& frontiers

'.) Check for updates

OPEN ACCESS

EDITED BY
Marta Focardi,
University of Siena, Italy

REVIEWED BY

Marco Marini,

Azienda Ospedaliero Universitaria Ospedali
Riuniti, Italy

Fernando Dominguez,

Puerta de Hierro University Hospital
Majadahonda, Spain

*CORRESPONDENCE
Francesco Cappelli
cappellif@aou-careggi.toscana.it

RECEIVED 12 June 2023
ACCEPTED 27 July 2023
PUBLISHED 29 August 2023

CITATION

Ponti L, Hsu K, Damy T, Villacorta E,
Verheyen N, Keohane D, Wang R, Ines M,
Kumar N, Munteanu C and Cappelli F (2023)
Burden of untreated transthyretin amyloid
cardiomyopathy on patients and their
caregivers by disease severity: results from a
multicenter, non-interventional, real-world
study.

Front. Cardiovasc. Med. 10:1238843.

doi: 10.3389/fcvm.2023.1238843

COPYRIGHT

© 2023 Ponti, Hsu, Damy, Villacorta, Verheyen,
Keohane, Wang, Ines, Kumar, Munteanu and
Cappelli. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine

‘ Frontiers in Cardiovascular Medicine

Original Research
29 August 2023
10.3389/fcvm.2023.1238843

Burden of untreated transthyretin
amyloid cardiomyopathy on
patients and their caregivers by
disease severity: results from a
multicenter, non-interventional,
real-world study

Lucia Ponti', Kristen Hsu’, Thibaud Damy®, Eduardo Villacorta®,
Nicolas Verheyen’, Denis Keohane®, Ronnie Wang’, Monica Ines’,
Nisith Kumar®, Carmen Munteanu® and Francesco Cappelli°*

*University of Urbino Carlo Bo, Urbino, Italy, ’Amyloidosis Research Consortium, Newton, MA, United
States, *Referral Center for Cardiac Amyloidosis, CHU Henri Mondor, Créteil, France, “Complejo
Asistencial Universitario de Salamanca, Salamanca, Spain, *Medical University of Graz, Graz, Austria, °Pfizer
Inc., New York, NY, United States, “Pfizer Inc., Groton, CT, United States, ®Pfizer Inc., Porto Salvo, Portugal,
9Tuscan Regional Amyloidosis Referral Centre, Careggi University Hospital, Florence, Italy

Background: The humanistic burden of transthyretin amyloid cardiomyopathy
(ATTR-CM) is poorly defined.

Methods: An international study to comprehensively characterize the burden of
ATTR-CM on patients naive to disease-modifying therapy and their unpaid
primary caregivers using study-specific and established surveys (patients: Kansas
City Cardiomyopathy Questionnaire Overall Summary [KCCQ-OS], 12-Item Short
Form Health Survey [SF-12], Hospital Anxiety and Depression Scale [HADS],
Patient-Reported Outcomes Measurement Information System [PROMIS] Fatigue
and Dyspnea; caregivers: SF-12, HADS, PROMIS Fatigue, Zarit Burden Interview
[ZBI]). All data were summarized descriptively.

Results: 208 patient and caregiver pairs were included. 86% of patients were male,
median age was 81 years, and 91% (141/155 with genetic testing) had wild-type
ATTR-CM. Patient responses characterized the mental and physical burden of
ATTR-CM, which was numerically higher among those who were New York
Heart Association (NYHA) class Il (n=43) vs. class I/l (n=156). NYHA class IlI
patients had particularly low KCCQ-OS (36) and SF-12 physical component (27)
scores, and 67% had a HADS depression score >8. Caregivers (median age 68
years; 85% female; 59% spouse of the patient; median duration of caregiving 1.5
years) reported that NYHA Ill patients more frequently required help with a
range of physical activities than NYHA class I/Il patients. 51% of caregivers to
NYHA class Il patients reported at least a mild-to-moderate burden in the ZBI.
A plain language summary of this paper can be found as a supplemental material.
Conclusions: Untreated ATTR-CM is a burden to both patients and their
caregivers.
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1. Introduction

Transthyretin amyloid cardiomyopathy (ATTR-CM) is a
condition caused by the deposition of transthyretin amyloid fibrils
in the myocardium (1). Wild-type ATTR-CM (ATTRwt-CM)
occurs with aging. It typically has a late onset (~70 years) and a
phenotype  (2). ATTR-CM
(ATTRv-CM) has a more variable onset and more commonly
(1-4). Although
ATTR-CM can have varying presentation, it is consistently

predominantly cardiac Variant

presents alongside neurological symptoms
associated with reduced lifespan due to progressive heart failure
(1, 2). ATTR-CM has historically been underdiagnosed, and poor
disease awareness contributes to treatment delays that can
negatively impact outcomes (5-8).

The symptoms of ATTR-CM are a burden to patients and
caregivers. A previous qualitative study of patients with ATTR-CM
and their family members found diverse symptoms reported across
multiple physiological systems (in particular, cardiovascular,
neurological, and gastrointestinal systems, and mental health) (9).
These symptoms required many patients to change their way of life
and sacrifice participation in daily activities (9). This study also
described the vital role that caregivers and family members play in
sharing the disease burden and providing coping mechanisms (9).

Previous studies evaluating the humanistic burden of
transthyretin amyloidosis suggest a significant physical,
emotional, and social impact on patients and their caregivers
(9-20). However, most of these studies focused on patients with
variant transthyretin amyloidosis, which can have a
predominantly neurological phenotype (10-12, 14, 16, 19). Only
a few studies have specifically evaluated the burden of
ATTR-CM (9, 13, 15, 17, 20).

This was the first multicenter, international, real-world study
aiming to evaluate the burden of ATTR-CM on patients who
were naive to disease-modifying treatment and their unpaid
primary
relationship between burden and ATTR-CM disease severity in

caregivers. Findings were used to explore the
both groups. A plain language summary of this study can be

found in the Supplemental Materials.

2. Methods
2.1. Study and participants

This was an international, multicenter, cross-sectional, non-

interventional study conducted at amyloidosis centers of
excellence and referral centers for patients with ATTR-CM.
Patients with a diagnosis of ATTR-CM (per routine regional
practice) and aged 18-89 years were recruited for the study by
their doctor (the study investigator). Each patient must have had
a predominantly cardiac ATTR amyloidosis phenotype, be naive
to disease-modifying treatment (symptomatic standard of care
treatment was permitted), and not have received a heart or liver
transplant, left ventricular assist device, or a previous diagnosis

of immunoglobulin light chain amyloidosis.
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Caregivers must have been aged 18-89 years, unpaid, and the
main care provider for the patient with ATTR-CM. They must
not have had ATTR-CM themselves or any other disease that
significantly impacted their perceived quality of life.

All patients and caregivers provided informed consent to
participate in the study. Consent forms were approved by the
institutional review board or independent ethics committee at
each site before use.

2.2. Surveys and analysis

Patients and caregivers completed individual surveys. From
each pair, both patient and caregiver must have provided a
minimum set of responses to be included in the analysis. The
investigator also provided information derived from the
patient’s available medical records and an interview (in-person
or remote).

It was planned for all data to be summarized descriptively.
Patient/caregiver-reported outcome measures were additionally
examined by the patient’s New York Heart Association (NYHA)
functional class (21). No statistical tests were conducted to
compare NYHA subgroups (I/II and III) as this was not a
planned analysis and subgroup characteristics are not well-
balanced. Interpretations are based on observed numerical

differences.

2.2.1. Surveys self-completed by patients

Surveys self-completed by patients included a range of
questions quantifying disease burden on daily life, including
symptom severity over the last 7 days (scale of 0-10) and
frequency of healthcare visits in the prior 3 months. Established
patient-reported outcome surveys completed by patients included
the Kansas City Cardiomyopathy Questionnaire (KCCQ), the
12-Item Short Form Health Survey (SF-12) V2, the Hospital
(HADS),
Outcomes Measurement Information System (PROMIS) Fatigue
Severity Short Form 7a V1.0, and PROMIS Dyspnea Severity
Short Form 10a V1.0.

The KCCQ is a 23-item questionnaire assessing how patients

Anxiety and Depression Scale Patient-Reported

perceived the impact of heart failure on their health status in the
prior 2 weeks (22, 23). Scores were transformed onto a 0-100
scale, with higher scores indicating better health status. The
total symptoms score is the mean of the symptom domain
scores, excluding symptom stability. The clinical summary score
is the mean of the total symptoms and physical limitation
scores. The overall summary (KCCQ-OS) score is the mean of
total symptoms, physical limitation, social limitations, and
quality of life scores. Previously published interpretations of
KCCQ-OS scores were used: 0-24 denotes very poor to poor;
25-49, poor to fair; 50-74, fair to good; and 75-100, good to
excellent health (22).

The SF-12 assesses health status in the prior 7 days (24, 25).
Scores were calculated using the US algorithm and range from 0
to 100, with higher scores representing better self-reported
health. The US general population median for the physical
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component is 54 (25th percentile, 47, 75th percentile, 56) and for
the mental component is 53 (45, 57) (26). Reference scores for
the US population have a high degree of correspondence with
European populations and are often used as the basis for
interpretation (24, 26, 27). Reference scores differ by age, and in
particular, the physical component is known to significantly
decline with aging (26, 28). Among the US general population
aged >75 years, the median physical component score is 39 (29,
48) and the median mental component is 54 (40, 59) (26). These
values are broadly similar to averages calculated in European
general populations aged >65 years (28-30).

The HADS is a 14-item questionnaire with anxiety and
depression subscales ranging from 0 to 21 (31). Higher scores
indicate more severe anxiety and depression. Scores >8 were
considered to represent potentially clinically relevant anxiety or
depression (32, 33).

The PROMIS Fatigue Short Form is a 7-item questionnaire
assessing the severity of daily fatigue over the past 7 days (34).
The PROMIS Dyspnea Short Form is a 10-item questionnaire
assessing the severity of dyspnea over the past 7 days (35). In
both, patients provided responses on a 5-point Likert scale
4 = often;
A T-score was produced according to PROMIS Fatigue
scoring manual (dated April 28, 2021) or PROMIS Dyspnea
scoring manual (dated May 17, 2021). For PROMIS Fatigue,
the mean T-score for the US population is 50 with a
standard deviation of 10 (34). This has been shown to be
similar in the Dutch general population (36). Higher scores

(1 =never; 2=rarely; 3=sometimes; 5 = always).

indicate more severe fatigue. For PROMIS Dyspnea, the mean
T-score for patients with chronic obstructive pulmonary
disease is 50 with a standard deviation of 10. Higher scores
indicate more severe dyspnea (37).

2.2.2. Surveys self-completed by caregivers

Surveys self-completed by caregivers included a range of
questions quantifying the burden of care on daily life and
the frequency of assistance provided to the patient for
attendance of healthcare visits in the prior 3 months. The
HADS, SF-12, and PROMIS Fatigue
completed and scored as described for patients. Caregivers

assessments were
also completed the 22-item Zarit Burden Interview (ZBI)
(38, 39). Questions were answered on a 5-point Likert scale
(0 =never; 1=rarely; 2=sometimes; 3 =quite frequently; 4=
nearly always). The total score ranges from 0 to 88, with a
higher score indicating a higher level of burden. Burden
levels were defined as: 0-20, little or no burden; 21-40, mild
to moderate burden; 41-60, moderate to severe burden; and
61-88, severe burden.

2.2.3. Data provided by the investigator

The investigator provided information on the patient’s
age, sex, underlying conditions, comorbidities, TTR genotype,
time from diagnosis, current symptoms, NYHA class, and
left ventricular ejection fraction (LVEF). They also provided
information on the caregiver’s age, sex, and underlying

conditions.
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3. Results

A plain language summary of this paper can be found in the
Supplemental Materials.

From July 2021 to August 2022, 208 patient and caregiver pairs
were enrolled and self-completed the assessments. Of these, 95
pairs were from Italy, 34 from France, 31 from Spain, 17 from
Australia, 15 from Austria, 10 from Canada, and 6 from Russia.
Another 10 pairs were initially enrolled but did not complete the
minimum set of responses needed to be included in the analysis.

3.1. Demographics and clinical
characteristics of untreated patients with
ATTR-CM

The patient population had a median age of 81.0 years and 86.1%
were male (Table 1). The majority were married or in a domestic
partnership (80.3%) and retired (95.2%). Overall, patients were
relatively newly diagnosed (median 0.5 years ago) and reported
~1.5 years from first symptoms to diagnosis. Diagnoses were made
per routine regional practices, and a range of diagnostic methods
had been used, with 91.8% of diagnoses involving scintigraphy and
82.7% other imaging modalities. Diagnostic biopsies were taken in
just under one-third (29.3%) of patients. Genetic testing results
were not available for 53 patients at the time of the study (majority
pending), but of the 155 patients with data, 91.0% had ATTRwt-
CM. Comorbidities, as reported by the investigator, were diverse
among the patient population, most commonly including heart
failure and hypertension. At the time of the survey, 10.6% of
patients had diagnosed comorbid depression, and 8.2% comorbid
anxiety (Table 2). Not all patients had an NYHA classification
recorded. Among the 199 patients with a classification, nearly two-
thirds (60.3%) were NYHA class IL Similar proportions of patients
were class I (18.1%) or III (21.6%), and none were class IV. In
total, 197 patients had an LVEF recorded. Of these, the majority
had a normal LVEF (>55% in 52.3%); only 8 (4.1%) had an LVEF
<35% (severely below normal).

Aside from age, the demographic, diagnostic, and clinical
characteristics of untreated patients with ATTR-CM who were
NYHA class I/II or III were generally similar (Tables 1, 2).
Among patients with genetic testing data, a slightly higher
proportion of patients NYHA OI had
ATTRv-CM than in patients who were NYHA class I/II (13.8%

vs. 8.4%, respectively). Comorbidities were present in comparable

who were class

or numerically higher proportions of patients who were NYHA
class III than in patients who were NYHA class I/II. LVEF was
poorest in patients who were NYHA class IIL.

3.2. Burden of untreated ATTR-CM to
patients by disease severity

Physicians reported on the ATTR-CM symptoms currently
experienced by patients from a pre-defined list (Figure 1).
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TABLE 1 Physician-reported patient demographics and clinical characteristics by NYHA class.

A patie Patie O ere Patie O SIS
08 A a 6 A a 4

Age
Mean (SD) 79.6 (7.0) 79.4 (6.8) 79.8 (8.0)
Median (min, max) 81.0 (46, 90) 81.0 (46, 90) 81.0 (47, 90)
Sex, n (%)
Male 179 (86.1) 136 (87.2) 34 (79.1)
Female 29 (13.9) 20 (12.8) 9 (20.9)
Disease duration, years (IQR)
Age at first symptoms, median 78.5 (74.0, 82.0) 78.0 (74.0, 82.0) 78.0 (73.0, 83.0)
Age at diagnosis, median 80.0 (75.0, 84.0)* 80.0 (75.0, 83.0)° 79.0 (75.0, 85.0)
Years since diagnosis, median 0.5 (0.1, 1.3)* 0.5 (0.1, 1.3)° 0.3 (0.1, 1.2)
Diagnostic method, n* (%)
Scintigraphy 191 (91.8) 144 (92.3) 38 (88.4)
Other imaging 172 (82.7) 133 (85.3) 30 (69.8)
Symptoms 131 (63.0) 100 (64.1) 26 (60.5)
Genetic testing 107 (51.4) 81 (51.9) 23 (53.5)
Physical examination 80 (38.5) 58 (37.2) 19 (44.2)
Biopsy 61 (29.3) 44 (28.2) 17 (39.5)
Heart 24 (39.3) 15 (34.1) 9 (52.9)
Salivary gland 28 (45.9) 23 (52.3) 5 (29.4)
Fat pad 6 (9.8) 5 (11.4) 1 (5.9)
Carpal ligament 3 (4.9) 1(23) 2 (11.8)
Family history 3 (1.4) 3(1.9) 0
Type of ATTR-CM, n (%)
n with genetic testing 155 119 29
Wild-type 141 (91.0) 109 (91.6) 25 (86.2)
Variant® 14 (9.0) 10 (8.4) 4 (13.8)
NYHA class, n (%)
n with classification 199 156 43
1 36 (18.1) 36 (23.1) 0
11 120 (60.3) 120 (76.9) 0
jiis 43 (21.6) 0 43 (100.0)
v 0 0 0
Left ventricular ejection fraction, n (%)
n with measure 197 149 42
>55% 103 (52.3) 80 (53.7) 20 (47.6)
40%-54% 77 (39.1) 56 (37.6) 18 (42.9)
<39% 17 (8.6) 13 (8.7) 4 (9.5)

ATTR-CM, transthyretin amyloid cardiomyopathy; IQR, interquartile range; NYHA, New York Heart Association; SD, standard deviation.

°n =207.

°n =155.

“Including n = 7 with 168! (p.I188(; 1 NYHA class 1), 1 with V30M (p.V50M, NYHA class Ill), 1 with V122/ (p.V142I; NYHA class Ill), and 4 with other transthyretin gene variations

(1 NYHA class 11I).
*More than one can apply.

Current symptoms derived from multiple physiological systems
but the most common among all patients were heart failure
(73.1%) and shortness of breath (71.2%). More than a quarter
of all patients were currently experiencing atrial fibrillation
(46.2%), fatigue (36.5%), or leg and ankle swelling (25.5%).
Neurological symptoms were also common, including dizziness
(15.9%), erectile dysfunction (14.4%), leg pain (13.5%), pain,
numbness and tingling in the hand or arms (12.0%), paresthesia
(10.6%), and loss of sensation in the limbs (9.6%). All symptoms
were experienced in numerically higher proportions of patients
who were NYHA class III than in patients who were NYHA
class I/II.

Frontiers in Cardiovascular Medicine

Current symptomatic therapies received by >50% of all
patients included anti-hypertensives (83.7%), diuretics (69.7%),
and anticoagulants (63.5%; Table 2). There were some numerical
differences in the proportion of patients currently using each
type of symptomatic therapy, including a higher proportion of
patients who were NYHA class IIIT vs. I/II using diuretics, anti-
hypertensives, antidepressants, and drugs for neuropathy.
Conversely, higher proportions of patients who were NYHA class
I/IT vs. IIT currently took antiarrhythmic therapy, anticoagulants,
and steroids.

Patients with ATTR-CM self-reported significant physical

burdens, with more than half of patients (61.7%) being unable to
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TABLE 2 Physician-reported patient comorbidities and current therapies by NYHA class.

All patients Patients who were Patients who were
N=208 NYHA class I/ll n=156 NYHA class Il n=43

Comorbidities, n (%)*
Heart failure 115 (55.3) 86 (55.1) 29 (67.4)
Hypertension 115 (55.3) 80 (51.3) 29 (67.4)
Heart failure with preserved ejection fraction 100 (48.1) 78 (50.0) 20 (46.5)
Carpel tunnel syndrome 100 (48.1) 78 (50.0) 20 (46.5)
Hyperlipidemia 84 (40.4) 53 (34.0) 23 (53.5)
Diabetes mellitus 39 (18.8) 28 (17.9) 9 (20.9)
Kidney disease 36 (17.3) 20 (12.8) 12 (27.9)
Cancer (other than skin) 32 (15.4) 19 (12.2) 11 (25.6)
Neuropathy 24 (11.5) 14 (9.0) 10 (23.3)
Depression 22 (10.6) 16 (10.3) 5 (11.6)
Obesity 21 (10.1) 13 (8.3) 6 (14.0)
Anxiety 17 (8.2) 12 (7.7) 4 (9.3)
Liver disease 5(2.4) 4 (2.6) 1(2.3)
Autonomic nervous system disease 4 (1.9) 2(1.3) 2 (4.7)
Other" 109 (52.4) 78 (50.0) 24 (55.8)
Current symptomatic therapies, n (%)*
Anti-hypertensives 174 (83.7) 126 (80.8) 39 (90.7)
Diuretics 145 (69.7) 105 (67.3) 36 (83.7)
Anticoagulants 132 (63.5) 100 (64.1) 23 (53.5)
Antiarrhythmic therapy including implanted cardioverter-defibrillators 65 (31.3) 58 (37.2) 6 (14.0)
Antidepressants 24 (11.5) 17 (10.9) 7 (16.3)
Steroids 17 (8.2) 15 (9.6) 1(2.3)
Drugs for neuropathy 14 (6.7) 10 (6.4) 4 (9.3)

NYHA, New York Heart Association.
*More than one can apply.

™Other” was a pre-specified category selected by the investigator. The nature of the comorbidity was not indicated.

walk normally and just less than one-third unable to participate in
social and household activities (Table 3). Being unable to walk
normally or participate in social or household activities were
numerically more common in patients who were NYHA class III
than in patients who were NYHA class I/Il. When patients were
asked about the severity of specific symptoms, those of a
neurological nature were most bothersome, with tingling, numbness,
or pain in the limbs and muscle weakness in the arms or legs both
being rated 3/10 for severity in the prior 7 days (Figure 2A).

With regard to healthcare utilization, 79.2% of patients (n = 207)
had attended an outpatient visit in the prior 3 months. Outpatient
visits were numerically more common among patients who were
NYHA class III vs. patients who were class I/II (93.0% [n=43] vs.
76.1% [n=155]); with similar trends in patient hospitalizations
(27.8% overall [n=205]; 41.9% [n=43] vs. 24.8% [n=153]), and
emergency room or urgent care visits for ATTR-CM (20.7% overall
[ =203]; 32.6% [n =43] vs. 17.9% [n=151]).

Established patient-reported outcome surveys were used to
further burden of untreated ATTR-CM
(Figures 2B-E). All scores indicated incrementally higher burden

characterize the

in patients who were NYHA class III as compared with patients
who were NYHA class I/II. Median KCCQ-OS, total symptom,
and clinical summary scores among all patients were 68
(indicating fair to good health status), 75, and 69, respectively.
Patients who were NYHA class III had numerically lower scores
vs. patients who were NYHA class I/II (KCCQ-OS 36 vs. 71;
total symptom score: 50 vs. 81; and clinical summary score: 43

Frontiers in Cardiovascular Medicine

vs. 77). The KCCQ-OS score indicated poor to fair health status
in patients who were NYHA class III, and fair to good health in
patients who were NYHA class I/IT (22).

Median SF-12 physical and mental component summary scores
among all patients were 36 and 47, respectively. These were slightly
below published norms for the general population aged >75 years
(39 and 54) (26). Both physical and mental component summary
scores were numerically lower in patients who were NYHA class III
than in patients who were NYHA class I/II (27 vs. 39 and 43 vs. 48).

In the HADS depression and anxiety subscales, patients
had median scores of 6 and 5, respectively. Medians were
numerically higher in patients who were NYHA class III (9 and 6),
as compared with patients who were NYHA class I/I (5 and 4).
Among patients who were NYHA class III, two-thirds (67%; 29/43)
had clinically relevant depression (score >8), as compared with one-
third (32%; 49/152) of patients who were NYHA class I/IL.

The mean PROMIS Fatigue score among all patients was 51,
with a slightly higher score in patients who were NYHA class III
(57), as compared with those who were NYHA class I/II (50).
The PROMIS Fatigue has a general population norm of 50 (SD 10).

The PROMIS Dyspnea questionnaire was completed by less
than half of all patients (1 =71), with a mean score of 43. There
was a slightly higher mean score in patients who were NYHA
class IIT (48), as compared with those who were NYHA class I/1I
(42). A score of 48 in patients who were NYHA class III suggests
similar dyspnea to that experienced by patients with chronic
obstructive pulmonary disease [population norm of 50 (SD of 10)].
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I Al patients, N = 208

Heart failure

Shortness of breath

Atrial fibrillation

Fatigue

Leg and ankle swelling

Heart palpitations, irregular or
rapid heartbeat (not AF)

Weakness, especially in legs

Gastrointestinal or
urinary problems

Dizziness
(orthostatic hypotension/syncope)

Low libido

Erectile dysfunction

Insomnia

Leg pain

Pain, numbness, and
tingling in the hand and arm

Paresthesia

Loss of sensation in leg or arm

Weight loss

Chest pain
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Speech dysfunction

Paralysis

Other

0%

FIGURE 1

Patients who were NYHA class I/ll, n = 156
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37%
30%
63%

26%
19%
54%
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33%

20%
15%
42%

17%
13%
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16%
14%
26%

16%
12%
35%

14%
10%
33%
14%
14%
19%
14%

11%
26%

21%

16%

26%

19%

[ Patients who were NYHA class IlI, n = 43

73%
74%
79%

71%
70%
81%

I | |
20% 40% 60%

Patients with current symptom

Current symptoms in patients with ATTR-CM by NYHA class. 199/208 patients had NYHA classification data. AF,
amyloid cardiomyopathy; NYHA, New York Heart Association.

80% 100%

, atrial fibrillation; ATTR-CM, transthyretin
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TABLE 3 Patient-reported physical burden of ATTR-CM by NYHA class.

All patients

N =208

Patients who were

10.3389/fcvm.2023.1238843

Patients who were
NYHA class lll n=43

NYHA class I/l n=156

Unable to walk normally, n (%) 127 (61.7%) 86 (55.8%) 36 (83.7%)
[n=206] [n=154] [n=43]
Unable to participate in social or leisure activities 59 (28.9) 36 (23.7) 23 (53.5)
in the past 3 months, n (%) [n=204] [n=152] [n=43]
Median days (IQR) 25.0 11.0 80.0
(10.0, 85.0) (5.0, 80.0) (43.0, 90.0)
[n=49] [n=30] [n=19]
Unable to do household chores in the past 3 months, n (%) 55 (27.1) 31 (20.5) 22 (51.2)
[n=203] [n=151] [n=43]
Median days (IQR) 48.0 20.0 62.0
(10.0, 90.0) (10.0, 90.0) (30.0, 92.0)
[n=46] [n=27] [n=19]
Family member had to do your household chores because of 63 (31.0) 34 (22.4) 26 (61.9)
your ATTR-CM in the past 3 months, n (%) [n=203] [n=152] [n=42]
Median days (IQR) 62.0 66.0 62.0
(10.0, 90.0) (10.0, 90.0) (10.0, 92.0)
[n=51] [n=128] [n=23]
Hours of chores, median (IQR) 3.0 (2.0, 6.0) 3.0 (2.0, 5.0) 4.5 (2.0, 12.0)
[n=52] [n=30] [n=22]

ATTR-CM, transthyretin amyloid cardiomyopathy; IQR, interquartile range; NYHA, New York Heart Association.

3.3. Demographics of primary caregivers to
patients with ATTR-CM

Caregivers had a median age of 68.0 years. The majority were
female (84.6%) and a spouse (58.7%) or adult child (37.0%) of the
patient (Table 4). Caregivers and patients commonly lived in the
same household (66.3% of all caregivers). The demographics
among caregivers to patients who were NYHA class I/II and III
were broadly similar.

3.4. Burden of ATTR-CM on caregivers by
patient’s disease severity

Caregivers reported that they spent a median of 4.5h a
week providing care to the patient with ATTR-CM. This was
over 8-fold higher (17.5h) among those who cared for
patients who were NYHA class III as compared with those
who cared for patients who were NYHA class I/II (2.0 h;
Table 4). Most had not been caregivers for an extended
period, with a median of 1.5 years’ duration (2 years to
NYHA class III patients; 1 year to NYHA class I/II patients).
This duration was longer than the average time since
diagnosis for patients but was consistent or less than the
average time since first symptoms.

Around 10% of caregivers reported that their caregiving
responsibilities meant that they could not complete their typical
daily chores at least once in the prior 3 months (median
number of days was 7.0; Table 4). This proportion was 14%
among caregivers to patients who were NYHA class III and 9%
among caregivers to patients who were NYHA class I/II. Similar
but slightly higher proportions of caregivers reported that they
had to ask another family member to help with their daily
chores because of their caregiving responsibilities.
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Despite being surveyed during the COVID-19 pandemic, 68.1%
of all caregivers (n=207) had accompanied the patient on an
outpatient visit in the prior 3 months. This was numerically more
common among caregivers to patients who were NYHA class III
than among caregivers to patients who were NYHA class I/II
(76.7% [n=43] vs. 67.1% [n=155]). Similarly, accompanying the
patient to emergency room or urgent care visits was numerically
more common among caregivers to patients who were NYHA
class IIT than among caregivers to patients who were NYHA class
I/I1 (16.7% overall [n =204]; 30.2% [n=43] vs. 13.1% [n=153]).

In the ZBI, 35% of all caregivers reported at least a mild to
moderate burden of care (score >21; Figure 3A). More than half
(51%) of caregivers to patients who were NYHA class III
reported at least a mild to moderate burden of care, compared
with 33% of caregivers to patients who were NYHA class I/Il. No
caregivers reported a severe burden of care (score >61).
Consistent with these findings, the median ZBI score was 13 in
all caregivers, 14 in caregivers to patients who were NYHA class
I/11, and 21 in caregivers to patients who were NYHA class III.

Caregivers reported that patients required help with many
everyday physical tasks (Figure 3B). The proportion of patients
requiring help with each task was numerically higher among
those who were NYHA class III vs. those who were NYHA class
I/II, including cleaning (58.1% vs. 25.8%), cooking (51.2% vs.
19.2%), walking (34.9% vs. 13.0%), bathing (34.9% vs. 11.7%),
getting in or out of bed (14.0% vs. 5.2%), and getting on or off
the toilet (11.6% vs. 3.9%). Caregivers (n=202) reported that
114% of patients had some form of incontinence. This
proportion was 27.9% in patients who were NYHA class III and
6.6% in patients who were NYHA class I/IL.

The SF-12, HADS, and PROMIS Fatigue scales showed no
meaningful differences in health status, mental health, or fatigue
levels reported by caregivers to patients who were NYHA class I/II
or III (Figure 4).
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4. Discussion

This was the first multicenter, international, real-world study to
comprehensively characterize the burden of ATTR-CM in patients
naive to disease-modifying therapy and their caregivers. Findings
showed that both patients and caregivers felt a mental and
physical burden of untreated ATTR-CM, and this burden
appeared to increase with disease severity.

Nearly all published assessments of transthyretin amyloidosis
burden have evaluated patients with variant transthyretin
amyloidosis, which can have a predominantly neurological
phenotype (9-20). Although genetic testing data were not
available for ~25% of patients in our study, 91% of those with
data were confirmed to have ATTRwt-CM. Assuming this is
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reflective of those without genetic testing, this suggests that our
study population predominantly comprised those with relatively
newly diagnosed ATTRwt-CM who were naive to disease-
modifying therapy but receiving standard-of-care symptomatic
therapies. Although the reason for the lack of disease-modifying
treatment was not captured, it likely reflected local approval or
reimbursement status at the time. Findings from our study
should be interpreted in the context of the specific population
evaluated and should not be extrapolated to patients with variant
transthyretin  amyloidosis and predominantly neurological
phenotype, other forms of amyloidosis, or where patients are
receiving disease-modifying treatment. Furthermore, our patient
population was generally elderly, male, and experienced a burden

that was heavily related to their experiences with physical
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TABLE 4 Caregiver demographics and characteristics by the patient’'s NYHA class.

All caregivers

Caregivers to patients who | Caregivers to patients who

N=208 were NYHA class I/l n=156 | were NYHA class Il n=43
Age
Mean (SD) 65.8 (12.2) 66.4 (12.6) 65.9 (10.5)
Median (min, max) 68.0 (32, 88) 68.5 (32, 88) 68.0 (45, 83)
Sex, n (%)
Male 32 (15.4) 25 (16.0) 4 (9.3)
Female 176 (84.6) 131 (84.0) 39 (90.7)
Relationship to the patient, n (%)
Spouse 122 (58.7) 95 (60.9) 26 (60.5)
Adult child 77 (37.0) 56 (35.9) 14 (32.6)
Parent 2 (1.0) 1 (0.6) 1(2.3)
Sibling 1 (0.5) 1 (0.6) 0
Other 6 (2.9) 3(1.9) 2 (4.7)
Caregiving characteristics
Caregiver and patient live in the same house, n (%) 138 (66.3) 102 (65.4) 34 (79.1)
Hours spent providing care per week, median (IQR) 4.5 2.0 17.5
(0.0, 27.0) (0.0, 21.0) (4.0, 75.0)
(n=176] [n=130] [n=238]
Years caregiving to date, median (IQR) 1.5 (0.0, 3.0) 1.0 (0.0, 3.0) 2.0 (1.3, 3.5)
[n=166] [n=123] [n=37]
Caregivers reporting that there were days in the last 3 months when they 21 (10.3) 14 (9.2) 6 (14.0)
were unable to complete typical household chores due to caregiving [n=204] [n=153] [n=43]
responsibilities, n (%)
Median days (IQR) 7.0 (2.0, 21.0) 6.0 (2.0, 20.0) 7.0 (4.0, 30.0)
[n=15] [n=10] [n=5]
Caregivers reporting that there were days in the last 3 months when a 23 (11.4) 15 (9.9) 7 (16.7)
family member had to do their household chores due to caregiving [n=202] [n=152] [n=42]
responsibilities, n (%)
Median days (IQR) 11.0 (3.5, 17.5) 11.0 (3.0, 15.0) 11.0 (4.0, 20.0)
[n=20] [n=14] [n=6]

IQR, interquartile range; NYHA, New York Heart Association; SD, standard deviation.

symptoms. This makes the burden characterized in this study
difficult to compare with that arising from conditions affecting
younger patients or with a predominantly mental burden (such
as dementia). Published burden measures are variable even
within specific conditions, further suggesting the sensitivity of
disease burden to contextual and study design differences. A
particular strength of this study is in the comprehensive and
unique characterization of the burden of untreated ATTR-CM in
pairs of patients and their primary caregivers. This pairing allows
direct association between demographics and characteristics of
caregivers and patients.

4.1. Burden of ATTR-CM in patients

We found ATTR-CM symptoms to be common and diverse
among patients, affecting their ability to do everyday tasks and
preventing 62% of patients from walking normally. These
symptoms contributed to around one-third of patients reporting
inability to participate in social and household activities in the 3
months prior. Similar frustrations around the loss of ability to
complete everyday physical tasks were previously reported in a
qualitative study of patients with ATTR-CM and their caregivers,
where intolerance to activity, inability to exercise, insomnia, and
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fatigue were the most challenging symptoms of ATTR-CM for
patients (9). Although cardiovascular symptoms were most
common in our study, neurological symptoms were also
frequently reported, with reasonable severity. A similar symptom
profile was reported in patients with ATTRwt-CM during a
multicenter survey conducted at French referral centers by Damy
et al. (40). High proportions of patients reported breathlessness
(79%), tingling sensation (~30%), and difficulty walking (~30%)
prior to diagnosis; 64% of patients felt tired; 49% had disturbed
sleep; and 64% felt that their condition limited activities of daily
life. Interestingly, whereas previous studies have indicated a
detrimental mean delay between first symptoms and diagnosis of
up to 6 years (5, 6, 9, 17), our study found a median delay of
around 1.5 years, and Damy et al. reported an average 1.6 years
in patients with ATTRwt-CM. These findings support additional
evaluation of the current diagnostic delays (40).

Our study also included established patient-reported outcome
measures, namely the KCCQ, SF-12, HADS, and PROMIS
Fatigue and Dyspnea surveys. The KCCQ-OS score has been
used to evaluate health status and quality of life in other studies
of patients with ATTR-CM, including in the phase III ATTR-
ACT (baseline mean of ~66 for all patients and 65 for those
with ATTRwt-CM (15, 41)), in European patients (mean of 65
for all patients and 64 for those with ATTRwt-CM (20)), and in
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FIGURE 3
Caregiver-reported burden by the patient's NYHA class. 199/208 patients had NYHA classification data. NYHA, New York Heart Association.

an international survey study (mean of 35 (13)). In a recent
longitudinal study, median KCCQ-OS score was 57 in patients
with ATTRwt-CM at 12 months after diagnosis and declined by
another 5 points by month 36 (17). The median KCCQ-OS score
in our study was 68, which is also broadly consistent with
expectations for patients with heart failure (42, 43). Comparisons
between studies are challenging due to differences in populations
such as ATTR-CM severity, clinical characteristics, duration of
disease, and therapeutic interventions. However, overall KCCQ
data suggest a fair to good health status and quality of life, at
best, among patients with ATTR-CM. Our SF-12 findings
supported those from the KCCQ, suggesting marginally lower
physical and mental health than expected for patients of a
similar age (26).

A notable further finding in our study was that patients who
were NYHA class III appeared to have a higher burden and
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potentially a lower quality of life than those who were NYHA
class I/II, despite having similar demographics and time since
diagnosis. The median KCCQ-OS score in patients who were
NYHA class III was 36, which indicates a poor to fair health
status (22). This is in keeping with the previously identified
correlation between lower KCCQ-OS scores and higher NYHA
class in patients with heart failure (22, 44, 45) but lower than
recently reported for European patients with ATTR-CM and
NYHA class III symptoms (~55 (20)). The median SF-12
physical component score was 27 in patients who were NYHA
class III, which is considerably below the population norms for
patients aged >75 years (39) (26). This finding particularly
highlights the physical burden of advanced ATTR-CM. Another
notable finding was that two-thirds (67%) of patients who were
NYHA class IIT had a HADS depression score >8, suggesting
clinically relevant depression.
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New York Heart Association; PROMIS, Patient-Reported Outcome Measurement Information System;

4.2. Burden in ca regivers many reported that patients required help with a range of daily

tasks such as cleaning (33%), cooking (27%), bathing (18%), and

Caregivers had a median age of 68 years; the majority were  walking (18%). Around 10% of caregivers reported that their
female (85%) and a spouse (59%) or adult child (37%) of the caregiving responsibilities meant that they could not complete

patient. Caregivers lived with patients in two-thirds of pairs, and  their typical daily chores at least once in the prior 3 months.
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In an unpaired evaluation of burden in caregivers to patients
with ATTR amyloidosis and a cardiac, neurological, or mixed
phenotype by Stewart et al., caregivers had a mean age of 56
years, 69% were female, and 72% were the spouse of the patient
(13).
amyloidosis themselves (41% vs. 0% in our study) and they had

A high proportion of caregivers had transthyretin

provided care for 3 (in the US) to 7 years (in Spain, vs. 1.5 years
in our study), currently spending an average of 46 h per week
caring for a patient with ATTR amyloidosis (vs. 4.5h in our
study). Mean ZBI score in that analysis was 34 among caregivers
from the US, and 13 among those from Spain; and this
compares with a median of 13 in our study. We found that just
over one-third of caregivers (35%) experienced at least a mild to
moderate burden of care using the ZBI (score >21). Both Stewart
et al. and a qualitative study have suggested notable depression
and anxiety among caregivers for patients with ATTR-CM, but
this was not reflected in our findings (9, 13). Previous data on
caregiver burden are very limited but may indicate a higher
burden of care than in our study. This is likely to reflect several
inconsistencies in the patient and caregiver populations studied,
including a longer duration of care and societal, disease severity,
and demographic differences.

Caregivers in our study reported a numerically higher burden
when caring for patients with more severe heart failure. Over
half (51%) of caregivers to patients who were NYHA class III
reported at least a mild to moderate burden of care, as compared
with one-third (33%) of those to patients who were NYHA class
I/IL. High proportions of caregivers to patients who were NYHA
class III reported that the patient required help with daily
activities including cleaning (58%), cooking (51%), bathing
(35%), and walking (35%). We did not find that caregivers’
health status, anxiety, depression, or fatigue symptoms were
related to the severity of the patients’ heart failure. However, this
study comprised caregivers who had been providing care for an
average of 1.5 years to patients who were newly diagnosed and,
as yet, untreated with disease-modifying therapy. The character
and magnitude of caregiver burden might differ over the course
of prolonged caregiving.

4.3. Limitations

Limitations of our study include the potential for self-reporting
bias. Equally, data provided by the investigator might differ from
those elicited by asking the same question to the patient. There
is also potential selection bias, as enrolled patient and caregiver
pairs were from centers of excellence or referral centers, and
their experience may not be reflective of those managed outside
these centers. Further, while the aim of the study was to evaluate
burden in patients who were not treated with disease-modifying
therapy, this represents a subpopulation, and the reasons for lack
of treatment were not captured. This study was conducted during
the COVID-19 pandemic, meaning that data on healthcare
utilization may not be representative of usual clinical practice. As
mentioned above, interpretation of our data should be limited to
the population of our survey. The specific nature of this
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population also makes comparisons with existing studies in
ATTR-CM or other diseases complicated, as population and
disease characteristics can have significant effects on burden.
Lastly, our interpretation of the data is based on the observed
descriptive differences. Further analyses comparing groups using
statistical modeling would be necessary to confirm our
conclusions and should take into account the numerous factors
that can influence the outcomes of each burden measure.

5. Conclusion

This was the first multicenter, international, real-world study
to comprehensively characterize the burden of ATTR-CM in
their
caregivers. Findings suggested that ATTR-CM was a burden to

patients naive to disease-modifying treatment and
both patients and caregivers, despite these populations being
relatively newly diagnosed and with a short caregiving duration,

respectively.

Data availability statement

Upon request, and subject to review, Pfizer will provide the
data that support the findings of this study. Subject to certain
criteria, conditions, and exceptions, Pfizer may also provide
access to the related individual de-identified participant data. See
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
for more information. Please direct any further enquiries to the
corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the institutional review board or independent
ethics committee at each site before initiating. The patients/
their written informed consent to

participants  provided

participate in this study.

Author contributions

All authors contributed to the conception or design of
the work, or participated in the acquisition, analysis, or
interpretation of the data, revised the manuscript for important
intellectual content, provided approval of the final version, and
agree to be accountable for all aspects of the work. All authors
contributed to the article and approved the submitted version.

Acknowledgments

This study was supported by Pfizer. Medical writing support
was provided by Jennifer Bodkin of Engage Scientific Solutions
and was funded by Pfizer.

frontiersin.org


https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://doi.org/10.3389/fcvm.2023.1238843
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ponti et al.

Conflict of interest

DK, RW, MI, NK, and CM are employees of Pfizer and hold
stock/stock options. TD has received consulting fees from
Alnylam, GlaxoSmithKline, Pfizer, and Prothena; honoraria
from Alnylam, Pfizer, and Prothena; research grants from
GlaxoSmithKline and Pfizer; and clinical trial support from
Alnylam, Ionis, and Pfizer. The institution that EV is employed
by has received an unconditional research grant from Pfizer. NV
has received research grant, honoraria for advisory board
FC
honoraria for advisory board participation from Pfizer, Alnylam,

participation, and speaker’s fees from Pfizer. reports

Novo Nordisk, and Akcea; his institution has received an
unconditional research grant from Pfizer.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

This study was supported by Pfizer. Pfizer contributed to the
study design, management, and collection of data. In their role as
authors, employees of Pfizer were involved in the design or
conduct of the study, interpretation of data, preparation, review,

References

1. Ruberg FL, Grogan M, Hanna M, Kelly JW, Maurer MS. Transthyretin amyloid
cardiomyopathy: JACC state-of-the-art review. ] Am Coll Cardiol. (2019) 73
(22):2872-91. doi: 10.1016/j.jacc.2019.04.003

2. Garcia-Pavia P, Bengel F, Brito D, Damy T, Duca F, Dorbala S, et al. Expert
consensus on the monitoring of transthyretin amyloid cardiomyopathy. Eur | Heart
Fail. (2021) 23(6):895-905. doi: 10.1002/ejhf.2198

3. Dispenzieri A, Coelho T, Conceigio I, Waddington-Cruz M, Wixner J, Kristen
AV, et al. Clinical and genetic profile of patients enrolled in the transthyretin
amyloidosis outcomes survey (THAOS): 14-year update. Orphanet ] Rare Dis.
(2022) 17(1):236. doi: 10.1186/s13023-022-02359-w

4. Kharoubi M, Bézard M, Galat A, Le Bras F, Poullot E, Molinier-Frenkel V, et al.
History of extracardiac/cardiac events in cardiac amyloidosis: prevalence and time from
initial onset to diagnosis. ESC Heart Fail. (2021) 8(6):5501-12. doi: 10.1002/ehf2.13652

5. Rozenbaum MH, Large S, Bhambri R, Stewart M, Whelan J, van Doornewaard A,
et al. Impact of delayed diagnosis and misdiagnosis for patients with transthyretin
amyloid cardiomyopathy (ATTR-CM): a targeted literature review. Cardiol Ther.
(2021) 10(1):141-59. doi: 10.1007/s40119-021-00219-5

6. Rozenbaum MH, Large S, Bhambri R, Stewart M, Young R, van Doornewaard A,
et al. Estimating the health benefits of timely diagnosis and treatment of transthyretin
amyloid cardiomyopathy. J Comp Eff Res. (2021) 10(11):927-38. doi: 10.2217/cer-
2021-0071

7. Rozenbaum MH, Tran D, Bhambri R, Nativi-Nicolau J. Annual cardiovascular-
related hospitalization days avoided with tafamidis in patients with transthyretin
amyloid cardiomyopathy. Am ] Cardiovasc Drugs. (2022) 22(4):445-50. doi: 10.
1007/540256-022-00526-9

8. Witteles RM, Bokhari S, Damy T, Elliott PM, Falk RH, Fine NM, et al. Screening
for transthyretin amyloid cardiomyopathy in everyday practice. JACC Heart Fail.
(2019) 7(8):709-16. doi: 10.1016/j.jchf.2019.04.010

9. Rintell D, Heath D, Braga Mendendez F, Cross E, Cross T, Knobel V, et al. Patient
and family experience with transthyretin amyloid cardiomyopathy (ATTR-CM) and
polyneuropathy (ATTR-PN) amyloidosis: results of two focus groups. Orphanet
J Rare Dis. (2021) 16(1):70. doi: 10.1186/s13023-021-01706-7

10. Lovley A, Guthrie SD, Sikora Kessler A, Yarlas A, Pollock MR, Patel P, et al. The
burden of hereditary transthyretin amyloidosis on health-related quality of life. Value
Health. (2018) 21:S257. doi: 10.1016/j.jval.2018.04.1788

11. Lovley A, Raymond K, Guthrie SD, Pollock M, Sanchorawala V, White MK.
Patient-reported burden of hereditary transthyretin amyloidosis on functioning
and well-being. J Patient Rep Outcomes. (2021) 5(1):3. doi: 10.1186/s41687-020-
00273y

12. Reddy SR, Chang E, Tarbox MH, Broder MS, Tieu RS, Guthrie S, et al.
The clinical and economic burden of newly diagnosed hereditary transthyretin

Frontiers in Cardiovascular Medicine

13

10.3389/fcvm.2023.1238843

and approval of the manuscript and the decision to submit for
publication, along with their co-authors. The study sponsor
the property
perspective, but had no right to veto the publication.

approved manuscript from an intellectual

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1238843 /full#supplementary-material

(ATTRv) amyloidosis: a retrospective analysis of claims data. Neurol Ther. (2020)
9(2):473-82. doi: 10.1007/s40120-020-00194-4

13. Stewart M, Shaffer S, Murphy B, Loftus J, Alvir J, Cicchetti M, et al.
Characterizing the high disease burden of transthyretin amyloidosis for patients and
caregivers. Neurol Ther. (2018) 7(2):349-64. doi: 10.1007/s40120-018-0106-z

14. Yarlas A, Gertz MA, Dasgupta NR, Obici L, Pollock M, Ackermann EJ, et al.
Burden of hereditary transthyretin amyloidosis on quality of life. Muscle Nerve.
(2019) 60(2):169-75. doi: 10.1002/mus.26515

15. Hanna M, Damy T, Grogan M, Stewart M, Gundapaneni B, Patterson TA, et al.
Impact of tafamidis on health-related quality of life in patients with
transthyretin amyloid cardiomyopathy (from the tafamidis in transthyretin
cardiomyopathy clinical trial). Am J Cardiol. (2021) 141:98-105. doi: 10.1016/j.
amjcard.2020.10.066

16. Magliano L, Obici L, Sforzini C, Mazzeo A, Russo M, Cappelli F, et al.
Psychosocial burden and professional and social support in patients with hereditary
transthyretin amyloidosis (ATTRv) and their relatives in Italy. Orphanet ] Rare Dis.
(2021) 16(1):163. doi: 10.1186/s13023-021-01812-6

17. Lane T, Fontana M, Martinez-Naharro A, Quarta CC, Whelan CJ, Petrie A, et al.
Natural history, quality of life, and outcome in cardiac transthyretin amyloidosis.
Circulation. (2019) 140(1):16-26. doi: 10.1161/circulationaha.118.038169

18. Amyloidosis Research Consortium. Voice of the patient (2016). Available at:
https://arci.org/voice-of-the-patient/ (Cited March 23, 2023).

19. Acaster S, Lo SH, Nestler-Parr S. A survey exploring caregiver burden and
health-related quality of life in hereditary transthyretin amyloidosis. Orphanet
J Rare Dis. (2023) 18(1):17. doi: 10.1186/s13023-022-02601-5

20. Eldhagen P, Lehtonen ], Gude E, Gustafsson F, Bagger-Bahnsen A,
Vakevainen M, et al. Health-related quality of life among transthyretin amyloid
cardiomyopathy patients. ESC Heart Fail. (2023) 10(3):1871-82. doi: 10.1002/
ehf2.14350

21. Dolgin M, New York Heart Association Criteria Committee, Levin RI.
Nomenclature and criteria for diagnosis of diseases of the heart and great vessels.
Boston: Little, Brown (1994).

22. Spertus JA, Jones PG, Sandhu AT, Arnold SV. Interpreting the Kansas city
cardiomyopathy questionnaire in clinical trials and clinical care: JACC state-of-the-
art review. ] Am Coll Cardiol. (2020) 76(20):2379-90. doi: 10.1016/j.jacc.2020.09.542

23. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of
the Kansas city cardiomyopathy questionnaire: a new health status measure for heart
failure. ] Am Coll Cardiol. (2000) 35(5):1245-55. doi: 10.1016/s0735-1097(00)00531-3

24. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al.
Cross-validation of item selection and scoring for the SF-12 health survey in nine

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2023.1238843/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1238843/full#supplementary-material
https://doi.org/10.1016/j.jacc.2019.04.003
https://doi.org/10.1002/ejhf.2198
https://doi.org/10.1186/s13023-022-02359-w
https://doi.org/10.1002/ehf2.13652
https://doi.org/10.1007/s40119-021-00219-5
https://doi.org/10.2217/cer-2021-0071
https://doi.org/10.2217/cer-2021-0071
https://doi.org/10.1007/s40256-022-00526-9
https://doi.org/10.1007/s40256-022-00526-9
https://doi.org/10.1016/j.jchf.2019.04.010
https://doi.org/10.1186/s13023-021-01706-7
https://doi.org/10.1016/j.jval.2018.04.1788
https://doi.org/10.1186/s41687-020-00273-y
https://doi.org/10.1186/s41687-020-00273-y
https://doi.org/10.1007/s40120-020-00194-4
https://doi.org/10.1007/s40120-018-0106-z
https://doi.org/10.1002/mus.26515
https://doi.org/10.1016/j.amjcard.2020.10.066
https://doi.org/10.1016/j.amjcard.2020.10.066
https://doi.org/10.1186/s13023-021-01812-6
https://doi.org/10.1161/circulationaha.118.038169
https://arci.org/voice-of-the-patient/
https://doi.org/10.1186/s13023-022-02601-5
https://doi.org/10.1002/ehf2.14350
https://doi.org/10.1002/ehf2.14350
https://doi.org/10.1016/j.jacc.2020.09.542
https://doi.org/10.1016/s0735-1097(00)00531-3
https://doi.org/10.3389/fcvm.2023.1238843
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ponti et al.

countries: results from the IQOLA project. International quality of life assessment.
J Clin Epidemiol. (1998) 51(11):1171-8. doi: 10.1016/50895-4356(98)00109-7

25. Ware ] Jr, Kosinski M, Keller SD. A 12-item short-form health survey:
construction of scales and preliminary tests of reliability and validity. Med Care.
(1996) 34(3):220-33. doi: 10.1097/00005650-199603000-00003

26. Ware J, Kosinski M, Keller S. SF-12: How to score the SF-12 physical and mental
health summary scales. Boston, MA: The Health Institute, New England Medical
Center (1995). Available at: https://www.researchgate.net/publication/242636950_SF-
12_How_to_Score_the_SF-12_Physical_and_Mental_Health_Summary_Scales

27. Ware JE ], Gandek B, Kosinski M, Aaronson NK, Apolone G, Brazier J, et al. The
equivalence of SF-36 summary health scores estimated using standard and country-
specific algorithms in 10 countries: results from the IQOLA project. International
quality of life assessment. J Clin Epidemiol. (1998) 51(11):1167-70. doi: 10.1016/
$0895-4356(98)00108-5

28. Konig HH, Heider D, Lehnert T, Riedel-Heller SG, Angermeyer MC,
Matschinger H, et al. Health status of the advanced elderly in six European
countries: results from a representative survey using EQ-5D and SF-12. Health Qual
Life Outcomes. (2010) 8:143. doi: 10.1186/1477-7525-8-143

29. Savoia E, Fantini MP, Pandolfi PP, Dallolio L, Collina N. Assessing the construct
validity of the Italian version of the EQ-5D: preliminary results from a cross-sectional
study in North Italy. Health Qual Life Outcomes. (2006) 4:47. doi: 10.1186/1477-7525-4-47

30. Kontodimopoulos N, Pappa E, Niakas D, Tountas Y. Validity of SF-12 summary
scores in a Greek general population. Health Qual Life Outcomes. (2007) 5:55. doi: 10.
1186/1477-7525-5-55

31. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr
Scandinavica. (1983) 67(6):361-70. doi: 10.1111/j.1600-0447.1983.tb09716.x

32. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the hospital
anxiety and depression scale. An updated literature review. J Psychosom Res. (2002)
52(2):69-77. doi: 10.1016/50022-3999(01)00296-3

33. Djukanovic I, Carlsson J, Arestedt K. Is the hospital anxiety and depression scale
(HADS) a valid measure in a general population 65-80 years old? A psychometric
evaluation study. Health Qual Life Outcomes. (2017) 15(1):193. doi: 10.1186/s12955-
017-0759-9

34. Christodoulou C, Schneider S, Junghaenel DU, Broderick JE, Stone AA.
Measuring daily fatigue using a brief scale adapted from the patient-reported
outcomes measurement information system (PROMIS®). Qual Life Res. (2014)
23(4):1245-53. doi: 10.1007/s11136-013-0553-z

35. Choi SW, Victorson DE, Yount S, Anton S, Cella D. Development of a
conceptual framework and calibrated item banks to measure patient-reported

Frontiers in Cardiovascular Medicine

14

10.3389/fcvm.2023.1238843

dyspnea severity and related functional limitations. Value Health.

14(2):291-306. doi: 10.1016/.jval.2010.06.001

36. Terwee CB, Elsman EB, Roorda LD. Towards standardization of fatigue
measurement: psychometric properties and reference values of the PROMIS fatigue
item bank in the Dutch general population. Res Methods Med Health Sci. (2022)
3(3):86-98. doi: 10.1177/26320843221089628

37. Yount SE, Atwood C, Donohue J, Hays RD, Irwin D, Leidy NK, et al.
Responsiveness of PROMIS"™ to change in chronic obstructive pulmonary disease.
] Patient Rep Outcomes. (2019) 3(1):65. doi: 10.1186/s41687-019-0155-9

(2011)

38. Zarit SH, Zarit JM, Pennsylvania State University Gerontology Center. The
memory and behavior problems checklist and the burden interview. Pennsylvania
State University (1990).

39. Al-Rawashdeh SY, Lennie TA, Chung ML. Psychometrics of the zarit burden
interview in caregivers of patients with heart failure. J Cardiovasc Nurs. (2016) 31
(6):E21-8. doi: 10.1097/jcn.0000000000000348

40. Damy T, Adams D, Bridoux F, Grateau G, Planté-Bordeneuve V, Ghiron Y, et al.
Amyloidosis from the patient perspective: the French daily impact of amyloidosis
study. Amyloid. (2022) 29(3):165-74. doi: 10.1080/13506129.2022.2035354

41. Nativi-Nicolau J, Judge DP, Hoffman JE, Gundapaneni B, Keohane D, Sultan
MB, et al. Natural history and progression of transthyretin amyloid cardiomyopathy:
insights from ATTR-ACT. ESC Heart Fail. (2021) 8(5):3875-84. doi: 10.1002/ehf2.
13541

42. Johansson I, Joseph P, Balasubramanian K, McMurray JJV, Lund LH,
Ezekowitz JA, et al. Health-related quality of life and mortality in heart
failure: the global congestive heart failure study of 23 000 patients from 40
countries. Circulation. (2021) 143(22):2129-42. doi: 10.1161/circulationaha.
120.050850

43. Mattsson G, Wallhagen M, Magnusson P. Health status measured by Kansas city
cardiomyopathy questionnaire-12 in primary prevention implantable cardioverter
defibrillator patients with heart failure. BMC Cardiovasc Disord. (2021) 21(1):411.
doi: 10.1186/s12872-021-02218-9

44. Joseph SM, Novak E, Arnold SV, Jones PG, Khattak H, Platts AE, et al.
Comparable performance of the Kansas city cardiomyopathy questionnaire in
patients with heart failure with preserved and reduced ejection fraction. Circ Heart
Fail. (2013) 6(6):1139-46. doi: 10.1161/circheartfailure.113.000359

45. Napier R, McNulty SE, Eton DT, Redfield MM, AbouEzzeddine O, Dunlay SM.
Comparing measures to assess health-related quality of life in heart failure with
preserved ejection fraction. JACC Heart Fail. (2018) 6(7):552-60. doi: 10.1016/j.jchf.
2018.02.006

frontiersin.org


https://doi.org/10.1016/s0895-4356(98)00109-7
https://doi.org/10.1097/00005650-199603000-00003
https://www.researchgate.net/publication/242636950_SF-12_How_to_Score_the_SF-12_Physical_and_Mental_Health_Summary_Scales
https://www.researchgate.net/publication/242636950_SF-12_How_to_Score_the_SF-12_Physical_and_Mental_Health_Summary_Scales
https://doi.org/10.1016/s0895-4356(98)00108-5
https://doi.org/10.1016/s0895-4356(98)00108-5
https://doi.org/10.1186/1477-7525-8-143
https://doi.org/10.1186/1477-7525-4-47
https://doi.org/10.1186/1477-7525-5-55
https://doi.org/10.1186/1477-7525-5-55
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1016/s0022-3999(01)00296-3
https://doi.org/10.1186/s12955-017-0759-9
https://doi.org/10.1186/s12955-017-0759-9
https://doi.org/10.1007/s11136-013-0553-z
https://doi.org/10.1016/j.jval.2010.06.001
https://doi.org/10.1177/26320843221089628
https://doi.org/10.1186/s41687-019-0155-9
https://doi.org/10.1097/jcn.0000000000000348
https://doi.org/10.1080/13506129.2022.2035354
https://doi.org/10.1002/ehf2.13541
https://doi.org/10.1002/ehf2.13541
https://doi.org/10.1161/circulationaha.120.050850
https://doi.org/10.1161/circulationaha.120.050850
https://doi.org/10.1186/s12872-021-02218-9
https://doi.org/10.1161/circheartfailure.113.000359
https://doi.org/10.1016/j.jchf.2018.02.006
https://doi.org/10.1016/j.jchf.2018.02.006
https://doi.org/10.3389/fcvm.2023.1238843
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Burden of untreated transthyretin amyloid cardiomyopathy on patients and their caregivers by disease severity: results from a multicenter, non-interventional, real-world study
	Introduction
	Methods
	Study and participants
	Surveys and analysis
	Surveys self-completed by patients
	Surveys self-completed by caregivers
	Data provided by the investigator


	Results
	Demographics and clinical characteristics of untreated patients with ATTR-CM
	Burden of untreated ATTR-CM to patients by disease severity
	Demographics of primary caregivers to patients with ATTR-CM
	Burden of ATTR-CM on caregivers by patient's disease severity

	Discussion
	Burden of ATTR-CM in patients
	Burden in caregivers
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


