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ABSTRACT

Introduction: The Burden of Disease survey
characterized the humanistic burden of tran-
sthyretin amyloid cardiomyopathy (ATTR-CM)
in 208 international patients not receiving
disease-modifying therapy and their primary
caregivers.

Methods: Post hoc univariate analyses evalu-
ated the relationships between patients’ current
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symptoms and ability to complete activities
of daily living (ADLs) with their caregivers’
Zarit Burden Interview (ZBI), Patient-Reported
Outcomes Measurement Information Sys-
tem (PROMIS) Fatigue, and Hospital Anxiety
and Depression Survey Anxiety (HADS-A) and
Depression (HADS-D) subscale scores.

Results: Most patients had wild-type ATTR-
CM (91%; n=141/155) and a New York Heart
Association functional classification of I/II (78%;
n=156/199). Caregivers (n=208) were a median
age of 68 years, 85% were female, and 66% lived
with the patient. Current patient symptoms of
paralysis, heart failure, weakness (especially in
the legs), leg pain, leg and ankle swelling, loss
of sensation in the legs/arms, fatigue, insomnia,
and weight loss were associated with a signifi-
cantly (P<0.05) higher caregiver ZBI score. Many
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of these symptoms were also associated with sig-
nificantly (P<0.05) higher PROMIS Fatigue and
HADS-A scores; heart failure and weakness (espe-
cially in the legs) were associated with a signifi-
cantly (P<0.05) higher HADS-D score. Inability
of patients to independently clean, bathe, cook,
get in/out of bed, or walk were associated with
significantly (P<0.05) higher caregiver ZBI and
HADS-D scores. Inability to independently clean

and walk were associated with significantly
(P<0.05) higher PROMIS Fatigue and HADS-A
scores.

Conclusions: Burden is higher in caregivers of
patients with ATTR-CM who have specific symp-
toms (including those causing disability) or an
inability to independently complete ADLs.
Graphical Abstract available for this article.
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Graphical Abstract:

Functionally limiting symptoms and inability to
independently complete daily activities increase the
burden felt by caregivers to patients with ATTR-CM

Francesco Cappelli, Lucia Ponti, Martina Smorti, Kristen Hsu, Thibaud Damy,
Nicolas Verheyen, Ronnie Wang, Nisith Kumar, Carmen Munteanu,
on behalf of the Burden of Disease Study Investigators

Post hoc analysis of the international Burden of Disease
survey study that evaluated the humanistic burden of
transthyretin amyloid cardiomyopathy in 208 untreated
patients and their primary unpaid caregivers.

Key findings from univariate analyses

In patients, specific symptoms (including those
‘ causing disability) or an inability to independently
complete activities of daily living

|

|

Significantly higher overall, mental,
and fatigue burdens in caregivers.

The graphical abstract represents the opinions of the authors. For a full list of
declarations, including funding and author disclosure statements, and
copyright information, please see the full text online.
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Key Summary Points

Why carry out this study?

The Burden of Disease study was an interna-
tional, cross-sectional survey of patients with
untreated transthyretin amyloid cardiomyo-
pathy and their primary caregivers.

Published findings describe the multifaceted
burden of transthyretin amyloid cardiomyo-
pathy experienced by both groups.

This post hoc analysis specifically evaluated
the relationship between the patient’s current
symptoms and ability to complete activities
of daily living with the burden felt by their
primary caregiver.

What was learned from the study?

We found caregiver’s burden to be signifi-
cantly higher across several domains when
the patients they cared for had specific symp-
toms (including those with the potential to
cause disability) or were unable to indepen-
dently complete activities of daily living.

Tailored interventions to prevent the loss of
functional ability in patients with transthyre-
tin amyloid cardiomyopathy are important
to support them and limit the burden felt by
their caregivers.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital fea-
tures for this article, go to https://doi.org/10.
6084/m9.figshare.30432334.

INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a progressive condition leading to restric-
tive cardiomyopathy and heart failure [1]. There
are two forms of ATTR-CM, namely variant and
wild-type, which are causatively associated with
transthyretin gene variants and aging, respec-
tively [1, 2]. Globally, significant proportions of
patients are likely to remain undiagnosed [2, 3].
ATTR-CM is considered a rare disease and the
symptoms can be similar to those associated
with comorbidities or other types of heart failure
[1, 3]. These factors, along with a historical lack
of clinical awareness and non-invasive testing,
have previously contributed to diagnostic delays
[2, 3]. Imaging-based diagnostic testing is now
available and, in 2019, tafamidis became the first
disease-modifying therapy specifically approved
to treat patients with ATTR-CM anywhere in the
world [1, 2]. Prior to this, patients commonly
received supportive treatment only [1, 2]. In
these “untreated” patients, life expectancy was
generally less than 5 years from diagnosis [1, 3].
During the advanced stages of disease, patients
typically find physical activities challenging and
most rely on help from caregivers [4, 5].

Few studies have specifically evaluated the
humanistic burden of ATTR-CM on patients
and their caregivers [4, 5]. One such study,
entitled the Burden of Disease study, surveyed
208 untreated patients with ATTR-CM and
their primary caregivers on several aspects of
their physical and mental health [5]. Findings
showed untreated ATTR-CM was a burden to
both patients and caregivers [S]. In both groups,
burdens were higher when the patient had more
severe heart failure symptoms [5]. Post hoc
analyses have shown that having symptomatic
heart failure, a current symptom of “weakness,
especially in the legs”, older age, and female sex
are independent predictors of higher patient-
reported burden [6]. A poorer health status in
the patient was the best predictor of a higher
burden in the caregiver [6].

The ability of patients to independently
complete activities of daily living (ADLs) is an

A\ Adis


https://doi.org/10.6084/m9.figshare.30432334
https://doi.org/10.6084/m9.figshare.30432334

Cardiol Ther

important determinant of caregiver burden in
the context of many diseases, including those
predominantly affecting older adults [7-9].
Advanced age and a high comorbidity burden
are often seen among patients with ATTR-CM
[1, 3, 10]. More than one in ten patients are
considered to show frailty, which is indepen-
dently associated with higher incidence of falls,
poor mobility, inability to complete ADLs, hos-
pitalization, and mortality [11-15]. Addition-
ally, studies have found frailty to be associated
with a degradation in the relationship between
patients with ATTR-CM and their caregivers,
perhaps reflecting the additional responsibili-
ties and emotional burden experienced by the
caregiver [11].

To optimize the support provided to both
patients and caregivers, it is of interest to fur-
ther evaluate the burden caused by ATTR-CM.
This analysis assessed the influence of caregiver
demographics and selected patient characteris-
tics on caregiver-reported burden. In particu-
lar, the impact of specific ATTR-CM symptoms
and patients’ ability to independently complete
key ADLs on aspects of caregiver burden were
evaluated.

METHODS

The methods applied in the international, mul-
ticenter, real-world Burden of Disease study have
been published [5]. Surveys were completed by
208 pairs of patients with ATTR-CM and their
primary unpaid caregivers between July 2021
and August 2022. Patients could have been
receiving symptomatic but not disease-modify-
ing therapy. The recruiting investigator provided
each patient’s age, sex, transthyretin genotype,
time from diagnosis, New York Heart Associa-
tion (NYHA) functional classification, and cur-
rent symptoms (independent of NYHA class).
They also provided each caregiver’s age and sex.
Other data were directly reported by the patient
or caregiver. The ability of the patient to com-
plete ADLs was reported by the caregiver.
Patients and caregivers provided informed
consent to participate in the study. The study

was approved by the institutional review board
or independent ethics committee at each site.
The study was conducted in accordance with the
Declaration of Helsinki.

This post hoc analysis used unadjusted uni-
variate analyses to evaluate individual relation-
ships between selected patient and caregiver
variables and single measures of caregiver bur-
den. Acknowledging that variables may have
a synergistic impact with others, univariate
analyses were chosen to inclusively identify
variables that had an association with burden.
Variables were selected by the authors on the
basis of their experience in the disease area and
included (1) demographic characteristics of the
caregiver: age, sex, if they lived with the patient,
their relationship to the patient, the number of
hours spent each week with the patient, and
how long they had provided care to the patient;
(2) if the patient had each of the pre-specified
current symptoms: weakness (especially in the
legs), leg and ankle swelling, leg pain, loss of
sensation in the legs or arms, pain, numbness,
and tingling in the hand and arm, paresthesia,
paralysis, speech dysfunction, erectile dysfunc-
tion, fatigue, insomnia, heart failure, chest pain,
heart palpitations/irregular/rapid heartbeat
not due to atrial fibrillation, atrial fibrillation,
weight loss, and gastrointestinal or urinary prob-
lems, as reported by the recruiting investigator;
(3) if the patient needed no help, could only do
with help, or was completely unable to do spe-
cific ADLs: bathing, cooking, cleaning, getting
on/off the toilet, getting in/out of bed, walking,
as reported by the caregiver; and (4) measures of
patient-reported burden: Hospital Anxiety and
Depression Scale Anxiety (HADS-A) and Depres-
sion (HADS-D) subscale scores [16, 17], 12-Item
Short Form Health Survey Physical Component
Summary (SF-12 PCS) score (range 0-100; pop-
ulation median 39 [interquartile range (IQR)
29-48] for people aged>7S5 years) [18-21], and
Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS) Fatigue T score [range
0-83; population norm 50 (SD 10)] [22, 23]. The
effect of each variable was individually assessed
on the caregivers’ continuous Zarit Burden Inter-
view (ZBI) score (range 0-88, where higher score
indicates a higher degree of burden) [24, 25],
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Fig. 1 The effect of A patients’ current symptoms and B
patients’ ability to do tasks of daily life on their caregivers’
ZBI. Numbers in each bar show the mean score. *P < 0.05

PROMIS Fatigue score, and HADS-A and HADS-
D subscale scores. Significant relationships were
defined as those with a P<0.05 by ¢ test between
categorical groups or linear regression for con-
tinuous variables.

Additional descriptive analyses explored dif-
ferences in the impact of patients’ ability to
complete ADLs by the caregivers’ sex (female or
male), or where the patient and caregiver lived
(Southern Europe, Northern Europe, or other
regions).

RESULTS

Of the 208 pairs of patients and caregivers who
participated in the Burden of Disease study,
126 were from Southern Europe (n=95 from
Italy, n=31 from Spain), 49 were from Northern
Europe (n=34 France, n=135 from Austria), and
33 were from other regions (n=17 from Aus-
tralia, n=10 from Canada, n=6 from Russia) [5].

Little or no Mild to Moderate to Severe
burden moderate burden  severe burden burden

Mean (SD) ZBI score

in a ¢ test vs A not a current symptom in and B no help
needed. Afib atrial fibrillation, GI gastrointestinal, SD
standard deviation, ZBI Zarit Burden Interview

Patient and Caregiver Populations

Demographics and clinical characteristics for
the patient and caregiver groups were published
with the primary Burden of Disease study analy-
sis [S5]. The variables of relevance to this post
hoc analysis are presented in Supplementary
Tables S1 and S2.

Patients had a median age of 81 (range
46-90) years, 86% were male, and 91% of the
155 patients with genetic testing had wild-
type ATTR-CM (Supplementary Table S1).
Most patients (60% of the 199 with data) were
NYHA class II. The median Kansas City Car-
diomyopathy Questionnaire Overall Summary
(KCCQ-0S) score among patients was 68 (IQR
46.4-84.8; n=183). The most common current
symptoms were heart failure (73%), atrial fibril-
lation (46%), and fatigue (37%; Fig. 1). Report-
ing of patients’ current symptoms was inde-
pendent of the PROMIS Fatigue score obtained
as part of the survey. The mean PROMIS score

A\ Adis



Cardiol Ther

E Current symptom Not a current symptom

n=149 48 *
n=54
n=93 48

n=110
n=74 49 *

n=129

Heart failure
Afib

Fatigue
n=51 50 *
n=152
n=41 51 *
n=162
n=39 49
n=164
n=36 47
n=167
n=30 48
n=173
n=29 50 *
n=174
n=28 51 *
n=175
n=25 48
n=178
n=22 44
n=181
n=20 49
n=183
n=18 50
n=185
n=7 46
n=196
n=4 47
n=199
n=3 53
n=200

Leg and ankle swelling

Weakness, especially in

the legs

Heart palpitations or irregular or
rapid heart beat not due to afib

Gl or urinary problems
Erectile dysfunction
Insomnia

Leg pain

Pain, numbness, and tingling
in the hand and arm

Paresthesia

Loss of sensation in the
legs or arms

Weight loss

Chest pain

Speech dysfunction
Paralysis

0 10 20 30 40 50 60 70
Mean (SD) PROMIS Fatigue T score

Fig.2 The effect of A patients’ current symptoms and B
patients’ ability to do tasks of daily life on their caregiv-
ers PROMIS Fatigue score. Numbers in each bar show the
mean score. *P < 0.05 in a £ test vs A not a current symptom

was 51 (SD 9.4; n=203). On entering the study,
11% of patients had diagnosed depression and
8% had diagnosed anxiety [5]. This was irre-
spective of the HADS scoring obtained as part
of the survey. The median (IQR) HADS-A and
HADS-D scores were 5 (3.0-8.0; n=205) and 6
(3.0-10.0; n=204), respectively; 26% (n=>54) of
patients had a HADS-A score>8 and 40% (n=82)
had a HADS-D score>8 [5]. In the 206 patients
who completed the SF-12 survey, median (IQR)
PCS was 36 (27.5-43.5) and Mental Compo-
nent Summary was 47 (39.4-54.5). Among
patients with responses to each question, 62%
(n=127/206) reported being unable to walk
normally, 29% (n=59/204) an inability to par-
ticipate in social or leisure activities in the past
3 months, and 27% (n=55/203) an inability to
do household chores in the past 3 months [S].
The majority of patients were able to indepen-
dently (i.e., without any help needed) bathe
(83%; n=170/206), cook (73%; n=149/203),
clean (67%; n=136/203), get on or off the toilet

80

== No help needed Can only do with help

Completely unable to do

n=165
Bathing n=28

n=8

n=132
Cleaning n=36
n=30

n=145
Cooking n=28
n=25

n=186
Getting infout of bed  n=9
n=7

n=189
Getting on/off the toilet  1=6
n=7

n=164
Walking n=28

n=9

0 10 20 30 40 50 60 70 80
Mean (SD) PROMIS Fatigue T score

in and B no help needed. Afib atrial fibrillation, GI gastro-
intestinal, PROMIS Patient-Reported Outcomes Measure-
ment Information System, SD standard deviation

(94%; n=194/207), get in or out of bed (92%;
n=191/207), or walk (82%; n=168/206; Fig. 2).

Caregivers had a median age of 68 (range
32-88) years, 85% were female, and 59% were
the spouse of the patient (Supplementary
Table S2). Two-thirds (66%) of caregivers lived
with the patient they cared for. The average
duration of caregiving was 1.5 years. Median
ZBI score among all caregivers was 13, with
most caregivers indicating they felt little or no
caregiving burden (64% scored 0-20) [24, 25].
Another third (30%) of caregivers reported a
mild to moderate overall burden (scored 21-40).
Median HADS-A and HADS-D scores were 6
and 3, respectively; 34% (n=70) had a HADS-A
score>8 and 25% (n=52) had a HADS-D score>8
[5]. The mean PROMIS Fatigue score among
caregivers was 46. Overall, 10% of caregivers
(n=21/204 respondents) reported at least 1 day
in the past 3 months where they were unable to
complete typical household chores as a result of
caregiving responsibilities [5].
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Table 1 The effect of demographic and clinical characteristics on caregivers’ ZBI, HADS subscales, and PROMIS Fatigue

scores

Caregiver burden measure

ZBI score
Mean (SD)

PROMIS Fatigue
Mean (SD)

HADS-A score
Mean (SD)

HADS-D score
Mean (SD)

Categorical caregiver characteristics

Relationship with patient

Spouse 14.2 (12.8) [n=122]

Other 16.3 (13.7) [n=83]
Sex

Female 15.7 (13.1) [n=176]

Male 12.3 (134) [2=32]

Caregiver lives with the patient

Yes 14.4 (13.0) [n=138]
No 16.6 (13.4) [n=70]
Continuous caregiver characteristics®
RC
Age -0.078
Hours/week spent with —-0.006
the patient
Years providing care —-0.003

Patients’ clinical characteristics

HADS-A score 1.167*
HADS-D score 0.923*
SF-12 PCS score -0.393*
PROMIS Fatigue score 0.634*

47.1(9.4) [n=117]
453 (10.4) [n=83]

47.2(9.5) [n=172]
42.0 (10.4)* [n=31]

47.1(9.9) [n=133]
452 (9.5) [»=70]

RC
0.042
0.018

—-0.008

0.722*
0.405*

-0.218*
0.474*

6.4 (4.4) [n=119]
5.8 (4.1) [n=83]

6.5(4.3) [n=173]
4.5 (3.4)" [n=32]

6.3 (4.5) [n=135]
5.9 (3.8) [2=70]

RC
-0.012
0.004

0.069

0.288*
0.200*

—-0.108*
0.157*

4.8 (4.5) [n=120]
44 (4.1) [n=83]

49 (4.4) [n=174]
3.3 (3.2)" [n=32]

49 (4.6) [n=136]
42 (3.7) [n=70]

RC
0.002
0.005

0.018

0.348*
0.327*

-0.109*
0.153*

RC is for a one-unit increase in the characteristic

HADS-A Hospital Anxiety and Depression Scale Anxiety, HADS-D Hospital Anxiety and Depression Scale Depression,
PROMIS Patient-Reported Outcomes Measurement Information System, RC regression coeflicient, SD standard deviation,
SF-12 12-item Short Form Health Survey, ZBI Zarit Burden Interview

*Analyses of continuous variables did not require paired data and include all patients and caregivers with responses for each

characteristic and measure of burden (7 = 166 to 208)

*P < 0.05 in a 7 test between subgroups or for the linear regression
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Fig.3 The effect of A patients’ current symptoms and B
patients’ ability to do tasks of daily life on their caregivers’
HADS-A score. Numbers in each bar show the mean score.
*P<0.05 in a # test vs A not a current symptom in and B

Variables Related to Caregivers’ Overall
Burden

Adding to previously published findings from
the Burden of Disease study, poorer physical and
mental health in patients was associated with a
significantly higher ZBI score in caregivers (i.e.,
lower SF-12 PCS; higher HADS-A, HADS-D, and
PROMIS Fatigue scores; and presence of specific
ATTR-CM symptoms or inability to indepen-
dently complete several ADLs; Table 1, Fig. 1)
[5, 6]. No significant relationships were seen
between caregiver demographics and their ZBI
score (Table 1). Current symptoms of paralysis,
heart failure, weakness (especially in the legs),
leg pain, leg and ankle swelling, loss of sensa-
tion in the legs or arms, fatigue, insomnia, and
weight loss in patients were each associated
with a significantly higher ZBI score in caregiv-
ers (Fig. 1). Non-significant trends for higher ZBI
score were observed with the presence of most
other current symptoms.

T r T T T T T T T T T T
20 0 2 4 6 8 10 12 14 16 18 20

Mean (SD) HADS-A score

no help needed. Afib atrial fibrillation, GI gastrointestinal,
HADS-A Hospital Anxiety and Depression Scale Anxiety,
SD standard deviation

Symptoms of ATTR-CM may impact patients’
ability to complete ADLs. Inability of patients
to independently (i.e., no help needed) clean,
bathe, cook, get in/out of bed, or walk were asso-
ciated with a significantly higher ZBI score in
caregivers (Fig. 1). Interestingly, for bathing, get-
ting in/out of bed, and walking, the significantly
higher caregiver burden (vs no help needed)
was only found when patients required help to
complete the activity, and not when they were
completely unable to do the activity. A similar,
non-significant relationship was seen with the
ability to get on/off the toilet. For cleaning,
caregiver burden was significantly higher both
when patients required help and were com-
pletely unable to do, as compared with when no
help was needed. For cooking, caregiver burden
increased stepwise as patients’ ability decreased
but was only significantly higher versus when
no help was needed, when patients were com-
pletely unable to do.
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Fig. 4 The effect of A patients’ current symptoms and B
patients’ ability to do tasks of daily life on their caregiv-
ers HADS-D score. Numbers in each bar show the mean
score. *P <0.05 in a # test vs A not a current symptom and

Variables Related to Caregivers’ Fatigue
Burden

A patient’s experience of fatigue can have both
mental and physical aspects [26]. Though nei-
ther patient nor caregiver cohorts had mean
PROMIS Fatigue scores outside of the normal
range of the general population, the recruit-
ing investigator reported 76 (37%) patients had
fatigue (Fig. 1) [22]. Female caregivers had a
significantly higher PROMIS fatigue score than
male caregivers (Table 1).

Poorer physical and mental health in patients
(i.e., lower SF-12 PCS; higher HADS-A, HADS-
D, and PROMIS Fatigue scores; and presence of
specific ATTR-CM symptoms or inability to inde-
pendently complete several ADLs) was associ-
ated with a significantly higher PROMIS Fatigue
score in caregivers (Table 1, Fig. 2). Symptoms
of heart failure, weakness (especially in the
legs), leg pain, leg and ankle swelling, fatigue,

T r T T T T T T T
20 0 2 4 6 8 10 12 14 16 18 20

Mean (SD) HADS-D score

B no help needed. Afib atrial fibrillation, GI gastrointes-
tinal, HADS-D Hospital Anxiety and Depression Scale
Depression, SD standard deviation

and insomnia in patients were associated with
a significantly higher PROMIS Fatigue score in
caregivers (Fig. 2). Inability of patients to inde-
pendently clean (requiring help or being com-
pletely unable to do) and requiring help to walk
were each associated with a significantly higher
PROMIS Fatigue score in caregivers than when
patients did not require help (Fig. 2). The impact
of individual symptoms and inability to inde-
pendently complete specific ADLs was of small
magnitude and unlikely to individually result in
a clinically relevant increase in fatigue burden.

Variables Related to Caregivers’ Mental
Health Burden

Poorer physical and mental health (i.e., lower
SF-12 PCS; higher HADS-A, HADS-D, and
PROMIS Fatigue scores; and presence of specific
ATTR-CM symptoms or inability to indepen-
dently complete several ADLs) in patients was
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associated with significantly higher HADS-A and
HADS-D scores in caregivers (Table 1, Figs. 3 and
4). Additionally, female caregivers had signifi-
cantly higher HADS-A and HADS-D scores than
male caregivers.

Current symptoms of heart failure, weak-
ness (especially in the legs), leg pain, leg and
ankle swelling, insomnia, and atrial fibrillation
in patients were associated with a significantly
higher HADS-A score in caregivers (Fig. 3). The
differences in scores between caregivers to
patients with and without each symptom were
often of a magnitude>2, and several symptoms
were associated with a mean caregiver HADS-A
score>8 (leg pain, paralysis, speech dysfunction,
weakness [especially in the legs], and insomnia),
i.e., crossing the threshold indicating clinically
relevant anxiety [16, 17]. Most patient symp-
toms had a relatively small individual impact on
the caregivers’ HADS-D score (<2-point change;
Fig. 4). Current symptoms of heart failure and
weakness (especially in the legs) were associated
with a significantly higher HADS-D score in car-
egivers. Though only three caregivers looked
after patients with paralysis, together they had
a mean HADS-D score of 8. No other groups had
a mean>8, which is a threshold indicating clini-
cally relevant depression [16, 17].

Patients’ inability to independently clean
(requiring help or being completely unable to
do) and needing help with walking were each
associated with a significantly higher HADS-
A score in caregivers, as compared with when
patients required no help (Fig. 3). Differences
in HADS-A scores across caregivers to patients
with different capacities to complete ADLs were
a maximum of approximately 2. Caregivers to
patients who can clean or walk only with help
had a mean HADS-A score of approximately 8.
Though not statistically significant in all com-
parisons, trends for bathing, cleaning, cooking,
and walking suggested a similar additional anxi-
ety burden to caregivers when patients required
help and were completely unable to do the
ADL. Patients’ inability to independently clean
(requiring help or being completely unable to
do), needing help to get in/out of bed or walk,
and being completely unable to bathe or cook
were each associated with a significantly higher
HADS-D score in caregivers as compared with

patients who required no help (Fig. 4). For many
ADLs, differences in HADS-D between caregivers
to patients requiring no help and at least some
help (help or completely unable to do) were>2,
and caregivers to patients who required help to
bathe and get in/out of bed had a mean HADS-D
score of approximtely 8.

Exploratory Analyses by Caregiver Sex and
Geographic Region

Exploratory analyses looked at the impact of
patients’ ability to complete ADLs on caregiv-
ers’ ZBI score by the sex of the caregiver, and
by the region in which the pair lived. These
were conducted to get an indication of the
cultural differences in caregiving expectations
and associated burden (Supplementary Figs. S1
and S2). Though the analyses were descriptive
and included limited numbers of caregivers in
each subgroup, we noted slightly lower levels of
overall burden in male versus female caregivers
and, further, the impact of patients being unable
to complete ADLs appeared generally less pro-
nounced in male caregivers than in female car-
egivers. Exploratory regional analyses suggested
caregiver burden was generally less in those who
resided in Southern Europe as compared with
Northern Europe or other regions (namely Aus-
tralia, Canada, and Russia).

DISCUSSION

This post hoc analysis of an international, mul-
ticenter, cross-sectional, real-world survey study
provides valuable insights into the factors influ-
encing disease burden in unpaid primary car-
egivers to patients with untreated ATTR-CM,
predominantly of the wild-type form. Findings
confirm that symptoms affecting patients’ physi-
cality and their ability to complete ADLs are fre-
quently associated with higher burdens in their
caregivers. The findings also suggest female car-
egivers experience a higher mental and fatigue
burden than male caregivers.

ATTR-CM is associated with cardiac, extra-
cardiac, and mental symptoms, potentially
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contributing to a wide range of disabilities [1,
2]. A mental health burden is also common in
families dealing with ATTR-CM, both as a result
of caregiving responsibilities and the emotional
impact of having a loved one with a progressive
disease [4, 5]. The primary analysis from the Bur-
den of Disease study showed caregiver burden
increased alongside the severity of heart failure
symptoms in patients with ATTR-CM [S]. Post
hoc analyses found that, among selected vari-
ables, patients’ KCCQ-OS score was the strongest
predictor of burden in caregivers, where a poorer
health status predicted a higher caregiver burden
[6]. As the KCCQ-OS score encompasses multi-
ple aspects of health status, we further investi-
gated the impact of individual symptoms and
patients’ ability to complete common ADLs on
different facets of caregiver burden. Findings
showed symptoms of ATTR-CM that contrib-
ute towards an inability to independently com-
plete ADLs (i.e., heart failure, fatigue, symp-
toms associated with the limbs, and insomnia)
significantly contributed to caregivers’ overall
burden. Many symptoms also contributed to
the mental aspects of burden, where the pres-
ence of heart failure, symptoms associated with
the limbs, and insomnia in patients increased
the caregivers’ anxiety burden. Similar variables
contributed to caregiver fatigue. Our findings are
in agreement with those from a qualitative study
where patients reported intolerance to activity,
inability to exercise, insomnia, and fatigue to be
among the most challenging aspects of ATTR-
CM [27].

The Burden of Disease study asked caregiv-
ers about the ability of the patient to complete
ADLs. Our analyses showed that, for nearly all
ADLs evaluated, an inability of patients to inde-
pendently complete the activities was associated
with a higher overall burden in their caregiver.
For some ADLs, the difference in overall car-
egiver burden when patients required help or
was completely unable to do the activity was
similar (i.e., cleaning and cooking), whereas for
others, the largest burdens were reported where
the patient required help but could still com-
plete some of the activity (i.e., bathing, getting
in/out of bed, on/off the toilet, or walking).
These findings suggest that additional coping
mechanisms or equipment might be utilized for

some ADLs when patients are completely unable
to do the activity, limiting the additional burden
on caregivers. We additionally hypothesize there
may be emotional and physical strain placed on
caregivers during the transition between inde-
pendence and dependence; for example, when
a patient requires help to walk there may be
anxieties around the potential for accidents and
negative external perceptions, whilst also requir-
ing more physical support from the caregiver.
When the patient progresses to being unable
to walk these anxieties may be lessened. Inter-
ventions such as health education, home visits,
calls, counseling, and support groups have been
evaluated as ways to reduce burden in caregivers
to patients with heart failure [28]. Identification
of specific interventions to support caregivers
to patients with ATTR-CM would be clinically
valuable.

Though statistical significance was not seen
on all outcomes, there are notable trends for
increased HADS-A and HADS-D scores for car-
egivers both when patients required help with
ADLs and when they are completely unable
to do the activity. The impact of inability of
patients to complete ADLs was seen to impact on
caregivers’ depression symptoms more strongly
than their anxiety symptoms. Similar relation-
ships were also seen with caregivers’ fatigue,
although the magnitude of differences across the
spectrum of disability was small. Together, find-
ings suggest the initial loss of independence is a
time when the caregiving burden increases and
is a time when caregivers may be at increased
risk of anxiety, depression, and fatigue.

ATTR-CM is most commonly diagnosed in
older adults who may have comorbidities and
symptoms associated with aging [1, 3, 10].
Frailty is reported in between one in ten and one
in two patients with ATTR-CM, with the wide
prevalence range likely reflecting differences
in the populations and measures used [11-13].
Frailty is independently associated with limita-
tions in the ability to complete ADLs and could
directly contribute to caregivers’ physical and
mental burden [11, 12, 14, 15]. Although not
directly assessed, frailty may have been a con-
tributing factor to our findings, as the median
patient age was 81 years and median caregiver
age was 68 years. Frailty also has potential to
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influence caregivers’ ability to provide physi-
cal assistance; however, caregivers’ age was not
found to be significantly associated with any
aspect of their burden.

Evidence suggests that caregiving for elderly
family members is most commonly done by
women [29]. Though inconclusive, there is evi-
dence to suggest that female caregivers often
experience a larger burden than male caregivers
[29-31]. Sex differences in overall caregiver bur-
den were not identified in this study; however,
our analyses found female caregivers had a sig-
nificantly higher mental (HADS-A and HADS-D
subscores) and fatigue burden than male caregiv-
ers. In further exploratory analyses, it appeared
that male caregivers were less impacted by a
patients’ inability to complete ADLs than female
caregivers. In combination with our findings
suggesting regional differences in caregiver bur-
den, we propose that these likely reflect cultural
variations in the approach to caregiving. For
example, female caregiving (in particular to chil-
dren and spouses) is a part of many traditional
cultures worldwide. In addition, the familial and
public health support networks around caregiv-
ers may vary by region. In keeping with our find-
ings, Stewart et al. found a lower ZBI score was
reported by caregivers of patients with untreated
ATTR-CM in Spain versus the USA [4]. This may
explain our findings of lower burden related to
ADLs in caregivers residing in Southern Europe
as compared with Northern Europe and other
international regions.

Limitations

Our results should be interpreted within the
populations analyzed, namely unpaid primary
caregivers to patients with reasonably newly
diagnosed and untreated ATTR-CM, mostly of
the wild-type form. The majority of patients
and caregiver pairs were of a male/female
spousal relationship and resided in Europe.
Another limitation is that some responses
were provided by low numbers of caregivers or
patients, reducing the ability to identify sta-
tistical significance. For this reason, numeri-
cal trends within the data have also been
considered when interpreting the findings.

Additionally, the Burden of Disease study was
not specifically designed with this post hoc
analysis in mind. Questionnaires used were not
optimized for the analysis. Additionally, the
enrolled patients and caregivers reflected the
real-world population and the range of disease
severity, mental, and physical burdens was not
optimized for this analysis. Further evaluation
of patient and caregiver pairs affected by more
advanced ATTR-CM would help contextualize
our findings.

CONCLUSIONS

In this post hoc analysis of an international
survey study among patients with untreated
ATTR-CM and their primary unpaid caregiv-
ers, the physical and mental health of patients
was shown to contribute to the burden felt by
their caregivers. Caring for patients with specific
ATTR-CM symptoms (including those that may
contribute to disability) or an inability to com-
plete ADLs was associated with higher burdens
in caregivers. Further, our findings suggest there
are cultural factors that influence caregiver-
reported burden, including a higher mental and
fatigue burden in female versus male caregivers.
Overall findings suggest that interventions to
prevent the loss of functional ability in patients
is important to support them, but also to limit
the burden felt by their caregivers. Addition-
ally, approaches to assist caregivers in the care
of patients with ATTR-CM are valuable in reduc-
ing the burden they feel.
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