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Purpose: Patients with transthyretin amyloidosis (ATTR) experience a wide variety of symptoms and impacts on health-related 
quality of life (HRQoL). However, the lack of an ATTR-specific patient-reported outcome (PRO) measure has made consistent 
measurement of HRQoL in ATTR challenging. This paper describes the development of a conceptual model and subsequent content 
for the Transthyretin Amyloidosis – Quality of Life Questionnaire (ATTR-QOL), an ATTR-specific PRO measure.
Methods: This was a cross-sectional, non-interventional, US-based study. The study design included three stages: 1) a targeted 
literature review followed by qualitative data collection with patients and experts; 2) development of a conceptual model and PRO 
measure; and 3) review of the PRO measure using a modified Delphi method, translatability assessment, and interviews with patients 
and experts. Revisions were made to the measure after each round of review.
Results: Forty-four patients and 29 experts participated in this study. The conceptual model included two primary concepts of interest: 
symptoms (cardiac, neuropathic–peripheral, neuropathic–autonomic, and other) and impacts (eg, physical, role, and mental/emotional 
functioning). Seventy-two items were created (32 symptoms; 40 impacts) to align with the model. A recall period of one month was 
selected based on participant input.
Conclusion: The ATTR-QOL was created with significant patient involvement and guidance from a multidisciplinary group of 
experts. The mix of patient and clinical perspectives helped to ensure a balanced representation of all relevant disease experiences and 
clinical specialties. With further refinement from psychometric testing, the ATTR-QOL will provide a standard, comprehensive 
measure for all ATTR-specific research including both clinical trials and clinical practice.
Keywords: content validity, cardiomyopathy, polyneuropathy, qualitative, clinical outcome assessment

Introduction
Transthyretin amyloidosis (ATTR) is a rare, debilitating disease caused by deposits of misfolded transthyretin proteins in 
organ systems. There are two types of ATTR: hereditary and wild-type.1 Hereditary ATTR (hATTR or ATTRv) includes 
more than 120 genotypes and can be further subtyped into cardiomyopathy (hATTR-CM) and polyneuropathy (hATTR- 
PN) based on the primary organ systems affected.2 The most commonly observed genotype worldwide, V30M, is 
primarily associated with symptoms of polyneuropathy and was first described in a population of patients in Portugal.3–5 

The most commonly observed genotype in the United States, V122I, is typically found in African Americans and is 
primarily associated with symptoms of cardiomyopathy.4,6,7 It should be noted that as research continues and more 
variants are better understood, evidence suggests that patients with hATTR may also experience ocular and/or central 
nervous system involvement.8–10 Wild-type ATTR (ATTRwt) is not caused by any of the known genetic mutations; 
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rather, it typically develops in older age and most often results in cardiomyopathy. Regardless of type, the clinical 
presentation of ATTR is complex: patients experience a wide variety of symptoms,11–16 and, in turn, many impacts on 
daily life, including on work, healthcare resource utilization, and overall health-related quality of life (HRQoL).14,17–19

A 2018 multidisciplinary stakeholder meeting hosted by the Amyloidosis Research Consortium (ARC) identified the 
need for improved understanding and measurement of HRQoL in ATTR as an important research priority in this disease 
area.20 To date, the lack of an ATTR-specific patient-reported outcome (PRO) measure has hindered the ATTR 
community’s ability to measure HRQoL in a consistent, comprehensive way. Clinicians, researchers, drug developers, 
regulatory bodies, and payer evaluation organizations have relied on a combination of PRO measures intended for other 
conditions to measure symptoms, impacts, and overall HRQoL (eg, Norfolk-QOL-Diabetic Neuropathy, COMPASS-31, 
Kansas City Cardiomyopathy Questionnaire [KCCQ], SF-36).21 While these instruments have value for the research and 
treatment of ATTR, the lack of specific attribution to the disease results in gaps in knowledge. Recognizing this need, 
ARC initiated the development of an ATTR-specific patient-reported outcome (PRO) measure to reflect the patient 
experience of ATTR and cover the “constellation of symptoms”11 and impacts experienced by ATTR patients that can be 
a standard measure for all ATTR-specific research (to allow for comparison across studies) and is appropriate for use in 
both clinical trials and clinical practice. This paper describes the development of a conceptual model of the patient 
experience of ATTR and PRO measure to evaluate that experience, the Transthyretin Amyloidosis – Quality of Life 
Questionnaire (ATTR-QOL).

Materials and Methods
This cross-sectional, non-interventional, US-based study was designed with 3 stages that included a targeted literature 
review, concept elicitation with experts and patients, conceptual model and PRO measure development, and evaluation of 
the content validity of the measure (Figure 1). Prior to commencing the research, the study team formed a steering 
committee of 8 experts in ATTR (clinicians, patient representatives) to provide insight throughout the development 
process. This study complies with the Declaration of Helsinki; ethics approval was granted by the WCG Institutional 
Review Board (#120190335; #20202560).

Stage 1: July 2019–January 2020
A targeted literature review based on records identified in the PubMed and ClinicalTrials.gov databases was conducted to 
identify the signs, symptoms, and impacts of ATTR and PRO measures commonly used in ATTR studies. The study team 
identified and extracted data from 26 peer-reviewed articles published between August 2009 and August 2019. Results 
from the literature review were used to develop a symptom list and a semi-structured interview guide for use in 60- 
minute, one-on-one interviews with experts in ATTR.

Experts in ATTR, including specialists that commonly treat ATTR (including cardiologists, neurologists, gastroenter-
ologists), researchers, and patient representatives, were recruited using purposive sampling, with the goal of including 
a mix of clinical perspectives. During interviews, the experts reviewed the symptom list, providing input on wording, 
organization, and content; discussed the impacts of living with ATTR; and considered other elements of a PRO measure 
(eg, length of the questionnaire, ideal response options). The interviews were audio-recorded and transcribed verbatim. 
Two members of the study team (MO’C, LB) conducted the interviews and later coded and analyzed the interview 
transcripts in NVivo software to identify signs, symptoms, and impacts of ATTR and suggested elements of the PRO 

Figure 1 Study design.
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measure such as a recall period and mode of administration. These results, along with items from the content-validated 
ATTR Amyloidosis Patient Symptom Survey (ATTR-PSS),22 which was incorporated into this study, were used to update 
the symptom list and develop a semi-structured moderator/interview guide for use in a focus group and individual 
interviews with patients with ATTR.

Participants (ie, US-based adults with hATTR or ATTRwt) were recruited for the patient focus group and individual 
interviews using purposive sampling, leveraging ARC’s existing networks. The study team aimed for a sample with 
representation from patients with hATTR-CM, hATTR-PN, and ATTRwt to capture the different experiences of the 
disease. All participants reviewed and signed a consent form prior to being interviewed.

An in-person, 90-minute patient focus group was conducted at the October 2019 Amyloidosis Support Groups (ASG) 
ATTR-specific meeting in Chicago, USA. Subsequent individual interviews were conducted remotely using web-based 
teleconferencing software, allowing for greater geographic diversity. The focus group and interviews were moderated by 
2 members of the study team (MO’C, LB). During both the focus group and individual interviews, participants completed 
and discussed the symptom list and described the impacts of their condition on daily life. The focus group and interviews 
were audio recorded and transcribed verbatim. Two members of the study team (MO’C, LB) coded and analyzed the 
transcripts with a focus on confirming and elaborating on the symptoms and impacts identified in the clinician interviews 
and identifying patient preferences regarding other elements of a PRO (eg, recall period, ideal mode and setting to 
complete the questionnaire). Because the focus group was conducted first, results from the focus group were used to 
update the symptom list and adapt the semi-structured interview guide for use in individual interviews. A saturation 
analysis determined that the patient sample size was sufficient prior to closing patient data collection.

Stage 2: February–April 2020
Findings from Stage 1 were used to develop a conceptual model and items and instructions for the draft measure, and to 
select an appropriate recall period and item response options. Given the interest in using the ATTR-QOL to help guide 
treatment decisions (including supportive therapy), the domains and subdomains of the conceptual model were organized 
according to specific groups of symptoms and impacts that a patient with ATTR may experience. Given the interest in 
making the ATTR-QOL relevant for both clinical practice and clinical trials, the initial list of items focused on the 
concepts in the model that could be considered more proximal to the condition of ATTR (ie, the aspects of disease most 
important to measure and track within these contexts). All items were drafted in US-English.

Stage 3: April 2020–June 2021
The draft measure was reviewed and refined through 2 rounds of a modified Delphi method, 2 rounds of translatability 
assessment (to explore the suitability of the instrument for translation into other languages), informal interviews with 
drug developers working in ATTR (to ensure the inclusion of the clinical trial perspective), and formal cognitive 
debriefing interviews with patients with ATTR.

The 2 rounds of modified Delphi method aimed to collect feedback on the draft measure from experts (including the 
project steering committee [rounds 1 and 2] and other clinicians and patient representatives [round 2]) with extensive 
experience in ATTR. Participants, recruited by email using purposive sampling, joined an introductory webinar to learn 
more about the project and their task and receive a guidance document, the draft measure, and a link to an online survey to 
submit their feedback. Following the first modified Delphi round, 2 members of the study team (MC, MO’C) conducted 
informal interviews with drug developers working in ATTR; after the second round, those same developers were given the 
opportunity to provide feedback through a modified version of the online survey used for the Delphi participants. The study 
team analyzed the responses from the online surveys using descriptive statistics or thematic coding and analysis, depending on 
the question type. Notes from the informal interviews were also analyzed using thematic analysis. During analysis, the study 
team discussed conflicting feedback at length before concluding whether to implement suggested changes to the items.

Two translatability assessments of the items and instructions were conducted for 7 languages: French, German, 
Italian, Japanese, Portuguese, Spanish and Swedish. Translation experts evaluated the difficulty of translating the draft 
measure into each target language using a standardized scale. An initial translatability assessment occurred following the 
first Delphi process; updates were made to improve readability and ease of translation. A final translatability assessment 
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was conducted after the second modified Delphi modified/informal drug developer reviews. Revisions were made 
following each assessment.

Two members of the study team (MO’C, LB) conducted 75-minute, individual cognitive debriefing interviews with 
patients with ATTR by phone or webcam. Patients were recruited using purposive sampling through messaging on ARC’s 
media channels and follow-up with patients who expressed interest during Stage 1 of the research. All participants reviewed 
and signed a consent form prior to being interviewed. Interviews followed a semi-structured interview guide designed to 
assess the relevance, comprehensibility, and comprehensiveness of the ATTR-QOL.23–25 Participants completed the draft 
ATTR-QOL using the think-aloud method (a standardized approach to cognitive debriefing that reduces interviewer bias and 
provides important insights into participant comprehension)26 and then answered a series of pre-determined questions and ad 
hoc probes. Interviews were audio-recorded and transcribed verbatim. Two members of the study team (MO’C, LB) coded 
the transcripts in NVivo software and used thematic analysis to identify any parts of the ATTR-QOL that required revisions.

Throughout Stage 3, the ATTR-QOL items and instructions were revised (based on analyses) for readability and/or under-
standability. An item tracking matrix documented the progression of items and instructions from initial through final versions.

Results
Study Participants
A total of 44 patients and 29 experts participated in this study from Stage 1 through Stage 3 (Table 1 and Table 2).

Stage 1
Based on data extracted from the literature review, the study team developed a list of 23 symptoms of ATTR and 
identified three areas of daily life typically impacted by the disease: physical health, emotional health, and work/ 
productivity. The study team also identified 10 PRO measures that have been used in ATTR-related research.

Sixteen experts (clinicians, n=13; patient representatives, n=3), participated in concept elicitation interviews, con-
firming the relevance of the symptom list (with some suggestions for more patient-friendly language) and recommending 
the addition of several others. Experts confirmed impacts on the aforementioned three areas of patients’ lives, and added 
impacts on social life, independence, finances.

Six patients with ATTR (hATTR, n=4; ATTRwt, n=2) participated in the concept elicitation focus group, confirming 
the updated list of symptoms (informed by the ATTR-PSS), and highlighting 4 areas of daily life impacted by ATTR: 
physical functioning, mental health/emotional wellbeing, social life, and finances.

Twenty patients with ATTR (hATTR, n=13; ATTRwt, n=7) participated in individual concept elicitation interviews, 
confirming and elaborating on the findings from the focus group. Results from the individual interviews informed 
revisions to a handful of items on the symptom list—primarily to make the word choice more patient-friendly—and 2 
additional areas of daily life impacted by ATTR: pastimes and planning.

Each group of participants also discussed their preferences for various elements of an ATTR-specific PRO measure, 
such as recall period, response options, and mode of administration. For example, a recall period of 4 weeks was 

Table 1 Expert Participants by Data Collection Mode

Expert 
Interviews 

(N=16) n (%)

Modified Delphi – 
Round 1 (N=8) n (%)

Modified Delphi – 
Round 2 (N=12) n (%)

Patient Representative, n (%) 3 (19) 3 (38) 4 (33)

Clinician Specialty, n (%)* 13 (81) 5 (63) 8 (67)
Hematology/Oncology 5 (38) 1 (20) 3 (38)

Neurology 3 (23) 1 (20) 3 (38)

Cardiology 4 (31) 3 (60) 1 (12)
Gastroenterology 1 (8) – 1 (12)

Note: *Percentages for clinician specialties refer to the total number of clinicians in the sample.
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identified as appropriate as both clinicians and patients agreed that ATTR symptoms do not fluctuate a lot over time and 
that 4 weeks would be a reasonable amount of time to remember accurately.

Although the initial study design allowed for the possibility of developing a measure for each type of ATTR, expert 
and patient feedback suggested that 1 PRO measure, with items addressing the full spectrum of symptoms and impacts 
across types and subtypes, could adequately cover both hATTR and ATTRwt.

Stage 2
Using findings from Stage 1, the draft conceptual model was designed with 2 components, (1) Symptoms and 
comorbidities, and (2) Impacts, under which were organized more specific domains (eg, cardiac symptoms, neuropathic 
symptoms, physical impacts, role impacts).

Guided by the conceptual model, the draft set of items generated for the ATTR-QOL included 34 items assessing 
frequency and severity of symptoms; 40 items assessing the degree to which respondents felt their everyday life was 
impacted by ATTR; and 11 possible comorbidities. Likert-like scale response options and a 4-week recall period were 
used for all symptom and impact items.

Stage 3
After each round of review conducted during Stage 3, items were revised or removed based on participant feedback (Figure 2).

Eight experts (comprising the project steering committee) participated in the first round of the modified Delphi. Based 
on participant feedback, 7 items in the questionnaire were changed to clarify or improve readability. Twenty patients with 

Table 2 Patient Participants by Data Collection Mode

Concept Elicitation Cognitive Debriefing

Patient Focus Group 
(N=6) n (%)

Patient Interviews 
(N=20) n (%)

Patient Interviews 
(N=20) n (%)

ATTR Type, n (%)
Hereditary 4 (67) 13 (65) 15 (75)

Wild-type 2 (33) 7 (35) 5 (25)

Sex, n (%)
Male 2 (33) 10 (50) 12 (60)

Female 4 (67) 10 (50) 8 (40)

Race/Ethnicity, n (%)
African American – 4 (20) 6 (30)

Asian – – 1 (5)

Hispanic – – 1 (5)
White 6 (100) 16 (80) 12 (60)

Education Completed, n (%)
High school 1 (17) 1 (5) 1 (5)
Associate degree, some college 1 (17) 7 (35) 5 (25)

Bachelor’s degree 3 (50) 6 (30) 6 (30)

Post-graduate degree 1 (17) 6 (30) 8 (40)
Geographic Location, n (%)
Midwest 3 (50) 3 (15) 4 (20)

Northeast 1 (17) 5 (25) 3 (15)
South 2 (33) 4 (20) 4 (20)

West – 8 (40) 9 (45)

Mean (Min–Max) Mean (Min–Max) Mean (Min–Max)

Age in years 66 (50–80) 64 (37–87) 61 (33–78)

Time since diagnosis in years 3 (0.5–10) 5.9 (0.5–20) 5.6 (0.5–30)

Abbreviation: ATTR, transthyretin amyloidosis.
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ATTR participated in cognitive debriefing interviews. Participants clearly understood both the symptom and impact items 
and were able to answer them using the provided response options. Based on participant feedback, 7 items were revised 
to improve wording and 3 items were removed. For example, 1 symptom (“stress related to ATTR”) was removed 
because of participant feedback that this was not a symptom of ATTR, rather, a result of having a rare condition with few 
treatment options. Cognitive debriefing further confirmed the instructions were clear and that the recall period was 
appropriate. Twelve experts, including a mix of clinicians (n=8) and patient representatives (n=4), participated in 
the second modified Delphi process. Participants found the items comprehensive. Minor modifications were implemented 
based on participant feedback (eg, updated item wording and removal of redundant items). No items were revised based 
on the initial translatability assessment, but further detail or clarification was added to a list of concepts for future 
translations of the items and instructions. The follow-up translatability assessment resulted in the revision of one item.

Final Conceptual Model and ATTR-QOL
The final conceptual model includes 12 groups of specific health experiences comprising 7 health concepts (cardiac, 
neuropathic – peripheral, neuropathic – autonomic, and other; physical, role, and mental/emotional) that define 2 
concepts of interest (symptoms, impacts) (Figure 3).

The final set of items generated for the ATTR-QOL reflects the specific health experiences outlined in the conceptual 
model. Thirty-two items provide coverage of the symptom-specific concepts of interest; respondents are asked to indicate 
the frequency (“never”, “rarely”, “sometimes”, “often”, and “always”) and severity (“not applicable”, “mild”, “moder-
ate”, and “severe”) of those 32 symptoms in the past 4 weeks. A single item asks about unintentional weight loss or gain 
over the past 12 months.

Figure 2 Example of item modification process.
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The remaining 40 items provide coverage of the impact-specific concepts of interest, including items focused on 
impacts of ATTR on physical function (balance, gross and fine motor function, activities of daily living [ADLs], 
instrumental activities of daily living [IADLs]), social life, mental health, and work and productivity. Most of the 
items share an item stem that ensures attribution to ATTR (eg, “In the past 4 weeks, how much has ATTR impacted your 
ability to…”). Excepting 1 question which asks about the respondent’s employment status, all impact items are answered 
on a 5-point scale (“not at all”, “a little”, “some”, “a lot”, and “completely; I cannot do it at all” or “extremely”, 
depending on the item).

Figure 3 Conceptual model for the ATTR-QOL. *Health experiences listed are not exhaustive. 
Abbreviations: ADLs, activities of daily living; IADLs, instrumental activities of daily living.
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Two optional sets of items are also included: one asking the patient to identify which type of ATTR they have, and 1 asking 
the patient to identify which of 11 common comorbidities they have experienced at any time. These items can be included at 
the discretion of the administrator, depending on what information is already known about the patient’s medical history.

Discussion/Conclusion
The ATTR-QOL, developed and refined based on expert and patient feedback, represents an important step forward in 
patient-centered care and research in ATTR. While continued research into biomarkers that can indicate disease presence 
and track disease progression is essential, equally important is the need for an instrument that captures the patient's 
experience of this rare disease. The comprehensive list of symptoms in the ATTR-QOL addresses the different ways that 
the disease manifests—from those indicative of cardiac involvement to those specific to peripheral and autonomic 
neuropathy—regardless of ATTR type, allowing for the use of one measure across ATTR types and symptomatology. 
Items addressing the HRQoL impacts touch on key aspects of daily life that patients and experts agree are influenced by 
ATTR, including everything from physical functioning to work and productivity to mental health.

The strengths of this study include its alignment with the recommendations and standards set forth by key regulatory 
bodies (eg, US FDA, EMA) and thought leaders (eg, ISOQOL, PROTEUS Consortium) for PRO measure development; 
significant patient involvement at each step of the process; input and guidance from a multidisciplinary group of experts, 
ensuring a balanced representation of all relevant clinical specialties; and a resulting PRO measure useful across ATTR 
types and primary symptomatology.

This study emphasized the inclusion of patient input through the use of recommended qualitative research methods that 
ensure the centrality of the patient voice.23,27,28 Concept elicitation, the approach used in the focus group and first set of expert 
and patient interviews, uses phenomenological inquiry, or open-ended questions, to extract patient descriptions of the symptoms, 
impacts, and other aspects of their condition.29 Using data generated from concept elicitation interviews as well as the ATTR- 
PSS, also developed using extensive patient input, to inform PRO measure-development ensures that the patient's voice and 
experience is at the foundation of the instrument. Cognitive debriefing—a qualitative approach used during PRO measure 
evaluation—aims to assess patient understanding of all aspects of a measure as well as evaluate the relevance and importance of 
each item in relation to the experience of the patient.23,30,31 Ultimately, the results of cognitive debriefing can be used to 
determine whether a specific instrument can be considered “fit for purpose” within a specific population.31

In addition to incorporating the patient voice, the study team deliberately sought input from a multidisciplinary group 
of experts, ensuring that no one clinical specialty or perspective could dominate, and the resulting items could be useful 
across ATTR type and purposes (eg, clinical practice or clinical trials). The mix of clinicians and researchers that 
participated in the expert interviews, steering committee, and modified Delphi rounds represented the specialties that 
commonly treat patients with ATTR, including cardiology, neurology, gastroenterology, internal medicine, and hematol-
ogy/oncology. The drug developers who also reviewed the questionnaire provided insights relevant to their treatments, 
whether they treat neuropathies or cardiac manifestations, and experience with regulatory bodies.

Much of the research in ATTR has approached the types (hATTR and ATTRwt) and subtypes (hATTR-CM and 
hATTR-PN) as distinct from one another, as evidenced by two other ATTR-specific PRO measures created during the 
course of this study.21,22 The decision to create a single measure that addresses symptoms and impacts across both types 
and avoids categorizing patients a priori (by type or subtype) was the result of listening closely to patients and experts. 
Patient input showed the heterogeneity of the symptoms and impacts experienced by those living with ATTR, regardless 
of type. Expert input confirmed that dividing hATTR patients by subtype (ie, primarily polyneuropathy or cardiomyo-
pathy) and characterizing them by mutually exclusive sets of symptoms can often result in missed information. This 
finding is in line with research from Damy et al,32 who, in their effort to create a core dataset for hATTR, emphasize the 
importance of capturing all symptoms, regardless of the organ system, and Wajnsztajn et al and Sabbour et al who have 
identified polyneuropathy among patients with ATTRwt (typically thought to manifest as only cardiomyopathy).33–35 By 
including a set of items for use across types, the ATTR-QOL can better capture the true variability and “constellation of 
symptoms” that characterize ATTR, giving clinicians a more complete picture of their patients and researchers a more 
complete understanding of the overlaps between types while also reducing the reporting burden and standardizing data 
collection.
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The ATTR-QOL that resulted from this study will undergo psychometric testing with a large group of patients with 
ATTR (hATTR and ATTRwt) to further refine the measure. Doing so will help to identify items that are redundant (ie, 
provide the same information, statistically) or do not provide sufficient information—and thus, should be removed to 
improve the performance of the measure—establish appropriate scales for the measure, and evaluate instrument’s 
measurement properties.
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