.27

IES8

I felt as if it hadn’t
happened or it
wasn’t real

T1
T2
T3

0.68
1.55
3.11

-2.25
-0.993
29.51

1.58
2.46
3.78

1.74
2.07
4.22
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Table 4-3. Continued
Class 1:
Low PTSS/
Low PTG
N=104

Class 2:
Low PTSS/
High PTG
N=227

Class 3:
High PTSS/
Moderate
PTG
N=170

Class 4:
Moderate
PTSS/
Moderate
PTG
N=138
2.61
5.67
29.75

IES9

I tried not to talk
about it

T1
T2
T3

2.43
3.96
5.92

-5.38
-3.59
-2.02

1.91
3.08
4.72

IES12

I was aware that I still
had a lot of feelings
about it, but I didn’t
deal with them

T1
T2
T3

-0.81
1.18
3.60

-6.75
-4.21
-1.12

2.60
3.49
30.96

2.77
4.08
5.72

IES13

I tried not to think
about it

T1
T2
T3

-0.04
0.96
4.38

-12.13
-9.36
-7.17

3.55
4.74
6.45

2.93
4.51
6.19

IES15

My feelings about it
were kind of numb

T1
T2
T3

0.03
1.24
3.22

-5.34
-4.03
24.09

2.45
3.57
4.73

1.59
2.39
4.64

PTGI8

Knowing that I can
count on people in
times of trouble

T1

-2.52

-4.12

-2.36

-0.78

T2

-0.50

-1.19

0.06

0.44

PTGI7

An increased sense
of closeness with
others

T1
T2

-2.48
0.02

-5.17
-1.02

-1.60
1.35

-1.26
1.09

PTGI9

An increased
willingness to express
my emotions

T1
T2

-2.45
-0.30

-3.60
0.57

-1.75
1.24

0.09
1.96

PTGI12

Having more
compassion for
others

T1
T2

-28.36
-1.44

-6.31
-1.24

-2.14
0.40

-1.09
0.45

PTGI15

Putting more effort
into my relationships

T1
T2

-1.93
-0.02

-5.59
0.39

-1.22
1.28

0.28
3.48

PTGI18

I learned a great deal
about how wonderful
people are

T1
T2

-2.76
-0.23

-5.28
-1.81

-1.95
1.51

-1.91
0.09

PTGI2

I’m much more likely
to try to change
things which need
changing
I’m able to do better
things with my life

T1
T2

-3.02
-0.48

-3.85
1.49

-1.90
0.74

-0.45
2.10

T1

-1.92

-3.027

-2.09

0.62

T2

0.29

1.43

2.22

3.22

PTGI13
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Table 4-3. Continued
Class 1:
Low PTSS/
Low PTG
N=104

Class 2:
Low PTSS/
High PTG
N=227

Class 3:
High PTSS/
Moderate
PTG
N=170

Class 4:
Moderate
PTSS/
Moderate
PTG
N=138
1.13
2.90

PTGI14

New opportunities
are available which
wouldn’t have been
otherwise

T1
T2

-0.67
0.84

-0.78
2.04

0.01
2.34

PTGI19

I developed new
interests

T1
T2

-0.99
0.72

-2.18
2.20

-0.67
1.39

0.86
3.19

PTGI20

I more readily
accept needing
others

T1
T2

-16.00
8.56

-5.53
0.79

-0.76
2.22

0.22
1.96

PTGI21

I established a new
path for my life

T1
T2

-1.34
0.42

-1.99
2.21

-0.65
1.38

0.78
2.32

PTGI4

An increased feeling
of self-reliance

T1
T2

-1.59
0.05

-2.71
0.69

-1.37
0.45

0.45
1.75

PTGI6

Knowing I can
handle difficulties

T1
T2

-2.92
-0.45

-29.87
-2.93

-2.23
0.84

-2.08
-0.77

PTGI10

Being better able to
accept the way
things work out

T1
T2

-3.04
-0.28

-25.95
0.08

-1.60
0.98

-0.47
1.35

PTGI17

I discovered that I’m
stronger than I
thought I was

T1
T2

-1.74
-1.09

-4.46
-1.00

-1.61
0.13

-0.64
0.82

PTGI1

My priorities about
what is important in
life have changed

T1
T2

-28.52
-2.88

-4.70
-0.76

-2.44
-0.31

-1.00
0.88

PTGI3

An increased
appreciation for the
value of my own life

T1
T2

-27.93
-27.85

-5.14
-1.81

-4.20
-1.33

-1.91
0.02

PTGI11

Appreciating each
day more fully

T1
T2

-28.91
-2.68

-29.51
-1.27

-3.94
-0.67

-2.11
0.69

PTGI5

A better
understanding of
spiritual matters

T1
T2

-1.92
-0.41

-4.05
-0.95

-1.85
0.79

-0.69
0.59

PTGI16

I have a stronger
T1
-1.06
-2.82
-0.96
-0.07
religious faith
T2
0.34
-0.66
1.44
1.01
*T1-T3: threshold values for each item (# of T values is equal to the # of response categories -1. Values
are on the logit scale and probabilities can be estimated using the equation P= 1/(1+exp(threshold))
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Table 4-4. Description of four classes in FM 3 model
PTSS (-)^
Class one
Low PTSS/ Low PTG
(-) / (+)

Class two
Low PTSS/ High PTG
(-) / (+)(+)(+)

PTG (+)
Class three
Class four
High PTSS / Moderate PTG
Moderate PTSS/ Moderate PTG
(-)(-)(-) / (+)(+)
(-)(-) / (+)(+)
^(-) low, (-)(-) moderate, (-)(-)(-) high reports of PTSS; (+) low, (+)(+) moderate, (+)(+)(+) high reports of
PTG.

139

Table 4-5. FM 3 factor means and factor loadings for posttraumatic stress and
posttraumatic growth by class membership
Class 1
N=104

Class 2
N=227

Class 3
N=170

Class 4
N=138

Posttraumatic stress
Factor variance

3.32

3.32

3.32

3.32

Factor covariance

-0.50

-0.50

-0.50

-0.50

Factor mean

-0.14

-7.80

0.42

-0.31

Factor loadings
I thought about it when I didn’t mean to
I have trouble falling asleep or staying asleep
because of pictures or thoughts about it that came
into my mind
I had waves of strong feelings about it

0.72

0.71*

1.22

2.07

1.00

1.00

1.00

1.00

0.99

1.05*

1.11***

1.47

I had dreams about it

1.04***

0.78***

0.36

1.18

Pictures about it popped into my mind

0.45

1.10

2.60

1.53

Other things kept making me think about it

0.51

0.97**

1.06**

0.99

Any reminder brought back feelings about it.

0.77

0.95*

1.19

1.44

I avoided letting myself get upset when I thought
about it or was reminded of it
I tried to remove it from memory

0.42*

0.62***

0.89**

1.34

1.23*

1.15

1.64

1.18

I stayed away from reminders about it

1.94**

0.97

1.19

3.51*

I felt as if it hadn’t happened or it wasn’t real

0.86*

0.42

0.66

0.26

I tried not to talk about it

2.38

0.82

1.05

0.83

I was aware that I still had a lot of feelings about it,
but I didn’t deal with them
I tried not to think about it

1.23

1.08***

1.12

1.48

1.58*

1.72

2.02

1.47

My feelings about it were kind of numb

0.99

0.82

1.00

0.66

Posttraumatic growth
Factor variance

2.33

2.33

2.33

2.33

Factor covariance

-0.50

-0.50

-0.50

-0.50

Factor mean

0.61

0.41

0.53

0.34

Knowing that I can count on people in times of
trouble
An increased sense of closeness with others

0.67

0.73

0.82

1.10

0.85*

0.79

1.05***

1.21***

An increased willingness to express my emotions

0.83*

0.77

0.69

0.90

Having more compassion for others

0.70

1.09**

1.23***

0.58

Putting more effort into my relationships

1.16

1.08***

1.18***

0.70

1.08

0.78

1.47***

0.86**

0.40

1.28***

0.73

0.82*

0.86

1.02

2.15**

1.10

0.89*

0.82***

0.98*

0.35

Factor loadings

I learned a great deal about how wonderful people
are
I’m much more likely to try to change things which
need changing
I’m able to do better things with my life
New opportunities are available which wouldn’t
have been otherwise
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Table 4-5. Continued
Class 1
N=104

Class 2
N=227

Class 3
N=170

Class 4
N=138

I developed new interests

1.13**

1.03

1.07**

0.28

I more readily accept needing others

13.48

0.90

1.04*

0.39

I established a new path for my life

0.89**

1.42

1.17**

0.52

An increased feeling of self-reliance

0.44

0.90**

0.75**

0.99

Knowing I can handle difficulties

1.00

1.00

1.00

1.00

Being better able to accept the way things work
out
I discovered that I’m stronger than I thought I was

0.77

0.87

1.10**

0.97

0.90*

0.94**

0.88*

0.58

0.06

0.77*

0.75

0.94**

0.25

0.73**

0.95

1.27

1.10*

0.65**

1.42

1.58

1.00

1.60**

0.83

1.10

My priorities about what is important in life have
changed
An increased appreciation for the value of my own
life
Appreciating each day more fully
A better understanding of spiritual matters
I have a stronger religious faith

0.87
1.28*
0.91*** 1.04
*p<0.05; p<0.01, p<0.001. ^Class 1= Low PTSS/Low PTG, class 2= Low PTSS/ High PTG, class 3= High
PTSS/ Moderate PTG, class 4= Moderate PTSS/ Moderate PTG.
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Table 4-6. Results from multinomial logistic regression evaluation effects of covariates
on class membership (reference= low PTSS/ high PTG (n=227)
Class 1:
Low PTSS/
Low PTG
N=104
b (SE)

Class 3:
High PTSS/
Moderate PTG
N=170
b (SE)

Class 4:
Moderate PTSS/
Moderate PTG
N=138
b (SE)

Gender (ref=Male)
Female
-0.20 (0.27)
0.16 (0.25)
0.35 (0.26)
Current age (ref=<30)
35-39 years
-0.31 (0.67)
0.62 (0.48)
0.07 (0.52)
40-45 years
0.84 (0.56)
0.59 (0.48)
0.18 (0.52)
46-50 years
0.54 (0.51)
-0.62 (0.47)
-0.39 (0.45)
50+ years
0.78 (0.48)
-0.14 (0.41)
0.18 (0.50)
Race/ethnicity (ref=White)
Other
-0.66 (0.60)
0.12 (0.47)
1.04 (0.40)**
Occupational status
(Ref=Working)
Not working
0.62 (0.39)
0.50 (0.36)
-0.30 (0.40)
Retired
-0.60 (0.48)
-0.09 (0.41)
0.10 (0.39)
Marital status (ref=Yes)
No
0.13 (0.29)
-0.39 (0.26)
-0.19 (0.28)
Education (ref= >College
degree†)
High school or below
-0.06 (0.38)
0.64 (0.33)*
1.17 (0.38)**
Some college or
-0.08 (0.36)
-0.13 (0.33)
0.78 (0.37)*
technical education
College degree
-0.06 (0.39)
-0.27 (0.36)
0.21 (0.41)
Comorbid conditions
(Ref=No)
Yes
0.01 (0.38)
0.05 (0.35)
0.41 (0.34)
Severity of treatment
experience (ref=Low)
Moderate
0.35 (0.31)
-0.41 (0.29)
-0.11 (0.30)
High
-0.06 (0.40)
-0.34 (0.34)
-0.10 (0.37)
Years since diagnosis
(ref=greater than 6.5years)
Less than 6.5 years
0.62 (0.26)*
0.84 (0.24)
0.14 (0.25)
Level of physical
symptoms‡ (ref= low; below
median 21)
High (above 21)
0.01 (0.26)
0.88 (0,25)***
0.23 (0.25)
*p<0.05; p<0.01, p<0.001. †Some graduate school or graduate degree. ‡Modified FACT-BMT scale
score: no cutoff available yet, so median value of 21 (range 13-39) split was obtained. Those with a score
of 21 or above considered higher symptoms, below 21 lower symptoms
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Table 4-7. Results from the Wald Chi-Square (χ2) tests of mean equality of the auxiliary
analyses of outcomes

Class 1^
Class 2
Class 3
Class 4

Physical HRQOL
Unadjusted
Mean (SE)
44.11 (1.21)
46.63 (0.81)
41.27 (0.96)
45.05 (0.97)

Mental HRQOL
Unadjusted
Mean (SE)
50.30 (1.47)
52.61 (0.95)
46.30 (0.95)
53.38 (1.14)

Overall†

18.56***

28.08***

Physical HRQOL
Adjusted
Mean (SE)
56.16 (7.03)
48.10 (6.25)
56.12 (5.30)
59.87 (23.02)

Mental HRQOL
Adjusted
Mean (SE)
56.05 (7.47)
62.87 (3.97)
44.77 (4.62)
52.35 (6.36)

C1 vs C2
2.80
1.26
1.06
0.63
C1 vs C3
3.33*
5.08*
0
1.56
C1 vs C4
0.37
3.03
0.02
0.17
C2 vs C3
18.08***
21.69***
1.52
8.01**
C2 vs C4
1.46
1.26
0.18
2.88
C3 vs C4
7.46**
18.09***
0.02
1.19
*p<0.05; **p<0.01;***p<0.001. Note: C= Class; ^Class 1= Low PTSS/Low PTG, class 2= Low PTSS/ High
PTG, class 3= High PTSS/ Moderate PTG, class 4= Moderate PTSS/ Moderate PTG.
† Overall Wald test was not calculated for adjusted models due to singular covariance matrix across
classes because of empty cells in predictor variable values; individual tests comparing classes
individually was doing using Model TEST command
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CHAPTER 5
IMPROVING PATIENT-REPORTED OUTCOMES RESEARCH IN LONG-TERM
SURVIVORS OF HEMATOPOIETIC STEM CELL TRANSPLANT: DISCUSSION OF
RESULTS
Review of Findings
We utilized a unique study population comprised of long-term survivors of
hematopoietic stem cell transplant (HSCT) to address several research gaps in the
measurement and evaluation of their patient-reported outcomes (PROs). These
research gaps included 1) a lack of validated scale to measure physical symptoms for
long-term HSCT survivors, 2) a lack of an evidence-based model to describe the
relationships among physical and psychological symptoms, psychosocial factors, and
the joint effects of these factors on HRQOL, and 3) limited evidence is available on the
positive psychological effects in long-term HSCT survivors. Three specific aims were
established to address these research gaps. The first aim was to refine the HSCTspecific physical symptom scale for long-term survivors; the second aim was to develop
and test a conceptual framework of factors influencing PROs of HSCT survivors; the
third aim was to examine the population heterogeneity based on posttraumatic stress
symptoms (PTSS) and posttraumatic growth (PTG) in HSCT survivors and the impact
on HRQOL.
The overall findings for the first aim suggest a refined 13-item physical symptom
scale for long-term survivors of HSCT demonstrated appropriate measurement
properties and known-groups validity related to other health markers. In the second
aim, we found that physical symptoms had a stronger direct effect on physical HRQOL
compared to psychological symptoms (depressive symptoms and PTSS). In contrast,
psychological symptoms had the stronger direct effect on mental HRQOL compared to
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physical symptoms. Psychological symptoms, especially depressive symptoms,
mediated the relationship between physical symptoms and physical HRQOL as well as
the relationship between physical symptoms and mental HRQOL. We also found that
psychosocial variables (optimism, coping, and social constraints) explained the variance
in pathway from physical symptoms through depressive symptoms to physical HRQOL;
whereas the psychological mediating pathway between physical symptoms and mental
HRQOL remained significant. For the third aim, we found the two-factor four-class
model with partially relaxed conditional independence assumption using mixture
modeling, provided unique information into the latent structure and population
heterogeneity of PTSS and PTG in long-term HSCT survivors.
Chapter 2: Refine the HSCT-Specific Physical Symptom Scale
Measuring treatment-related symptoms through a PROs measure help obtain
comprehensive information of a survivor’s health status [76]. Instrument development,
evaluation, and refinement are an integral process toward of measuring health status.
The FACT-BMT was initially developed using classical test theory approach (CTT) [37].
The first objective of Chapter 2 was to use item-response theory (IRT) methodology to
refine the 25-item FACT-BMT scale for measuring physical symptoms of long-term
HSCT survivors. The second objective was to validate the refined scale based on
health markers including mental and physical HRQOL as well as other clinical
information.
Although the majority of the studies on PROs instrument development and
refinement were based on CTT in the past 3 decades, the use of modern measurement
methodology (e.g., IRT) has the advantage to address the problems associated with
CTT, typically sample and scale dependence. To accomplish the first objective, we
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used several criteria to select the items with the acceptable measurement properties.
These criteria included item content, item response distribution, the IRT assumptions of
unidimensionality and local independence, the IRT measurement properties of
discrimination and difficulty, and differential item functioning (DIF). To evaluate knowngroups validity, linear regression was conducted to estimate the difference in physical
symptom scores between survivors with high and low health status as measured by the
other markers. Effect sizes (Cohen’s d) were calculated to determine the magnitude of
the mean difference in scores of the symptom scale between different levels of HRQOL
and clinical information (severity of treatment experience, comorbid conditions, intensity
of previous treatment, and Karnofsky’s Performance scale (KPS)).
The final version of the FACT-BMT (13 items) shows improved fit indices from
the initial version of the FACT-BMT (25 items). Item difficulty values were clustered
toward the lower end or less severe latent trait, which suggests that the items of the
modified FACT-BMT mostly capture those survivors with lowest level of severity of the
physical symptom trait. The majority of the items had discrimination values between
0.60 and 1.00, suggesting the items had moderate ability to discriminate between
participants separated by small differences in the underlying symptom trait [12].
The refined FACT-BMT had good known-groups validity with the PROs
measures of HRQOL, moderate known-groups validity with the clinical measures of
severity of treatment experience and comorbid conditions, and poor known-groups
validity with Karnofsky’s Performance Scale (physician report of health). For example,
the effect sizes were largest when comparing physical HRQOL scores in the above
general population norm group to the poor physical HRQOL score. The lowest effect
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sizes were found for KPS rated by clinicians. This is consistent with the previous
studies that a patient’s and physician’s report of health are often discordant [107, 108],
thus adding value to including PROs as important indicators of health that can
supplement clinical information.
Instrument refinement is a continuous process requiring re-evaluation of current
measures as characteristics of the population (e.g., aging) or the side effects related to
treatments may change. This is especially true with symptom measures as treatments
and the subsequent long-term effects evolve over time. Because the items generated
for the FACT-BMT were originally developed in 1996, future research should first focus
on the identification of new symptoms and/or elimination of symptoms no longer related
to current treatment methods through both qualitative (i.e. focus groups and interviews)
and quantitative approaches. Second, once new (if any) symptoms are identified,
specific items should be further developed and tested. For example, if subjects
consistently reports becoming tired easily, experiencing dizzy spells, and having no
appetite, items measuring these symptoms are clustering to represent a physical state
that may be useful in directing treatment [74]. And finally, it is important to note that
self-reported symptom (i.e. pain, fatigue, dizziness) may be more sensitive to changes
in a survivor’s health condition compared to clinical measures (i.e. blood pressure) [76].
Our study could not verify sensitivity to a change in a health condition (i.e.,
responsiveness) given the cross-sectional study design [12]. A future goal for
evaluating the symptom instrument for HSCT survivors is to test the responsiveness to
small changes in a patients’ health condition over several time points.
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Chapter 3: Develop and Test a Conceptual Framework of Factors Influencing
PROs of HSCT Survivors
After the physical symptom scale was refined and tested (Chapter 2), it is
important to include this scale in an empirical study to test how physical symptoms,
alongside other factors, contribute to physical and mental HRQOL. Chapter 3 explored
the influence of psychological symptoms and psychosocial factors on the relationship of
physical symptoms with HRQOL using structural equation modeling (SEM). In the
primary objective, we constructed pathways examining whether psychological
symptoms (depressive symptoms and PTSS) mediated the relationship between
physical symptoms (measured by the revised scale from Chapter 2) and physical and
mental HRQOL. In the secondary objective, we created a comprehensive conceptual
framework incorporating psychosocial variables (optimism, social constraints, and
coping) along with physical symptoms, depressive symptoms, and physical and mental
HRQOL.
Results of the primary objective indicated significant direct effects of physical
symptoms on both physical and mental HRQOL in the full model, with physical
symptoms having stronger direct effects on physical HRQOL rather than on mental
HRQOL. PTSS significantly mediated the relationship between physical symptoms and
physical HRQOL. For mental HRQOL, psychological symptoms (especially depressive
symptoms) had a stronger direct effect on mental HRQOL than did physical symptoms.
Depressive symptoms and PTSS also significantly mediated the effects of physical
symptoms on mental HRQOL. In separate models of depressive symptoms and PTSS,
the mediating effects of these two variables remained significant in the nested models
when evaluating the relationship between physical symptoms and mental HRQOL.
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In the secondary objective, optimism, social constraints, and coping played a
larger role to change the association of physical symptoms with physical HRQOL than
with mental HRQOL. Psychosocial variables likely explained the mediating effect of
PTSS on the relationship between physical symptom and physical HRQOL identified in
objective (although not directly tested in the full framework). For mental HRQOL, only
coping was significantly associated with mental HRQOL and the magnitude of its effect
of the pathway from physical symptoms through depression to mental HRQOL
remained unchanged.
Chapter 3 contributes to the literature by building the relationships of physical
symptoms, psychological symptoms, psychosocial factors, and HRQOL together in a
larger conceptual framework, and testing specific pathways regarding physical
symptoms, psychological symptoms, and HRQOL. Previous studies have evaluated
some combination of the important factors for influencing HRQOL in HSCT, but have
not included all of the factors in the same model [26, 42, 42, 161]. SEM is a useful
technique to test the conceptual framework and specific pathways [25]. Through the
evaluation of the pathways that included symptoms, psychosocial factors, and HRQOL,
we provided evidence that psychosocial factors do play role in physical HRQOL. SEM
analyses based on our framework identified two possible points of intervention for
physical HRQOL: physical symptoms and psychosocial factors such as social
constraints. The importance of physical symptoms on physical HRQOL is consistent
with findings of symptom burden in cancer survivorship [212]. Additionally, the findings
of objectives 1 and 2 stress the impact of survivors’ psychological symptoms on mental
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HRQOL, with an emphasis on the stronger impact of depressive symptoms compared to
PTSS.
Chapter 3 provides some foundation for future studies regarding PROs research
in HSCT survivors. First, future studies may test our proposed conceptual framework in
a longitudinal design for HSCT sample populations. Although no causal implications
can be made in our study, SEM analysis hypothesized temporal relationships between
variables and demonstrated how the inclusion of certain factors may affect previously
established relationships (e.g. inclusion of psychosocial factors explaining the pathway
from physical symptoms through depressive symptoms to physical HRQOL). Second,
this study may be extended by applying the same framework to alternative outcomes
such as mortality/survival or secondary cancer. Better HRQOL has been suggested to
be a significant predictor of survival in cancer patient and survivor populations [213,
214]. Third, our model represents one of several plausible conceptual frameworks. For
example, PTSS has been theorized to result in physical symptoms or have physical
manifestations of stress [205]. A future study attempting to differentiate physical
symptoms due to disease and treatment and symptoms related to PTSS such as back
pain, headaches, or gastrointestinal distress may be of interest to fully explore this
possibility.
Chapter 4: Examine the Population Heterogeneity Based on PTSS and PTG in
HSCT Survivors and the Impact on HRQOL
In Chapter 3, we identified significant relationships between physical symptoms
psychological symptoms, psychosocial variables, and HRQOL. As previously discussed
in Chapter 4, the experience of cancer, including diagnosis and treatment, may lead to a
trauma-related and negative and positive psychological outcomes such as PTSS and
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posttraumatic growth (PTG). Early research found that the stress and “growth” derived
from cancer may co-exist in cancer patients and survivors and the impact on HRQOL is
still mixed [208]. Chapter 4 further explored the self-reported psychological impact of
HSCT on long-term survivors through two objectives. In the first objective, we used a
factor mixture modeling (FMM) approach to classify long-term HSCT survivors based on
their responses to PTSS and PTG. In the second objective, we evaluated the specific
predictors of class membership and examined the extent to which the class
membership was associated with HRQOL outcomes. We incorporated categorical
(latent class model) and continuous approaches (common factor model) to generate
class membership and examine the heterogeneity introduced by PTSS and PTG
between different classes; we also allowed for severity of PTSS and PTG to be varied
within each class (i.e., relaxing conditional independence assumption of latent class
models) [62].
The FMM approach resulted in a two-factor (PTSS and PTG) model and a fourclass model, which was further used for testing the mixture model variations. The best
fitting mixture model partially relaxed the conditional independence assumption by
allowing for factor means of PTG and PTSS, item thresholds, and factor loadings to
vary across classes. The four classes were defined as low PTSS/ low PTG, low PTSS/
high PTG, high PTSS/ moderate PTG, and moderate PTSS/ moderate PTG.
Survivors in the low PTSS/ low PTG class had the lowest level of PTG
compared to other three classes (Table 4-4). Survivors in the high PTSS/ moderate
PTG class had the highest level of PTSS and survivors in the low PTSS/ high PTG
class had the lowest level of PTSS compared to other classes. The presence of some
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level of PTG in all classes was not unanticipated based on the hypothesis that the
oscillation, or perhaps circular process, of intrusion and avoidance of PTSS may act as
adaptation to the traumatic information, which in turn can enhance the “growth”
response [215]. Essentially, the adaptation to stress may be part of cognitive
processing which does not necessarily result in distress and may lead the survivor to
establish a positive reinterpretation of the trauma or posttraumatic growth [216].
Our findings that lower education and a race/ethnicity other than White were
significant predictors of membership in the moderate PTSS/moderate PTG class
support two previous multivariate studies examining sociodemographic factors’
associations with reports of PTSS and PTG [199, 201]. Also, previous studies
suggested that worse physical symptoms were associated with higher levels of PTSS
[27, 169, 204]. This is supported by our finding that worse physical symptoms predicted
membership of high PTSS/ low PTG class. Class membership was not significantly
associated with physical HRQOL compared to mental HRQOL in the predictor-adjusted
comparisons. No statistically significant differences were found between classes in
adjusted physical HRQOL. Physical HRQOL of survivors from all classes (except for
the low PTSS/high PTG class) were above the general population norm. The below
norm physical HRQOL in the low PTSS/ high PTG discrepancy did not reach the
minimal clinically important difference. Adjusted mental HRQOL was statistically
significantly between the low PTSS/ high PTG class and the high PTSS/ moderate PTG
class. Mental HRQOL of survivors in the high PTSS/ moderate PTG class was greater
than the norm and reached the clinically minimally important difference.
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It is very challenging to establish diagnostic classification systems or profiles for
individuals based on PROs measures. Previous studies have attempted to investigate
the negative and positive psychological states (e.g., PTSS and PTG) experienced by
long-term HSCT survivors [29], but no studies have examined the population
heterogeneity of PTG with PTSS simultaneously. Sumalla [55] and Park [31, 32]
warned that evaluating mixed-response (i.e., positive and negative) measures creates
difficulty in scoring and interpretation. Including PTSS and PTG in typical regression
models as separate predictors for HRQOL merely help understand the common
variance of PTSS and PTG and inform on the additive effects and multiplicative effects,
given an interaction term is included. However, the traditional approach neglects the
population heterogeneity. This study was able to demonstrate that the use of FMM
provided useful information for describing the population heterogeneity. However,
future research should focus on tracking on the experience of PTSS and PTG over time
because theoretically PTSS will decrease and PTG will increase over time [171].
Analytically, growth mixture modeling incorporates the element of time into the model
[179], allowing for evaluation of the fluctuations of reports of PTSS and PTG, and
possible life events that trigger “flare-ups” of a negative or positive psychological
response.
Using a classification model for psychological impact may provide insight into
how to identify at-risk clusters of individuals using on their reports of PTSS and PTG to
better tailor interventions, such as cognitive-behavioral therapy, psychoeducation, or
complementary and alternative medicine, for patients experiencing trauma [29, 153].
The importance of cognitive processing is highlighted by McCullough and colleagues for
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traumatized individuals to express the traumatic features of their event and the personal
benefits [209]. Findings suggest that positive growth occurred when the individual
acknowledges the severity of the trauma and tries to make sense of the trauma [209].
The authors argue that balancing mechanism exists that is associated with experiencing
the trauma, cognitive processing, and moving forward [209].
Evaluating Disease and Health Outcomes
In clinical epidemiologic research, tracking disease and treatment outcomes has
focused on clinical information and physician report. The results of each aim (Chapter 2
through Chapter 4) will contribute to epidemiological health outcomes research in the
long-term HSCT survivors. Symptoms and HRQOL have become an important
endpoint of clinical trials and other regulatory agencies when evaluating different
treatment regimens [23, 76]. The results in Chapters 2 and Chapter 3 show that
symptoms, both physical and psychological, are not just clinical endpoints but are
factors strongly associated with mental and physical HRQOL outcomes. Additionally,
Chapter 4 demonstrates the complexities of evaluating two interrelated psychological
states (e.g., PTSS and PTG) and the relation of class membership with HRQOL.
Exploring the use of classification techniques such as FMM may be useful for future
studies examining patient factors that may produce population heterogeneity.
Physicians and patients often face several choices regarding treatment plans
with equal survival rates, and the final decision or preference of patients may be
influenced by physical and psychological symptoms, functional status, and HRQOL
[217]. Obtaining the patient or participant perspective on their health outcome is an
invaluable approach to tracking disease and treatment [12].
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Limitations
The findings presented should be interpreted with the knowledge of several
limitations. First, the study population is largely homogenous (91.3% White). Results
may not be generalized to populations comprised of different demographic and clinical
background.
Second, the cross-sectional nature of the data does not allow for estimating the
causal relationship between variables of interests. Specifically, for the conceptual
framework and path analysis, the findings can be interpreted as significant associations
but not as a causal pathway. Future studies may test the validity of the conceptual
framework with a longitudinal design.
Third, this study may be subject to selection bias with respect to health status of
survivors. Study participation may indicate that the survivor is functioning well enough
to complete the process compared to those who decline due to poor health. This
selection bias of a healthier sample indicates that we may underestimate the reporting
of symptoms or overestimate the overall HRQOL status. Longitudinal studies have
noted that patients who continued to engage in the entire study period compared to
those discontinued were in better health, leading to over-estimates of functional status
[109]. Evidence suggests a significant association between HRQOL trajectory and
disease progression, thus concluding that the HRQOL in those who drop out of study is
worse than those who remain in the study [119, 218, 219].
Finally, the IES used in this study only contains 2 (intrusive thoughts and
avoidance) of 3 (hyperarousal) domains that are now used to diagnose posttraumatic
stress disorder. The original IES in this study contains the intrusive thoughts and
avoidance domain, but does not include the hyper-arousal domain. The revised IES
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was not readily available at the time of the study. Given not measuring the third domain
of hyperarousal, we may miss some components of PTSS and may underestimate the
number of symptoms reported. Sub-syndromal PTSS has received attention in the
literature, but a standard definition has yet to be determined [115]. Some definitions
require one symptom in at least two domains and others require one symptom in each
of the three domains [220].
Conclusion
This dissertation addressed some of the measurement and assessment issues
related to the complexities of PROs in long-term HSCT survivors. Several main points
are important to note for this study and in the broader context of epidemiology outcomes
research. First, symptoms, both physical and psychological, are important factors for
influencing physical and mental HRQOL in this population. Physical symptoms are a
unique patient’s perception of health and may not correlate with physician report or
clinical measures. Secondly, the refinement of the FACT-BMT is a first step of an
ongoing, iterative process to generating physical symptom measures in this population.
Careful development or selection of appropriate instruments should be paramount when
designing epidemiologic studies to minimize measurement errors and maximize
accuracy of the results. Third, mapping the relationships between physical symptoms,
psychological symptoms, psychosocial factors, and HRQOL through SEM allowed for
identifying important relationships that influence HRQOL. Conceptual frameworks
provide a foundation for interpreting findings and comparing results across studies.
Finally, population heterogeneity as well as within-class heterogeneity due to PTSS and
PTG can be identified through a mixture modeling approach. While clinical and
biological measures are essential, PROs capture a unique area of a patient’s health
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status affecting their day to day functioning, and they are important to consider when
determining methods for measuring health outcomes.
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APPENDIX A
CHAPTER 2 DETAILED METHODS FOR DIF AND ITEM SELECTION
Differential Item Functioning
An important part of the instrument validation or evaluation process is to
determine whether each item within a multi-item scale operates the same way for
different groups of study respondents [221]. In IRT, the discrimination and difficulty
parameters are assumed to be invariant over samples drawn from the same population
[92]. Differential item functioning (DIF) analysis is a method that can be used to identify
items intended to measure the trait of interest (physical symptoms) which are
responded differently by sub-groups (e.g. gender or treatment type) after controlling for
the underlying latent trait of symptom [92, 93]. For example, do males and females
respond differently to an item about “having a good appetite” after controlling for the
underlying physical symptom trait? Gender differences are often reported in physical
symptoms across diseases, so this particular sub-group is important to evaluate [222224]. For treatment type, the sub-groups tested were autologous and allogeneic. This
scale is intended for survivors of both treatment types and the items need to be
evaluated for invariance in both groups.
Technically, two types of DIF can be identified: uniform and non-uniform. In
uniform DIF, an item shows the same level of DIF regardless of the underlying trait level
(analogous to the concept of confounding). Non-uniform DIF is a difference in
discrimination parameters between groups. In non-uniform DIF, the magnitude of DIF
varies based on the underlying trait level (analogous to the concept of effect
modification). The presence of DIF by gender or treatment type can threaten the
validity of an instrument and is a useful criterion for item removal. However, not all DIF
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is clinically meaningful and the magnitude of DIF should be considered [94]. DIF
analysis is not the primary aim of this analysis and the purpose is to help identify biased
items regardless of the direction or type of DIF.
Several statistical methods are available to evaluate DIF, with the major
categories being CTT and modern test approaches like IRT. An IRT approach
(Samejima’s GRM) was chosen in this study to evaluate uniform and non-uniform DIF
using Parscale’s MGROUP option [101, 225]. A DIF analysis specifying gender as a
group and then treatment type as a group was conducted for each stage. An EM
algorithm was used and starting values for threshold and slopes were applied to
facilitate analysis [101]. The chi-square tests of item location and item slope contrasts
were evaluated for significant DIF in each item with chi-square values >10 considered a
minimal clinically important difference..
Item evaluation
For stage one, items were evaluated for at least three measurement issues with
the primary criteria acting as the initial marker for further evaluation. In addition to the
primary criteria, slope, location, ICC, and DIF were evaluated for items that were
flagged for the primary criteria of content issues, ceiling effects, or local dependency
(residual correlation). At this stage, if an item had discrimination (slope, a) and difficulty
(location, b) parameter values that were below desired values (discrimination <0.5 or
difficulty outside of 2 standard deviations from mean) [91] it was retained if this was the
only violation identified for the item.
In stage two, we collapsed the categories from 5 to 3 by combining the lowest
two categories as well as the middle categories to create the three categories. The
criteria for item removal focused on the discrimination, difficulty, ICC, and DIF criteria.
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Items were considered for removal if they met two or more of the following criteria:
discrimination values less 0.5, difficulty value greater than 2 standard deviations from
the mean, poor ICC, and significant DIF with large magnitude (chi square >25) in either
gender or treatment type.
For stage three items were considered for removal if they met one or more of the
criteria that was used in stage two. The same criteria for consideration of removal
included discrimination values less 0.5, difficulty values greater than 2 standard
deviations from the mean, poor ICC, and significant DIF.
In the final stage (stage four), IRT parameters and ICCs were evaluated for the
previously stated criteria and were also considered with respect to their performance in
the previous stages. Additionally, the TIF was compared to preliminary stages to
evaluate for final measurement reliability. Items with DIF were evaluated to determine if
significant enough (chi-square greater than 10) to require adjustment in later analyses.
The latent factor scores based on the stage four item set was then exported for the
known-groups validity analysis. The latent trait or ability parameters were estimated
using expected a posteriori (EAP) estimations.
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APPENDIX B
CHAPTER 2 DETAILED RESULTS FOR ITEM SELECTION
Stage one resulted in the removal of 5 items; BMT1 “concern about keeping my
job”, BMT5 “be able to get around by myself”, BMT10 “can remember things”, P7 “have
urinating difficulty”, and SCL5 “have mouth sores”. Content issues were raised for BMT1
due to its lack of assessing an actual symptom related to the disease or treatment.
Additionally, the discrimination value of BMT1 was less 0.5 and difficulty was greater
than 2 standard deviations from the mean (a=0.455, b=2.131).
The item response distributions of the initial set of 25 items were skewed left with
16 of 25 items having at least 40% of responses in the highest category. We found
ceiling effects with >80% of responses in the highest category for three items.
Additionally, BMT5 was flagged for ceiling effects (CE=84.5%). The frequency
distribution of BMT5 also showed that none of the participants responded in the
lowest/worst category. The difficulty parameter was shifted almost 3 standard deviations
from the mean (b= -2.919).
BMT10 was identified with local dependency based on a residual correlation
>0.20 with BR1 “be able to concentrate”. BMT10 was conceptually similar to BR1 and
BMT10 also demonstrated worse discrimination and difficulty parameters (a=0.135, b=8.75) compared to BR1. In addition, this item was identified with DIF by gender, both
uniform and non-uniform.
P7 also was identified to have both ceiling effects (CE=87.5%) as well as local
dependency with SCL3 “have hearing loss”. However, SCL3 did not have content
issues or ceiling effects, thus P7 was selected for removal. SCL5 was also identified
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with ceiling effects (CE=83.1%) as well as a difficulty greater than 3 standard deviations
from the mean (b=3.247).
For stage two, four additional items were selected for removal. These included
BL4 “be interested in sex”, BMT7 “concern about my ability to have children”, BMT14
“have tremors”, and SCL2 “have stiff joints”. BL4 had a poor discrimination value in
stage two (a=0.344) as well as a significant item fit p-value that indicates it does not fit
well with the other items in the IRT analysis. In addition, BL4 was identified with large
magnitude of DIF by gender. BMT7 had low discrimination as well as a highly skewed
difficulty parameter towards the lower end of the latent trait (a=0.120, b=-10.687). The
ICC was approximately horizontal suggesting that the probability of endorsing the item
did not fluctuate with levels underlying latent trait. Additionally, IIF for BMT7 indicated
almost no information was provided from this item.
BMT14 and SCL2 both had difficulty values greater than 2 standard deviations
from the mean (b=-2.627, b=-2.030, respectively). The BMT14 ICC was skewed
towards the lower end of the latent trait with limited threshold range. SCL2 had a
discrimination value less 0.500 (a=0.450), a skewed ICC curve, and a low IIF
supplementing the rational for removal.
Three item were selected for removal in stage three (BMT11 “have frequent
colds/infections”, BMT15 “be bothered by skin problems”, SCL4 “have sleep problems”).
BMT11 had a discrimination value of 0.497 and was also identified with DIF by
treatment type. BMT15 had a discrimination and difficulty value within the criteria (a=1.393, b=-1.398), but the threshold values indicated it covered a limited level of the
latent trait resulting in less than desirable ICC. Additionally, BMT15 was identified with
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significant DIF by treatment type. At this stage, the discrimination and difficulty of SCL4
fell below the acceptable criteria (a=0.450, b=2.03).
Finally in stage four,the 13 item difficulty values ranged between 1.149 for C7
and -2.194 for SCL3. SCL3 also demonstrated a lower discrimination at this stage but
had good item properties in each of the previous stages. The item is retained due to
clinical relevance, item properties are only marginally outside of the desired range, the
fit indices are acceptable, and the item fit p-value does not indicate removal (p=0.973).
SCL6 showed mild DIF by gender, but the magnitude was low (location contrast of
0.610; chi-square <10).
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Figure B-1. Test information function for final 13 item physical symptom scale
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APPENDIX C
CHAPTER 3 INSTRUMENT MEASUREMENT PROPERTIES
Table C-1. Measurement properties of instruments
Latent variable (Instrument)

Factor loading
(Unstandardized)

Factor Loading
(STDYX)

CFI

RMSEA

Physical symptoms (modified FACT-BMT, 13
items)
Like the appearance of my body
Get tired easily
Eyesight is blurry
Be content with quality of my life right now
Have dizzy spells
Have trouble with my bowels
Be able to concentrate
Feel distant from other people
Be bothered by a change in the way food
tastes
I have a good appetite
Have been short of breath
Have headaches
Have hearing loss
PTSS (Impact of Events Scale, 2 domains)
Intrusive thoughts domains
Avoidant thoughts domain

0.505
0.743
0.584
0.594
0.739
0.527
0.582
0.588
0.655

0.505
0.743
0.584
0.594
0.739
0.527
0.582
0.588
0.655

0.96

0.554
0.677
0.627
0.391

0.554
0.677
0.627
0.391

1.00
1.02

0.844
0.848

N/A*

3.904
3.452
0.534
1.774

0.913
0.801
0.539
0.703

0.99

0.610
0.559
0.721
0.780
0.722
0.490
0.067
0.877
0.841
0.507
0.553

0.610
0.559
0.721
0.780
0.722
0.490
0.067
0.877
0.841
0.507
0.553

0.88

0.777

0.777

0.06

Depressive symptoms (Center for
Epidemiological Studies- Depression, 4
domains)
Depressed affect
Somatic
Interrelationships
Low positive affect
Optimism (Life Orientation Test, 12 items)
In uncertain times, I usually expect the best.
It’s easy for me to relax.
If something can go wrong for me, it will.
I always look on the bright side of things.
I’m always optimistic about my future.
I enjoy my friends a lot.
It’s important for me to keep busy.
I hardly ever expect things to go my way.
Things never work out the way I want them to.
I don’t get upset too easily.
I’m a believer in the idea that “every cloud has
a silver lining”.
I rarely count on good things happening to me.
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0.02

0.16

Table C-1. Continued
Latent variable (Instrument)

Factor loading
(Unstandardized)

Factor Loading
(STDYX)

CFI

RMSEA

0.756

0.756

0.94

0.11

0.777
0.750
0.795
0.779
0.844

0.777
0.750
0.795
0.779
0.844

0.837
0.729

0.837
0.729

0.699

0.699

0.704

0.704

0.753

0.753

0.911

0.911

0.948

0.948

0.909

0.909

0.741

0.741

0.342

0.342

1.000
1.464

0.309
0.767

Social constraints (Social Constraints Scale, 16
items)
Change the subject when you tried to discuss
your experience with cancer or the blood or
marrow transplant (BMT)?
Not seem to understand your situation?
Avoid you?
Minimize your problems?
Seem to be hiding their feelings?
Act uncomfortable when you talked about your
experience with cancer or BMT?
Trivialize your problems?
Complain about their own problems when you
wanted to share yours?
Act cheerful around you to hide their true
feelings or concerns?
Tell you not to worry so much about your
health?
Tell you to try not to think about cancer or
BMT?
Give you the idea that they didn’t want to hear
about your experience with cancer or BMT?
Make you feel as though you had to keep your
feelings about your experience with cancer or
BMT to yourself, because your feelings made
them feel uncomfortable?
Make you feel as though you had to keep your
feelings about your experience with cancer or
BMT to yourself, because your feelings made
them feel upset?
Let you down by not showing you as much
love?
Do you still feel the need to talk about your
experience with cancer and/or BMT?
Coping (Brief COPE)
Problem-focused or approach coping
Avoidant coping

N/A*

Physical HRQOL (MOS-SF 36 PCS^, 4
domains)
Role-functioning physical
General health
Bodily pain
Physical functioning

31.55
17.03
20.35
20.78
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0.781
0.717
0.803
0.812

0.99

0.05

Table C-1. Continued
Latent variable (Instrument)

Factor loading
(Unstandardized)

Factor Loading
(STDYX)

CFI

RMSEA

Mental HRQOL (MOS-SF 36 MCS^, 4
domains)
Role-functioning emotional
25.798
0.735
0.99
0.08
Mental health
13.895
0.747
Vitality
17.681
0.748
Social functioning
19.172
0.779
^Medical Outcomes Study 36-item short form health survey. PCS: Physical Component Summary, MCS:
Mental Component Summary
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APPENDIX D
CHAPTER 4 DETAILED METHODS
Factor Mixture Models
A factor mixture model is a broad concept encompassing hybrid approaches to
analyzing both categorical and continuous latent variables [61]. Factor analysis and
Latent class or profile analysis can be thought of as specific cases of FMM with
particular parameter restrictions under the factor mixture model umbrella [62]. The
common factor model (i.e. factor analysis) is a latent variable approach allowing for
modeling of a continuous latent variable (factor) that represents the underlying latent
trait. The primary advantages over traditional regression models are the allowance of
different weights in different items in estimating the factor score, and the ability to
handle multidimensional data. However, the restriction of the common factor model
includes an assumption of a homogeneous population, meaning the interpretation and
metric is equally applied across the range of the factor scores (or levels of latent traits)
[62, 226].
Latent class analysis (LCA) is used to create categorical classes of individuals
based on the unobserved population heterogeneity while assuming within-class
homogeneity [183]. Latent profile analysis (LPA) is an alternative to LCA in identifying
classes by allowing for handling the continuous observed variables (i.e. items) [62, 179].
The ability of LCA to create heterogeneous classes of the population is the key
difference between the latent class model and the common factor model approaches
[62]. LCA allows for identifying sub-populations that have similar scores on categorical
or ordinal observations [62]. Similar to common factor model approaches, LCA allows
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for different weights in different items in estimating the factor score [61]. The
assumption of within-class homogeneity (i.e., local independence) of the LCA limits its
application to this study because this assumption indicates that all survivors within each
class are the same with respect to the underlying PTSS and PTG latent trait. In many
cases, within-class heterogeneity meaning the metric of measures is not equal across
the range of the factor scores (or levels of latent traits) may exist, which will violate the
local independence assumption [227]. If present, the within-class variation can provide
insight into the population’s level of the underlying latent trait (psychological response)
in the classes (Figure D-1).
The FMM may be useful for examining psychological concepts due to its
flexibility in accommodating the theoretical structure of these concepts [193, 228]. One
perspective suggests that psychological states can be represented by diagnostic
categories or classes. Another alternative view is that these states are dimensional and
should be represented by continuous distributions (i.e. individuals can varying levels of
severity). This makes a “mixture” approach of both categorization (i.e. latent class) and
accounting for continuous distribution (factor analysis) a potentially useful analytic
method.
A FMM analysis can adopt a confirmatory or exploratory approach with respect to
class enumeration and constructing the measurement model (i.e. number of latent
factors). There are many variations of FMM, with some being more restrictive than
others. Several authors have addressed the “steps” to FMM with specifications to their
data and hypothesis. This study followed the general guidelines suggested by Clark &
Muthen to help build the FMM through a structured approach [195]. First, to establish
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the best factor and class solutions, the LCA model and FA model was determined
separately for the data. The best fitting FMM will be compared to the previously
established LCA and FA to evaluate whether alternative models are plausible and more
parsimonious. Comparisons of model fit will be based on information criterion and class
interpretation. The most useful and best fitting final model will be used for additional
analysis for covariates and distal outcomes.
Fitting Factor Model and Latent Class Model
The focus of this study was to examine psychological response to trauma,
including specific positive and negative outcomes. The concepts of PTSS and PTG are
well defined as independent concepts, thus a CFA approach to confirming the presence
of two separate domains was be taken. (Figure D-2A)
The latent class model identifies subgroups of a study population. Class
membership is determined by either the response pattern to items (categorical or
continuous) [229]. The key assumption that makes the LCA a “special case” of the FMM
is the local independence assumption. This assumption has two implications. First, all
correlation between items is assumed to be explained by the classes. Second, each
individual within a class is assumed to have the same conditional probability for each
item (Figure D-2B).
To determine the appropriate number of classes for the FMM in this study, the
LCA model was fit without any defined factors or sub-domains first. Information criterion
used to determine the best number of classes included the model with the lowest loglikelihood (LL), Akaike Information Criterion (AIC), Bayesian information criterion (BIC),
and sample size adjusted BIC (ABIC) [185]. Additionally, three criteria were evaluated
for less complex models due to lengthy computation for larger models: the Lo-Mendel170

Rubin likelihood ratio test (LRT), the Vuong-Lo-Mendel-Rubin likelihood ratio test
(VLRT), and the bootstrapped likelihood ratio test (BLRT). The VLRT and BLRT pvalues provide information on whether the current model or model with k-1 classes fits
significantly better. The LL, AIC, BIC, and ABIC criteria, in addition to class size and
proportion, will be examined for the LCA as well as the full mixture models. Multiple
random starts will also be used to test whether the parameter estimates are stable
across starting values. Essentially, Mplus automatically generates random parameter
starting values to test whether the results are replicated, providing confidence that the
solution is not a result of local maxima [145].
Fitting the Factor Mixture Model
In this study, several variations of the FMM will be tested with different parameter
specifications in each of the four models (Table D-1). The first factor model (FM 1,
Figure D-2C) is the most restrictive model. The item thresholds, factor loadings, and
factor covariance matrix are invariant across classes. The factor means were
conditioned on latent class membership (allowed to be freely estimated across classes).
Because the factor covariance matrix, factor loadings, and thresholds were the same
across classes, this implies that there is no severity (or variation) in the psychological
concept being examined within classes. This model retains the conditional
independence assumption.
In FM-2, the factor loadings and factor means were conditioned on latent class
membership (Figure D-2E). Item thresholds and the factor covariance matrix were
invariant across classes. This model partially relaxes the conditional independence
assumption because the items are being influenced by a latent factor as well as the
categorical class outcome.
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In FM 3 the factor loadings, item thresholds, and factor means were conditioned
on class membership. The factor covariance matrix remained invariant across classes.
This model further relaxes the conditional independence assumption. It suggests that
classes are based on item responses in addition to the factors. Each latent class has
different factors and different interpretation of factors.
The fourth model variation (FM 4, Figure D-2F) also allows the factor loadings
and item thresholds to be freely estimated across classes while also permitting the
factor covariance matrix to vary across classes. The factor mean is held invariant. This
model also suggests that classes are based on item responses. This model completely
relaxes the conditional independence assumption by allowing the factor covariance
matrix to be freely estimated as well as the factor loadings and thresholds. It is
important to note that substantive interpretation of results in important in evaluating the
best fitting model. Sample code for modeling variations is available at the end of the
Appendix D.
Adding Predictors of Class Membership to Final Model
Two main approaches are utilized for dealing with covariates in latent
class/mixture models: one-step and three-step approaches. The one-step method is a
simultaneous estimation of covariates with the latent class models. The one-step
method has been described extensively for categorical covariates [230-232] and
continuous covariates [233, 234]. Essentially, the one-step method estimates the latent
class model simultaneously with the regression portion of the model that related the
classes to covariates. Several disadvantages reviewed by Vermunt (2010) include
practical issues with large numbers of covariates (models must be re-estimated with
covariate removed or added), a question of whether to determine the number of classes
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with or without covariates, and the inclusion of covariates changes the intended
meaning of the classes [186].
The standard three-step approach is not without disadvantage either [186, 188].
This approach involves first determining the classes without covariates, assigning
subjects to classes based on their posterior class membership probabilities (through
one of several classification methods), and then using standard multinomial logistic
regression to examine class membership probability per covariate category. A major
drawback of this estimation method is the consistent underestimation of the relationship
between covariates and class membership, particularly if the classification error is large
(entropy <0.60) [188].
Vermunt (2010) [186] proposed and simulated an alternative three-step method
expanding on a method by Bolck and colleagues [188] that takes into account the
classification error that occurs in step two of the original three-step approach. Mplus
Version 7 has created two automatic three-step commands to accommodate the
modified method to explore significant covariates associated with class membership
and compare unadjusted distal outcome means. The auxiliary commands are included
in the “Variable” portion of the Mplus code and an example for covariates and distal
outcomes, respectively, are as follows, where x1-x10 represent covariates and y1 and
y2 are distal outcomes:



Covariate: auxiliary= (r3step) x1-x10;
Distal outcome: auxiliary= (du3step) y1 y2;.

In this study for the identification of significant predictors of class membership
and the HRQOL outcomes means comparison for the unadjusted models, the two
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automatic 3-step approaches were used and are considered steps four and five (see
code below). However, this study also required examining the distal outcome means
across classes while accounting for significant predictors of class membership.
Asparouhov and Muthen (2012) used Vermunt’s modifications to create a manual stepby-step approach in Mplus to implement this improved method [189]. The first three
steps presented below are done automatically in the r3step and dus3step. The modified
manual approach conducts the first three steps separately and then incorporates steps
four and five.
1.
2.

The appropriate mixture model with ideal number of classes and all model
specifications (i.e. relaxing conditional independence) is identified.
The most likely class variable is created using the posterior probabilities for latent
class distribution. Using Mplus, this variable is saved as an output data file using
the SAVEDATA and CPROB in the output command. Using “Average Latent
Class Probabilities for Most Likely Latent Class Membership” matrix information,
the classification uncertainty is calculated (example for a 4 class model below).
The log ratio of each class probability against the last class is calculated. If an
error equals zero it is replaced by -15, following the logit threshold value logic
[145]. A sample matrix and calculation is shown below:
1
1
2
3
4

2

0.939
0.027
0.009
0.006

3

4

0.037 0.011 0.013
0.899 0.049 0.026
0.064 0.88 0.046
0.026 0.038 0.931

Ln(0.939/0.013)=4.28
Ln(0.037/0.013)=1.05
Ln(0.011/0.013)=-0.17
Ln(0.027/0.026)=0.04
Ln(0.899/0.026)=3.54
Ln(0.049/0.026)= 0.633
Ln(0.009/0.046)=-1.63
Ln(0.064/0.046)= 0.33
Ln(0.88/0.046)=2.95
Ln(0.006/0.931)= -5.04
Ln(0.026/0.931)= -3.60
Ln(0.038/0.931)= -3.20

3.

The dataset output from Mplus is used for the third step. The variable “N” is the
nominal variable from the CPROB dataset representing class membership. The
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uncertainty rates are fixed at each class (“N#1@xx”) in the third step to account
for the measurement error in the final step of the model. The significance of
covariates in class membership was tested using a multinomial logistic
regression. A class-specific Model statement example is provided below for class
1:
%C#1%

F1 by u1-u21;
F2 by b1-b15;
[u1$1-u21$1] ;
[u1$2-u21$2] ;
[b1$1-b15$1];
[b1$2-b15$2] ;
[b1$3-b15$3] ;
[f1-f2];
[N#1@4.28];
[N#2@1.05];
[N#3@0.17];

Evaluating Class Membership and Distal Outcomes
For this study, we included analysis (a fourth and fifth step) to examine the
compare unadjusted distal outcomes means and adjusted distal outcome means across
classes.
4.

As previously stated, the auxiliary command specifying testing distal outcome
variables (Mplus auxiliary option du3step) was used to conduct a Wald test of the
unadjusted distal outcome means across classes on the primary dataset
Auxiliary = du3step (y1)

5.

Using the dataset generated in step 1 and the classification error rates
calculated for each class, the distal outcome variable is regressed on the
predictors within each class. For the Wald test of adjusted means across classes,
the previously output dataset from Step 1 (CPROB data) and the accompanying
code for accounting for classification error were used to conduct individual class
vs. class means comparisons while controlling for predictors using the Mplus
Model TEST command. Sample code for a 2-class model is shown below
(covariates x1-x10; and distal outcome Y1):
%C#1%

F1 by u1-u21;
F2 by b1-b15;
[u1$1-u21$1] ;
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[u1$2-u21$2] ;
[b1$1-b15$1];
[b1$2-b15$2] ;
[b1$3-b15$3] ;
[f1-f2];
[N#1@4.28];
[N#2@1.05];
[N#3@0.17];
Y1 on x1-x10; ! regress distal outcome variable on predictors in each class
[Y1] (m1);
! defines the class 1 distal outcome mean as m1
%C#2%

F1 by u1-u21;
F2 by b1-b15;
[u1$1-u21$1] ;
[u1$2-u21$2] ;
[b1$1-b15$1];
[b1$2-b15$2] ;
[b1$3-b15$3] ;
[f1-f2];
[N#1@0.04];
[N#2@3.54];
[N#3@0.63];
Y2 on x1-x10;
[Y2] (m2);
! defines the class 2 distal outcome mean as m2
Model TEST: m1=m2; ! asks for a Wald test between class1 and class2 outcome means

Mplus Sample Code for 2-Class 2-Factor Mixture Model Variations
FM 1: Factor means conditioned on class membership (factor loadings, variance,
and thresholds invariant)
%overall%
ptg by rptgi1-rptgi21; !specifies measurement model
ies by ies1-ies15;
%C#1%
[ptg];
! factor means free estimated
[ies];
%C#2%
[ptg];
[ies];
FM 2: Factor means and factor loadings conditioned on class membership
(variance and thresholds invariant)
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%overall%
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
%C#1%
[rptgi1$1-rptgi21$1] (1-21); ! parantheses defines each threshold parameter and
!constrains it across classes
[rptgi1$2-rptgi21$2] (22-42);
[ies1$1-ies15$1] (43-57);
[ies1$2-ies15$2] (58-72);
[ies1$3-ies15$3] (73-87);
ptg by rptgi1-rptgi21;
! factor loadings freely estimated
ies by ies1-ies15;
[ptg-ies];
%C#2%
[rptgi1$1-rptgi21$1] (1-21);
[rptgi1$2-rptgi21$2] (22-42);
[ies1$1-ies15$1] (43-57);
[ies1$2-ies15$2] (58-72);
[ies1$3-ies15$3] (73-87);
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
[ptg-ies];
FM 3: Factor loadings, item thresholds, and factor means conditioned on class
membership (variance invariant)
%overall%
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
%C#1%
[rptgi1$1-rptgi21$1]; !removing parantheses allows thresholds to be freely estimated
[rptgi1$2-rptgi21$2] ;
[ies1$1-ies15$1] ;
[ies1$2-ies15$2] ;
[ies1$3-ies15$3] ;
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
[ptg-ies];
%C#2%
[rptgi1$1-rptgi21$1];
[rptgi1$2-rptgi21$2] ;
[ies1$1-ies15$1] ;
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[ies1$2-ies15$2] ;
[ies1$3-ies15$3] ;
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
[ptg-ies];
FM 4: Factor loadings, item thresholds, factor means, and variance conditioned
on class membership
%overall%
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
%C#1%
[rptgi1$1-rptgi21$1];
[rptgi1$2-rptgi21$2] ;
[ies1$1-ies15$1] ;
[ies1$2-ies15$2] ;
[ies1$3-ies15$3] ;
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
ptg-ies;
!freely estimates variance across classes
%C#2%
[rptgi1$1-rptgi21$1] ;
[rptgi1$2-rptgi21$2] ;
[ies1$1-ies15$1] ;
[ies1$2-ies15$2] ;
[ies1$3-ies15$3] ;
ptg by rptgi1-rptgi21;
ies by ies1-ies15;
ptg-ies;
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A

B

Figure D-1. Graphic representation of allowing variation within-classes A) No variation
within class; all individuals in each “bin” assumed to have same level of
condition B) Each individual can have different levels of severity within each
class
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Table D-1. Parameter specifications for mixture model variations
Item parameters
Threshold
Factor loading
Factor parameters
Variance
Covariance
Mean

Latent
class only

Factor
analysis only

FM1

FM2

FM3

FM4

FE
-

FE
FE

IV
IV

IV
FE

FE
FE

FE
FE

-

C1
FE
-

IV
IV
FE

IV
IV
FE

IV
IV
FE

FE
FE
C0

Note: IV= invariant across classes; FE=freely estimated across classes or conditioned
on class membership; C0=constrained to zero across classes; C1= constrained to one
across classes
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A

B

C

D
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E

F

Figure D-2. Common factor model, latent class model, and mixture model variations.
(Y1 through Y3 represent items defining Factor 1 and Y4 through Y6 define
Factor 2. X represents covariates that can be included in analysis.) A)
Preliminary factor analysis model B) Preliminary latent class model C) FM 1
Factor means vary across classes D) FM 2 Factor loadings and means
conditioned on class membership E) FM 3 Thresholds, factor loading, and
means conditioned on latent class membership F) Thresholds, factor loading,
and variance conditioned on class membership;
Item thresholds are
conditioned on latent class variable.
Factor loadings are conditioned
on latent class variable.
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APPENDIX E
CHAPTER 4 DETAILED RESULTS TABLES
Table E-1. Measurement properties of Impact of Events Scale (IES) and Posttraumatic
Growth Inventory (PTGI)
Items

Factor Loading
(STDYX)

CFI

RMSEA

0.97

0.08

Impact of Events Scale (15 items)
I thought about it when I didn’t mean to
I have trouble falling asleep or staying asleep because of
pictures or thoughts about it that came into my mind
I had waves of strong feelings about it
I had dreams about it
Pictures about it popped into my mind
Other things kept making me think about it
Any reminder brought back feelings about it.
I avoided letting myself get upset when I thought about it
or was reminded of it
I tried to remove it from memory
I stayed away from reminders about it
I felt as if it hadn’t happened or it wasn’t real
I tried not to talk about it
I was aware that I still had a lot of feelings about it, but I
didn’t deal with them
I tried not to think about it
My feelings about it were kind of numb
Posttraumatic Growth Inventory (21 items)

0.79
0.84

Knowing that I can count on people in times of trouble
An increased sense of closeness with others
An increased willingness to express my emotions
Having more compassion for others
Putting more effort into my relationships
I learned a great deal about how wonderful people are
I’m much more likely to try to change things which need
changing
I’m able to do better things with my life
New opportunities are available which wouldn’t have been
otherwise
I developed new interests
I more readily accept needing others
I established a new path for my life
An increased feeling of self-reliance
Knowing I can handle difficulties
Being better able to accept the way things work out
I discovered that I’m stronger than I thought I was
My priorities about what is important in life have changed
An increased appreciation for the value of my own life
Appreciating each day more fully
A better understanding of spiritual matters
I have a stronger religious faith

0.72
0.77
0.71
0.76
0.82
0.73
0.73
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0.87
0.80
0.83
0.79
0.85

0.81
0.87
0.55
0.75
0.85
0.91
0.73
0.94

0.85
0.72
0.75
0.74
0.78
0.74
0.78
0.82
0.76
0.79
0.85
0.89
0.94
0.91

0.07

Table E-2. Two and three class factor mixture model comparison
LL

#
parameters

AIC

BIC

ABIC

Entropy

2C 2F
FM
1
-20406
126
41065
41627
41226
0.92
FM
2
-20322
164
40973
41704
41184
0.89
FM
3
-20261
251
41024
42144
41347
0.90
FM
4
NCVG
3C 2F
FM
1
-19309
129
38877
39452
39042
0.92
FM
2
-19290
203
38986
39891
39247
0.92
FM
3
-19156
377
39067
40749
39552
0.94
FM
4
NCVG
Note: LL= loglikelihood; AIC= Akaike Information Criterion; BIC=Bayesian Information Criterion; ABIC=
sample size adjusted BIC; NCVG= Best LL not replicated at maximum random starts
FM-1: Factor covariance matrix, threshold, and factor loadings fixed across classes; means freely
estimated (conditioned on class membership)
FM-2: Item thresholds and factor covariance matrix invariant; freely estimate means and factor loadings;
FM-3: Factor variance invariant; freely estimate means, factor loadings item thresholds
FM-4: Factor mean fixed at 0; freely estimate covariances and variances, item thresholds, and factor
loadings
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