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ABSTRACT OF THE DISSERTATION 

A Psychometric Analysis of Patient-Reported Outcomes in Chronic Kidney Disease 

by 

John Devin Peipert 

Doctor of Philosophy in Community Health Sciences 

University of California, Los Angeles, 2017 

Professor Donald Morisky, Chair 

Background: Survival is a critical outcome in chronic kidney disease (CKD), but it provides a 

limited view of how well patients are doing. Many aspects of patients’ health can only be 

obtained by patient reported measures (PRMs), such as health-related quality of life (HRQOL). 

This dissertation examines the psychometric properties of currently used PRMs in chronic 

kidney disease (CKD) and make recommendations for how collection and reporting of PRMs 

can be systematized in the CKD field. 

Methods: This dissertation used data from three separate sources, each containing kidney 

patients’ responses to PRMs: treatment decision-making, medication adherence, and HRQOL. 

The treatment decision-making PRMs examined include patients’ Decisional Balance (perceived 

Pros and Cons) and Self-Efficacy to pursue both living and deceased donor kidney transplant 

(LDKT, DDKT; 6 measures in total). The 8-item Morisky Medication Adherence Scale (MMAS-
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8) was examined as a measure of medication adherence. Finally, the Kidney Disease Quality of

Life (KDQOL)-36 was examined as a measure of HRQOL. For each measure, internal 

consistency reliability was estimated. Dimensional structure was examined with exploratory and 

confirmatory factor analysis (EFA, CFA) and item-scale correlations, corrected for item overlap. 

To determine the dimensionality suggested by the exploratory factor analysis, several criteria 

were used, including the scree “elbow” test, parallel analysis, and the Tucker-Lewis reliability 

coefficient. For CFA models, model fit was determined with the Satorra-Bentler chi-square, the 

comparative fit index (CFI), Tucker-Lewis Index (TLI) and root mean square error of 

approximation (RMSEA). Good model fit is evidenced by a non-significant Satorra-Bentler chi-

square, CFI and TLI values of above 0.95, and RMSEA of 0.06 or less. Next, the measurement 

invariance for each measure was examined between Black and White patients. Finally, 

recommendations for improvements to each measure were made, including calculations to 

determine the number of items needed to achieve good (>0.80) and excellent (>0.90) reliability 

(reliability of >0.70 is considered adequate). Generally, excellent reliability is required for use 

with individuals. 

Summary of Results: For both the LDKT and DDKT Pros and Cons measures, 2 correlated 

factors CFA models fit the data well, verifying the original dimensional structures for these 

measures. Additionally, the LDKT and DDKT Self-Efficacy measures were supported by single 

factor CFA models, also supporting their original dimensional structure. However, several of 

these scales only evidenced adequate internal consistency reliability (LDKT Pros, LDKT Cons, 

DDKT Cons). These scales would require the addition of up to 15-17 parallel items to achieve 

excellent reliability (>0.90). Regarding the MMAS-8, the original factor structure was not 

supported by EFA and CFA models. One item, “Did you take your medicine yesterday?,” was 
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weakly correlated (r<0.243) with the others, and did not load highly (λ<0.40) in EFA models. A 

CFA model with this item removed fit the data well (RMSEA = 0.06; CFI = 0.99; TLI = 0.98). 

The internal consistency reliability of the modified scale was 0.78, and 18 items would need to 

be added to achieve excellent reliability. Finally, regarding the KDQOL-36, the original factor 

structure was supported, and the internal consistency reliability for each KDQOL-36 scale 

exceeded the criterion for “good” reliability (>0.80), though the addition of up to 11 items would 

be required to increase reliability to “excellent” (Symptoms/Problems scale). For all scales in the 

dissertation, recommendations were made for increasing reliability using classical test theory and 

item response theory. 
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CHAPTER 1. PROBLEM AND SIGNIFICANCE 

The field of chronic kidney disease (CKD) is an area of medicine wherein the use of 

patient-reported measures (PRMs) is highly relevant, and to date, many excellent measures have 

been developed.1-3 For example, the Kidney Disease Quality of Life (KDQOLTM) and In-Center 

Hemodialysis Consumer Assessment of Healthcare and Providers and Systems (CAHPS®) 

measures are widely used in research and clinical applications.1,3 However, to date no large, 

systematic effort that could be classified as a “measurement information system” has been made 

to account for and coordinate extant measures across the range PRMs. CKD is a clinical area ripe 

for such a systematic effort due to the extensive oversight of CKD health services like dialysis 

and transplant by Centers for Medicare and Medicaid Services (CMS). Since CMS covers the 

cost of patient care for most renal-replacement therapy, an extensive effort is made to track 

outcomes, with large data collection projects funded by government agencies. For example, the 

United States Renal Data System (USRDS), funded by the NIH, collects data and publishes 

annual reports on CKD outcomes.4 The USRDS provides data to examine outcomes like 

hospitalization and patient survival, but has not incorporated comprehensive measures of PRMs 

or patient-reported outcomes (PROs).  

A very common outcome measure in medical studies is disease progression free 

survival.5-8 In the field of kidney transplantation, CMS monitors each transplant center’s rates of 

patient survival and survival of the transplanted kidney as a performance measure on which 

reimbursement for services is contingent.9 However, focus on survival only provides a limited 

view of how well patients are doing. Many aspects of patients’ health can only be determined 

through patient reports. Patient reports provide an opportunity to understand health and health 

care from the patient’s perspective. For instance, health-related quality of life (HRQOL) and 
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reports and ratings of health care can shed light on the effectiveness of medical interventions or 

the severity of impact of progressing disease.  

The U.S. Food and Drug Administration (FDA) defines PRMs as: ‘‘any report coming 

from patients about a health condition and its treatment, without interpretation of the patient’s 

response by a clinician or anyone else’’ (p. 2).10 PRMs include PROs. The acronym “PROs” is 

often used to refer to the entire range of PRMs, but it has been noted that PROs should be limited 

to HRQOL and patient satisfaction with care.11 Other important types of PRMs include health 

preferences, behaviors, and even key patient characteristics. 

Use of PRMs in public health research dates back many years. For example, in the 

1950’s, Suchman and colleagues examined the measurement properties of patient reports of their 

health with items like “How would you rate your health at the present time?” (rated with 5 

response options from “Excellent” to “Very Poor”,12 which is still used today.13 Additionally, 

reports of satisfaction with health care also date back to the 1950’s.14 RAND’s Health Insurance 

Experiment (HIE), which began in 1974 and lasted through 1982, was among the first large, 

systematic studies of PRMs.15 Additionally, the HIE focused on other types of PRMs, like 

patient characteristics and health behaviors (e.g., smoking). 

The Medical Outcomes Study (MOS) followed the HIE and generated several of the most 

commonly used PROs.16,17 The general aims of the MOS were to determine if characteristics of 

care delivery systems impacted outcomes for patients with one or more of four chronic 

conditions: hypertension, diabetes, heart disease, and depression. The MOS produced a battery of 

PRMs. The MOS was a longitudinal study conducted at multiple study sites, including Los 

Angeles, Chicago, and Boston. Physicians and patients were enrolled from multiple health care 
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systems. Ultimately, 362 clinicians contributed responses to questionnaires and patients to the 

study, and 22,785 patients participated in the cross-sectional component while 2,056 patients 

completed the longitudinal component. The project produced widely-used PROs including the 

most widely used PRO to date: the SF-3618,19 and the SF-12.20  

During the last decade, there have been large, national efforts to improve and standardize 

PROs. The largest recent effort is the 

Patient Reported Outcomes 

Measurement Information System 

(PROMIS)21,22 project. PROMIS was 

funded as part of the NIH Roadmap for 

Medical Research,23 a pan-Institute, 

strategic funding plan aiming to solve 

major medical problems in the 21st 

Century. PROMIS takes an innovative approach to the development and evaluation of PROs 

through the use of item response theory (IRT) and computer adaptive testing (CAT) that can 

draw from large banks of items to generate efficient, reliable, and parsimonious individually-

tailored measures of patients’ HRQOL. The PROMIS conceptual model of key dimensions is 

shown in Figure 1. Note that PROMIS HRQOL measures are not disease-specific and may not 

capture all the specific concerns germane to patients with particular conditions. There are many 

PROMIS measures, but the PROMIS-2924 is to the SF-36, with physical and mental health 

components arising out of 8 domains: 1) physical function; 2) anxiety; 3) depression; 4) fatigue; 

5) sleep disturbance; 6) ability to participate in social roles and activities; 7) pain interference; 8) 

pain intensity. 
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Other large, systematic, HRQOL measure development and evaluation efforts are 

condition or disease state-targeted. The NIH Neuro-QOL (Quality of Life in Neurological 

Disorders) study developed a similar system of HRQOL measures to PROMIS but these were 

targeted toward patients with neurological disorders.25 Neuro-QOL adopted a similar conceptual 

framework to PROMIS with Physical Health, Mental Health, and Social Health overarching 

dimensions and domains within 

these broader dimensions being 

of particular relevance to patients 

with neurological disorders.26 

(Figure 2) Neuro-QOL used the 

same basic methodology used in 

PROMIS, including IRT and 

computer adaptive testing with 

large item banks to generate individualized, parsimonious HRQOL assessments. However, the 

item banks consist of condition-targeted items. Other examples of state-of-the-science PRO 

measurement projects currently underway include ASCQ-ME (Adult Sickle Cell Quality of Life 

Measurement Information System)27 and the NIH Toolbox project,28 which features significant 

use of PROs in its emotion-oriented measures as well as in its vision-targeted HRQOL set of 

measures.29 

In summary, there has been significant effort to develop and validate PRMs for kidney 

patients specifically, and for all patients generically, over the last two decades. Despite this 

significant effort, there are still important psychometric questions to be answered about the 

measures that have been developed. Some of these questions regard the basic psychometric 
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properties of very commonly used measures with the general CKD population, while some 

regard developing a better understanding of certain measures’ psychometric properties with 

specific populations of patients (e.g., with dialysis patients only). Further, as the science of 

health measure has advanced over the last decade, it is critical to determine if some standard 

measures meet our current standards. This dissertation will examine the psychometric properties 

of currently used PRMs in CKD and make recommendations for how these PRMs can be 

improved and made appropriate to all CKD patients. The overall goal of the dissertation is to 

determine to what extent there are psychometrically-sound PRMs for major constructs related to 

CKD patients’ health and health care and to determine next steps in improving the science and 

clinical application of PRMs in CKD.  
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CHAPTER 2. THEORETICAL BACKGROUND AND LITERATURE REVIEW 

2.1. OVERVIEW OF CKD 

2.1.1 CKD EPIDEMIOLOGY 

Presently, there are over 30 million patients with CKD and 650,000 with ESRD, or 

kidney failure, in the United States.30 ESRD patients must have medical therapy to replace their 

kidney function to sustain life. The two options available are dialysis, where a machine filters 

toxins from the blood, or a kidney transplant. Compared to dialysis, kidney transplant is 

associated with much longer survival and better HRQOL. Specifically, depending on the 

patient’s age, transplant offers 6-16 additional years of life over dialysis.30 Despite these benefits, 

most ESRD patients, 70%, remain on dialysis and do not pursue kidney transplant.30 

 Many CKD patients may have a difficult time choosing the best treatments for their 

disease because they are uninformed,31 due a lack of factual information about all treatments’ 

risks and benefits and risks (e.g., length of additional life offered, chance of problems with a 

medical procedure).32 Additionally, several transplant education programs have been developed 

over the last decade to help inform dialysis and transplant patients about the risks and benefits of 

getting a transplant.33-39  

There are significant racial disparities in the prevalence and incidence of diabetes  and 

hypertension.40 The incidence of ESRD due to diabetes increased by 33% between 2000 to 2012 

for Blacks, but only 2% for Whites during the same period.41 Blacks are 3.9 times more likely to 

develop ESRD than Whites. Despite its clinical superiority as a therapy, Blacks are 4.2 times less 

likely to receive transplants than Whites.41 This is especially the case regarding transplants from 

living donors, which are associated with the best outcomes. Recent evidence shows that Blacks 
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patients are less likely to receive transplants at every transplant center in the United States.42 This 

evidence creates a picture of a detrimental double disparity: African-Americans are much more 

likely to develop ESRD than Whites, but much less likely to receive its optimal treatment, 

transplantation.  

Over the past few decades, an interesting line of research has been developed that 

suggests African-American dialysis patients have better HRQOL than Whites.43,44 These findings 

have sometimes been used in clinical decision-making to reduce transplant referrals for 

transplant among African-American dialysis patients, despite better survival and HRQOL 

outcomes for transplant among the general population of CKD patients. It is currently unclear 

whether or not there is an actual different in HRQOL between White and Black patients, or 

whether there is simply a difference in the way patients from these racial groups respond to 

common HRQOL measures. Before it is known whether this clinical judgement is appropriate, 

the measurement equivalence of common HRQOL measures between African-Americans and 

patients of other races should be established.  

2.2 OVERALL CONCEPTUAL MODEL 

To identify the most important PRMs 

for chronic kidney disease, a conceptual 

framework is needed that incorporate all key 

health constructs and specifies the relationships 

between them. Fung and Hays developed a 

conceptual model that identifies multiple types 

of PRMs.11 (Figure 3) In their original 

framework, Fung and Hays distinguish between underlying constructs and direct indicators that 
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can be operationalized as PRMs. For example, a health behavior such as adherence to 

medications can be measured by patient reports on whether they have or have not adhered to a 

prescribed medication regimen in response to questions asking directly about medication taking 

(e.g., “Did you take your medications yesterday at the prescribed times?”); such questions assess 

whether the behavior occurred or not, and they do not intend to represent a larger, underlying 

construct. On the other hand, HRQOL is a construct that cannot be indicated directly and usually 

requires a series of questions that each represents related aspects of the larger concept.  

Major constructs in this framework include preferences for care, HRQOL, quality of care, 

and satisfaction with care. The direct indicators include patient characteristics, technical quality 

of care, needs assessment, patient reports about care, and health behaviors. Of the many 

relationships between these constructs and indicators, it is important to note that HRQOL is 

exclusively an outcome and does not influence the other depicted constructs or indicators. On the 

other hand, HRQOL is influenced by other concepts and indicators, including health behaviors 

and quality of care, which do not count as outcomes, and therefore are not PROs. Though 

satisfaction with care is generally considered a PRO, it also impacts health behaviors. It is 

important to distinguish between patients’ satisfaction with care, and patients’ experiences with 

care. Satisfaction with care regards discrepancies between patients’ expectations for care and the 

care they actually receive.45 Experience with care refers to aspects of the care patients receive 

and interactions with different elements of the health care system.45 Indicators like patient reports 

about care may be used to measure experiences with care, along with preferences for care and 

ratings of care. Of these, the needs assessment and patient reports about care would be 

distinguished as PRMs, while technical quality of care would not because it is assessed using 
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expert consensus. Additionally, other patient characteristics, like demographics, are also 

considered PRMs.   

 Though this framework lays excellent groundwork for understanding the types of PRMs 

important for CKD patients, the following adjustments will be made to adjust the framework for 

this project. First, many PRMs could be implemented as underlying constructs or indicators. An 

example includes the adherence to medications, a health behavior. As described above, 

assessments of medication taking may only ask about specific medication-taking behaviors and 

not indicate a larger construct. However, some patient reports of medication adherence actually 

use multi-item scales to measure a latent behavioral construct. It is not necessarily required that 

the conceptual model specifies whether the PRM be measured as an underlying construct or an 

indicator unless a specific recommendation is made about which type of measure should be used. 

Therefore, the adaptation of Fung and Hays’s framework will not distinguish between underlying 

constructs and indicators. Fung and Hays also recognize that many constructs can be measured 

as latent variables or indicators.  

However, taking the National Quality Forum’s lead,46 there are advantages to 

distinguishing between the constructs to be measured with PRMs, and the different types of 

PRMs that can be used to measure the range of salient constructs and concepts. Doing so may 

help non-technical audiences discriminate between the basic ideas they want to measure and the 

range of specific instruments they can choose from to do so. Therefore, the adapted Fung and 

Hays conceptual model features two separate parts, one featuring the constructs and concepts 

relevant to CKD patients and the health services they use, and another indicating the types of 

PRMs used to measure these constructs and concepts.   
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A third set of adjustments for the Fung and Hays framework regard a more explicit role 

for use of health services, including decision-making about which treatments to use. CKD 

patients may have many treatment options available to them. Further, if kidney failure is reached, 

referred to often as CKD stage 5, patients must obtain a renal replacement therapy (RRT) to 

remain living. Their two general options are dialysis and kidney transplantation. Within dialysis 

options, patient can choose: 1) hemodialysis, where a dialysis machine cleans the blood by 

removing and returning it from the body while cycling it through an “artificial kidney” that 

contains dialysate, a blood cleansing fluid; 2) peritoneal dialysis, where the dialysate is kept in 

the tissue of the patient’s own belly, then removed after the blood is cleansed through a catheter. 

Hemodialysis often requires going to a dialysis center 3 times per week for many hours. 

Individuals may pursue a transplant from a deceased or a living donor. Finally, kidney patients 

may choose no RRT, especially if their kidneys have not yet failed, opting instead to make 

lifestyle changes, like improvements in diet, exercise, increased adherence to hypertension of 

diabetes medications, or ceasing tobacco and alcohol usage in order to improve kidney function.  

Given this set of choices, there is significant clinical interest in understanding how CKD 

patients choose a RRT, and making sure that they understand the risks and benefits of each 

treatment. For this reason, the CMS requires that dialysis patients be informed of their option for 

transplant within the first 45 days of starting treatment.47 In their present framework, Fung and 

Hays point to several aspects of use of, and decision-making about, health services, including 

patients’ preferences for care. However, preferences for care do not include all aspects of 

treatment decision-making, and should instead be treated as a sub-construct of Treatment 

Decision-Making along with other sub-constructs from a range of health behavior theories. First, 

the Transtheoretical Model (TTM) of Behavior Change employs the construct Decisional 
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Balance, which is a patients’ weighting of the pros and cons of a specific treatment.48,49 Second, 

Self-Efficacy is defined in the TTM as a patient’s ability to overcome perceived barriers to 

getting a specific treatment, which is somewhat different than the general definition of self-

efficacy used in other health behavior theories.50-52 Finally, knowledge of the treatment is a key 

construct related to treatment decision-making in the Health Belief Model, the Theory of 

Reasoned Action/Theory of Planned Behavior (or their integration).53 All these constructs should 

be represented, along with preferences for care, in the conceptual model as treatment decision-

making constructs.    

Finally, additional causal pathways are specified in the newer version of the model. The 

additional causal pathways are influenced by Andersen’s Behavioral Model of Access to Health 

Care,54 a very frequently used conceptual framework of health services use. Like the Fung and 

Hays framework, Andersen’s model includes HRQOL as an outcome. However, in Andersen’s 

model, HRQOL has a recursive impact on health services usage and health behaviors and health 

care usage. This is especially appropriate for CKD patients, who may use multiple primary types 

of RRT through the course of their disease trajectory such that changes in RRTs might be 

influenced by the HRQOL and satisfaction with the current treatment. 
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These modifications of Fung and Hays’s conceptual model lead to a new conceptual 

model, shown in Figure 4, which can be employed to identify PRMs in CKD. This conceptual 

model serves two purposes: 1) to identify the most important constructs to be measured with 

PRMs and the causal relationships between them (upper panel); and 2) to identify the types of 

PRMs used to operationalize each of these constructs (lower panel). In Figure 4, constructs are 

represented with boxes and categories of PRMs are represented with hexagons. Only one non-

patient reported measure is included, Quality of Care, which is represented in an oval. In the 

upper panel, solid lines represent causal relationships between constructs. Dashed lines between 

the constructs and PRMs indicate which types of PRMs are used to measure groups of 

constructs.  

Regarding the causal part of the model, Patient Characteristics (e.g., demographic 

characteristics) and Treatment Decision-Making influence both Health Services Usage and Heath 

Behaviors. Health Services Usage represents which treatment patients use; in the case of CKD 

patients, this would indicate dialysis vs. transplant, use of primary care services in addition to 

nephrology care, use of preventative services [for patients who have not reached end-stage renal 
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disease (ESRD) yet], among other services. Health behaviors include many behaviors that 

patients may take that impact their health, including their diet, exercise routines, use of tobacco, 

alcohol, and other substances. In addition, there is a recursive path from the behavior construct to 

itself to reflect substantial research indicating that previous health behaviors are among the 

strongest predictors of future health behaviors.55 Among the most important health behaviors 

patients take is their medication adherence. Depending on their stage of kidney disease and the 

treatment they receive, kidney patients may have an extensive medication burden, on average 

taking 8-10 medications daily,56 with some patients taking more than 20 pills per day.57 Two of 

the most frequently studied medications among dialysis patients include phosphate binders and 

anti-hypertension medications.58 In addition, patients on dialysis manage adherence to their 

dialysis treatment schedule, diet, and fluid intake requirements.58 Among kidney patients on 

dialysis, as well as those with transplant, medication adherence is among the strongest predictors 

of health outcomes, especially hospitalizations58 and mortality.59  

Quality of care impacts both Health Services Usage and Health Behaviors, along with 

patients’ Experience with Care. Experience with Care is defined as “the range of interactions that 

patients have with the health care system, including their care from health plans, and from 

doctors, nurses, and staff in hospitals, physician practices, and other health care facilities”.60 

CMS has adopted the In-Center Hemodialysis Consumer Assessment of Healthcare Providers 

and Systems (ICH-CAHPS) as the standard measure of Experience with Care in dialysis centers. 

Such measures can be used for internal quality improvement, as well as for kidney clinics’ 

performance monitoring. The ICH-CAHPS includes 3 composite scales, including Nephrologists 

Communication and Caring, Providing Information to Patients, and Quality of Dialysis Center 
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Care and Operations. Experience with Care is directly impacted by Health Services Usage and 

Health Behaviors, as well as Quality of Care.   

The last set of constructs is Outcomes, which includes patients’ HRQOL and their 

Satisfaction with Care. HRQOOL assessment is made with standardized instruments that include 

multiple aspects of health, including physical, mental, and social health. Although RRT’s are life 

saving for patients with ESRD, it has been argued that their primary clinical objective is to 

improve patients’ HRQOL.61,62 A significant effort is made to improve to HRQOL in dialysis 

patients especially. In their Conditions for Coverage (42 CFR §494.90), CMS mandated that 

each dialysis patient’s physical and mental health be monitored, and this often occurs with the 

use of a standardized HRQOL measure.63 The patient reports of HRQOL are then used to create 

individually-tailored interventions that focus on the areas where the patient’s HRQOL needs 

most improvement. In this conceptual model, HRQOL is directly impacted by Experience with 

Care. For example, if dialysis patients do not receive the information they need about caring for 

their dialysis access site, they may develop an infection that impacts HRQOL. In turn, HRQOL 

impacts Health Services Usage and Health Behaviors. For example, if dialysis patients have 

depressive symptoms, they may need to use mental health services. Similarly, depression may 

impact dialysis patients’ Health Behaviors, like adherence to their medication or exercise 

regimen.  

Dialysis patient’s Satisfaction with Care is an important outcome of RRT and can be used to 

help understand the quality and effectiveness of kidney care. In assessments of kidney care, 

many studies have successfully assessed the extent to which care meets their expectations,64-67 

instead of objective dimensions of care that represent patients’ experiences with care. In the 

proposed conceptual model, Satisfaction with Care is directly impacted by Experience with Care, 
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since the actual experiences with care either will or will not be consistent with the patient’s 

expectations. For example, the satisfaction questionnaire developed for the Choices for Health 

Outcomes in Caring for ESRD (CHOICE) study asked patients to rate the quality of different 

aspects of care as “Poor” to “Excellent” represented in statements like, “How often the 

nephrologist sees you,” “The amount of information you are being given to help you choose 

between hemodialysis and peritoneal dialysis,” and “How much fluid is removed during your 

dialysis session.”65 Each of these statements on its own represents an experience with care, or an 

objective feature of the care patients have received. However, when rated on a normative scale 

from “Poor” to “Excellent”, the scale elicits the extent to which these objective aspects of care 

meet the patients’ expectations and therefore capture information about the patient’s satisfaction 

about care. Hays and Arnold put forth a theory of patient satisfaction with medical care that 

defines this construct as an attitude as opposed to belief or behavioral intention; therefore, 

satisfaction with care is thought of as the level of satisfaction with their care.68 

In the measurement part of this conceptual model, four types of PRMs are identified: 1) 

Needs Assessments; 2) Behavioral Reports; 3) Reports about Experiences with Care; and 4) 

Patient-Reported Outcomes (PROs). As in the original Fung and Hays conceptual model, 

implementation of PRMs in clinical settings is guided by IDEAL patient-clinician encounter 

framework, which has the following steps: 1) Identify the health problem; 2) Discuss the health 

problem with the patient and offer options for treatment; 3) Enact action to co-create the 

treatment plan with the patient; 4) take Action on the treatment plan; 5) Learn about the effects 

of the treatment plan.11 Though HRQOL is a PRO, along with biological assessments, a baseline 

HRQOL assessment can be made to help identify the health problem. Once the health problem is 

identified, a Needs Assessment can be used in a clinical context to elicit patients’ decision-
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making and preferences around the treatment approach. Then, along with reports about patients’ 

use of health services and their health behaviors assessed with Behavioral Reports, patient 

reports about their decision-making and preferences for care can be used to facilitate discussions 

about, and co-creation of, the treatment approach. Once the treatment approach is enacted, its 

objective characteristics can be monitored by Reports about Care Experiences. Finally, the 

effects of treatment approach can be assessed with PROs, including a follow-up HRQOL 

assessment to determine if change has occurred since the baseline assessment. Additionally, 

patients’ Satisfaction with Care can also be used to determine if the treatment is successful or 

needs to be changed. 

2.3. THEORETICAL UNDERPINNING OF KEY CONSTRUCTS 
2.3.1 TREATMENT DECISION-MAKING THEORY 

Many theories explain patients’ decision-making about their treatment and the behaviors 

associated with seeking these treatments. Among the most popular theories include the Health 

Belief Model, the Theory of Reasoned Action/Planned Behavior, and the Precaution Adoption 

Process Model.69 Another of the primary theories used to understand how patients make 

decisions about their treatment options, and to take health behaviors, is the Transtheoretical 

Model of Behavior Change (TTM). The TTM includes several key constructs, including stages 

of change, processes of change, decisional balance, and self-efficacy.70 Stages of change 

represent the level of willingness a person has to change. There are typically 5 stages of change 

specified: Precontemplation (not considering change), Contemplation (considering change in the 

next 6 months), Preparation (preparing for change in the next 30 days), Action (taken action 

toward change), and Maintenance (sustained action for 6 months).70 Another key construct, 

Decisional Balance, is the differential weight of the Pros and Cons of changing a health 
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behavior. Finally, Self-Efficacy is the confidence a person has to change even when confronted 

with challenges.  

These constructs work in tandem to describe a person’s change in health behavior, 

primarily around the relationship between changes in Decisional Balance associated with 

changes in stage of change. First, the balance of Pros and Cons varies by stage such that in the 

Precontemplation stage the Cons outweigh the Pros, the Pros begin to overtake the Cons in either 

the Contemplation or Preparation stage, and the Pros outweigh the Cons in the Action stage.71 A 

similar pattern often emerges for Self-Efficacy. (Figure 5) In a meta-analysis, it was found that a 

patient’s movement from Precontemplation to Action is associated with a one standard deviation 

increase in the perceived Pros to change (part of Decisional Balance) while a change from 

Contemplation to Action is associated with a one-half standard deviation decrease in the  

perceived Cons to change.71 

 

As a theory of change (vs. an explanatory theory),72 the TTM holds that efforts to help 

people change health behaviors must recognize which stage of change the person is in, and 
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provide strategies to match that stage. The previous work on the relationship between the TTM’s 

constructs helps to guide ways to intervene with patients in particular stages. For instance, in the 

circumstance of a smoking cessation intervention, asking a person in the Precontemplation stage 

to quit smoking would not likely respond successfully to a request to quit smoking today. 

Instead, asking that person to learn more about and consider the Pros of quitting smoking might 

be a more appropriate interventional step.  

Interestingly, for some CKD treatment-seeking behaviors, namely transplantation, 

achieving the treatment, a typical marker for the Action and Maintenance stages, is not totally in 

the patient’s control. For instance, patients may play a large role in whether or not they join the 

waiting list for transplant, or how intently they seek a living donor, but factors out of their 

control may determine whether or not they receive a transplant once on the waitlist, or if anyone 

agrees to donate their kidneys. For this reason, current research in stages of change for CKD 

patients seeking transplant have determined that the Action and Maintenance stages for pursuit 

of deceased donor transplantation are centered on joining the waitlist, not receiving a 

transplant.73 Further, the Action stage for pursuit of living donor transplantation regards taking 

any action toward living donor transplantation, and there is no Maintenance stage for this 

behavior.74 These examples show how the definitions of stages of change are dependent on the 

specific behavior under consideration. 

2.3.2 MEDICATION ADHERENCE THEORY 

In any chronic or infectious condition, medication adherence is influenced by many 

factors, and CKD is no exception. Medication adherence can be defined as medication taking 

that accurately and precisely corresponds with a prescribed medication regimen.57 The broader 

construct of adherence is comprised of two smaller behaviors. The first, persistence refers to 
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initiation of medication-taking to its discontinuation; i.e., a persistent patient is one who has 

begun taking the medication and has not stopped. The second, execution, refers to the accuracy 

and precision with which the regimen is followed. Patients may be taking medication, but not in 

the prescribed doses, with the prescribed frequency, or at the prescribed times. More specific 

conceptualizations of types of adherence can include “percent adherence”, or the proportion of 

prescribed doses that are taken, and “dose-timing adherence “, which refers to the amount of 

error in adherence to the schedule of doses prescribed.75,76    

Non-adherence to key medications, like anti-hypertensives, is associated with worse 

clinical outcomes for CKD patients. For example, in study of 295 CKD patients in Thailand, 

lower adherence reported on the 8-item Morisky Medication Adherence Scale (MMAS-8) was 

associated with a 2-fold increase in CKD progression.77 Among dialysis patients, common 

medications include phosphate binders and hypertension control medications. Patients who have 

received a transplant must take multiple immunosuppressant medications to prevent rejection of 

the transplanted graft. A recent study of medication burden among 1,238 hemodialysis patients 

found the average daily medication burden was 9.7 pills, and only 48% of patients were adherent 

to their medication regimen.78 This study also measured patient-perceived burden of medication 

therapy (e.g., bothered by the number of pills in the regimen, bothered by medication side 

effects) and found that high medication burden was the best predictor of medication non-

adherence (odds ratio: 0.48; 95% CI: 0.35-0.66). In a recent review of 44 studies of medication 

adherence among hemodialysis patients, non-adherence ranged widely, from 13%-99%.79 

Another recent review of 25 studies of medication adherence among peritoneal patients, non-

adherence ranged widely across studies, from 3%-53%.80  
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Medication non-adherence among kidney transplantation patients is also a major issue, 

with many medications required to prevent the transplanted graft from rejecting, and eventually 

losing the transplanted kidney. Indeed, a leading cause of graft rejection and loss is non-

adherence to the immunosuppression medication regimen.81,82 The complexity of the medication 

regimen may be a critical factor leading to medication non-adherence among kidney transplant 

patients. One study estimated the daily pill burden among kidney transplant recipients to be 16-

25 pills taken daily.83 Non-adherence rates are also very high among kidney transplant patients. 

A meta-analysis found that the median proportion of non-adherent patients among kidney 

transplant recipients was 22%, but was estimated to be 67% at the top of the range.82   

Non-adherence may be intentional or unintentional. One interpretation of intentional non-

adherence is supported by social cognition theories,84,85 such as the health belief model,53,86 

theory of reasoned action/theory of planned behavior,87,88 and social cognitive/learning theory.50-

52 These theories and models explain non-adherence as the execution of intentional behaviors 

that result from rational decision-making by patients about whether or not they should take their 

medication. Typically, this decision-making is influenced by careful consideration of information 

available to the patient. Certainly, some medication non-adherence is intentional. For example, 

patients may develop a belief that the medication is not effective for them, and based on that 

belief, discontinue the medication or fail to execute the regimen as prescribed. One way to 

understand intentional non-adherence is through social-learning theories that suggest patients 

may weigh the costs or perceived barriers to taking medication before deciding whether or not to 

do so.89 On the other hand, many times non-adherence to medication is unintentional. 

Unintentional medication non-adherence is not the result of specific beliefs about medication-
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taking, but instead is tied to factors like misunderstanding the medication regimen or facing other 

barriers that prevent intended medication taking.84,85  

Much of the research fails to distinguish between intentional and unintentional non-

adherence,84,85 leading to incorrect or inappropriate conclusions about which types of adherence-

increasing interventions to pursue. A study of 201 home-based peritoneal dialysis patients found 

that intentional non-adherence was more common for dialysis therapy (e.g., skipped or shortened 

appointments) than for medication, whereas the opposite was true for unintentional non-

adherence.90 A recent study of adherence to phosphate binders among 79 hemodialysis patients 

found that 61% of patients reported unintentional non-adherence and 48% reported intentional 

non-adherence.91 The same study also found that patient-reported lower non-adherence was 

associated with lower odds of phosphate control (odds ratio: 0.71; 95% CI: 0.49-1.00). Another 

study of adherence to phosphate binders in 135 hemodialysis patients found that, over 2 months, 

78% of prescribed doses were taken.92 In this study, the best predictors of perfect adherence were 

social support and HRQOL, which together accounted for 26% of the variance in adherence. A 

recent analysis of Medicare data by Wang and colleagues of 30,933 in-center hemodialysis 

patients found that 50% reported a discontinuation of phosphate binders.93 The most common 

reasons for discontinuation included perceiving that phosphorus was under control (27%) and 

side effects (11%).   

In addition to the distinction between intentional and unintentional non-adherence, 

standard health behavior theories, like the Health Belief Model,94 have been applied to 

understanding whether a patient will be adherent to their medication. Notably, the TTM applies 

its general theory about health behavior to understanding how ready patients are to adopt and 

adhere to their medication regimen. In a theoretical exploration, developers of the TTM posited 
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that stages of change for adherence could be measured in the following way.95 First, adherence is 

defined for the respondent as “taking pills as directed,” then the question is asked: “Do you 

consistently take all your pills as directed by your doctor?” If patients respond “No,” then they 

are asked if they intend to do so in the next 6 months or in the next 30 days. If they do not intend 

to in the next six months, they are coded in the Precontemplation stage; if they intend to do so in 

the next six months but not 30 days, they are coded in the Contemplation stage; and if they 

intend to do so within the next 30 days, they are coded in the Preparation stage. Patients who 

respond “Yes” to the original question and who say they have been taking pills as directly for six 

months or less are coded in the Action stage and those who say they have been doing so for more 

than six months are coded in the Maintenance stage. This stage of change algorithm can be used 

in studies applying the TTM to medication adherence.  

 Decisional Balance and Self-Efficacy are also applied to adherence95. In the context of 

adherence, self-efficacy describes the patient’s confidence to be adherent in the face of barriers. 

For example, whether the patient can stay adherent even when they are very busy or very sick 

would constitute a potential marker of self-efficacy. Regarding medication adherence, decisional 

Balance describes the weighing of Pros and Cons to adherence. Examples of Pros would be 

staying healthy, feeling better, being more available to one’s family, and being able to work 

more. Examples of Cons would be the cost of medications and their side-effects. In the context 

of a study applying the TTM to adherence, each of these constructs would be assessed 

separately, often in the context of testing an intervention to increase adherence. Then a patient’s 

individual stage of change, perceived Pros and Cons, and Self-Efficacy would be taken into 

account to tailor recommendations about how to improve adherence. 
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 One example of a study in this style includes a randomized controlled trial investigating a 

computerized health education intervention aiming to increase patients’ adherence to lipid-

lowering medications among 1,227 hypertensive patients in New England.96 The primary 

outcome of the trial was the stage of change to adhere to their medication regimen as defined 

above, applied to the lipid-lowering medications, i.e., “Do you consistently take all your lipid-

lowering medications as directed by your doctor?” They also employed another measure of 

adherence wherein five items representing common ways patient may be non-adherent to 

medications were represented (e.g., forgotten to take a dose, stopped taking medications because 

the patient felt better) with categorical responses summed to create a scale ranging from less to 

more non-adherent. Patients receiving the intervention were significantly more likely to increase 

their stage of change to be adherent and had significantly lower non-adherence than patients in 

the control group. 

A second study by the same investigators also examined the impact of a very similar 

intervention to increase adherence to lipid-lowering medications with 404 patients in New 

England, and came to similar conclusions about the efficacy of the TTM-based education to 

increase medication adherence.97 Each of these trials used a population-based approach wherein 

participants were proactively recruited from a pool of patients served by a large health 

maintenance organization (HMO) who were not necessarily looking for assistance with 

improving their medication adherence, as opposed to a clinical trial where patients seeking 

treatment are randomized to usual care or an experimental treatment. This approach 

demonstrates the ability of the TTM to be successful in improving medication adherence as a 

public health objective, where it is commonly thought of as a medical concern only. In the 

second of these studies,97 ancillary impacts on improved exercise participation and reduced 
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intake of dietary fat was observed as well, indicating the capacity for TTM-based interventions 

to target multiple behaviors.   

In line with the TTM approach to understanding adherence, many patient-related factors 

have been examined as influences on medication non-adherence among CKD patients, and 

dialysis patients specifically. A study of 502 hemodialysis patients found that modifiable factors 

representing both intentional and unintentional medication adherence were associated with 

higher odds of phosphate binder non-adherence.98 The odds of non-adherence were very high for 

patients who reported discontinuing phosphate binders because they felt worse (OR: 11.04; 95% 

CI: 1.69-68.03), felt better (OR: 7.09; 95% CI: 1.45-14.25), or because of a lack of 

understanding of the medication regimen (OR: 7.09; 95% CI: 2.10-23.95). 

Depression is a key clinical comorbidity to CKD that may be significant risk factor for 

medication non-adherence, especially among dialysis patients.57 Cukor and colleagues compared 

the association of depression and medication non-adherence among dialysis (n=65) and 

transplant (n=94) patients and found that the correlation between adherence levels and 

depression was stronger for dialysis patients (r = -47; p<0.001) than for transplant patients (r=          

-38; p<0.001).99 In another study among a sample of 2,180 hypertensive patients, those with 

depression had nearly a 2 fold increase in odds of medication non-adherence (odds ratio: 1.96; 

95% CI: 1.30-2.70).100 

A review conducted by Ghimere and colleagues found that the most common patient-

level correlates of medication non-adherence were younger age, non-White race, smoking, 

reporting that one’s kidney disease impacted their family, and living alone.79 The review of 

medication non-adherence among peritoneal dialysis patients found that the most common 
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patient-level factors associated with non-adherence were lower age, lower socioeconomic status, 

non-White race, and smoking.80  

2.3.3 HEALTH-RELATED QUALITY OF LIFE THEORY 

Cella and Tulsky identified three central reasons to assess HRQOL: to assess the need for 

rehabilitation; to assess the efficacy or effectiveness of a medical treatment; and as a predictor of 

response to future treatments. Additionally, as the use of HRQOL measures has increased and 

norms for general populations and key patient populations have been generated, HRQOL is an 

approach to tracking population health.21,101-103 Among the major projects that have generated 

HRQOL, it is often defined, in a basic form, as functioning and well-being, or what the patient 

can do and how the patient feels.18 Multidimensional HROQL in this approach entails physical, 

emotional, and social health, the general domains used in the PROMIS project.21 Within these 

primary domains are several important subdomains, including role functioning, sexual health, 

ability to participate in leisure, spiritual health, and family functioning.  

HRQOL measures come in many shapes and sizes. From the start of theory-building 

around HRQOL, its scholars began categorizing the types of HRQOL measures by the methods 

used to generate them, the population they are intended to reflect, and how the ratings of 

HRQOL resulting from them can be used. There are two major types of HRQOL measures: 

profile and preference-based.104,105 These two types of measures can often, but not always, be 

distinguished by the methods used to generate them and the types of applications for which they 

are most appropriate. Profile measures tend to be generated through psychometric approaches 

(e.g., factor analyses). Preference-based measures tend to be generated for, and are most 

applicable to, economic analyses, especially decision analysis. A profile measure captures all 

relevant domains of HRQOL and often features scales for individual domains of HRQOL (e.g., 
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physical health, mental health). A preference-based measure, otherwise known as a utility 

measure,104 captures patients’ preferences for levels of health and potential treatments. The 

single utility HRQOL score will often be the difference between the expected benefit to HRQOL 

from a new treatment subtracting any burdens associated with the treatment, like side-effects.    

Another key distinction between types of HRQOL measures regards the distinction 

between generic and targeted measures.104-106 Generic measures of HRQOL are intended to be 

appropriate for all disease conditions. Targeted measures, on the other hand, are aimed toward a 

specific subgroup of the population, either in terms of a specific disease condition or a specific 

age group or racial group. Targeted measures may be modifications of generic measures that 

make minor adjustments to the items to suit the targeted population, or may be completed 

tailored to the population of interest, with subscales and items that apply only to their concerns 

and interests. 

Generic PROs tend to have the benefit of being contained in one instrument that 

incorporate multiple subdomains of the general PROs. Generic PROs are also more widely used, 

providing the opportunity to compare scores across applications in different interventions and 

populations. On the other hand, a significant weakness of generic PROs regards its omission of 

specific items that may be most relevant to specific populations. Targeted PROs have the benefit 

of including content that is highly relevant to specific patient populations, but may be limited in 

their application. Further, since the application of targeted instruments is often limited to specific 

populations, the psychometric properties of targeted instruments may not be understood as well 

as those of generic instruments. Often times, using a combination of generic and targeted PROs 

is used to capture the benefits of both. 
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As noted above, the PROMIS project represents the gold standard in HRQOL research to 

date. As a set of generic measures for HRQOL, PROMIS measures cover the major dimensions 

of HRQOL.21 In its first wave, PROMIS brought together multiple content area experts, 

methodological experts, and clinicians from academia, as well as the NIH, to conduct a series of 

nationally-representative surveys with 1,532 patients from 6 primary study sites representing 

both a clinic sample (n=803) and the general population (n=729). Additionally, internet survey 

panels were used to recruit larger samples of patients from the general population (n=12,521) 

and with chronic conditions, including heart disease, cancer, rheumatoid arthritis, osteoarthritis, 

psychiatric illnesses, chronic obstructive pulmonary disease, spinal cord injury, among others 

(n=7,080).24 The internet-panel sample was drawn through a sample-matching procedure that 

draws a random sample from the target population then selects appropriate matches from the 

internet panel; the target population was defined in terms of desired distributions of demographic 

characteristics: gender (50% female, 50% male), age (20% each of age groups, including 18-29, 

30-44, 45-59, 60-74, >75), race/ethnicity (12.3% Black and 12.5% Hispanic), and education 

(10% with < high school education). From this sample, a subsample representing the U.S. 

general population was derived. 

PROMIS used a rigorous approach to PRO development, starting with broad efforts 

around domain mapping, archival data analysis, and qualitative item review. The domain-

mapping protocol began with the WHO conceptual framework of health with physical, mental, 

and social health as its broadest components.21,24 To come to consensus on domains, the 

investigative team then conducted a Delphi process. From this process, 5 subdomains were 

identified, including physical functioning, fatigue, pain, emotional distress, and social role 

participation. Then, the PROMIS team identified large datasets with previously-developed PROs 
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and developed a protocol for IRT analyses with the objective of improving the understanding of 

the 5 subdomains’ dimensionality and identifying the best candidate items to include in item 

banks. Approximately 7,000 items were chosen for review. Finally, a qualitative review of the 

selected items was conducted in order to classify and revise of each item – binning and 

winnowing. Additionally, focus groups with patients and providers were conducted to further 

validate the PROMIS conceptual framework. Additionally, since this initial phase, some 

modifications were made to the PROMIS conceptual framework.22  

After these initial activities, the item banks were created. Item banks, defined by 

PROMIS as a set of “carefully calibrated questions that define and quantify a common concept 

and thus provide an operational definition of a trait” (p. 2)21 were created for all key domains in 

the PROMIS conceptual framework. The number of items ranged from 12 (satisfaction with 

participation in discretionary social activities) to 124 (physical function). A first set of item 

calibration analyses using IRT models revealed a typical trait range of -4 to +4 on the logit scale. 

However, for more efficient interpretation, all PROMIS scales were put on the T-Score metric. 

The T-score metric sets the mean at 50 and standard deviation at 10 in a referent group; in 

PROMIS, the referent group is the United States general population. Higher scores are 

interpreted as higher levels of the construct being measured (e.g., higher physical functioning). 

Due to these properties, T-score are very easy to interpret.  

All correlations between domain short forms and full item banks were high at r>0.95. For 

example, the 124 item physical function item bank and 10 item short form were correlated at 

r=0.96. Reliabilities for each item bank were very high, especially for T-scores above 40, where 

reliabilities were >0.90, with some exceptions. PROMIS represents the gold standard for PRMs 

and PROs and offers a set of generic health measures that can be used in any field.  
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2.3.4 PSYCHOMETRIC APPROACHES TO PRM/PRO DEVELOPMENT AND VALIDATION 

Classical Test Theory (CTT) is based on true score theory, which holds that a person’s 

observed score (X) on a PRM or PRO is the sum of their level of trait (or true score) that is 

measured by the instrument (T) and error (E),107 or:  

𝑋𝑋 =  𝑇𝑇 +  𝐸𝐸 

The errors in this equation (E) are assumed to be normally distributed and uncorrelated with the 

true score. Reliability in CTT is commonly thought of as the ability of an item or a scale to 

reveal the same score for the same trait level; perhaps within the same individual at different 

points in time, perhaps for two or more individuals with the same trait levels. Formally, 

reliability (ρ) in CTT is defined in terms of the ratio of variances (σ2) of true scores to total 

observed scores, whether these are for a single item or a sum score across a set of items. If Y is a 

score created by summing multiple items, this ratio is: 

ρ𝑌𝑌 =  
σ𝑇𝑇2

σ𝑌𝑌2
 

This equation means that scales with a high reliability will have a high proportion of true score 

variance to total variance, implying low error variance. There are many types of reliability, for 

example, internal reliability consistency, which is measured with a statistic ranging from 0-1 

with the following standards for interpretation at the group level: 0.70, >0.80, and >0.90 

indicating acceptable, good, and excellent reliability.108 Additionally, for individual use, a 

minimum of 0.90 is required. 

 One common formulation of internal consistency reliability is Cronbach’s α. Cronbach’s 

α is defined as: 
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where K is the number of items in the scale, 𝜎𝜎𝑋𝑋2 is the observed variance of the total test scores, 

and 𝜎𝜎𝑌𝑌𝑖𝑖
2  is the variance of the ith item in the scale.109 Cronbach’s α can be understood as the 

correlation between two scales measuring the same construct. 

In CTT, a first examination of the dimensionality of a scale can be performed by 

calculating the item-to-total correlation for scales (often corrected for overlap of items across 

scales)107. After examining item-to-total correlations, a common next step is factor analyses, 

including exploratory and confirmatory factor analyses. In exploratory factor analyses, the 

number of factors in the scale are not known a priori, and this type of analysis is often used to 

generate first impressions about the number of factors the scale may have. Confirmatory factor 

analyses then may be used to try to confirm the factor, or dimensional, structure suggested by the 

exploratory analyses. To ensure that the underlying constructs examined in factor models is 

equally meaningful for all patient subgroups (e.g., racial groups, gender groups), and that items 

equivalently measure underlying constructs for these subgroups, it is necessary to establish 

measurement invariance, i.e., that the construct is measured the same way for different groups of 

patients. 

2.4. USE OF PATIENT-REPORTED OUTCOMES IN CKD 
2.4.1 TREATMENT DECISION-MAKING 

 To date, few investigators have developed and evaluated measures of treatment decision-

making for CKD patients, especially regarding the decision about whether or not to get a 

transplant. A handful of studies employ self-created measures for which no psychometric 

analyses (e.g., investigation of factor structure, construct validity tests) are reported. Examples 



31 
 

include measures of transplant knowledge,110-112 readiness for transplant in general,110-113 

willingness to take specific behaviors toward living donor kidney transplant (LDKT),114 and 

transplant concerns.110,111 CKD studies may also use generic, non-condition targeted decision-

making measures, such as O’Connor and colleagues’ Decisional Self-Efficacy measure.115,116 

Therefore, there is a significant gap in the CKD research about which measures of treatment 

decision-making have the best psychometric properties.  

 Among measures about which development and evaluation information has been 

reported, Ismail and colleagues developed the Rotterdam Renal Replacement Knowledge Test 

(R3K-T), a CKD treatment knowledge scale among dialysis and transplant patients in the United 

States using IRT methods and found evidence for a two factor, 21 item scale with subscales for 

“dialysis and transplantation” and “living donation”.117 Wright and colleagues developed a 28-

item measure of CKD knowledge in a study that examined reliability [Kuder-Richardson (KR)-

20 = 0.72] and construct validity via associations with related constructs.118 Prakash and 

colleagues created a set of dialysis decision-making measures using qualitative methods and 

exploratory factor analysis. Though no results from the factor analyses were reported, 

reliabilities for the following scales were reported: dialysis modality knowledge, α = 0.91; 

lifestyle barriers, α = 0.71; and CKD self-efficacy, α = 0.39. 

Waterman and colleagues have developed and conducted initial evaluation of a set of 

TTM-based Decisional Balance and Self-Efficacy measures for both deceased and living donor 

kidney transplant (four measures in total). Each of these measures is currently being employed in 

two randomized controlled trials that seek to increase kidney patients’ knowledge of transplant, 

readiness for transplant, and pursuit of transplant.119,120 These measures were developed with the 
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input of kidney patients and clinical experts in nephrology. The initial analysis plan followed that 

typical for these constructs in other health conditions.121,122 

For the living donor transplant Decisional Balance measure, the factor structure was 

verified with exploratory and confirmatory factor analyses. Again, a two factor solution 

exhibited the best fit to the data, yielding the Pros and Cons subscales (average item loadings of 

0.6-0.8). Both subscales evidenced “good” reliability (Pros = 0.86, Cons =  0.80).74 For the living 

donor transplant Self-Efficacy measure, the factor structure of this scale was also verified with 

exploratory and confirmatory factor analyses, demonstrating a good fit for a one factor solution 

(loadings ranging between 0.61-0.91).74 The Cronbach’s alpha was 0.88, indicating “good” 

internal consistency reliability.  

For the deceased donor transplant Decisional Balance measure, the factor structure of this 

measure was determined with exploratory and verified with confirmatory factor analyses, in 

which this scale was reduced from 16 to 12 items. A two-factor solution exhibited the best fit, 

yielding the Pros and Cons subscales (average item loadings of 0.6-0.8). The Pros subscale had a 

Cronbach’s alpha of 0.75 and the Cons subscale had a Cronbach’s alpha 0.76, evidencing 

adequate internal consistency reliability for both scales.73 For the deceased donor transplant Self-

Efficacy measure, the factor structure of this scale was verified with exploratory and 

confirmatory factor analyses, demonstrating a good fit for a one factor solution (loadings ranging 

between 0.50-0.73).73 The alpha was 0.85, indicating “good” internal consistency reliability. 

Waterman, et al’s measures represent the state of the science in CKD treatment decision-making 

PRMs, but have not yet been examined among a sample of dialysis patients not seeking 

transplant. Additionally, while measurement invariance between racial groups, genders, and 
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levels of education have been established for the LDKT decision-making measures,123 no such 

study has been performed for the DDKT decision-making measures. 

2.4.2 MEDICATION ADHERENCE 

In studies of medication non-adherence in dialysis, several patient-reported instruments 

have been used. Ghimere and colleagues’ review of medication non-adherence in dialysis 

revealed the use of the following instruments in at least one study: Brief Medication 

Questionnaire (BMQ); Medication Adherence Report Scale (MARS); Morisky, Green and 

Levine medication adherence scale (MGL); MMAS-8; and Simplified Medication Adherence 

Questionnaire (SMAQ).79 Each of these instruments has been validated either as generic 

instruments meant to be applicable to any chronic or infectious condition requiring medication, 

or as a targeted instrument for CKD patients. 

The BMQ is a widely used, generic patient-reported medication adherence screening 

tool.124 The BMQ is comprised of 3 independent adherence screening tools with 9 total items: a 

5-item Regimen screener, a 2-item medication Beliefs screener, and a 2-item Recall screener. A 

validation study among 43 patients taking ACE inhibitors examined criterion validity with an 

electronic medication event monitoring device used as the criterion, and found that each of the 

screeners often was sensitive and specific, and overall accuracy for either sporadic and repeated 

non-adherence, though tended not to have these properties for both types of non-adherence; for 

example, the regimen screener had 80% sensitivity to repeat non-adherence but 0% sensitivity to 

sporadic non-adherence. However, no psychometrically-oriented analyses were conducted to 

determine the factor structure of the instrument. 
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The Medication Adherence Report Scale (MARS) is a generic medication adherence 

measure that has been validated among multiple chronic and infectious conditions.125-129 For 

example, validity of an asthma-focused version of the MARS was established through examining 

correlations between it and electronic medication event monitoring-reported adherence.125 

However, though reliabilities have been generated for the MARS among several conditions, 

including hemodialysis patients,129 and descriptions of MARS scores have been reported in 

hemodialysis patients,130-132 its dimensionality is not reported in general or hemodialysis 

populations. 

The Simplified Medication Adherence Questionnaire (SMAQ) was originally developed 

and evaluated among HIV patients using 3 items from the MMAS-4 and adding 3 items that ask 

specifically about the number of missed doses in the past 24 hours, frequency in general of 

missed doses, and number of days with missed doses.133 Other than reporting an internal 

consistency reliability of 0.75, no other psychometric analyses were conducted. Instead, 

validation was evidence through ability to distinguish between adherence levels as measured by 

an electronic medication event monitoring device, and between clinical measures of disease 

control. When used with CKD patients, the SMAQ has been found to distinguish between 

phosphate levels, though not between blood pressure levels.134 

The 4-item Morisky Green Levine Test (MGL), otherwise known as the Medication 

Adherence Questionnaire (MAQ), is among the most widely-used self-reported adherence scales, 

cited by >3,500 peer-reviewed studies.135 Developed in 1986, the Morisky, Green and Levine 

medication adherence scale’s dimensionality was established with principal components analysis 

and was bolstered by high corrected item-to-total correlations, ranging from 0.479-0.561.135 The 

internal consistency reliability for this scale was only 0.61. More recent analyses have found 
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evidence for two factors within this scale, one representing intentional non-adherence and one 

representing unintentional non-adherence.136 Despite its overall widespread use, this scale has 

only been used a handful of times among CKD patients.78,137,138 However, these studies do not 

report psychometric characteristics of the MGL medication adherence scale for CKD patients. 

More recently, the MMAS-8, an 8 item version of the Morisky adherence scale, was 

developed. The MMAS-8 is a generic assessment of medication-taking behavior and has been 

used in a number of health conditions, both chronic and infectious diseases. It has proven 

reliability (internal consistency = .83) for subjects under care for high blood pressure and has 

shown support for concurrent and predictive validity139 (criterion-related validity) with blood 

pressure control, HgA1c levels for subjects treated for diabetes, HDL levels for high cholesterol, 

and high correlations with social support, mental health and satisfaction with health care. The 

MMAS-8 assesses both unintentional (such as forgetting) and intentional (stopping when you 

feel better) types of adherence. No studies were found that report psychometric properties of the 

MMAS-8 in CKD patients. 

2.4.3 HEALTH RELATED QUALITY OF LIFE 

HRQOL is a key outcome in CKD, and is often used as a justification for making 

decisions about which treatments are appropriate for patients. In general, transplantation, 

especially kidney transplantation, is thought to offer better HRQOL in comparison to all forms of 

dialysis,140,141 a finding that has been consistent in the medical literature for more than 20 

years.142,143 In the field of CKD, both generic and disease-targeted scales have been used, both 

offering important elements to the understanding of HRQOL in the CKD population. 
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Several generic HRQOL scales have been used with CKD patients having received 

dialysis and transplant, including but not limited to: the Spitzer QL-index, the Nottingham 

Health Profile, the Campbell Index of Well-Being, Cantril's Self-Anchoring Scale, and the Life 

Satisfaction Scale.2,141,144 Additionally, the Karnofsky Index, Sickness Impact Profile, Medical 

Outcome Study (MOS) Short Form 36-Item Health Survey (SF-36), EuroQOL 5D scale (EQ-

5D), World Health Organization Quality of Life Questionnaire, and Time Trade-Off approaches 

have been widely used.2,141,144 Additionally, instruments aimed at mental health, like the Beck 

Depression Index, CES-D Depression scale, Affect Balance Scale, and the Self-Esteem 

Inventory, as well as social health scales have been used.2,144 Systematic reviews of the use of 

these instruments among various CKD populations have been conducted, so their results will not 

be rehashed here2,141.  

However, of particular note, in the review of the literature, only one study of CKD stage 

1-5 patients has included assessment of the PROMIS measure. The Midwest Pediatric 

Nephrology Consortium recruited 223 patients aged 8-17 from their respective clinics and 

assessed the PROMIS depression, anxiety, social-peer relationships, pain interference, fatigue, 

mobility, and upper extremity function short forms.145 Though no additional psychometric 

analyses were performed among this sample of patients, effect sizes for differences across 

important clinical subgroups were reported; e.g., CKD stage, hospitalized or not, presence of 

medical comorbidities.    

The most widely-used targeted scales are the Kidney Disease Quality of Life (KDQOL) 

scales developed by Hays and colleagues in 1994.1 The original KDQOL instrument, also 

referred to as the KDQOL-SF, combines the SF-36 as a measure of generic HRQOL with 11 

kidney disease targeted subscales, including Symptoms/Problems of Kidney disease (34 items), 
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Effects of Kidney Disease (20 items), Burden of Kidney Disease (4 items), Work Status (4 

items), Cognitive Function (6 items), Quality of Social Interactions (4 items), Sexual Function (4 

items), Sleep (9 items), Social Support (4 items), Dialysis Staff Encouragement (6 items), and 

Patient Satisfaction (2 items). A psychometric and validation study of the KDQOL-SF, these 

targeted subscales all had acceptable to excellent internal consistency reliabilities,1 ranging from 

0.76 (Sleep) to 0.94 (Effects of Kidney Disease). A factor analysis revealed that these 11 

subscales, in addition to subscales from the SF-36, all loaded moderately to highly on 4 factors 

representing physical health, mental health, disease-targeted, and patient satisfaction. Construct 

validity for the subscales was evidenced through significant associations with patient-reported 

good days, patient –reported bad days, self-rating of quality of life compared to those without 

kidney disease, ability to do everything the patient wants to do, number of disability days in the 

last 30 days, and overall rating of health. 

Though the KDQOL-SF has demonstrated attractive psychometric and measurement 

properties, it was too long to administer in many settings, especially in clinical contexts. Clinical 

application of the KDQOL instruments is an important concern. According to their Conditions 

for Coverage (§494.90), the Centers for Medicare and Medicaid Services (CMS) require that all 

dialysis patients be assessed with a physical and mental health tool, and the KDQOL-36 is the 

preferred tool for this purpose.63 Then, patients’ responses to the KDQOL-36 must be used by 

dialysis providers to develop a personalized health plan for each patient. The demands of clinical 

dialysis practice put significant limitations on the time available for health assessment, creating 

the need for a brief KDQOL assessment. With this need in mind, a shorter version of the 

KDQOL, the KDQOL-36, has been deemed more appropriate for clinical use.   
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The KDQOL-36 employs the SF-12 as a measure of global health and adds disease-

specific subscales tailored to issues faced by kidney patients. The SF-12 is a brief version of its 

parent instrument, the SF-36. As its name implies, the SF-36 has 36 items covering several 

domains, each with its own subscale that has demonstrated internal consistency reliability: 

including physical functioning (10 items: α = 0.93), role- physical (4 items: α = 0.89), bodily 

pain (2 items: α = 0.90), general health (5 items: α = 0.81), vitality (4 items: α = 0.86), social 

functioning (2 items: α = 0.68), role-emotional (3 items: α = 0.86), and mental health (5 items: α 

= 0.84), with another item for health transitions (1 item).146 The most commonly reported score 

from the SF-36 are two component scores, the Physical Health Component (α = 0.92) and the 

Mental Health Component (α = 0.88). The SF-12 has the same subscales as the SF-36, drawing 

1-2 items from each.147 Figure 6, shows the measurement model used for the SF-36 and SF-12, 

with boxed items indicating those chosen for the SF-12. 
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In addition to the SF-12, the KDQOL-36 includes 3 kidney-disease targeted scales, 

including Burdens of Kidney Disease, Symptoms and Problems with Kidney Disease, and 

Effects of Kidney Disease. These items are subsets of the KDQOL-SF. Though it was created in 

1994, to date, there has been little examination of the KDQOL-36’s psychometric characteristics 

in a large, U.S. sample.  
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CHAPTER 3. SPECIFIC AIMS 

The overall objective of this dissertation is to evaluate the psychometric properties of patient-

reported measures commonly-used with kidney patients in research and in clinical settings. This 

examination includes general psychometric evaluations and evaluations of whether measures are 

equally reliable and valid for subgroups of patients. These analyses will contribute to the 

evidence base on the psychometric performance of patient-reported measures used in kidney 

disease and yield information on the use of these measures for regulatory oversight and quality 

improvement efforts. The specific aims of the dissertation are: 

Aim 1. To describe the psychometric properties of existing health decision-making, 

health-related quality of life, and medication adherence measures in the CKD population. 

As reviewed above, PRMs have played a significant role in understanding how CKD 

patients make decisions about treatments available to them, whether or not patients are compliant 

with the treatments, and in determining the effectiveness of these treatments in improving 

patients’ lives. With PRMs playing an increasingly important role in CKD care quality 

improvement and oversight by CMS, it is essential to evaluate the psychometric properties of the 

measures. In this aim, I will select measures that operationalize broader constructs of PRMs, 

including treatment decision-making, health behaviors, and health-related quality of life, then 

examine the psychometric properties of these measures using a classical test theory approach.   

Aim 2. To examine measurement invariance for each measure between Black and 

White CKD patients. 

One of the benefits of PRMs is the inclusion the patient’s voice. Because of disparities in 

access to and benefit from CKD treatments between different patient subgroups there is a need to 
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ensure that PRMs work equally well for each group. When PRMs are developed and evaluated 

only with single groups of patients (e.g., non-Hispanic, White males), it is unknown whether 

their psychometric properties are the same for different groups of patients (e.g., racial/ethnic 

groups, gender groups, different stages of disease). In this aim, I will identify whether selected 

treatment decision-making, medication adherence, and health-related quality of life measures 

have measurement equivalence for Black and White CKD patients subgroups for whom the 

largest disparities in access and outcomes of CKD care are present.148 

Aim 3. Based on the results of Aims 1 and 2, to make recommendations for 

improvements to each measure. 

The results of Aims 1 and 2 may reveal that the standard measures analyzed in this 

dissertation have some undesirable measurement properties, either in general or for specific 

groups of patients. Anticipated issues with these measures include a different dimensionality 

(factor structure) than what has previously been reported, lower reliability than is required for 

intended uses (especially for individual use, which requires a reliability of >0.90), items that do 

not load on hypothesized factors, or items that fail to demonstrate measurement invariance for 

Black and White patients. In the face of these issues, recommendations for ways to improve the 

measures will be made. The intended audience for these recommendations will primarily include 

clinicians, health care providers, or regulatory agencies that use the measures considered in this 

dissertation for patient assessment and CKD care oversight. 

Figure 7 shows the general approach to be taken to incorporate each of the Aims with 

each of the constructs. For each construct or set of constructs, the analyses specified for Aims 1-

3 will be applied to the PRMs used to measure these constructs. Under this approach, a similar 
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set of analyses will be applied to each measure used to operationalize each construct. Any 

deviation from this standard approach will be noted and justified. This approach will create 

consistency in the evaluation criteria for each measure, and lead to a clear rationale for 

recommendations to improve each measure. 
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CHAPTER 4. METHODS 

4.1. METHODS OVERVIEW 
To meet these aims, I have collected data from three separate sources, each containing kidney 

patient responses to patient-reported measures around the constructs of interest for this 

dissertation: treatment decision-making, medication adherence, and health-related quality of life. 

Unfortunately, it was not possible to locate a single dataset that contained the measures of 

interest for each of these constructs. Therefore, one dataset each, three in total, will be used for 

each of the three sets of constructs separately. Below, the measures to be used in this dissertation 

will be described, along with each dataset. Finally, the statistical analyses used for each aim will 

be described. In general, the same set of analyses will be applied to each dataset, except where 

noted. Since each of these constructs can be operationalized and measured with a PRM that 

captures a unique portion of patients’ characteristics along their experience with and outcomes of 

CKD and its treatments, the structure of this dissertation will be a continuous monograph instead 

of a set of discrete papers.  

4.2. MEASURES 
4.2.1 TREATMENT DECISION-MAKING: TRANSPLANT SELF-EFFICACY & DECISIONAL BALANCE  

For this dissertation, the LDKT and deceased donor kidney transplant (DDKT) 

Decisional-Balance and Self-Efficacy measures described above in Chapter 2 will be evaluated. 

The analyses conducted for this dissertation are only the second analyses of these measures to 

date, so little additional data on the psychometric properties, reliability and validity of these 

measures is available for reference. 

The Decisional Balance measures, which rate the relative importance CKD patients place 

on the benefits and disadvantages of LDKT and DDKT, and the LDKT and DDKT Self-Efficacy 
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scales, which measure the confidence an individual has in their ability to pursue a transplant in a 

wide variety of challenging situations, were initially evaluated in a sample of patients that had 

already presented to a transplant center to begin transplant evaluation.73,74 This leaves open the 

possibility that constructs such as Decisional-Balance and Self-Efficacy, which indicate how 

patients are making decisions about their treatment, would be different for patients who have not 

yet presented to a transplant center for evaluation. Specifically, patients who have not yet 

presented to a transplant center for evaluation may be earlier in their decision-making process 

about which treatment they would like to pursue. Therefore, examining the psychometric 

properties of these measures among a dialysis-only sample will determine if they are appropriate 

for use with that subgroup.   

 In the randomized controlled trial (RCT) from which the data on the measures was taken, 

each measure was administered using a structured phone interview by research staff at UCLA.119 

These measures were given as part of a baseline assessment before patients were randomized to 

receive one of three possible transplant education interventions.  

 The LDKT Pros and Cons measures each have 6 items, prompted by “How important is 

this statement to your decision about living donor transplant?”, then each are rated on a 5-point 

scale ranging from, “not important” (1) to “extremely important” (5). An example of a LDKT 

Pros item is “With a living donor transplant, I will be able to contribute to my family and friends 

sooner,” and an example of a LDKT Cons item is “The surgery will inconvenience the living 

donor’s work or life too much.”  To assess the LDKT self-efficacy items, patients were given the 

context: “How confident are you that you could get a living donor transplant?” on a 5-point 

response scale from “not at all confident” (1) to “completely confident” (5). An example of a 

LDKT self-efficacy item is: “A potential living donor who was evaluated did not match you”. It 
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is important to note that this definition of “Self-Efficacy” varies somewhat from the more 

common, general definition used in behavioral health sciences, which focuses on individuals’ 

beliefs about whether or not they can control their own behaviors and environmental factors 

impacting these behaviors.52 None of the items from any of the LDKT measures were recoded or 

reverse coded, and summed scale scores are reported in the raw score metric. 

 The DDKT Pros and Cons measures also each have 6 items given with the context,  

“How important is this statement to your decision about transplant?”, then rated on a 5-point 

scale ranging from, “Not important” (1) to “Extremely important” (5). An example of a DDKT 

Pros item is “I would not have to be on dialysis,” and an example of a DDKT Cons item is “I 

would have to take a lot of medicine after transplant.” Similar to the LDKT self-efficacy items, 

the 8 DDKT self-efficacy items are first given the context, “How confident are you that you 

could get a transplant even if:”, and each item is then rated from  “not at all confident” (1) to 

“completely confident” (5). An example of a DDKT Self-Efficacy is “You didn’t have your own 

transportation to the transplant center.” Like the LDKT measures, none of the items from the 

DDKT measures were recoded or reverse coded, and all summed scale scores are reported in raw 

metric. No analyses of these measures have been conducted other than the original validation 

analyses.73,74  

4.2.2 MEDICATION ADHERENCE: MMAS-8 

 The 8-item version of the Morisky Medication Adherence Scale (MMAS-8) was selected 

as the measure to examine for the Medication Adherence construct. Though used widely in 

hypertension research,100,149-152 as well as with other chronic conditions,153,154 reports of the 

MMAS-8’s psychometric properties among CKD populations are infrequent. Among a sample of 

295 CKD stage 3-5 patients in Thailand, lower scores on the MMAS-8 were associated with 
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progression in stage of CKD, evidencing criterion validity.77 Alkatheri and colleagues examined 

adherence to an unspecified medication in 89 hemodialysis patients in Saudi Arabia using an 

Arabic translation of the instrument.155 This study found that 28% of patients reported “high” 

adherence (MMAS-8 score of 8), 40% reported “medium” adherence (MMAS-8 score of <8 to 

6), and 31% reported “low” adherence (MMAS-8 score of <6). However, no psychometric 

properties of the measure from this study were reported.  

 The MMAS-8 is an expansion of the MMAS-4-item self-reported adherence scale.135 The 

MMAS-4 was found to predict completion of tuberculosis treatment among patients diagnosed 

with active tuberculosis, but its internal consistency reliability was below the commonly used 

0.70 threshold for acceptable reliability for group comparisons (α=0.61).135 Chemical markers 

were correlated with the MMAS-4 and found to have a strong linear significant association 

between the presence of the marker and self-reported medication-taking behavior (p<0.01).156 

Three items of the MMAS-4 are included in the MMAS-8.157 However, the MMAS-8 adds 

additional reasons for non-adherence and increased reliability. In a study with hypertensive 

patients, the MMAS-8 demonstrated acceptable internal consistency reliability (α=0.83), with 

corrected item-to-total correlations ranging between 0.40-0.59.135 Additionally, a confirmatory 

factor model provided support for a single dimension for the 8 items in the scale.  The MMAS-8 

was associated with related constructs in the hypothesized direction, including more medication 

knowledge (positive association), having more social support (positive association), greater 

patient satisfaction with clinic visits (positive association), better coping strategies (positive 

association), higher reported stress (negative association), and medication complexity (negative 

association).139 Additionally, the MMAS-8 significantly predicted whether patients had their 

blood pressure under control.   
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 The MMAS-8 was administered to patients by Kantar health through telephonic 

interviews or internet-based self-administration along with other survey measures as determined 

by the patient’s health condition and treatment or health services used. Of the MMAS-8’s items, 

7 have “yes/no” responses; e.g., “When you travel or leave home, do you sometimes forget to 

bring along your medications?” The 8th item, “How often do you have difficulty remembering to 

take all your blood pressure medication?”, has a 5-point set of response options from “Never” (1) 

to “All the time” (5). For scoring, this item is dichotomized to “Never/Rarely” vs. “Once in a 

while/Sometimes/Usually/All the time”. Use of this measure requires obtaining a license, and its 

scoring cannot be described here because it is proprietary. The final score ranges from 0-8, with 

higher scores indicating better adherence. A previous analysis by Morisky and colleagues 

indicated three categories of adherence derivable from the MMAS-8: High adherence = 8; 

Medium adherence = 6 - <8; Low adherence = <6.139 

  As demonstrated in the literature review, several key factors hypothesized to be 

associated with the MMAS-8 in this study’s conceptual model (Figure 4.) have been examined 

among CKD patients. However, not all hypothesized relationships have been evidenced. For 

example, in the study of adherence to phosphate binders among dialysis patients, Joson and 

colleagues did not find a significant association between phosphate knowledge, an example of a 

Predisposing Characteristic in Andersen’s model, and the MMAS-8.158 The association between 

the MMAS-8 and patient satisfaction was evidenced in a study of 151 kidney transplant patients, 

wherein Alkatheri and colleagues found a significant, positive association between MMAS-8 

scores and scores on the Treatment Satisfaction Scale.159 These previous analyses can be used to 

guide analyses of the MMAS-8 among the current study’s sample.  

4.2.3 HEALTH-RELATED QUALITY OF LIFE: KDQOL-36 
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 The HRQOL measure examined for this dissertation is the KDQOL-36. Investigators 

using data from the Chronic Renal Insufficiency Cohort (CRIC) Study examined the reliability 

of the KDQOL-36 among a sample of 836 English-speaking Hispanic (n=150), Spanish-

Speaking Hispanics (n=270), and non-Hispanic Whites (n=409), and found comparable internal 

consistency reliability for the scales across these groups: Burden of Kidney Disease α ranging 

from 0.84-0.87; Symptoms/Problems of  Kidney Disease α ranging from 0.82-0.83; and Effects 

of Kidney Disease α ranging from 0.81-0.83.160 This study also examined construct validity of 

the KDQOL-36 subscales, but did not conduct factor analyses or use other latent-variable 

approaches, like item response theory analyses, to determine if the factor structure of the scales 

is supported. 

There have been several recent reports of its psychometric properties in non-English 

language or non-American samples. Chen and colleagues examined a Chinese-language 

(Cantonese) version of the KDQOL-36 among 356 maintenance dialysis patients, both 

hemodialysis (n=253) and peritoneal (n=103).161 Using confirmatory factor analysis, this study 

found support for the 3 targeted subscales, though model fit statistics all indicated less than 

excellent fit: root mean squared error approximation (RMSEA) = 0.08 (excellent fit is 

<0.06);162,163 and comparative fit index (CFI) = 0.80 (excellent fit is >0.95).163 Internal 

consistency and test-rest reliability were >0.80 for each scale.  

Chao, et al. examined another Chinese-language (Mandarin) version of the KDQOL-36 

in a sample of 428 CKD patients from stages 1-5.164 Using a confirmatory factor model with one 

item removed yielded less than excellent, fit: RMSEA = 0.063; goodness-of-fit index (GFI) = 

0.83. Yang and colleagues conducted a study of the KDQOL-36 among 394 hemodialysis 

patients in Singapore.165 Item-to-scale correlations in this study ranged between 0.76-0.90, while 
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a confirmatory factor model showed somewhat less than excellent fit: RMSEA = 0.09; CFI = 

0.93. Internal consistency reliability for the scales ranged between 0.80-0.91. 

A South Indian (Kannada) version of the KDQOL-36 was examined in a sample of 82 

hemodialysis patients.166 Internal consistency reliability for the KDQOL-36 scales ranged from 

0.72-0.77, and test-retest reliability examined in a subsample of these patients (n=45) ranged 

from 0.83-0.99. The scales were also significantly correlated with the European Quality of Life 

Visual-Analog Scale (EQ-VAS). In a Cantonese-speaking Chinese sample of 110 dialysis and 

122 kidney transplant patients, and test-retest reliability  ranged between 0.98-1.00, though 

internal consistency reliabilities ranged from 0.61-0.83.167 Another Mandarin Chinese version of 

the KDQOL-36 was examined by Tao, et al. in a sample of 103 dialysis patients.168 Internal 

consistency reliabilities ranged between 0.76-0.78 for the scales, and test-retest reliabilities 

ranged between 0.84-0.86. Support for construct validity was provided by significant correlations 

between the scales and a rating of overall health and the Beck Depression Index version 2 in the 

hypothesized directions.  

The associations between the KDQOL-36 and other, similar constructs support construct 

validity based on hypotheses generated by the conceptual model given in Figure 4. For example, 

the CRIC study described above found significant associations with depression and reported 

CKD symptoms and the KDQOL-36.160 However, other hypothesized relationships, like the one 

between medication adherence and the KDQOL-36, have been scarcely or never examined. In 

the literature review for this dissertation, no studies examining the association between 

medication adherence and the KDQOL-36 or KDQOL-SF (SF-36 and 11 kidney disease targeted 

scales) were found. A few studies examine the association between KDQOL scores and other 

health behaviors. Among these, Bayoumi and colleagues found that longer dialysis duration was 
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associated with a lower total KDQOL-SF score (non-standard scoring).169 Finally, a lower 

average of the 11 KDQOL-SF subscale scores was associated with a higher risk of 

hospitalization and mortality.170,171 

Of note, a non-standard scoring of the KDQOL-SF was employed in the international 

Dialysis Outcomes and Practice Patterns Study (DOPPS), which administered the KDQOL-SF 

among 7,378 dialysis patients from Europe (n=2,406), Japan (n=2,087), and the United States 

(n=2,885).172 This non-standard score, labelled the Kidney Disease Component Score (KDCS), 

was generated by taking the average of the KDQOL-SF’s 11 targeted scales (excludes SF-36 

scales). Though predictive of mortality, as reported above, no psychometric analyses have been 

conducted to support the use of this score as a representative of a unidimensional scale. 

Nonetheless, the DOPPS study did report norms for each of the scales individually, including 

country-specific norms to which the scores of this study can be compared.   

The KDQOL-36 was administered to dialysis patients during their dialysis treatment or 

over the phone by staff of the Medical Education Institute (MEI). The data were collected as part 

of MEI’s effort to assist dialysis providers meet their CMS requirement to collect the KDQOL-

36 and incorporate the responses into a patient’s personalized care plan. The KDQOL-36 items 

are given in Appendix 1. The SF-12 is embedded with the KDQOL-36 and its Physical Health 

Component Score (PCS) and the Mental Health Component Score (MCS) are scored on a T-

score (mean = 50, SD = 10, in U.S. general population). The three kidney-targeted scales 

(Burdens of Kidney Disease, Symptoms/Problems of Kidney Disease, and Effects of Kidney 

Disease) are each score by linearly transforming all items to a 0-100 possible range and 

averaging the items. KDQOL-36 items are all scored so that higher scores indicate better health. 

Finally, a preference-based scale, the SF-6D, can be derived from SF-12 items within the 
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KDQOL-36.173 The SF-6D is estimated using 7 of the SF-12 items, covering 6 domains, 

including: Physical Functioning (1 item), Role Limitations (2 items), Social Functioning (1 

item), Pain, Mental Health (1 item), and Vitality (1 item). The SF-6D is scored by weighing 

responses to each of these items then summing each respondent’s weighted responses. The 

scores range between 0-1 with the theoretical minimum anchored at dead (0) and the maximum 

anchored at full health (1). Unless patients die during a study’s follow-up, values of 0 are 

unlikely, and the bottom range of observed scores has been reported at 0.30.174  

Table 1. Summary of Measures  
Construct  Measure(s)  
Treatment Decision-Making Waterman Living & Deceased Donor Kidney  Transplant 

• Pros (1 LDKT, 1 DDKT) 
• Cons (1 LDKT, 1 DDKT) 
• Self-Efficacy (1 LDKT, 1 DDKT) 

Medication Adherence Morisky Medication Adherence Scale 8-Item Version (MMAS-8) 
Health-Related Quality of Life Kidney Disease Quality of Life (KDQOLTM) 36 Item Version 

 

4.3. DESCRIPTION OF DATASETS 
4.3.1 IRB AND DATA PROTECTIONS 

All datasets employed in this dissertation are de-identified, with all patient identifiers 

stripped from the datasets. Nonetheless, an application to the UCLA Institutional Review Board 

(IRB) was made describing the study’s protocol. The study protocol poses minimal to no risk for 

kidney patients’ whose data is included in the study. Without individual identifiers included in 

the data, there is no chance that the patients’ identities can be disclosed. Further, data used in this 

study will only be shared in aggregated form.  An IRB exemption was granted by the UCLA 

Human Subjects Protection Committee [UCLA IRB # 17-000399 (Treatment Decision-Making 

Dataset), #17-000403 (Medication Adherence Dataset), #17-000313 (Health-Related Quality of 

Life Dataset)].   
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4.3.2 TREATMENT DECISION-MAKING  

The data for this dimension of the project are from a RCT that assesses the efficacy of 

kidney transplant education programs to increase ESRD patients’ knowledge of transplant. The 

data was collected in a study lead by Dr. Amy Waterman in the Division of Nephrology, David 

Geffen School of Medicine at UCLA, who has granted permission to use a completely de-

identified version of this dataset for the present study.  

The RCT was conducted with ESRD patients who are currently receiving dialysis 

treatment in clinics throughout the state of Missouri. In this study, all participants are on dialysis 

and may not yet have presented to a transplant center to begin evaluation. Eligible patients 

include those who are: 18 years or older; identify as Black or White race; currently receive 

dialysis; have a household income of no more than 250% of the federal poverty level; and can 

read and speak English. At the start of the study, patients are randomized to receive either 

theoretically-grounded, tailored transplant education or standard-of-care transplant education 

received in dialysis centers. Participants’ self-efficacy to pursue transplant, decisional balance 

(weighing of pros and cons to transplant), and knowledge of kidney transplant is assessed at the 

beginning (pretest) and end (posttest) of an 8 month period. The protocol for this trial has also 

been published. For the reasons described in Chapter 2, only the baseline assessments of 

Decisional Balance and Self-Efficacy will be employed for the present project. Five hundred 

sixty one patients completed the baseline assessment, and their data will be used for this project. 

4.3.3 MEDICATION ADHERENCE 

 Data for medication adherence dimension of the study come from a private research 

organization, Kantar Health. Their National Health and Wellness Survey includes many patient 

reported health measures, including the 8-item version of the Morisky Medication Adherence 
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Scale (MMAS-8). For this study, those reporting kidney disease and kidney failure were 

selected. Additionally, the survey includes information on other health behaviors (e.g., use of 

tobacco and alcohol), multiple medical comorbidities diagnosed by a physician (e.g., diabetes, 

depression), information about medical treatments received (e.g., use of dialysis), and patient-

reported outcomes (e.g., health related quality of life, satisfaction with care).  

 Kantar Health agreed to provide a completely de-identified dataset for adult CKD 

patients participating in their 2012-2013 National Health and Wellness Survey. The primary data 

of interest are responses to the MMAS-8, though a range of other variables were provided, 

including patient demographic information, presence of medical comorbidities, use of dialysis, 

health behaviors, and health related quality of life, measured with the MOS SF-36.   

4.3.4 HEALTH-RELATED QUALITY OF LIFE 

Data for HRQOL was obtained from the Medical Education Institute (MEI)175. MEI 

administered the KDQOL-36 as part of their KDQOL-Complete program. KDQOL-Complete is 

aimed at helping dialysis providers meet the CMS requirement to report the number of patients 

completing the KDQOL-36 instrument each year, and to use patients’ responses to the KDQOL-

36 in the development of a personalized Plan of Care.175 The KDQOL-Complete program offers 

a computerized interface for entering KDQOL-36 data then helps providers interpret each 

patient’s case-mix adjusted scores adjusting for patients’ demographic and medical 

characteristics with graphic data displays and comparisons to population norms.  

The KDQOL-Complete data reports can then be used for patient education or quality 

improvement purposes. Along with the KDQOL-36 survey, MEI collects dialysis patients’ 

demographic and clinical characteristics. MEI provided a de-identified dataset containing all 
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patients’ responses to the KDQOL-36 from 6/1/2015 to 5/31/2016. Additionally, patients’ 

race/ethnicity, age, whether etiology of ESRD was diabetes, dialysis type (in-center 

hemodialysis, peritoneal dialysis, conventional home hemodialysis), dialysis access site 

[arteriovenous (AV) fistula, AV graft, venous catheter, PD catheter), employment status, and  

language (including English, Spanish, and multiple others) the survey was administered in were 

provided.  

4.4. STATISTICAL ANALYSIS 
4.4.1 AIM 1. ANALYSES 

First, all items and variables were described with category frequencies and proportions, 

central tendency (e.g., mean and median) and dispersion (e.g., standard deviation). For multi-

item scales, standard scoring procedures were used, reverse-scoring or recoding as needed. After 

multi-item scales were created, their distributions, along with the number of complete scale 

responses, were reported. Missing data were handed using complete case analyses. Additionally, 

scores will be reported for important patient subgroups. For example, for the KDQOL-36, scores 

within groups of patients with different dialysis access sites will be reported. 

To conduct some psychometric analyses, the datasets were split into two random halves. 

One of these datasets was used for exploratory factor analysis (EFA) and the other was used for 

confirmatory factor analysis (CFA). Among the first, exploratory dataset, polychoric or 

tetrachoric correlations were computed between the items and examined. Cohen’s conventions176  

for magnitude of correlations will be used: >0.10 to <0.243 = small; >0.243 to <0.371 = medium; 

>0.371= large. Then, this correlation matrix was used to perform exploratory factor analysis 

using maximum likelihood estimation with oblique Promax solutions with squared multiple 

correlation used for prior communalities. To determine the dimensionality suggested by the 
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exploratory factor analysis, several criteria were used, including the scree “elbow” test, parallel 

analysis, and the Tucker-Lewis reliability coefficient (values >0.95 indicate good fit). Parallel 

analysis uses simulations to generate “expected” eigenvalues and plots these against the observed 

eigenvalues; the highest number of observed eigenvalues that are larger than the expected 

indicates the number of factors to retain. If more than one factor was retained using these criteria, 

then standardized loadings on rotated factor pattern were reported. Otherwise, the loadings from 

the unrotated factor were reported. 

Next, the other half of the randomly divided dataset was used for confirmatory factor 

models,177 unless the factor structure evidenced in the EFA was the same as the original factor 

structure for the scale. In that case, the full sample was used. The CFA models were run with the 

polychoric/tetrachoric correlation matrix. Where appropriate, multilevel confirmatory factor 

models were employed.178 These models used robust maximum likelihood estimation.179 When 

more than one factor was considered, covariances between the factors were computed, and item 

loadings were set to zero on factors on which the items were not hypothesized to load. Model fit 

was determined with the Satorra-Bentler chi-square,162 the comparative fit index (CFI), Tucker-

Lewis Index (TLI) and root mean square error of approximation (RMSEA). Good model fit is 

evidenced by a non-significant Satorra-Bentler chi-square, CFI and TLI values above 0.95, and 

RMSEA of 0.06 or less.162 The corrected item-to-total correlations were examined using 

multitrait scaling analysis, correcting for item overlap in cases with multiple scales180 using the 

user-created SAS macro %MULTI.181 It is important to note that the item-to-total scale 

correlations generated through this analysis are product moment correlations, not polychoric 

correlations. Coefficient alpha was used to estimate internal consistency reliability, with the 

following standards: >0.70, >0.80, and >0.90 indicating acceptable, good, and excellent 
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reliability, respectively, for use in examining group differences; >0.90 indicates suitability for 

use with individuals.182 Additionally, for measures that can be reported at the medical facility 

level, I also estimated facility level reliability using 1-way ANOVA models to partition between 

versus within facility variance.183 

4.4.2 AIM 2. ANALYSES 

 Measurement invariance was evaluated for the treatment decision-making, medication 

adherence, and HRQOL measures. Since a major interest in CKD is whether, in comparison to 

White patients, Black patients have equal access to the best treatments, take the same health 

behaviors to maintain their health, and, in consequence, have the same health outcomes, 

measurement invariance will be tested evaluated for Black and White patients. First, 

measurement invariance for each measure was based on confirmatory factor analysis (CFA) 

models using SEM. After examining the final CFA model from Aim 1, tests of 3 sequential, 

nested, multi-group CFA models were conducted using the Mplus software with the robust 

weighted least squares with mean and variance adjustment (WLSMV) estimator for categorical 

items. First, configural invariance models wherein all model parameters are freely estimated 

across groups were fit. This step shows whether the factor structure is the same for each measure 

across each group. Second, if configural invariance was found, then metric invariance was 

examined by constraining the factor loadings to be equal across groups. Third, if metric 

invariance was assured, then scalar invariance was examined by constraining intercepts (equal) 

as well as factor loadings across the groups. This step in the procedure determines if patients 

from the different groups provide similar ratings on each item or not. In each of these series of 

nested models, the Satorra-Bentler χ2 difference test for categorical models and change in CFI 

(<0.01)184 was examined to determine if the models significantly differ across groups. For 
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example, for a test of measurement invariance between Blacks and Whites at the configural 

level, a significant χ2 difference test or a difference in CFI of >0.01 indicated lack of configural 

invariance. In examining differences in factor loadings across groups, the standards set by Yoon 

and Millsap were adopted: >0.1 = small; >0.2 = medium; >0.3 = large.185  

This sequential approach has been conducted already for the LDKT Treatment Decision-

Making measures (LDKT Pros, Cons, and Self-Efficacy)123 and full or partial strict invariance 

for each measure was found across race, gender, and education groups. Therefore, the 

measurement invariance analyses were new for all measures except the LDKT Treatment 

Decision-Making measures, though measurement invariance will be tested among these 

measures to determine if these results are consistent with the former results. 

4.4.3 AIM 3. ANALYSES 

After the analyses in Aims 1 and 2 were completed for PRMs corresponding to each construct or 

set of constructs, possible alterations of items and scales featured in this dissertation were 

considered. The types of results considered in this Aim included, but were not limited to: 1) 

dimensional/factor structure that deviated from originally-published factor structures; 2) items 

with loadings < 0.40 in EFA or CFA analyses; 3) measures with internal consistency reliability < 

0.70; and 4) measures that were not invariant across group. Some of these criteria have no 

numeric cut-off as indicated by an index or other score, but instead were judged relative to item 

and measure performance in published literature.  

For Aim 3, the Spearman-Brown Prophecy Formula was used to determine how many 

more items need to be added to a scale to increase its reliability. The Spearman-Brown Prophecy 

Formula is: 
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𝜌𝜌𝑛𝑛𝑛𝑛𝑛𝑛 =  
𝑘𝑘𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜

1 + (𝑘𝑘 − 1)𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜
 

where 𝜌𝜌𝑛𝑛𝑛𝑛𝑛𝑛 is the new reliability and 𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜 is the reliability already estimated for the scale; in this 

dissertation, 𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜 will be internal consistency reliability estimated with Cronbach’s α. k is 

defined as the new test length over the current test length.109 For these analyses, the desired 𝜌𝜌𝑛𝑛𝑛𝑛𝑛𝑛 

was set, then the formula was used to solve for k. 
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CHAPTER 5. TREATMENT DECISION-MAKING RESULTS 

5.1 TREATMENT DECISION-MAKING AIM 1 RESULTS 
The 561 participants in this study were mostly Black (71%), with similar proportions of females 

(49%) and males (51%). The average age was 54 years, and the majority of participants had 

achieved a high school diploma or less education. As expected from the study’s inclusion 

criteria, the largest proportion of participants reported that they would be able to live <1 month 

in their current situation if they lost their income (42%), a measure of financial security, and only 

2% reported having private health insurance. A very large majority were on hemodialysis (92%). 

Many of the participants reported higher levels of health literacy, with 48% reporting that they 

were confident filling out hospital forms by themselves “all of the time”, and 55% reporting that 

they had someone help them read hospital materials “none of the time. (Table 2). 

Table 2. Dialysis Patient Characteristics from Treatment Decision-Making Dataset (n=561) 
Race (%, n)  

Black 71% (399) 
White 29% (162) 

Sex (%, n)  
Female 49% (274)  
Male 51% (287) 

Age (mean, range) 54, 23-75 
Etiology of ESRD: PKD (%, n) 7% (38) 
Education level (%, n)  

High school diploma or less 53% (298) 
Some college 32% (181) 
College graduate or higher 14% (81) 

Health insurance (%, n)  
Medicare (National medical card) 87% (489) 
Medicaid (State medical card) 8% (46) 
Private insurance (HMO or PPO) 3% (14) 
Other insurance 2% (12) 

If family lost current income, how long could you live in your current situation? (%, n)  
<1 month 42% (236) 
1-2 months 23% (131) 
3-6 months 9% (49) 
7-12 months 4% (24) 
>12 months 20% (110) 
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Table 2. Continued  
Dialysis Type  (%, n)  

Hemodialysis 93% (519) 
Peritoneal dialysis 7% (41) 

How often has someone help read hospital materials? (%, n)  
None of the time 55% (309) 
A little of the time/Some of the time 33% (184) 
Most of the time/All of the time 12% (68) 

How confident are you in filling out hospital forms by yourself? (%, n)  
All of the time 48% (271) 
Most of the time/ Some of the time 38% (212) 
A little of the time/None of the time 13% (75) 

Has needed social support (%, n) 76% (426) 
Medical mistrustb (mean, sd) 2.8 (0.6) 
CDC HRQOL-4  

General healthc (mean, sd) 3.4 (1.0) 
Note: HLOC = Health locus of control 

aScore ranges from 6-36, with higher scores reflecting higher HLOC of this type. 
bScore ranges from 1-4, with higher scores reflecting higher medical mistrust. 
cScore ranges from 1-5, with higher scores reflecting better health. 

 
Table 3 shows the distribution of the LDKT and DDKT Pros, Cons, and Self-Efficacy 

scale scores. Very few cases (4 of 561) included in the study sample were missing items from 

these measures. All of these scales exhibited a ceiling effect, with extensive proportions at the 

ceiling for the LDKT Pros (24%), LDKT Self-Efficacy (25%), DDKT Pros (38%), and DDKT 

Self-Efficacy (19%) scales.  Polychoric correlations among the items in each of these 6 scales are 

shown in Tables 4a-4d and 5a-5b. For all the scales, the majority of items were highly or 

moderately (medium) correlated with one another, with very few small correlations observed.  

Table 3. LDKT and DDKT Pros, Cons, and Self-Efficacy (SE) Scales from Treatment Decision-Making 
Dataset 
 LDKT 

Pros 
LDKT  
Cons 

LDKT  
SE 

DDKT 
Pros 

DDKT  
Cons 

DDKT  
SE 

n of observations 558 557 558 559 558 561 
Mean 25.0 20.1 22.5 26.4 21.3 32.6 
Standard Deviation 4.9 5.9 6.9 4.7 5.9 6.9 
% at Floor 0.2% 1% 3% 0.2% 0.4% 1% 
% at Ceiling 24% 7% 25% 38% 8% 19% 
Minimum Score Observed 6.0 6.0 6.0 6.0 6.0 8.0 
25th Percentile 22.0 16.0 18.0 25.0 18.0 29.0 
50th Percentile (Median) 26.0 20.0 24.0 28.0 22.0 34.0 
75th Percentile 29.0 25.0 29.0 30.0 26.0 38.0 
Maximum Score Observed 30.0 30.0 30.0 30.0 30.0 40.0 
LDKT = Living donor kidney transplant; DDKT = Deceased donor kidney transplant  
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Table 4a. Polychoric Correlations between Living Donor Kidney Transplant (LDKT) Pros Items from 
Treatment Decision-Making Dataset 
 1 2 3 4 5 6 
With a living donor transplant, I will be able to contribute to my family and 
friends sooner (1) 

1.0      

I will be healthier because I spent less time on dialysis (2) .43 1.0     
With a living donor transplant, I can return to my normal activities sooner 
(3) 

.74 .48 1.0    

A living donor kidney generally lasts longer than a deceased donor kidney 
(4) 

.48 .29 .41 1.0   

A living donor transplant could happen more quickly because I don’t have 
to wait for a kidney on the waiting list (5) 

.34 .45 .45 .55 1.0  

My living donor will feel good seeing my health improve (6) .65 .35 .50 .31 .30 1.0 
Table 4b. Polychoric Correlations between LDKT Cons Items from Treatment Decision-Making Dataset 
 1 2 3 4 5 6 
The surgery will inconvenience the living donor’s work or life too much (1) 1.0      
I will feel guilty having someone donate to me (2) .40 1.0     
I don’t want to involve anyone else in my health problems (3) .38 .55 1.0    
Donation could harm my relationship with a living donor (4) .48 .39 .41 1.0   
The living donor could not donate again if someone closer to them ever 
need a kidney (5) 

.44 .24 .15 .31 1.0  

A living donor could have health problems due to donating (6) .50 .36 .38 .55 .28 1.0 
Table 4c. Polychoric Correlations between LDKT Self-Efficacy Items from Treatment Decision-Making 
Dataset 
 1 2 3 4 5 6 
You asked someone to donate and they turned you down (1) 1.0      
A potential living donor changed their mind and decided not to be 
evaluated (2) 

.84 1.0     

A potential living donor who was evaluated did not match you (3) .78 .82 1.0    
You don’t know anyone who might be a living donor for you (4) .74 .70 .60 1.0   
You didn’t know how to discuss living donation with potential donors (5) .77 .71 .59 .79 1.0  
Other people were not supportive of you having a living donor transplant 
(6) 

.72 .63 .64 .59 .66 1.0 

Bold correlations are large according to Cohen’s rule, > .371; n’s ranged from 521 – 557. 
 

Table 5a. Polychoric Correlations between Deceased Donor Kidney Transplant (DDKT) Pros Items from 
Treatment Decision-Making Dataset 
 1 2 3 4 5 6 
I would not have to be on dialysis. (1) 1.0      
I would live a longer life with a transplant. (2) .43 1.0     
I would feel better and have more energy with a transplant. (3) .43 .68 1.0    
If I got a transplant, my family’s life could return to normal. (4) .36 .55 .55 1.0   
If I got a transplant, my friends and family would have me in their lives 
longer.(5) 

.40 .69 .68 .66 1.0  

I could do more of the things I like to do with a transplant. (6) .48 .57 .67 .56 .70 1.0 
Table 5b. Polychoric Correlations between DDKT Cons Items from Treatment Decision-Making Dataset 
Transplant surgery would be very painful for me. (1) 1.0      
If the transplant fails, it would have been a lot of work and pain for nothing. 
(2) 

.36 1.0     

I would have to take a lot of medicine after transplant. (3) .30 .34 1.0    
I could die during the transplant surgery. (4) .48 .34 .44 1.0   
I could have health problems due to the transplant. (5) .48 .37 .40 .51 1.0  
I might not be able to pay for the drugs to prevent transplant rejection. (6) .34 .28 .35 .33 .42 1.0 
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Table 5c. Polychoric Correlations between DDKT Self-Efficacy Items from Treatment Decision-Making 
Dataset 
 1 2 3 4 5 6 7 8 
Your friends and family were unsupportive of you getting a 
transplant. (1) 

1.0        

You didn't have transportation to the transplant center. (2) .50 1.0       
The evaluation process took several months to finish. (3) .71 .63 1.0      
The transplant tests and surgery were very painful. (4) .54 .54 .62 1.0     
You had to lose weight or change your lifestyle in some way 
to be eligible for a transplant. (5) 

.56 .54 .66 .56 1.0    

You didn't have someone to help you with your family 
responsibilities when you were recovering from surgery. (6) 

.51 .53 .50 .50 .59 1.0   

The transplant evaluation and surgery scared you. (7) .47 .54 .63 .60 .52 .63 1.0  
You didn’t know how to pay for the drugs to prevent 
rejection after the surgery. (8) 

.42 .53 .44 .48 .52 .50 .52 1.0 

Bold correlations are large according to Cohen’s rule, > .371; n’s ranged from 548-560. 
 

The 12 items for the LDKT Pros and Cons scales were examined in an exploratory factor 

analysis. The ML model for these scales resulted in a communality >1, called an ultra-Heywood 

case. Heywood cases in ML estimation may be more likely with small sample sizes, and 

principal axis factoring may be a better estimator than ML estimation in this cases.186 Therefore, 

in the presence of an ultra-Heywood case with ML estimation, principal axis factoring was 

selected. In this model, the 12 eigenvalues were 3.47, 1.81, 0.47, 0.28, 0.16, 0.08, 0.04, -0.07, -

0.12, -0.20, -0.22, -0.26 (recall that the priors are set to squared multiple correlations, causing 

negative eigenvalues). Figure 8 shows the plot of actual to simulated eigenvalues from the 

parallel analysis on this scale, which also indicated support for 2 factors. Additionally, the scree 

plot from this model (shows as the “Actual” eigenvalue plot in Figure 8), also suggested a 2 

factor solution.  
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Table 5. shows the loadings for these scales. All loaded on their respective factors at 0.40 

or greater. Given that the dimensionality of the LDKT Pros and Cons scale matched that of the 

original dimensionality,74 the confirmatory factor analysis was conducted on the entire sample 

(n=561). A CFA model (Table 5) for these scales was fit wherein the LDKT Pros and Cons items 

(12 items total) were considered in a 2 correlated factors model for categorical variables 

(polychoric correlation matrix) with robust ML estimation. This approach was taken in the 

original construction of these scales. The two factor model showed good fit: Satorra-Bentler χ2 = 

119.53, df = 53, p<0.001; RMSEA = 0.05; CFI = 0.96; and TLI = 0.95. The inter-correlation 

between the factors was 0.18. All factor loadings were greater than 0.40. 
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Table 6. Factor Analyses and Item-to-Total Correlations for Living Donor Kidney Transplant (LDKT) Pros 
and Cons Scales from Treatment Decision-Making Dataset 
 Factor 1 (LDKT Pros) Factor 2 (LDKT Cons) 
 EFA 

Loading 
CFA 
Loading 

Item- 
Total-Corr. 

EFA 
Loading 

CFA 
Loading 

Item-
Total-Corr 

LDKT Pros (α = 0.72)       
With a living donor transplant, I will be 
able to contribute to my family and 
friends sooner (LDPro1) 

0.85 0.83 0.53 -0.06 - 0.07 

I will be healthier because I spent less 
time on dialysis (LDPro2) 

0.55 0.55 0.35 0.07 - 0.17 

With a living donor transplant, I can 
return to my normal activities sooner 
(LDPro3) 

0.80 0.84 0.57 -0.04 - 0.11 

A living donor kidney generally lasts 
longer than a deceased donor kidney 
(LDPro4) 

0.55 0.47 0.35 0.21 - 0.21 

A living donor transplant could happen 
more quickly because I don’t have to 
wait for a kidney on the waiting list 
(LDPro5) 

0.59 0.57 0.43 0.08 - 0.12 

My living donor will feel good seeing my 
health improve (LDPro6) 

0.67 0.69 0.44 -0.11 - 0.05 

LDKT Cons (α = 0.71)       
The surgery will inconvenience the living 
donor’s work or life too much (LDCon1) 

0.01 - 0.14 0.69 0.76 0.56 

I will feel guilty having someone donate 
to me (LDCon2) 

-0.02 - 0.08 0.62 0.63 0.48 

I don’t want to involve anyone else in my 
health problems (LDCon3) 

-0.05 - 0.10 0.63 0.58 0.44 

Donation could harm my relationship 
with a living donor (LDCon4) 

0.01 - 0.16 0.68 0.62 0.43 

The living donor could not donate again 
if someone closer to them ever need a 
kidney (LDCon5) 

0.20 - 0.17 0.41 0.43 0.29 

A living donor could have health 
problems due to donating (LDCon6) 

0.003 - 0.12 0.67 0.68 0.48 

Table 6 also shows the item-to-total scale correlations (corrected for overlap) for each 

item and the internal consistency reliability for each scale (both calculated on the entire sample). 

Most items had large correlations with their hypothesized scale (>0.371), or very near large 

correlations (e.g., LDPro2 and LDPro4 were both correlated with the LDKT Pros Scale at 

r=0.35). The lowest item-to-scale correlation was between LDCon5 and the LDKT Cons scale, at 

r=0.29, still medium in magnitude. Internal consistency reliabilities were only acceptable for 

each of these scales (>0.70 and <0.80).  
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Regarding the LDKT Self-Efficacy scale, the EFA using ML estimation yielded the 

following eigenvalues: 19.13, 0.70, 0.12, -0.02, -0.32, -0.48. Parallel analysis and the scree plot 

for the LDKT Self-Efficacy scale indicated a 1 factor solution. (Figure 9)  

 

Again, since the EFA dimensionality matched that of the original scale, the CFA was run 

on the full dataset. The CFA model for categorical variables (polychoric correlations) with robust 

ML estimation for the LDKT Self-Efficacy scale for a single factor showed mixed results.  The 

Satorra-Bentler was significant: χ2 = 62.09, df = 9, p<0.001. Additionally, the RMSEA did not 

indicate good model fit at 0.10. However, other fit indexes indicated excellent fit: CFI = 0.99; 

and TLI = 0.99. Table 7 shows the factor loadings from the EFA and CFA models. All loadings 

for both the EFA and CFA models were >0.40. 

Table 7. Factor Analyses and Item-to-Total Correlations for Living Donor Kidney Transplant (LDKT) 
Self-Efficacy from Treatment Decision-Making Dataset 
LDKT Self-Efficacy (α = 0.89) EFA 

Loading 
CFA 
Loading 

Item-
Total-Corr 

You asked someone to donate and they turned you down (LDSE1) 0.94 0.76 0.79 
A potential living donor decided not to be evaluated (LDSE2) 0.90 0.80 0.76 
A potential living donor who was evaluated did not match you (LDSE3) 0.83 0.89 0.70 
You don’t know anyone who might be a living donor for you (LDSE4) 0.79 0.86 0.64 
You didn’t know how to discuss living donation with potential donors 
(LDSE5) 

0.82 0.82 0.69 

Other people were not supportive of you having a LDKT (LDSE6) 0.75 0.79 0.66 
EFA = Exploratory Factor Analysis; CFA = Confirmatory Factor Analysis 
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In addition, Table 7 shows the item-to-scale (corrected for overlap) and internal 

consistency reliability of the LDKT Self-Efficacy scale. All the item-to-scale correlation 

coefficients were large in magnitude (>0.371), and the internal consistency reliability was good 

(>0.80), bordering on excellent (>0.90) at 

r=0.89.   

Regarding the EFA for the DDKT 

Pros and Cons items, the ML solution also 

yielded an ultra-Heywood case 

(communality >1), so principal axis 

factoring was used for estimation. This 

model, containing all 12 DDKT Pros and Cons items, yielded the following eigenvalues: 3.80, 

2.10, 0.29, 0.22, 0.15, 0.09, 0.02, -0.04, -0.09, -0.14, -0.20, and -0.26. Figure 10 shows that 

parallel analysis and the scree plot supported 2 factors.  

Table 8 shows the factor loadings from this EFA model. All items loaded on their 

hypothesized scale at 0.40 or higher. Since this dimensionality matched the original scale, the 

CFA was run on the full dataset. The 2 correlated factors CFA model for categorical variables 

(polychoric correlation matrix) with robust ML estimation was an excellent fit to the data: 

Satorra-Bentler χ2 = 69.92, df = 53, p=0. 06; RMSEA = 0.03; CFI = 0.99; and TLI = 0.99. The 

inter-correlation between the factors was 0.23. 
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Table 8. Factor Analyses and Item-to-Total Correlations for Deceased Donor Kidney Transplant (DDKT) 
Pros and Cons Scales from Treatment Decision-Making Dataset 
 Factor 1 (DDKT Pros) Factor 2 (DDKT Cons) 
 EFA 

Loading 
CFA 
Loading 

Item- 
Total-Corr. 

EFA 
Loading 

CFA 
Loading 

Item-
Total-Corr 

DDKT Pros (α = 0.80)       
I would not have to be on dialysis. 
(DDPro1) 

0.54 0.61 0.40 -0.01 - 0.10 

I would live a longer life with a 
transplant. (DDPro2) 

0.82 0.80 0.61 -0.13 - 0.06 

I would feel better and have more energy 
with a transplant. (DDPro3) 

0.83 0.81 0.59 -0.05 - 0.06 

If I got a transplant, my family’s life 
could return to normal. (DDPro4) 

0.71 0.72 0.55 0.05 - 0.17 

If I got a transplant, my friends and 
family would have me in their lives 
longer. (DDPro5) 

0.84 0.81 0.58 0.10 - 0.14 

I could do more of the things I like to do 
with a transplant. (DDPro6) 

0.78 0.83 0.64 0.07 - 0.12 

DDKT Cons (α = 0.72)       
Transplant surgery would be very painful 
for me. (DDCon1) 

-0.07 - 0.06 0.65 0.64 0.50 

If the transplant fails, it would have been 
a lot of work and pain for nothing. 
(DDCon2) 

-0.06 - 0.06 0.56 0.57 0.43 

I would have to take a lot of medicine 
after transplant. (DDCon3) 

0.17 - 0.15 0.54 0.58 0.40 

I could die during the transplant surgery. 
(DDCon4) 

-0.01 - 0.12 0.71 0.66 0.47 

I could have health problems due to the 
transplant. (DDCon5) 

-0.05 - 0.10 0.72 0.74 0.56 

I might not be able to pay for the drugs to 
prevent transplant rejection. (DDCon6) 

0.12 - 0.12 0.52 0.58 0.39 

EFA = Exploratory Factor Analysis; CFA = Confirmatory Factor Analysis 
 

 Table 8 also shows the corrected item-to-total correlations for the DDKT Pros and Cons 

scales. All the item-to-scale correlations were of large magnitude (>0.371). Additionally, while 

the DDKT Pros scale exhibited good reliability (>0.80), the DDKT Cons scale only exhibited 

acceptable reliability (>0.70). The reliability of the DDKT Cons scale was comparable to that of 

its validation study (0.80 vs. 0.81, respectively), though the DDKT Cons scale had worse 

reliability in the present study (0.72 vs. 0.76).73   
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 Finally, regarding the DDKT Self-Efficacy scale, like many of the other scales, an ultra-

Heywood case emerged for the 

ML model (communality > 1). 

Therefore, the principal axis 

factor model was used. This 

model yielded the following 

eigenvalues: 4.39, 0.25, 0.07, 

0.04, -0.03, -0.04, -0.09, and -

0.21. Parallel analysis and the 

scree plot of this scale indicated 

a 1 factor solution. (Figure 11).  

 The loadings from the model are shown in Table 9. All loadings were greater than 0.40, 

ranging from 0.65 (DDSE8) to 0.83 (DDSE3).  Like the models above, since the dimensionality 

suggested by the EFA matched the original dimensionality, the CFA was run on the full sample 

(n=561). The results of a CFA model for categorical variables (polychoric correlations) with a 

single factor using robust ML estimation demonstrated good fit to the data: Satorra-Bentler χ2 = 

53.00, df = 20, p<0.001; RMSEA = 0.06; CFI = 0.99; and TLI = 0.99. All of the loadings were 

>0.40. 
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Table 9. Factor Analyses and Item-to-Total Correlations for Deceased Donor Kidney Transplant (DDKT) 
Self-Efficacy from Treatment Decision-Making Dataset 
DDKT Self-Efficacy (α = 0.83) EFA 

Loading 
CFA 
Loading 

Item-
Total-Corr 

Your friends & family were unsupportive of you getting a transplant. 
(DDSE1) 

0.73 0.71 0.55 

You didn't have transportation to the transplant center. (DDSE2) 0.73 0.66 0.51 
The evaluation process took several months to finish. (DDSE3) 0.83 0.83 0.64 
The transplant tests and surgery were very painful. (DDSE4) 0.74 0.75 0.58 
You had to lose weight or change your lifestyle in some way to be eligible for 
a transplant. (DDSE5) 

0.76 0.76 0.60 

You didn't have someone to help you with your family responsibilities when 
you were recovering from surgery. (DDSE6) 

0.73 0.65 0.58 

The transplant evaluation and surgery scared you. (DDSE7) 0.76 0.67 0.59 
You didn’t know how to pay for drugs to prevent rejection after surgery. 
(DDSE8) 

0.65 0.59 0.47 

EFA = Exploratory Factor Analysis; CFA = Confirmatory Factor Analysis 
 

 Table 9 also shows the item-to-total scale correlations (corrected for overlap) and internal 

consistency reliability for the DDKT SE scale. All item-to-total scale correlations were large in 

magnitude. Additionally, the internal consistency reliability was good at 0.83.  

5.2 TREATMENT DECISION-MAKING AIM 2 RESULTS  
Measurement invariance between Black and White patients was examined for the 2 correlated 

factors DDKT Decisional Balance (Pros and Cons) and a 1 factor model for DDKT Self-Efficacy 

using multiple-group CFA using the robust weighted least squares with mean and variance 

adjustment (WLSMV) estimator. Table 10 shows the loadings for White vs. Black patients for 

DDKT Pros and Cons scales from the Configural model.  Loadings on the Pros and Cons scales 

were largely similar across the racial groups and all fell within the range of small differences 

(0.1> loading <0.20).  
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Table 10. Configural Robust Weighted Least Squares Model Factor Loadings for 
White and Black Patients on Deceased Donor Kidney Transplant (DDKT) Pros and 
Cons Scales  
 DDKT Pros DDKT Cons 
 Black White Black White 
DDPro1 0.54 0.70 - - 
DDPro2 0.74 0.86 - - 
DDPro3 0.78 0.88 - - 
DDPro4 0.74 0.72 - - 
DDPro5 0.76 0.90 - - 
DDPro6 0.79 0.93 - - 
DDCon1 - - 0.58 0.66 
DDCon2 - - 0.53 0.58 
DDCon3 - - 0.56 0.70 
DDCon4 - - 0.66 0.63 
DDCon5 - - 0.75 0.74 
DDCon6 - - 0.61 0.56 

 

Even though some small differences in loadings were observed, the formal tests of measurement 

invariance did not offer evidence to reject invariance hypotheses. Table 11 shows these results. 

The χ2 difference tests between the Configural, Metric, and Scale models between the 

increasingly restrictive models were all non-significant, and the ΔCFI values fell below the 

critical value for rejecting the null hypothesis invariance at every step (0.01).   

Table 11. Measurement Invariance White vs. Black for DDKT Decisional Balance 
Modelb Hypothesis χ2 Df P CFI Δχ2,a  Δdf p ΔCFI 
Configura
l 

Invariant factor 
structure 

153.21 106 0.002 0.984 - - - - 

Metric Above + invariant 
factor loadings 

161.90 116 0.003 0.985 10.02 10 0.44 0.001 

Scalar Above + invariant 
intercepts 

200.13 150 0.004 0.983 40.84 34 0.20 -0.002 

aΔχ2 difference test for model in row above: Metric vs. Configural, Scalar vs. Metric 
bAll models estimated with Robust Weighted Least Squares.  

 
 
Regarding the measurement invariance results for the DDKT SE scale, all differences in loadings 

in the Configural Model between Black and White patients were below the threshold for small 

differences (>0.1 = small; >0.2 = medium; >0.3 = large.). (Table 12.) 
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Table 12. Configural Robust Weighted Least Squares Model 
Factor Loadings for White and Black Patients on the DDKT 
Self-Efficacy Scale  
 DDKT SE 
 Black White 
DDSE1 0.70 0.72 
DDSE2 0.68 0.62 
DDSE3 0.86 0.77 
DDSE4 0.76 0.75 
DDSE5 0.76 0.76 
DDSE6 0.74 0.64 
DDSE7 0.74 0.72 
DDSE8 0.61 0.56 

 

Additionally, although the χ2 differences test between the Metric and Scalar models was 

statistically significant at 0.04, the ΔCFI between these models was very low at 0.001, well 

below the 0.01 threshold, with model fit actually improving somewhat in the Scalar model. 

(Table 13.) 

Table 13. Measurement Invariance White vs. Black for DDKT Self-Efficacy 
Modelb Hypothesis χ2 df p CFI Δχ2,a  Δdf p ΔCFI 
Configura
l 

Invariant factor 
structure 

102.45 40 <0.001 0.979 - - - - 

Metric Above + invariant 
factor loadings 

96.83 47 <0.001 0.983 3.95 7 0.97 0.004 

Scalar Above + invariant 
intercepts 

118.19 70 <0.001 0.984 36.78 23 0.04 0.001 

aΔχ2 difference test for model in row above: Metric vs. Configural, Scalar vs. Metric  
bAll models estimated with Robust Weighted Least Squares. 

 

5.3 TREATMENT DECISION-MAKING AIM 3 RESULTS 
The biggest deficiency of these scales was their reliability. In particular, the LDKT Pros and 

Cons, and the DDKT Cons scales had Cronbach’s alphas just over the cut-off for acceptable 

reliability, 0.70. Using the Spearman-Brown Prophecy Formula, the number of items required to 

bring all the scales to good (α = 0.80, if not already achieved) and excellent reliability was 
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calculated (α = 0.90).  Table 14. shows the number of total items for each scale needed to 

achieve good and excellent reliability. 

Table 14. Spearman Brown Prophecy Formula Calculations for Increased Reliability of Living 
Donor Kidney Transplant (LDKT) and Deceased Donor Kidney Transplant (DDKT) Pros, Cons, and 
Self-Efficacy Scales 
Scale Current α,  

n of Items  
Total Items Needed 
for Good Reliability  
(α = 0.80) 

Total Items Needed for  
Excellent Reliability  
(α = 0.90) 

LDKT Pros 0.72, 6 10 21 
LDKT Cons 0.71, 6 10 23 
LDKT Self-Efficacy 0.89, 6 -a 7 
DDKT Pros 0.80, 6 - a 14 
DDKT Cons 0.72, 6 10 21 
DDKT Self-Efficacy 0.83, 8 - a 15 
aAlready achieved good reliability. 

 

For the LDKT Pros, LDKT Cons, and DDKT Cons scales, a total of 10 items would be required 

for these scales to achieve good reliability, entailing the addition of 4 items to each scale. Each 

scale would need to add several items to achieve excellent reliability, with items total for each 

scale ranging between 7-23 items.   

 Based on these analyses, the primary recommendation for future research on these scales 

includes their expansion with more items to achieve excellent reliability. Each of these scales is 

used for individual assessment in the context of educational interventions about kidney 

transplantation.120 The current, low reliabilities of these scales are insufficient for this usage. 

However, additional scale length may also create administrator and respondent burden. 

Therefore, the most useful study of these scales would be to create item banks with many items, 

then use Item Response Theory to create short forms that achieve the reliability of the full item 

bank.  
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CHAPTER 6. MEDICATION ADHERENCE RESULTS 

6.1 MEDICATION ADHERENCE AIM 1 RESULTS 
There were 130,088 total participants in the Kantar Health 2012-2013 National Health 

and Wellness Survey. Of these, the analysis sample consisted of 756 who reported CKD. The 

average age of these participants was 58 years (range: 20-93), and they were predominantly 

White (71%). The largest proportion of these participants had completed some college (46%) and 

most were married or cohabiting (58%). A large majority was not on dialysis (78%), and the 

most common medical comorbidities were hypertension (77%) and diabetes (45%), the two 

leading causes of kidney failure.148 (Table 15). 

Table 15. CKD Patient Characteristics from Medication Adherence Dataset (n= 756) 
Age (mean, SD, range) 57.6, 14.7, 20-93 
Race/Ethnicity (%, n)  

White 71% (538) 
Black  13% (97) 
Asian 4% (27) 
Hispanic 9.0% (68) 
American Indian 2% (13) 
Multi-racial 1% (9) 
Other 0.5% (4) 

Sex  
Female 38% (290) 
Male 62% (466) 

Education (%, n)  
High school grad or less 20% (152) 
Some college 46% (345) 
College grad or more 34% (259) 

Marital Status (%, n)  
Married/Cohabitation 58% (440) 
Single, never married 16% (122) 
Divorced/separated 16% (123) 
Widowed 10% (71) 

On Dialysis (%, n)  
Yes 21% (158) 
No 78% (588) 
Missing 1% (10) 

BMI (mean, SD, range) 31.2, 8.2, 11.7-82.6 
Ever smoked cigarettes  

Yes 58% (435) 
No 42% (321) 
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Table 15. Continued 
Comorbidities Diagnosed by Dr (%, n)  

Alcoholism 6% (43) 
Anxiety 24% (180) 
Hypertension 77% (581) 
Congestive heart failure 17% (129) 
Diabetes 45% (343) 

 
Most respondents self-reported being adherent to their medication on the 8 items of the 

MMAS-8. (Table 16). For example, to the item “Do you sometimes forget to take your pills?”, 

only 20% answered “yes”. Additionally, to these items “Have you ever cut back or stopped 

taking your medication without telling your doctor because you felt worse when you took it? ” 

and “When you feel like your condition is under control, do you sometimes stop taking your 

medicine?,” only 7% and 8% responded “yes”, respectively. The mean MMAS-8 score (0-8 

possible range) in this sample was 6.7 (SD = 1.6).   

Table 16. Distribution of MMAS-8 Items among CKD Patients from Medication Adherence Health 
Dataset (n= 756) 
Do you sometimes forget to take your pills?  

Yes 20% (149) 
No 80% (607) 

Over the past 2 weeks, were there any days when you did not take your medicine?  
Yes 13% (95) 
No 87% (661) 

Have you ever cut back or stopped taking your medication without telling your doctor 
because you felt worse when you took it? 

 

Yes 7% (52) 
No 93% (704) 

When you travel or leave home, do you sometimes forget to bring along your medications?  
Yes 11% (85) 
No 89% (671) 

Did you take your medicine yesterday?  
Yes 88% (663) 
No 12% (93) 

When you feel like your CKD is under control, do you sometimes stop taking your 
medicine? 

 

Yes 8% (57) 
No 92% (699) 

Taking medication every day is a real inconvenience for some people. Do you ever feel 
hassled about sticking to your treatment plan? 

 

Yes 25% (193) 
No 75% (563) 

How often do you have difficulty remembering to take all your medication?  
Never/Rarely 66% (498) 
Once in a while/Sometimes/Usually/All the time 34% (258) 
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Examining polychoric correlations between the items, most items were highly inter-

correlated (polychoric r > 0.371). A notable exception was the item “Did you take your medicine 

yesterday?”, which had relatively low correlations with the other items. (Table 17.) 

Table 17. Polychoric Correlations between MMAS-8 Items from Medication 
Adherence Dataset (full dataset) 
 1 2 3 4 5 6 7 8 
Forgetting (Item 1) 1.0        
Any days (Item 2) .71 1.0       
Cut-back (Item 3) .59 .81 1.0      
Travel (Item 4) .58 .67 .65 1.0     
Yesterday (Item 5) -.01 .10 .19 .05 1.0    
Under control (Item 6) .69 .68 .82 .67 .23 1.0   
Inconvenience (Item 7) .45 .59 .61 .56 -.06 .47 1.0  
Remembering (Item 8) .59 .63 .52 .54 .21 .41 .51 1.0 
Bold correlations are large according to Cohen’s rule, > .371 

 

In the EFA, ML estimation 

yielded an ultra-Heywood case, so 

principal factoring was chosen. This 

model resulted in the following 8 

eigenvalues:  4.17, 0.76, 0.30, 0.15, 

0.05, -0.05, -0.11, and -0.18. The 

parallel analysis of this scale 

suggested a 1 factor solution. (Figure 

12) The loadings for this EFA are presented in Table 11. All items loaded at >0.40 except the 5th 

item, “Yesterday”. Since the factor structure of the EFA largely mirrored the original MMAS-8 

factor structure, the CFA was conducted on the full sample (n=756). This CFA model, which 

employed polychoric correlations for the categorical variables and used robust ML estimation, fit 

the data very well: Satorra-Bentler χ2 = 57.28, df = 20, p<0.001; RMSEA = 0.05; CFI = 0.98; 

TLI = 0.97. However, Item 5 (“Yesterday”) had a very low loading at 0.15. Therefore, a second 
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model omitting this item was examined: Satorra-Bentler χ2 = 63.12, df = 13, p<0.001; RMSEA = 

0.06; CFI = 0.99; TLI = 0.98. The likelihood ratio test to determine whether nested models 

differed significantly in fit (original model vs. original model with loading for Item 5 set to 0) 

yielded the following: 𝜒𝜒𝑜𝑜𝑖𝑖𝑑𝑑𝑑𝑑2 =  𝜒𝜒𝑑𝑑𝑓𝑓𝑜𝑜𝑜𝑜2 −  𝜒𝜒𝑟𝑟𝑛𝑛𝑜𝑜𝑓𝑓𝑟𝑟𝑛𝑛𝑜𝑜 
2  = abs(57.23-63.12) = 5.84; 𝑑𝑑𝑑𝑑𝑜𝑜𝑖𝑖𝑑𝑑𝑑𝑑 =  𝑑𝑑𝑑𝑑𝑑𝑑𝑓𝑓𝑜𝑜𝑜𝑜 −

 𝑑𝑑𝑑𝑑𝑟𝑟𝑛𝑛𝑜𝑜𝑓𝑓𝑟𝑟𝑛𝑛𝑜𝑜= abs(20 – 13) = 7: χ2 = 5.84, df = 7, p=0.55. Since there is not a significant difference 

in fit, the more parsimonious model is preferable. In addition, the CFI and TLI values for the 7-

item model were slightly higher, though its RMSEA was slightly higher as well (Table 18).    

Table 18. Exploratory and Confirmatory Factor Analyses and Item-to-Total 
Correlations of MMAS-8 from Medication Adherence Dataset 
 

EFA CFA 
Item-total 
Correlationa 

Forgetting (Item 1) 0.74 0.75 0.52 
Any days (Item 2)  0.86 0.83 0.60 
Cut-back (Item 3) 0.88 0.82 0.52 
Travel (Item 4) 0.73 0.76 0.50 
Yesterday (Item 5) 0.17 - - 
Under control (Item 6) 0.88 0.78 0.48 
Inconvenience (Item 7) 0.59 0.68 0.43 
Remembering (Item 8) 0.66 0.68 0.44 
aCorrected item-to-total correlations using multi-trait scaling method. 

 

The corrected item-to-total correlations for this 7 item scale ranged between 0.43-0.60 

(Table 17). The internal consistency reliability for this scale was acceptable at 0.78. 

6.2 MEDICATION ADHERENCE AIM 2 RESULTS 
Regarding the measurement invariance models for the MMAS-8 scale, the Metric Model 

(constrained factor loadings to be equal across groups) is not available due to the binary 

distribution of the items with the WLSMV estimator, since this model is not identified because 

residual variances vary across groups in this model. Differences in loadings in the Configural 

Model (all parameters freely estimated) between Black and White patients were most often 
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within the threshold for small differences (>0.10 and <0.20); however, Item 6 had a difference in 

loadings between groups of medium magnitude (>0.20 and <0.30). (Table 19.) 

Table 19. Configural Robust Weighted Least Squares Model Factor 
Loadings for White and Black Patients on the MMAS-8 
 Black White Difference 
Forgetting (Item 1) 0.50 0.50 0.00 
Any days (Item 2)  0.78 0.88 0.10 
Cut-back (Item 3) 0.92 0.79 0.13 
Travel (Item 4) 0.62 0.50 0.12 
Under control (Item 6) 0.90 0.65 0.25 
Inconvenience (Item 7) 0.35 0.38 0.03 
Remembering (Item 8) 0.37 0.51 0.14 

 

While the Δχ2 was statistically significant between the Configural and the Scalar Models, the 

ΔCFI did not quite reach the threshold to reject the hypothesis of invariance.  It is important to 

note, however, that the model fit declined slightly with the more restrictive, Scalar Model. 

Table 20. Measurement Invariance White vs. Black for MMAS-8 
Modelb Hypothesis χ2 df p CFI Δχ2,a  Δdf p ΔCFI 
Configura
l 

Invariant factor 
structure 

65.67 42 0.01 0.982 - - - - 

Scalar Above + invariant 
factor loadings + 
invariant intercepts 

89.92 54 0.002 0.973 25.70 12 0.01 0.009 

aΔχ2 difference test for model in row above  
bAll models estimated with Robust Weighted Least Squares. 

 

6.3 MEDICATION ADHERENCE AIM 3 RESULTS 
In this study, the modified (7 item) MMAS-8’s internal consistency reliability was only 

0.78, not meeting the cut-off for good (>0.80) or excellent (>0.90) reliability. Internal 

consistency reliability was 0.83 in a previous study, exceeding the cut-off for good reliability.139 

Therefore, the Spearman Brown prophecy formula was used to determine the number of items 

that could be added to improve this scale’s reliability. 
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Table 21. Spearman Brown Prophecy Formula Calculations for Increased Reliability of the MMAS 
Scale 
Scale Current α,  

n of Items  
Total Items for  
Good Reliability  
(α = 0.80) 

Total Items for  
Excellent Reliability  
(α = 0.90) 

MMAS 7 items 0.78, 7 8 18 
 

 Adding an additional item to the 7 item scale would achieve good reliability. However, it 

is important to note that, under the Spearman Brown prophecy formula, the item added must be 

correlated equally or more strongly than the other items to achieve higher reliability. With this 

in mind, adding back in the “Yesterday” (Item 5) would actually reduce the reliability of the 

MMAS scale considerably, resulting in a Cronbach’s alpha of 0.73. Table 22. shows Cronbach’s 

alphas for the MMAS-8 when the item in question is removed. As we can see, removing 

“Yesterday” (Item 5) achieves the alpha of 0.78, as noted above. Therefore, a more reliable item 

than “Yesterday” (Item 5) would need to be added to achieve good reliability. Likewise, 11 more 

items of each or higher quality to achieve excellent reliability. Therefore, a similar 

recommendation is made regarding the use of IRT to develop large item banks that have high 

reliability, then creating shorter forms of equivalent reliability from those banks.  

Table 22. Cronbach’s Alpha for MMAS-8 with Deleted Items  
Item α 
Forgetting (Item 1) 0.71 
Any days (Item 2)  0.69 
Cut-back (Item 3) 0.69 
Travel (Item 4) 0.70 
Yesterday (Item 5) 0.78 
Under control (Item 6) 0.70 
Inconvenience (Item 7) 0.72 
Remembering (Item 8) 0.72 
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CHAPTER 7. HEALTH-RELATED QUALITY OF LIFE RESULTS 

7.1 HEALTH RELATED QUALITY OF LIFE AIM 1 RESULTS 
Between 06/01/2015 and 05/31/2016, MEI collected 77,072 assessments of the KDQOL-

36 with dialysis patients in the United States. Of these, 69,068 were assessments with unique 

patients, and 8,004 records were of patients with multiple assessments. After selecting the first 

assessment from those with multiple assessments, 72,982 assessments remained. A further 1,273 

assessments were excluded due to uncertainty about the assessment date, and 2 assessments were 

eliminated for incompleteness, leaving 71,707 assessments from unique patients. Finally, an 

additional 585 patient assessments were omitted due to age < 18 years, and 336 were omitted due 

to being pre-dialysis or having received a previous transplant, leaving a final sample of 70,786 

patient assessments for analysis. 

Table 23. provides patient characteristics from this dataset. Patients were, on average, 62 

years old, and the most prevalent racial/ethnic group was White (46%), with the next most 

common racial group being Black (27.2%). Most of the questionnaires were administered in 

English (88.3%), with another 10.2% administered in Spanish. Additionally, the majority of 

patients were using in-center hemodialysis (83.0%). 

Table 23. Dialysis Patient Characteristics from Health-Related Quality of Life (HRQOL) Dataset 
(n= 70,786) 
Age (mean, SD, range) 61.5, 14.5, 18-100 
Race/Ethnicity (%, n)  

White 31% (21,972) 
Black  27% (18,855) 
Asian 5% (3,414) 
Native Hawaiian/Pacific Islander 2% (1,401) 
American Indian/Alaska Native 1% (1,016) 
Hispanic/Latino 19% (13,594) 
Missing 15% (10,534) 
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Table 23. Continued 
Language of Survey (%, n)  

English 88% (62,489) 
Spanish 10% (7,228) 
Other 2% (1,062) 

Dialysis Type (%, n)  
In-Center Hemodialysis 83% (58,764) 
Peritoneal Dialysis 12% (8,535) 
Conventional Home Hemodialysis 3% (2,293) 
Other 2% (1,194) 

Dialysis Access Site (%, n)  
AV Fistula 37% (26,499) 
AV Graft 6% (4,166) 
Venous Catheter 20% (14,273) 
PD Catheter 11% (7,585) 
Missing 26% (18,263) 

Diabetes as Etiology of ESRD (%, n) 53% (37,246) 
Employment Status  

Retired Due to Disability 31% (21,647) 
Retired Due to Age/Preference 25% (17,515) 
Unemployed 10% (6,903) 
Employed Full Time 6% (4,435) 
Employed Part Time 4% (2,447) 
Homemaker 2% (1,578) 
Other 2% (1,542) 
Missing 21% (14,719) 

 

Table 24 provides the distribution of KDQOL-36 scales’ scores. The mean SF-12 PCS score was 

37.8, and the SF-12 MCS score was 50.7. The means of the Burden, Symptoms/Problems, and 

Effects scales were 52.3, 77.9, and 73.9, respectively. These scales showed relatively high 

proportions at the ceiling, but relatively few at the floor.  

Table 24. SF-12 Physical and Mental Health Component Scores and KDQOL Scales from Health-Related 
Quality of Life (HRQOL) Dataset 
 SF-12 PCS SF-12 

MCS 
KDQOL  
Burden 

KDQOL 
Symptoms 

KDQOL  
Effects 

SF-6D 

n of observations 69,763 69,763 70,099 70,088 70,023 70,051 
Mean 37.8 50.7 52.3 77.9 73.9 0.71 
Standard Deviation 10.4 10.3 29.9 16.2 21.6 0.15 
% at Floor  0% 0% 5% 0.04% 0.3% 0% 
% at Ceiling 0% 0% 9% 4% 10% 3% 
Minimum Score Observed 10.6 11.4 0 0 0 0.35 
25th Percentile 29.6 43.6 25.0 68.1 59.3 0.60 
50th Percentile (Median) 37.3 53.0 50.0 81.8 78.1 0.70 
75th Percentile 46.1 58.9 75.0 90.9 90.6 0.82 
Maximum Score Observed 65.9 72.0 100.0 100.0 100.0 1.0 



81 
 

Polychoric correlations between the items are presented in Appendix 2. Correlations were 

high among the Burden scale items and the Effects scale items. However, correlations among 

Symptoms/Problems items were somewhat diffuse. In particular, item 28, regarding the access 

site, did not demonstrate a large correlation with any other items (range of correlations 0.24-

0.31).  

 

Parallel analysis suggested 3 factors for the KDQOL targeted items. (Figure 13) The top 

5 eigenvalues in the EFA model were 21.18, 4.05, 1.79, 0.81, and 0.61. The scree plot (shown in 

Figure 13 as “Actual”) indicated that 3 factors should be retained. The Tucker Lewis reliability 

coefficient for the 3 factor model was 0.86, indicating somewhat less than excellent fit. 

Therefore, the 3 factor model was chosen. 

Table 25 shows the loadings and inter-factor correlations for this model. All items loaded 

on the factors put forth in the original KDQOL scales: i13-i16, Burdens of Kidney Disease; i17-

i28, Symptoms/Problems with Kidney Disease; and i29-i36, Effects of kidney Disease.1,187 Only 
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one item loaded lower than 0.40: item 28. There were no substantial (e.g., >0.40 on multiple 

factors) cross loadings. Finally, the inter-factor correlations were large, ranging from 0.49-0.65. 

Table 25. Exploratory Factor Analysis of Kidney Disease Quality of Life (KDQOL)-36 
Subscales from Health-Related Quality of Life (HRQOL) Dataset 
 Factor 1 Factor 2 Factor 3 
My KDa interferes too much with my life (i13)b 0.86 -0.01 0.04 
Too much time is spent dealing with KD (i14)b 0.93 -0.03 -0.02 
I feel frustrated dealing with my KD (i15)b 0.70 0.05 0.13 
I feel like a burden on my family (i16)b 0.46 0.10 0.21 
Soreness in your muscles? (i17)c 0.01 0.54 0.12 
Chest pain? (i18)c 0.04 0.70 -0.09 
Cramps? (i19)c 0.02 0.49 0.02 
Itchy skin? (i20)c 0.00 0.54 0.04 
Dry skin? (i21)c -0.03 0.53 0.10 
Shortness of breath? (i22)c 0.03 0.67 -0.05 
Faintness or dizziness? (i23)c 0.03 0.64 -0.01 
Lack of appetite? (i24)c -0.02 0.53 0.08 
Washed out or drained? (i25)c 0.08 0.55 0.18 
Numbness in hands or feet? (i26)c -0.01 0.54 0.08 
Nausea or upset stomach? (i27)c -0.02 0.62 0.06 
Problems with your access/catheter site? (i28)c,e 0.00 0.30 0.20 
Fluid restriction? (i29)d -0.01 0.06 0.58 
Dietary restriction? (i30)d -0.01 0.03 0.65 
Your ability to work around the house? (i31)d 0.06 0.20 0.54 
Your ability to travel? (i32)d 0.06 -0.03 0.71 
Being dependent on doctors and other medical staff? 
(i33)d 

0.08 -0.01 0.72 

Stress or worries caused by kidney disease? (i34)d 0.18 0.10 0.61 
Your sex life? (i35)d 0.01 -0.01 0.60 
Your personal appearance? (i36)d 0.03 0.09 0.66 

Factor 1 1.0 - - 
Factor 2 0.64 1.0 - 
Factor 3 0.49 0.65 1.0 
Note: Some items’ wording have been reduced to fit table. 
aKD = Kidney Disease 
bItem stem is “How true or false is each of the following statements for you?” 
cItem stem is “During the past 4 weeks, to what extent were you bothered by each of the 
following?” 
dItem stem is “How much does kidney disease bother you in each of the following areas?”  
eFor hemodialysis patients, access site is asked about; for peritoneal dialysis, catheter site is 
asked about. 
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Given that the EFA reproduced the original KDQOL scale dimensionality, the CFA 

analyses were conducted on the full sample of patients. A 3 correlated factors CFA model for 

categorical variables using robust ML estimation was used. Table 26 shows this model, which fit 

the data very well. Satorra-Bentler χ2 = 36,438.04, df = 249, p<0.001; RMSEA = 0.05; CFI = 

0.99; TLI = 0.97. 

Table 26. Confirmatory Factor Analysis of Kidney Disease Quality of Life (KDQOL)-36 
Items  
 KDQOL Burden of 

Kidney Disease 
KDQOL Symptoms/ 
Problems 

KDQOL Effects of 
Kidney Disease 

i13 0.87 - - 
i14 0.87 - - 
i15 0.84 - - 
i16 0.67 - - 
i17 - 0.65 - 
i18 - 0.62 - 
i19 - 0.53 - 
i20 - 0.57 - 
i21 - 0.59 - 
i22 - 0.63 - 
i23 - 0.64 - 
i24 - 0.58 - 
i25 - 0.73 - 
i26 - 0.59 - 
i27 - 0.66 - 
i28 - 0.45 - 
i29 - - 0.61 
i30 - - 0.65 
i31 - - 0.72 
i32 - - 0.72 
i33 - - 0.76 
i34 - - 0.83 
i35 - - 0.59 
i36 - - 0.73 

 

This model had superior fit in comparison to a multilevel model accounting for clustering 

within dialysis clinics: χ2 = 96,949.86, df = 249, p<0.001; RMSEA = 0.07; CFI = 0.93; TLI = 

0.92. 



84 
 

 Finally, the corrected item-to-total correlations for each item to its subscale were high. 

All items were most correlated with the scales they were hypothesized to represent, as noted in 

bold font in Table 27. In some cases, large correlations were also observed between items and 

other scales. All 3 scales showed good internal consistency reliability, with Cronbach’s alphas 

>0.80 but < 0.90. Facility-level reliabilities were slightly lower, but still acceptable to good, at 

0.75, 0.76, and 0.83 for the Burdens, Symptoms/Problems, and Effects subscales, respectively. 

The average number of patients per dialysis center was 51. Both sets of reliabilities indicate that 

the KDQOL scales are reliable for use for comparisons of patient groups. 

Table 27. Item-to-Total Correlations (Corrected for Overlap) of Kidney Disease Quality of Life 
(KDQOL)-36 Scales  
Item  

KDQOL Burdens 
KDQOL Symptoms/ 
Problems KDQOL Effects 

i13 0.72* 0.39 0.52 
i14 0.73* 0.37 0.50 
i15 0.72* 0.42 0.53 
i16 0.56* 0.40 0.48 
i17 0.33 0.54* 0.43 
i18 0.23 0.44* 0.29 
i19 0.25 0.46* 0.33 
i20 0.26 0.51* 0.35 
i21 0.28 0.54* 0.39 
i22 0.28 0.51* 0.36 
i23 0.28 0.51* 0.36 
i24 0.26 0.45* 0.34 
i25 0.43 0.61* 0.53 
i26 0.29 0.50* 0.38 
i27 0.29 0.53* 0.39 
i28 0.20 0.31* 0.28 
i29 0.36 0.39 0.54* 
i30 0.38 0.41 0.58* 
i31 0.47 0.53 0.60* 
i32 0.45 0.42 0.62* 
i33 0.47 0.45 0.63* 
i34 0.57 0.54 0.68* 
i35 0.34 0.33 0.47* 
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Table 27. Continued 
i36 0.42 0.45 0.59* 
Cronbach’s Coefficient Alpha 0.85 0.83 0.85 
Center-Level Reliabilitya 0.75 0.76 0.83 
Correlation with KDQOL Burdens 
of Kidney Disease Scale 

1.0 - - 

Correlation with KDQOL 
Symptoms/Problems Scale 

0.48 1.0 - 

Correlation with KDQOL Effects of 
Kidney Disease Scale 

0.62 0.62 1.0 

Note: KDOQL scale for each item indicated by bold font. 
aEstimated from 1-way ANOVA partitioning between vs. within facility variance. 

 

7.2 HEALTH RELATED QUALITY OF LIFE AIM 2 RESULTS 
As noted in the Methods Section 4.4, measurement invariance was examined for the 3 

correlated factors KDQOL-36 using multiple-group CFA using the WLSMV estimator. Table 28 

shows the loadings for White vs. Black patients for KDQOL-36 Burdens, Symptoms/Problems, 

and Effects of Kidney Disease scales.  Many loadings were very similar across the racial groups 

and all fell below the range of small differences (<0.1).  

Table 28. Configural Model Factor Loadings for White and Black Patients on Kidney Disease 
Quality of Life (KDQOL)-36 Burdens, Symptoms/Problems, and Effects of Kidney Disease Scales 
 KDQOL Burden of 

Kidney Disease 
KDQOL Symptoms/ 
Problems 

KDQOL Effects of 
Kidney Disease 

 White Black White Black White Black 
i13 0.87 0.87 - - - - 
i14 0.85 0.86 - - - - 
i15 0.84 0.85 - - - - 
i16 0.72 0.72 - - - - 
i17 - - 0.65 0.66 - - 
i18 - - 0.59 0.60 - - 
i19 - - 0.49 0.54 - - 
i20 - - 0.62 0.65 - - 
i21 - - 0.65 0.68 - - 
i22 - - 0.59 0.63 - - 
i23 - - 0.59 0.65 - - 
i24 - - 0.56 0.58 - - 
i25 - - 0.77 0.78 - - 
i26 - - 0.58 0.59 - - 
i27 - - 0.64 0.64 - - 
i28 - - 0.45 0.50 - - 
i29 - - - - 0.63 0.68 
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Table 28. Continued 
i30 - - - - 0.67 0.71 
i31 - - - - 0.75 0.75 
i32 - - - - 0.69 0.72 
i33 - - - - 0.74 0.76 
i34 - - - - 0.83 0.85 
i35 - - - - 0.58 0.59 
i36 - - - - 0.72 0.73 

 

 Model fit for both White and Black patients was also similar. White: χ2 = 45,201.49, df = 249, 

p<0.001; RMSEA = 0.08; CFI = 0.92; TLI = 0.92. Black: χ2 = 25,476.63, df = 249, p<0.001; 

RMSEA = 0.07; CFI = 0.93; TLI = 0.92. In Table 29., formal tests of measurement invariance 

are shown. As expected the χ2 difference test between increasingly restricted models was 

significant, likely due to the sample size. However, and more importantly, CFI values increased 

with increasingly restrictive models, and the ΔCFI values fell below the critical value for 

rejecting the null hypothesis invariance at every step (0.01).   

Table 29. Measurement Invariance White vs. Black for Kidney Disease Quality of Life (KDQOL)-36 
Burdens, Symptoms/Problems, and Effects of Kidney Disease Scales 
Model Hypothesis χ2 df p CFI Δ χ2,a  Δdf p ΔCFI 
Configural Invariant factor 

structure 
70,723.67 498 <0.001 0.925 - - - - 

Metric Above + invariant 
factor loadings 

65,648.63 519 <0.001 0.930 259.37 21 <0.001 0.005 

Scalar Above + invariant 
thresholds 

61,263.48 588 <0.001 0.935 2442.80 69 <0.001 0.005 

Δ χ2 difference test for model in row above: Metric vs. Configural, Scalar vs. Metric  

 

7.3 HEALTH RELATED QUALITY OF LIFE AIM 3 RESULTS 
 Like the Treatment Decision-Making and Medication Adherence measures, the most 

important opportunity for improvement of the KDQOL subscales is to improve their reliability. 

Each of the scales achieved good reliability (>0.80), but not excellent reliability (>0.90). Given 

that these scales are used for individual assessment in dialysis centers, achieving scales with 

excellent reliability is an important way to improve them. Table 30 shows the Spearman Brown 
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Prophecy calculations for the number of items needed to reach excellent reliability for each of 

the KDQOL scales.      

Table 30. Spearman Brown Prophecy Formula Calculations for Increased Reliability of 
Kidney Disease Quality of Life (KDQOL)-36 Scales 
Scale Current α,  

n of Items  
Total Items for  
Excellent Reliability  
(α = 0.90) 

KDQOL Burdens 0.85, 4 7 
KDQOL Symptoms/ Problems 0.83, 12 23 
KDQOL Effects 0.85, 8 13 
Note: All scales already achieved good reliability. 

 
Additional study should seek to add more items to help increase the reliability of these scales. 

The IRT methods described in the Aim 3 analyses above would also benefit the creation of 

briefer and more reliable KDQOL scales. 
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CHAPTER 8. DISCUSSION 

8.1 SUMMARY OF FINDINGS 
 This dissertation examined the psychometric properties of several patient-reported 

measures for use with chronic kidney disease patients. In most cases, the scales in their current 

form were acceptable for use. The largest departure from this trend was the MMAS-8, for which 

an item is recommended for removal. Otherwise, the primary recommendation is the use of item 

response theory (IRT) analyses to increase the reliability of the scales while keeping them brief.  

Treatment Decision-Making. Regarding the LDKT measures, the LDKT Pros, Cons, and 

Self-Efficacy means were similar to the scores reported in their original validation study, and the 

dimensional structure of each of the original measures was evidenced in this current study among 

dialysis patients (in comparison to transplant patients examined in the original validation 

study).74 That study recruited patients that had already presented for transplant evaluation, 

leading to the hypothesis that they would have higher LDKT Pros and Self-Efficacy, and lower 

LDKT Cons than patients in this study. Three separate samples were examined in that study: 1 

for exploratory analyses (n = 135) and 2 for confirmatory models (n=145, n = 204). On the 

LDKT Pros scale, the means from these samples were 23.3 (SD=4.8), 23.8 (SD=5.2), and 26.4 

(5.2), respectively. In the present study, the mean LDKT Pros score was 25.0 (SD=4.9). 

Similarly, the means on the LDKT Cons scale from the previous study were 18.1 (SD=5.7), 18.0 

(SD=5.7), and 19.6 (SD=6.4), respectively, compared to 20.1 in the present study. Finally, the 

LDKT Self-Efficacy scale means from the previous study were 17.3 (SD=6.7), 17.1 (SD=6.5), 

and 21.5 (6.5), respectively, compared to 22.5 in the present study.  

The similarity in mean scores across these two samples may have multiple substantive 

explanations. First, even though all of the patients in the previous sample had presented to a 
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transplant center (compared to only 40% in the current study) having committed the behavior of 

registering for transplant evaluation at a transplant center may indicate an increased readiness for 

transplant compared to dialysis patients who have not done so, but this readiness for transplant in 

general may not signal an increased readiness for living donor transplant, in which a family or 

friend donates the kidney to be transplanted. In other words, kidney patients who present for 

transplant evaluation may be comfortable with the signing-up for the kidney transplant waiting 

list, from which they could receive a transplant from a deceased donor when one is available, and 

they would likely be more ready for this type of transplant than kidney patients who do not come 

to the transplant center for transplant evaluation. However, patients presenting to be evaluated 

may not be any more ready for a transplant from a living donor transplant than those who have 

never come to the transplant center. 

Previous research indicates that kidney patients may have many additional concerns 

about living donor transplant that they do not have about deceased donor transplant. For 

example, in a study of previous deceased donor kidney transplant recipients, Waterman and 

colleagues found that these patients may not have been willing to receive a transplant from a 

living donor because of their guilt over taking a living donor kidney, worry that they living donor 

would be harmed, and concern that the donor may need to donate to a closer friend or relative in 

the future.188 Similarly, Salter and colleagues found that older kidney patients in particular were 

less comfortable asking for a living donor.189 This evidence supports the hypothesis kidney 

patients at both dialysis centers (who have not presented to a transplant center) and those who 

have come to the transplant center for transplant evaluation may have similar levels of perceived 

pros, cons, and self-efficacy around living donor transplant. 
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A significant concern about the all the Treatment Decision-Making measures were the 

large proportions of patients at the theoretical maximum (ceiling). The scale with the lowest 

proportion at the ceiling was the LDKT Cons scale, with 7%, and the scale with the highest was 

the DDKT Pros scale, at 38%. Additionally, both the LDKT Pros and SE scales had >20% at the 

ceiling and the DDKT SE scale had nearly 20%. There could be multiple reasons why the scores 

of these scales are skewed toward the ceiling. First, it is possible that important content 

indicating concerns or barriers to transplant, both LDKT and DDKT, has not been covered in the 

scales. Additional studies should generate new items through focus groups with patients to help 

ensure that all concerns and barriers germane to patients are covered. The original items were not 

created with significant input from patients, so this addition would likely increase their validity.   

All of these scales have 5 point response sets with Decisional Balance having “Not 

important,” “Slightly important,” “Moderately important,” “Very important,” and “Extremely 

important,” and the Self-Efficacy measures having “Not at all confident,” “Somewhat 

confident,” “Moderately confident,” “Very confident,” and “Completely confident.” Future 

studies should examine if these response sets could be increased to potentially increase 

variability and reduce the proportion of patients at the theoretical ceiling.  

In the current study, the reliabilities of the LDKT Pros and Cons scales were lower than 

previously-reported internal consistency reliabilities from samples of patients pursuing transplant 

who were recruited from transplant centers. Reliabilities from these previous studies ranged from 

0.78-0.86 for the LDKT Pros scale and 0.77-0.80 for the LDKT Cons scale.74 In the present 

study, the LDKT Pros and Cons scales were 0.72 and 0.71, respectively, barely over the cut-off 

for acceptable reliability for group comparisons (0.70) and well below the cut-off for individual 

usage (0.90). Similar, though less severe, issues were observed for the DDKT Cons scale, which 
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was 0.76 in the original validation study,73 but only 0.72 in the current study. Since these scales 

are employed in educational interventions for individual assessment, these scales reliabilities 

must be improved considerably. An approach for doing so using item response theory is 

discussed below.  

Finally, as has been observed in previous studies of the LDKT and DDKT Decisional 

Balance measures (Pros and Cons), there were small, positive correlations between the Pros and 

Cons scales.73,74 This result is unintuitive, since, in theory, Pros and Cons should be negatively 

correlated; i.e., the perception of an advantage to LDKT or DDKT should have the opposite 

effect of the perception of a disadvantage of the transplant options on a patient’s underlying 

Decisional Balance. Under this theory, Pros and Cons items function similarly to positively and 

negatively worded items that represent a single underlying construct. This thinking is consistent 

with the proposition that many multi-dimensional measures are best modeled with structural 

models like the bifacator model, which allow for representation of a general factor for the 

underlying trait and multiple group factors representing direction of wording effects (vs. actual 

substantive traits). This hypothesis would suggest that a bifactor model for Decisional Balance 

would likely fit better than the two correlated factor models used in this dissertation. However, 

Reise and colleagues have argued that this approach is somewhat misguided, and that a more 

appropriate approach may be to determine the proportions of patients who are best modeled in a 

series of iteratively weighted least squares models as unidimensional, bifactor, or perhaps best 

not modeled at all due to non-sensical response patterns.190 These approaches should be 

considered in future development of the LDKT and DDKT Decisional Balance measures.  

MMAS-8. The mean MMAS-8 score observed in this study, 6.7 (SD=1.6), is similar to 

that reported in the original MMAS-8 validation study, which had a similar sample of patients.139 



92 
 

That study assessed the MMAS-8 with 1,367 hypertension patients and the mean score was 6.6 

(SD=1.6).139 In the present study, 77% of the patients are hypertensive, making these 2 studies 

very similar in sample composition. 

The MMAS-8 scores reported in the present study were also very similar to those 

reported in a recent study of adherence to phosphate binders among dialysis patients. That study 

used alternate scoring with higher scores meaning worse adherence, so, in order to make 

appropriate comparisons, I have subtracted the scores reported in that study from 8. In that study, 

the mean MMAS-8 was 6.3 (SD=1.6).158 That study also divided their sample into those with 

phosphorus levels under control (n=61) and those without phosphorus under control (n=18). 

Though those with their phosphorus under control had a significantly higher mean on the 

MMAS-8 (6.5 vs. 5.5, p<0.01), this difference was smaller than the 1.5 point difference others 

have cited as being clinically meaningful.191 Further, a logistic regression model examining 

whether the MMAS-8, knowledge of phosphorus, and medication refill ratio found that the 

MMAS-8 was only marginally associated with phosphorus control [adjusted odds ratio = 0.71 

(95% CI: 0.49-1.01); p=0.06].     

Of all the scales considered in this study, the MMAS-8 was the only scale where the 

original factor structure was not supported. The factor analyses in this study suggested that the 

Item 5 “Yesterday,” be removed since it had a very low loading (0.17) on the single factor. 

Polychoric correlations between this variable and the others in the scale were all <0.371 (range 

0.01-0.19). For example, the correlation between this item and Item 1, “Forgetting,” was -0.01. 

This result was surprising, since the patient sample for the present study was similar to the 

sample from the original validation study with hypertensive patients. The proportion of patients 

who responded indicating good adherence to this item was similar to the other items in the scale.  
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Further research is needed to determine how relevant this item is for hypertension and 

kidney disease medication regimens. Though many medications taken by dialysis patients, like 

phosphate binders, are prescribed for daily use, there may be no substantive negative health 

impact on the patient for skipping a single day and, therefore, no meaningful impact on 

adherence to the regimen. On the other hand, some medications relevant to CKD are taken more 

frequently than once daily, so a question about whether the medication was simply taken 

“yesterday” may not be sensitive enough to whether or not the regimen was followed. While the 

MMAS-8 is a generic scale of adherence to medications that is intended to apply to all 

medications used in the treatment of chronic and infectious conditions, strong consideration 

should be given to whether tailoring is needed for specific medications and conditions. 

Additionally, the MMAS-8 showed borderline evidence of measurement inequality 

between Black and White patients, with a p-value of 0.01 between the Configural and Scalar 

models, and a ΔCFI value of 0.009 (threshold = 0.01). In an analysis of the difference in loadings 

between Black and White patients, the difference in loadings on Item 6 (“Under Control”) was of 

a medium magnitude. Qualitative investigations are recommended to determine whether there is 

a substantive explanation for why Black and White patients may respond differently to this item, 

and to determine corrective changes to item wording. 

KDQOL-36. The mean KDQOL-36 scale scores observed in this study were higher than 

those reported by the Dialysis Outcomes and Practice Patterns Study (DOPPS) for their United 

States sample.172 (Table 31.) Conducted between 1996 and 1999, the DOPPS study had a sample 

of 2,885 patients from the U.S. on hemodialysis only.192 Though some of the sample 

characteristics between the DOPPS and the current study are similar (e.g., age), all DOPPS 

participants were on hemodialysis while  approximately 10% of participants in the current study 
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were on peritoneal dialysis; these two different dialysis modalities may entail different levels of 

quality of life. 

 

Table 31. SF-12 Physical and Mental Health Component Scores and Kidney Disease 
Quality of Life (KDQOL)-36 Scales from Health Related Quality of Life Dataset 
Compared to Dialysis Outcomes and Practice Patterns Study (DOPPS) US Sample  

Current Study DOPPS US 

SF-12 PCS 37.8 33.1 
SF-12 MCS 50.7 46.6 
KDQOL Burdens 52.3 40.8 
KDQOL Symptoms/Prob. 77.9 71.1 
KDQOL Effects  73.9 62.5 

 

However, another explanation for the higher scores among the present study regards the 

potential improvement in dialysis care in the more than 20 years since the DOPPS study was 

conducted. Figure 14. shows the increase in 5 year survival among hemodialysis and peritoneal 

dialysis patients initiating treatment between 1996 and 2009. During this time, 5 year survival 

among hemodialysis patients increased from 33% to 42%, with even greater gains observed 

among peritoneal dialysis patients.  
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In addition to the KDQOL subscales, the SF-6D scores in the present study were very 

similar to those from a study of 150 ESRD patients in Singapore, which estimated a mean SF-6D 

of 0.70, a standard deviation of 0.14, an observed minimum of 0.37, 3% at the ceiling (score = 

1).193  A recent study reported that the mean SF-6D score in the U.S. general population of 

individuals reporting no medical conditions was 0.885.194  

Support for the KDQOL-36’s dimensional structure with 3 subscales was found. 

However, in some cases, large correlations were also observed between items and other scales. 

For example, item i31 (your ability to work around the house), part of the Effects scale, 

correlated with the Effects scale at 0.60, but is also correlated with the Burdens and 

Symptoms/Problems scales at 0.47 and 0.53, respectively. There were also large correlations 

among the scales’ scores (Table 26.) These results indicate that, while the 3 KDQOL kidney-

targeted scales function provide unique information, they are highly related to one another, or to 

a more general underlying factor. Future work should explore a bifactor model to determine if 

there is evidence of a more general, underlying kidney disease quality of life factor influencing 

these three factors. 

8.2 INCREASING THE RELIABILITY OF SCALES 
For many of the scales examined in this study, though acceptable or good reliability was 

observed, insufficient reliability was observed for individual usage (excellent reliability, >0.90). 

Therefore, recommendations were made in Aim 3 for future studies to create larger banks of 

potentially new items to attain excellent reliability. Then, starting from these item banks that 

have achieve high reliability, short forms that retain the item banks’ reliability can be created. 

There are two primary statistical approaches to this research that will be discussed below, 

starting with the use of Item Response Theory (IRT).  
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As opposed to the correlational methods used in classical test theory (CTT), IRT puts 

forth a series of statistical models to describe the association between an individual’s underlying 

trait level and an observed score on a scale. The various models used in IRT will each estimate a 

different number of parameters, and most often take the form of logistic regression models. IRT 

models estimate the individual’s level of the latent trait directly (notated by ϴ), and can 

determine potentially varying item properties for respondents at different trait levels.  

 In IRT, item information is a critical parameter that is directly related to reliability. 

Fundamentally, item information is a measure of the precision an item, or group of items, has at 

various levels of the latent trait,107 such that the information contributed by an item has an 

inverse relationship with its standard error. Indeed, a key advantage to the IRT approach to 

reliability is estimated for each level of the latent trait measured by a scale, not only for the scale 

as a whole. Item information is calculated differently depending on the number parameters in the 

model. For example, in a 2 parameter logistic model with parameters for item difficulty (b) and 

discrimination (α), a 2PL model, the information function [I ϴ] for item i is: 

[𝐼𝐼 𝛳𝛳] = 𝛼𝛼𝑖𝑖2𝑃𝑃𝑖𝑖(1 −  𝑃𝑃𝑖𝑖) 

Where 𝑃𝑃𝑖𝑖 is the proportion of respondents with a given level of trait ability who endorse i. In 

IRT, items are most precise when their difficulty is similar to the respondent’s level of trait 

ability, or as ϴ approaches b. The sum of information for each item in a scale is the total scale’s 

information. Another useful way to formalize item information (INF) in IRT models is as the 

inverse of each item’s error variance: or 1/d, where d is the error variance. Relatedly, each item’s 

standard error (SE) can be defined in terms of its information as: 𝑆𝑆𝐸𝐸 =  1
√𝐼𝐼𝐼𝐼𝐼𝐼

. This leads to the 

definition of reliability in the context of IRT (for 2 parameter models): 
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
(𝐼𝐼𝐼𝐼𝐼𝐼 − 1)

𝐼𝐼𝐼𝐼𝐼𝐼
= 1 −  𝑆𝑆𝐸𝐸2 

Figure 15. shows an example of a test information curve calculated from 18 transplant 

knowledge items. As we can see, its information peaks where ϴ is approximately -1, and is 

lowest at the tails. 

 

The IRT approach to creating large banks of items with high reliability then shortening these 

banks into briefer short forms is an approach taken by the NIH PROMIS project24 and has 

multiple steps.109 First, IRT models with item parameters estimated must first be fit so that each 

item’s information can also be estimated. Then, a preset level of item information to achieve for 

the full scale is chosen for a given level of trait ability; i.e., I(ϴ) = 1/d. For example, if we want 

to make sure the short form has excellent reliability at trait level = 0 (e.g., on a z distribution), we 

would choose the value of scale information equivalent to a reliability of 0.90 such that I(ϴ0) = 

1/d and 1/d is equivalent to a scale reliability of 0.90.  

Next, the item with the highest information is chosen for the scale. Next, from the remaining 

items, the item with the highest information is selected. This process is continued until the 

smallest number of items is found that reaches 1/d. Often, it is desirable to find the shortest scale 
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at multiple values of trait ability, so this process will need to be repeated multiple times, once at 

each level of ϴ we desire to achieve the preset value of 1/d for, then we find the shortest scale 

that has an information of 1/d at each of the levels of ϴ under consideration. Formally, the 

process can be conceived of as an optimization problem, with the computation: 

𝑛𝑛 = �𝑥𝑥𝑖𝑖

𝐼𝐼

𝑖𝑖

 

Where N is the number of items in the item bank, xi = 1 if the item is included due to having I(ϴ) 

= 1/d for all levels of ϴk (k = 1, 2, 3, 4, …m levels of trait ability), and xi = 0 if the item is not 

included. 

 The PROMIS project used a similar approach to create short forms from their initial item 

banks.24 For example, in Wave 1 of their measure creation, this project created a bank of 124 

items for its Physical Function domain and reduced the bank to several short forms of various 

lengths (e.g., 10 items). After the short forms were created, correlations between the full item 

banks and the short forms were examined as a measure of the extent to which the short form 

covers the content of the full item bank. Table 32 shows the PROMIS Wave 1 domains with the 

number of items in the full bank, number of items in the short form, and the correlation between 

the two. All correlations were >0.95.  
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Table 32. PROMIS Wave 1 Item Banks, Short Forms, and Correlations 
Domain n of items in bank n of items in 

short form 
Difference Correlation 

Emotional distress – anger 29 8 21 0.96 
Emotional distress – anxiety 29 7 22 0.96 
Emotional distress – depression 28 8 20 0.96 
Pain behavior 39 7 32 0.98 
Pain interference 41 6 35 0.95 
Physical function 124 10 114 0.96 
Satisfaction with social activities 12 7 5 0.99 
Satisfaction with social roles 14 7 7 0.99 
Sleep disturbance 27 8 19 0.96 
Sleep-related impairment 16 8 8 0.98 
Median 29 8 21 0.96 

 

Rounding-up, the median item reduction from item banks to short forms in PROMIS was 

21 items, with a median correlation between the two of 0.96. The PROMIS project shows how 

successfully larger item banks can be reduced while retaining extensive amounts of item content 

from the original banks. 

One drawback of using IRT to increasing reliability regards the potential complexity of 

scoring scales under this approach. With the exception of the simplest, 1 parameter IRT models 

(e.g., the Rasch model), scoring for IRT models cannot be accomplished using simple, summed 

scores.109 The additional complexity of scoring IRT-based measures may create significant 

barriers for clinical application, as clinicians, who are often not trained to administered and score 

any PRMs, will likely not have the appropriate training to score IRT-based measures. Current 

measurement systems using IRT, like PROMIS, have made an effort to overcome this issue by 

creating look-up tables or encouraging the use of electronic data capture systems that 

automatically score measures. 

8.3 IMPROVING RELIABILITY ESTIMATION 
It is also necessary to note strategies within CTT to improve reliability estimation of 

measures. Reflecting on the Spearman-Brown analyses offered in this dissertation, it may be 
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clear that a straightforward approach to increasing reliability under the CTT framework involves 

increasing the number of items in the measure. As others have noted, one drawback of increasing 

items is the tendency to introduce redundant content; i.e., new items with similar content but 

different wording than items already in the scale.195 While introducing redundant item content 

may increase reliability, it does not increase scale information. In addition, for scales used in 

clinical settings, brevity is needed and additional length may dissuade many users from adopting 

the measure. Finally, even if these constraints are not present, Spearman-Brown prophesy 

estimates assumed parallel tests without much heterogeneity between items, and this assumption 

may not be realistic in most data.  

Further, it is also known that heterogeneity between items within a composite (e.g. 

unequal loadings, unequal variances) can result in significant underestimation of true reliability 

by coefficient alpha.196  Therefore, the need to “increase reliability” under CTT may be side-

stepped by improving reliability estimation with alternative approaches. One such approach is 

stratification of scale content.196 This process involves creating subscales containing items of 

similar or correlated content. Then a stratified alpha is calculated197 using the following formula: 

𝑆𝑆𝑅𝑅𝑆𝑆𝑅𝑅𝑅𝑅𝑅𝑅𝑑𝑑𝑅𝑅𝑅𝑅𝑑𝑑 𝑅𝑅𝑅𝑅𝑎𝑎ℎ𝑅𝑅 = 1 −  
∑𝜎𝜎𝑖𝑖2(1 − 𝛼𝛼𝑖𝑖)

𝜎𝜎𝑥𝑥2
 

Where 𝜎𝜎𝑖𝑖2 is the variance of the ith subscale and 𝛼𝛼𝑖𝑖 is the coefficient alpha of the ith subscale. 

This approach will improve reliability estimation when the correlations are high within subscales 

and the correlations are low between the subscales. 

The second approach considered is maximal reliability, or a method of weighting 

subscales within a composite scale.196 Maximal reliability (𝑅𝑅𝑘𝑘∗) is calculated using this formula: 
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𝑅𝑅𝑘𝑘∗ =  
𝐴𝐴

(𝐾𝐾 (1 +  (𝐾𝐾 − 1)𝜌𝜌) + 𝐴𝐴⁄ ) 

In this formula, K = the number of subscales and A is defined as: 

𝐴𝐴 =  𝑛𝑛1𝜌𝜌1 (1 − 𝜌𝜌1) + ⁄ 𝑛𝑛2𝜌𝜌2 (1 − 𝜌𝜌2) + ⋯  𝑛𝑛𝑘𝑘𝜌𝜌𝑘𝑘 (1 − 𝜌𝜌𝑘𝑘)⁄  ⁄  

Where 𝑛𝑛𝑖𝑖 is the number of items in subscale i, 𝜌𝜌𝑖𝑖 is the reliability of subscale i, and 𝜌𝜌 is the 

common correlation between the subscales. 

 In a simulation study comparing the performance of multiple alternative reliability 

estimates under several scenarios assuming different levels of homogeneity and heterogeneity, 

Osburn found that as heterogeneity increases, coefficient alpha generates increasingly worse 

estimates of true reliability, while the stratified alpha and maximal reliability generated much 

better estimates.196 Table 33. shows the estimates of reliability from coefficient alphas, stratified 

alpha, and maximal reliability from Osburn’s study. The scenarios considered include Tau 

equivalence (one factor with equal factor loadings, unequal variances), Congeneric equivalence 

(one factor with unequal factor loadings, unequal variances), Slight heterogeneity (two factors 

with highest correlation between factors), Moderate heterogeneity (two factors with middle 

correlation between factors), and Strong heterogeneity (two factors with lowest correlations 

between factors). 
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Table 33. Comparison of Reliability Estimates from Osburn Study:  
Reliability Estimate (Absolute Difference from True) 
 Tau 

equivalence 
Congeneric 
equivalence 

Slight 
Hetero-
geneity 

Moderate 
Hetero-
geneity 

Strong 
Hetero-
geneity 

True reliability 0.798 
(ref) 

0.786 
(ref) 

0.781 
(ref) 

0.760 
(ref) 

0.703 
(ref) 

Coefficient alpha 0.798 
(0) 

0.763 
(0.023) 

0.694 
(0.087) 

0.570 
(0.190) 

0.234 
(0.469) 

Stratified alpha 0.798 
(0) 

0.786 
(0) 

0.781 
(0) 

0.760 
(0) 

0.703 
(0) 

Maximal 
reliability 

0.801 
(0.003) 

0.801 
(0.015) 

0.784 
(0.003) 

0.764 
(0.004) 

0.708 
(0.005) 

 
In addition to these straightforward approaches to increasing reliability under CTT, more 

advanced approaches that account for specific variance and employ model-based estimates of 

reliability give superior estimates of reliability in comparison to coefficient alpha under 

circumstances where parallel tests cannot be assumed, which is likely most cases involving real 

data. Bentler recently argued that the failure to account for specific variance in coefficient alpha 

underestimates reliability, and that structural equation-based approaches to account for specific 

variance can overcome this bias.198 This work even provides a specificity-enhanced version of 

maximal reliability, which may improve reliability estimates even further than those shown from 

maximal reliability in Osburn’s study.  

8.4 LIMITATIONS 
Though multiple domains of PRMs used with CKD patients were covered in this study, 

several limitations should be considered. First, though a unifying conceptual model was created 

to include all three major sets of constructs represented in this study – Treatment Decision-

Making, Medication Adherence, and Health-Related Quality of Life – a single dataset containing 

all of these measures could not be obtained. Rather, 3 separate datasets, one for each set of 

constructs, were used. Despite missing the opportunities that would have been afforded in a 
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unified dataset, the use of the 3 separate datasets did not detract from meeting the study aims. 

None of the aims were to test hypotheses about the theoretical relationships between the 

constructs specified in the conceptual model offered by this study, and the aims were restricted to 

examining and interpreting psychometric properties of specific PRMs covering each construct or 

set of constructs considered. 

  Second, and related to the first limitation, not all constructs for which important PRMs 

could be examined in the conceptual model offered in this study had measures to examine in the 

datasets obtained for this study. Several other constructs, like patients’ experience with care and 

patient satisfaction with care, for example, are very important in the field of CKD and would 

have made excellent complements to the PRMs considered in this study.199 Future expansions of 

this study will seek to evaluate PRMs covering these additional, important constructs. 

Third, other types of data that would have added a great deal of value to the analyses 

conducted in this study were not available. A prime example includes the specification of 

medications taken by CKD patients in the Medication Adherence dataset could have been useful 

in understanding if the under-performance of Item 5, “Yesterday,” in comparison to other studies 

of this measure was related to the use of medications for which a previous day’s dose is not 

relevant to overall adherence.  

Finally, all the datasets considered were not collected as probability samples, and may 

have some bias and not represent any larger CKD population very well. At best, the extent to 

which the samples in the datasets used in this study represent larger populations of CKD patients 

(e.g., the U.S. national population of dialysis patients) is unknown. The probability for bias 

varies between the datasets. The Treatment Decision-Making dataset was collected as part of a 
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randomized controlled trial with no consideration for external validity, and is relatively small, so 

this dataset has a relatively high probability of at least some bias. On the other hand, the HRQOL 

dataset was collected as part of a clinical activity in which all dialysis patients are mandated to 

participate, and is relatively large, so it has likely has a much lower probability for bias.  

8.5 NEXT STEPS 
 In addition to the opportunities to improve the measures considered in this study that 

were outlined in Aim 3, a few other suggestions for the future are worth mentioning. In 

particular, the large dataset used for the HRQOL study makes possible an additional scope of 

work not covered in this dissertation. Though the dataset on its own may not be nationally 

representative, post-hoc statistical approaches can be applied to help the data better represent the 

U.S. national dialysis population. The PROMIS study used this approach, which uses raking to 

generate weights for observations in the original dataset that match the marginal distribution of 

key characteristics of a population of interest. In the PROMIS study, a subsample was created to 

match the U.S. general population’s distribution of gender x age x race/ethnicity x educational 

attainment x marital status x income.200  Using the United States Renal Data Service’s (USRDS) 

estimates of characteristics for the U.S. national dialysis population,148 a nationally 

representative dataset can be created from the one used in this study. 

 The nationally-representative dataset could be used to serve the critical purpose of 

generating updated normative scores for the KDQOL subscales. As mentioned in Section 8.1 

above, the previous norms published for the KDQOL subscales may now be out of date. Since 

these norms are used by groups like the Medical Education Institute to tailor health-improvement 

interventions, having updated norms is important. In addition to national norms for the KDQOL 
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scales, effect sizes for differences between key clinical subgroups (e.g., dialysis type) can be 

created and employed in clinical trials. 

 For the Treatment Decision-Making and MMAS-8 measures, estimation of item 

parameters in future studies may be of particular interest. Individual items from these scales can 

be used to flag patients with different levels of key underlying traits (e.g., self-efficacy) then 

select educational content most relevant and appropriate for them. With this in mind, knowing 

these items’ difficulty and discrimination could be useful. For example, knowing which 

particular items discriminate those with very high, moderate, and very low levels of self-efficacy 

to pursue LDKT so that educational messages or intervention approaches with differing levels of 

intensity can be incorporated into a tailored intervention. Future studies with larger datasets and 

more items to select from for these measures may be the most appropriate way to pursue this 

extension of the current research.   

 Finally, a CTT-based study to determine if the alternative reliability estimates described 

above can improve reliability estimation among common health measures in CKD has high 

potential to contribute to the patient-reported health measures literature. First, as advances in 

psychometrics applied to health measures has strongly trended toward IRT (using the rationale 

that IRT may be a superior way to increase reliability), determining whether or not coefficient 

alpha and other similar estimates of internal consistency reliability are under-estimating 

reliability of health measures would help determine whether or not the additional work required 

to apply IRT is worthwhile. Indeed, as the alternative reliability estimates described in this 

dissertation are easily applicable to current CTT-based health measures, using these estimates 

would be much easier than adopting IRT if it turns out that they estimate reliability better for 
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such measures. More generally, these alternative methods of estimating reliability are not well 

known in health measurement, so their introduction would be a benefit. 

8.6 CONCLUSIONS     
 This dissertation found support for the current dimensional structure and at least 

acceptable reliability for the majority of measures considered. With this evidence in mind, the 

use of the living and deceased donor Treatment Decision-Making and KDQOL scales with CKD 

patients is recommended. Regarding the MMAS-8 scale, the 8 item one dimensional structure 

was not supported. Additional research is required to determine how this scale may be best used 

to assess medication adherence with CKD patients. For almost all the scales examined in this 

dissertation, increased reliability would be desirable, and future research should concentrate on 

this effort. The continued improvement of these already good patient-reported measures would 

increase their utility in clinical assessment and population-level surveillance to better understand 

dimensions of CKD patients’ health and health-care from their own perspective. 
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APPENDIXES 
 

Appendix 1. KDQOL Item Guide 
Short Name Item Response Options 
How true or false is each of the following statements for you? 
KDQOL item13 My kidney disease interferes too much with my life “Definitely true  - “Definitely false” 

KDQOL item14 
Too much of my time is spent dealing with my 
kidney disease 

“Definitely true  - “Definitely false” 

KDQOL item15 I feel frustrated dealing with my kidney disease “Definitely true - “Definitely false” 
KDQOL item16 I feel like a burden on my family “Definitely true - “Definitely false” 
During the past 4 weeks, to what extent were you bothered by each of the following? 
KDQOL item17 Soreness in your muscles? “Not at all bothered”-“Extremely bothered” 
KDQOL item18 Chest pain? “Not at all bothered”-“Extremely bothered” 
KDQOL item19 Cramps? “Not at all bothered”-“Extremely bothered” 
KDQOL item20 Itchy skin? “Not at all bothered”-“Extremely bothered” 
KDQOL item21 Dry skin? “Not at all bothered”-“Extremely bothered” 
KDQOL item22 Shortness of breath? “Not at all bothered”-“Extremely bothered” 
KDQOL item23 Faintness or dizziness? “Not at all bothered”-“Extremely bothered” 
KDQOL item24 Lack of appetite? “Not at all bothered”-“Extremely bothered” 
KDQOL item25 Washed out or drained? “Not at all bothered”-“Extremely bothered” 
KDQOL item26 Numbness in hands or feet? “Not at all bothered”-“Extremely bothered” 
KDQOL item27 Nausea or upset stomach? “Not at all bothered”-“Extremely bothered” 
KDQOL item28 Problems with your access/catheter site? “Not at all bothered”-“Extremely bothered” 
Some people are bothered by the effects of kidney disease on their daily life, while others are not. How much does kidney 
disease bother you in each of the following areas? 
KDQOL item29 Fluid restriction? “Not at all bothered”-“Extremely bothered” 
KDQOL item30 Dietary restriction? “Not at all bothered”-“Extremely bothered” 
KDQOL item31 Your ability to work around the house? “Not at all bothered”-“Extremely bothered” 
KDQOL item32 Your ability to travel? “Not at all bothered”-“Extremely bothered” 
KDQOL item33 Being dependent on doctors and other medical staff? “Not at all bothered”-“Extremely bothered” 
KDQOL item34 Stress or worries caused by kidney disease? “Not at all bothered”-“Extremely bothered” 
KDQOL item35 Your sex life? “Not at all bothered”-“Extremely bothered” 
KDQOL item36 Your personal appearance? “Not at all bothered”-“Extremely bothered” 
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Appendix 2. Polychoric Correlations between KDQOL Subscale items from HRQOL Dataset 
 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
item13 1.0                        
item14 .81 1.0                       
item15 .70 .72 1.0                      
item16 .54 .54 .65 1.0                     
item17 .32 .30 .34 .31 1.0                    
item18 .27 .27 .31 .28 .42 1.0                   
item19 .25 .24 .25 .21 .42 .36 1.0                  
item20 .26 .24 .26 .25 .33 .30 .32 1.0                 
item21 .27 .26 .29 .27 .37 .30 .30 .70 1.0                
item22 .29 .27 .30 .28 .37 .54 .31 .33 .35 1.0               
item23 .29 .29 .33 .31 .36 .45 .34 .31 .31 .45 1.0              
item24 .26 .24 .30 .29 .32 .37 .21 .28 .32 .35 .37 1.0             
item25 .41 .39 .44 .40 .49 .39 .35 .36 .40 .47 .48 .48 1.0            
item26 .28 .27 .28 .30 .43 .35 .35 .34 .36 .36 .39 .29 .43 1.0           
item27 .29 .27 .33 .30 .38 .43 .31 .33 .35 .38 .47 .50 .48 .37 1.0          
item28 .24 .24 .27 .24 .26 .30 .25 .25 .25 .27 .29 .25 .29 .28 .30 1.0         
item29 .37 .35 .36 .31 .32 .27 .29 .26 .29 .29 .27 .19 .35 .30 .27 .25 1.0        
item30 .39 .38 .39 .32 .32 .28 .27 .27 .30 .27 .29 .27 .37 .28 .30 .27 .68 1.0       
item31 .47 .43 .45 .46 .44 .33 .27 .30 .36 .39 .37 .37 .53 .40 .37 .27 .42 .45 1.0      
item32 .48 .45 .43 .38 .34 .25 .25 .27 .31 .29 .30 .28 .42 .30 .31 .28 .43 .47 .59 1.0     
item33 .48 .47 .50 .45 .36 .29 .25 .28 .32 .32 .33 .31 .45 .32 .35 .32 .43 .48 .55 .59 1.0    
item34 .55 .54 .63 .53 .42 .36 .32 .32 .36 .36 .40 .37 .52 .36 .42 .35 .46 .51 .55 .56 .66 1.0   
item35 .36 .34 .36 .34 .27 .23 .22 .23 .24 .24 .25 .23 .32 .26 .26 .22 .33 .35 .41 .44 .43 .49 1.0  
item36 .44 .43 .47 .46 .36 .33 .27 .31 .36 .31 .33 .34 .44 .31 .38 .31 .41 .46 .52 .51 .54 .61 .54 1.0 
Correlations in blue represent the KDQOL Burden scale, those in green represent the Symptoms/Problems scale, and those in orange represent the Effects scale.  
Bold correlations are large according to Cohen’s rule, > .371 
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