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Abstract

Aims Wild-type transthyretin cardiac amyloidosis (ATTRwt CA) is a common, underdiagnosed cause of heart failure (HF) in
the elderly. Concurrent extracardiac amyloid infiltration might be responsible for a specific frailty phenotype. This study aims
to compare the prevalence and characteristics of frailty parameters in HF patients, with or without ATTRwt CA.
Methods In a comparative cross-sectional study, we prospectively included consecutive HF patients with or without ATTRwt
CA (the HF + ATTRwt+ and HF + ATTRwt� groups, respectively) between April 2018 and April 2021. Logistic regression models
were used to compare the groups with regard to frailty as assessed using multidimensional geriatric tools.
Results We included 123 patients (68 HF + ATTRwt+ and 55 HF + ATTRwt�). The mean age was 80.9 (standard deviation 6.3)
years, 87% were male, 34% had left ventricular systolic dysfunction and 34% were New York Heart Association (NYHA) III. Rel-
ative to the HF + ATTRwt� group, patients in the HF + ATTRwt+ group were more likely to have shrinking [odds ratios = 2.9
(95% confidence interval, 1.1 to 1.7), P = 0.03], balance disorders [1.8 (1.1 to 2.8), P = 0.02], memory complaints [2.5, (1.0 to
5.9), P = 0.05] and overactive bladder [1.5 (1.1 to 2.2), P = 0.03], independently of age, sex, NYHA class and diabetes status.
The proportion of very frail patients was higher (albeit not significantly) in the HF + ATTRwt+ group than in the HF + ATTRwt�
group [2.4 (0.9 to 6.9), P = 0.10].
Conclusions ATTRwt CA is associated with a specific frailty phenotype. Patients with ATTRwt CA should be screened for
frailty and managed collaboratively by cardiologists and geriatricians, with a view to improving quality of life.
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Introduction

Cardiac amyloidosis (CA) is a systemic disease characterized
by cardiac and extracardiac amyloid infiltration, that is, the
progressive deposition of abnormal, insoluble fibrils of
misfolded proteins in the tissues.1 Immunoglobulin light
chains and transthyretin (TTR) are the most frequently in-
volved proteins.2 In a recent, autopsy-based study, 43% of
an unselected population of patients aged 75 years and over
presented with CA (half due to light chain deposition and half
due to TTR deposition).3 The prevalence of CA increases with

age, with values of 25% in patients aged 75–79 year and
>50% in patients aged 90 years and over.3 Wild-type TTR
cardiac amyloidosis (ATTRwt CA) was observed in 13% of
patients with heart failure (HF) with a preserved ejection
fraction,4 16% of patients undergoing percutaneous aortic
valve replacement for severe aortic stenosis5 and 20% of in-
vestigated patients in an HF cohort with an elevated myocar-
dial wall thickness (more than 14 mm)6. The pathophysiolog-
ical impacts of cardiac and extracardiac infiltrations have
been characterized in detail.7 Studies of patients with ATTR
CA have highlighted the clinical importance of extracardiac
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amyloid infiltration, which results in disorders such as carpal
tunnel syndrome, lumbar spinal stenosis, hearing loss and au-
tonomic neuropathy.8–11 Patients with ATTR CA present with
physical decline, exercise intolerance and exhaustion, which
in turn result in low functional capacity, poor quality of life
and a worse prognosis than the HF patients without CA.7,12–
14 It has been shown that the prognosis of patients with ATTR
CA is linked to the progression of cardiac damage.15 However,
recent studies suggest that frailty has a prognostic impact on
ATTR CA, independently of the disease stage, the New York
Heart Association (NYHA) class and treatment with
tafamidis.16

Frailty is a clinical syndrome that reflects a decrease over
time in functional reserves and thus a reduced ability to
adapt to external stress factors. It increases the likelihood
of adverse health outcomes, such as falls, disability, hospital-
ization and death.17 The prognostic link between frailty and
HF has been well documented.18,19 In a previous observa-
tional study, we found that frailty was frequent among pa-
tients with ATTRwt CA, with a prevalence of 50% (according
to the physical frailty phenotype) or 33% (according to the
Short Emergency Geriatric Assessment).20 We also observed
significant age-independent associations between several
frailty parameters, and both the severity of CA and the dura-
tion of amyloid disease.20

We hypothesized that extracardiac amyloid infiltration by
TTR favours impairments in certain frailty domains, which
might result in a specific frailty phenotype in patients with
ATTRwt CA.

The objective of the present study was to compare the
prevalence and characteristics of frailty among patients with
HF, according to the presence or absence of ATTRwt CA.

Methods

Study design and participants

We performed a comparative, cross-sectional study of HF pa-
tients with or without ATTRwt CA (forming the HF + ATTRwt+
and control HF + ATTRwt� group, respectively). All the study
participants had been referred to the Heart Failure and
Amyloidosis Unit in the Department of Cardiology at
Henri-Mondor University Hospital (Creteil, France) and had
agreed to undergo a multidimensional geriatric assessment.
The consecutive participants were included prospectively
between April 2018 and April 2021 (Figure 1). The first 36 pa-
tients in the HF + ATTRwt+ group (included between April
2018 and June 2019) have been described previously.20

HF + ATTRwt� patients (control group) were individually
matched for age (±3 years), sex and NYHA class to
HF + ATTRwt+ patients. Unmatched HF+ATTRwt� patients
were not included in the study. All participants provided their
written informed consent before inclusion. The study
complied with the principles of the Declaration of Helsinki.
The study was approved by the local institutional review
board (Hôpital Henri-Mondor, Creteil, France: authorization

Figure 1 Study flow chart. Flow chart for the comparative, cross-sectional study. A total of 123 HF patients were included: 68 in the HF + ATTRwt+
group and 55 in the matched HF + ATTRwt� group. ATTRm, muted transthyretin amyloidosis; HF, heart failure; HF + ATTRwt, heart failure patients
with wild-type transthyretin cardiac amyloidosis; HF + ATTRwt�, heart failure patients without wild-type transthyretin cardiac amyloidosis.
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numbers 1431858 for the HF + ATTRwt+ group and 2022-137
for the control group) and registered with the French
National Data Protection Commission (Commission nationale
de l’informatique et des libertés, Paris, France; authorization
number 2215384 v 0).

Inclusion criteria

In both groups, the inclusion criteria were age ≥60 year and
HF diagnosed according to the European Society of Cardiol-
ogy (ESC)’s latest guidelines. The exclusion criteria were age
<60 year, acute HF on inclusion, previous heart transplanta-
tion, an uncontrolled solid tumour at diagnosis, systemic dis-
ease with cardiac involvement, a language barrier hindering
geriatric assessment, legal protection measures and refusal
to participate in the study. As tafamidis has been shown to
improve quality of life and performance in the 6 min walk
test, HF + ATTRwt+ patients having been treated with this
drug for more than 3 months were not included. Patients
with muted TTR amyloid CA were also not included. None
of the participants in the control HF + ATTRwt� group had
CA.

Blood samples were collected and assayed for N-terminal
prohormone of brain natriuretic peptide (NTproBNP) and
creatinine. All patients underwent standard transthoracic
echocardiography (Vivid 7, GE Healthcare, Buc, France). The
left ventricular ejection fraction (LVEF) was calculated using
Simpson’s biplane method. ATTRwt CA was diagnosed
according to the ESC’s latest guidelines.21 The diagnosis was
confirmed by the observation of strong cardiac uptake
(a visual score ≥2) of a bisphosphonate tracer (99mTc-
hydroxymethylene diphosphonate) on cardiac scintigraphy
and the absence of a TTR gene mutation. In order to rule
out light chain amyloidosis, blood and urine samples were
analysed with protein electrophoresis, immunofixation and
a light chain assay. If gammopathy was present, the diagnosis
of ATTRwt CA was confirmed after positive Congo Red stain-
ing and immunostaining for TTR (in the absence of light chain
staining) on extracardiac and/or endomyocardial biopsy.

Geriatric assessment

As described previously, frailty was assessed in the
cardiogeriatric unit at Emile Roux University Hospital
(Limeil-Brévannes, France),20 using both the physical frailty
phenotype (Fried’s model17) and a multidomain
assessment.22 First, Fried’s model defines the physical frailty
phenotype as robust, pre-frail or frail by considering shrinking
(loss of >4.5 kg in bodyweight in the previous 12 months),
weakness (grip strength (dynamometer-measured maximum
dominant-hand grip strength (JAMAR®, Sammons Preston,
Bolingbrook, IL, USA) < 30 kg in men and <20 kg in women),

exhaustion (defined as an answer of ‘yes’ to the question ‘Did
you feel any significant or unusual fatigue over the previous
year?’), slowness (gait speed <1 m/s) and a low level of
physical activity (performance of physical activity or sport
for less than 30 min three times a week). Patients meeting
three or more criteria were considered to be frail, those
meeting one or two criteria were considered to be pre-frail,
and those not meeting any criteria were considered to be
robust. Second, we administered the Short Emergency
Geriatric Assessment questionnaire [SEGA, classifying
patients as very frail (score >11), frail (score >8) or not frail
(score ≤8) 23 and performed a comprehensive geriatric
assessment (CGA) (according to Rockwood’s approach22 and
using a series of validated scales). Comorbidities were evalu-
ated on the modified Cumulative Illness Rating Scale.
Autonomy was assessed using the activities of daily living
(ADL) scale and the Instrumental Activities of Daily Living
(IADL) scale.24 The risk of malnutrition was evaluated with
the Mini Nutritional Assessment (MNA) Short Form.25

Mobility and muscle strength were assessed with the Short
Physical Performance Battery (SPPB),26 gait speed over
10 m, and dynamometer-measured maximum dominant-
hand grip strength (JAMAR®, Sammons Preston, Bolingbrook,
IL, USA; weakness: <30 kg in men and <20 kg in women).27

Balance was assessed using the one-leg standing test.28

Overall cognitive performance was evaluated with the
Mini-Mental State Examination (after adjustment for age
and educational level), the five-word screening test (verbal
episodic memory), the seven-point clock-drawing test (execu-
tive and visuospatial functions) and the Frontal Assessment
Battery (frontal lobe functions).29 We used the Geriatric
Depression Scale to evaluate mood.30 Sphincter disorders
were assessed using the Urinary Symptom Profile
questionnaire.31

Statistical analysis

Quantitative and qualitative variables were described as the
median [interquartile range (IQR)] and the frequency (per-
centage), respectively. We compared the frailty variables in
the HF + ATTRwt+ and HF + ATTRwt� patients by applying
a chi-squared test, Fisher’s test, Student’s t test or the
Mann–Whitney test, as appropriate. For variables with
P < 0.20, the corresponding odds ratios (OR) [95% confi-
dence interval (CI)] were estimated in an exact logistic regres-
sion after adjustment for the matching variables in the first
instance (age, sex and NYHA class), then for matched vari-
ables and diabetes in the second.

All statistical analyses were performed with STATA soft-
ware (V14.1, StataCorp, College Station, TX, USA). The thresh-
old for statistical significance was set to P ≤ 0.05. P values
between 0.05 and 0.10 were denoted as indicating a trend.
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Results

In total, 136 patients with HF were found to be eligible
(Figure 1). Ultimately, 123 patients were included in the
study: 68 in the HF + ATTRwt+ group and 55 in the matched
HF + ATTRwt� group.

Baseline characteristics of the study population

At inclusion, the mean age was 80.9 [standard deviation (SD)
6.3] years, and there were 107 men (87%) (Table 1). About a
third of the patients were classified as NYHA class III or IV,
34% had left ventricular systolic dysfunction (LVEF <45%),
and the median serum NTproBNP level was 1838 (911–
4059) pg/mL. Relative to the control group, patients in the
HF + ATTRwt+ group had a significantly higher heart rate

(P = 0.008), a significantly higher LVEF (P = 0.02), a signifi-
cantly lower creatinine level (P = 0.03), and were less likely
to have diabetes (P = 0.005).

Associations between frailty and amyloidosis
status

In the overall study population, about half of the patients
were frail (53.7%, according to the physical frailty phenotype,
or 47.2% according to the SEGA questionnaire); the
HF + ATTRwt+ and control groups did not differ significantly
in this respect (Table 2). The percentage of very frail patients
(according to the SEGA) was higher in the HF + ATTRwt+
group than in the control group, although the difference
was not statistically significant. Relative to control patients,
patients in the HF + ATTRwt+ group left home less often

Table 1 Characteristics of the HF patients with or without ATTRwt CA.

Characteristics All HF+

HF+

P valueaATTRwt+ ATTRwt�
N 123 68 55
Matching criteria

Male sex 107 (87) 59 (87) 48 (87) 0.93
Age, years, mean ± SD 80.9 ± 6.3 81.8 ± 6.3 79.8 ± 6.2 0.08
NYHA class 0.68
I 11 (9) 5 (7) 6 (11)
II 69 (57) 40 (60) 29 (53)
III 42 (34) 22 (33) 20 (36)
IV 0 (0) 0 (0) 0 (0)

Other demographic variables
Living alone 32(27) 18(28) 14 (25) 0.78
BMI, mean ± SD 26.3 ± 4.2 26.0 ± 4.0 26.7 ± 4.4 0.32

Cardiology assessment
Heart rate (bpm), mean ± SD 69 ± 13 72 ± 14 66 ± 11 0.008
Systolic blood pressure, mmHg, mean ± SD 132 ± 19 130 ± 19 136 ± 19 0.07
Diastolic blood pressure, mmHg, mean ± SD 73 ± 14 75 ± 14 71 ± 13 0.09
Orthostatic hypotension 29 (27) 14 (26) 15 (28) 0.83
LVEF, mean ± SD 49 ± 13 51 ± 12 46 ± 13 0.02
≥45% 80 (66) 48 (72) 32 (58) 0.09
<45% 41 (34) 18 (27) 23 (42)

NTproBNP, ng/L, median [IQR] 1838 [911–4,059] 2,601 [1,228–4,513] 1,204 [448–2,733] 0.10
Creatinine, μmol/l, median [IQR] 108 [89–132] 106 [86–128] 116 [90–163] 0.03
Comorbidity assessment

Comorbidities
CIRS-G score, mean ± SD 15.7 ± 4.8 15.9 ± 4.7 15.5 ± 5.0 0.64
Charlson-G, mean ± SD 7.0 ± 2.0 6.9 ± 2.1 7.1 ± 2.0 0.59
Hypertension 95 (80) 53 (83) 42 (76) 0.38
Dyslipidaemia 62 (52) 32 (49) 30 (56) 0.49
Diabetes 39 (33) 14 (22) 25 (45) 0.005
Chronic obstructive pulmonary disease 9 (8) 3 (5) 6 (11) 0.19
Kidney failure (clearance <60 mL/min, CKD-EPI) 95 (79) 48 (74) 47 (85) 0.12
Depression 18 (15) 12 (18) 6 (11) 0.25
Obesity (body mass index ≥30) 23 (19) 9 (14) 14 (25) 0.11
Stroke 12 (10) 6 (9) 6 (11) 0.76
Cognitive disorders 12 (10) 8 (12) 4 (7) 0.36

Medications taken daily
≥5 medications per day 106 (86) 57 (84) 49 (89) 0.40

Note: NB, The data are quoted as the frequency (%), unless otherwise stated.
Abbreviations: ATTRwt CA, wild-type transthyretin cardiac amyloidosis; BMI, body mass index; CIRS-G, Cumulative Illness Rating Scale-
Geriatric; CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration; HF, heart failure; IQR, interquartile range; LVEF, left ventricular
ejection fraction; NYHA, New York Heart Association; SD, standard deviation; SEGA, Short Emergency Geriatric Assessment.
aP value from a χ2 test, Fisher’s test, Student’s t-test or non-parametric Mann–Whitney test, as appropriate.
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Table 2 Frailty parameters in HF patients with or without ATTRwt CA.

All HF+

HF+

P valueb

Adjusted for the
matching criteriaa

ATTRwt+ ATTRwt- OR [95% CI] P value

N 123 68 55
Frailty scores

SEGA, total score, mean ± SD 9 ± 4 9 ± 4 9 ± 3 0.63
≤8, not frail 65 (53) 35 (52) 30 (55) 0.22 Ref category
>8 and ≤11, frail 32 (26) 15 (22) 17 (31)
>11, very frail 26 (21) 18 (26) 8 (15) 2.3 [0.9–6.3] 0.10

Physical frailty phenotypec

Robust 3 (2) 2 (3) 1 (2) 0.56
Pre-frail 54 (44) 27 (40) 27 (49)
Frail 66 (54) 39 (57) 27 (49)

Autonomy and lifestyle
ADL scale score <6 38 (31) 23 (34) 15 (27) 0.43
IADL scale score <8 96 (78) 52 (76) 44 (80) 0.64
IADL-sf scale score <4d 49 (41) 29 (45) 20 (36) 0.36
Going outside less than once a week 17 (14) 13 (20) 4 (7) 0.04 3.6 [1.1–12.2] 0.04
Physical activities 58 (49) 31 (48) 27 (49) 0.94

Nutrition status
Risk of malnutrition (MNA score <12) 52 (43) 31 (46) 21 (38) 0.37
Shrinking (unintentional weight loss in the

past year >4.5 kg)
29 (24) 21 (31) 8 (15) 0.03 2.7 [1.0–6.7] 0.04

Mobility and balance
Walks with help 35 (30) 22(35) 13 (24) 0.18
Gait speed m/s, mean ± SD 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3 0.55
Gait speed <.8 m/s 45 (38) 25 (39) 20 (36) 0.76

Time taken to walk 10 m in a dual task, s,
median [IQR]

Motor dual task 11 [9.9–13.8] 11 [10–13] 11 [9.6–14.6] 0.60
Cognitive dual task 12.2 [10–16.5] 12 [10–17] 12 [9.9–16] 0.72

SPPB performance
High (≥10) 49 (40) 25 (37) 24 (44) 0.45
Moderate (7–9) 44 (36) 24 (35) 20 (37)
Low (≤6) 29 (24) 19 (28) 10 (19)

Completion time in a five-time
sit-to-stand-test ≥13.7 s (SPPB≤2)

87 (71) 53 (78) 34 (63) 0.07 2.0 [0.9–4.8] 0.10

Weakness [(grip strength <30 kg (men) or
<20 kg (women)]

98 (83) 56 (89) 42 (76) 0.07 2.5 [0.9–7.2] 0.09

Non-accidental fall(s) in the past year 14 (25) 24 (35) 14 (25) 0.24
One-leg standing test (seconds) 5 [3–8] 4 [2.5–7] 5 [3–15] 0.12 1.6 [1.1–2.5] 0.02

Cognitive performance
Memory complaints 38 (31) 26 (39) 12 (22) 0.04 2.3 [1.0–5.2] 0.055
MMSE adjusted for age and educational level,

median [IQR]
27 [23–28] 27 [23–28.5] 26 [23–28] 0.30

5-Word test score <10 42 (34) 21 (31) 21 (38) 0.40
7-Point clock-drawing test <7 79 (71) 40 (68) 39 (75) 0.40
Frontal Assessment Battery <16 84 (69) 48 (72) 36 (65) 0.46
Risk of depression, GDS ≥ 5/15 57 (48) 32 (48) 25 (47) 0.89

Sphincter disorders
Urinary Symptom Profile, median [IQR]
Total score 5 [1–10] 5 [1–10] 4.5 [2–10] 0.86
Stress urinary incontinence subscore 0 [0–0] 0 [0–0] 0 [0–1] 0.70
Overactive bladder subscore 4 [1–8] 5 [3–8] 4 [0–8] 0.06 1.6 [1.1–2.2] 0.01
Dysuria subscore 0 [0–1] 0 [0–1] 1 [0–2] 0.28
Urinary incontinence subscore 34 (29) 18 (29) 16 (30) 0.94

Note: The data are quoted as the frequency (%), unless otherwise stated.
Abbreviations: ADL, activities of daily living; ATTRwt CA, wild-type transthyretin cardiac amyloidosis; CHS, Cardiovascular Health Study; CI,
confidence interval; GDS, Geriatric Depression Scale; HF, heart failure; IADL, instrumental activities of daily living; IADL-sf, instrumental ac-
tivities of daily living scale, short form; IQR, interquartile range; MMSE, Mini Mental State Examination; MNA, Mini Nutritional Assess-
ment; OR, odds ratio; SEGA, Short Emergency Geriatric Assessment; SPPB, Short Physical Performance Battery.
aThe associations between each frailty variable and the presence of wild-type transthyretin cardiac amyloidosis were adjusted for matching
criteria (age, sex and New York Heart Association class) using multiple logistic regression models (one for each relevant variable).

bP value from a χ2 test, Fisher’s test, Student’s t-test or non-parametric Mann–Whitney test, as appropriate.
cThe physical frailty phenotype was built according to the following modified CHS criteria: shrinking, self-reported exhaustion, weakness,
slowness and low physical activity (no regular physical activity). Individuals meeting ≥3 criteria are considered to be frail, those meeting 1
or 2 criteria are considered to be pre-frail and those meeting no criteria are considered to be robust.
dThe IADL-sf comprised the ‘telephone’, ‘medication’, ‘finances’ and ‘transportation’ items.

Frailty in heart failure according to the presence or absence of wild-type transthyretin cardiac amyloidosis 5

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.15026

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.15026 by A

m
aury B

R
O

U
SSIE

R
 - A

ssistance Publique H
opitaux D

e Paris A
p-H

p , W
iley O

nline L
ibrary on [17/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



(P = 0.04) and were more likely to present with shrinking
(P = 0.04), balance disorders (according to the one-leg stand-
ing test) (P = 0.02), memory complaints (P = 0.055) and over-
active bladder (P = 0.01). We observed non-significant trends
towards an association with ATTRwt CA status for upper limb
weakness (grip strength) and lower limb weakness (in the sit-
to-stand test) (Table 2). Further adjustment for diabetes sta-
tus did not substantially modify the associations, apart from
the frequency of leaving home (P = 0.09) (Figure 2 and Table
S1).

Discussion

To the best of our knowledge, the present study is the first to
have compared HF + ATTRwt+ and HF + ATTRwt� patients
with regard to frailty (using several different tools). In fact,
several frailty parameters (shrinking, balance disorders,
memory complaints and overactive bladder) were signifi-
cantly associated with amyloidosis status, independently of
age, sex, NYHA class and diabetes. The proportion of very frail
patients (according to the SEGA questionnaire) was higher
(albeit not significantly) in the HF + ATTRwt+ group than in
the control group. These findings suggest the link between
frailty and both cardiac and extracardiac amyloid infiltration.

Comparison of our results with the literature data

In our study, the prevalence of frailty among HF + ATTRwt+
patients was 57% (according to the physical frailty pheno-
type) or 48% (according to the SEGA); in our previous study,
the corresponding values were respectively 50% and 33%.20

In any case, these prevalences were higher than the value

of 39% (according to the Clinical Frailty Scale) reported for
another cohort of patients with ATTRwt CA.16 In our control
group, the prevalence of frailty was 49% (according to the
physical frailty phenotype) or 46% (according to the SEGA
questionnaire); these values are close to the median [IQR]
of 44.5% [36.2–52.8] reported in a meta-analysis of data on
HF patients.32 Thus, the prevalence of frailty in our cohort
was somewhat higher than in the literature. This might be
due to the older age and greater disease severity in patients
recruited by a dedicated HF and amyloidosis unit in a univer-
sity hospital.

Frailty and amyloid infiltration

The proportion of very frail patients (according to the SEGA
questionnaire) was higher (albeit not significantly) in the
HF + ATTRwt+ group than in the control group. We also ob-
served specific intergroup differences in some frailty domains
(shrinking, balance disorders, cognition, and sphincter disor-
ders), which might have been due to amyloid infiltration of
extracardiac tissues. For example, shrinking might be related
to amyloidosis in the digestive tract; gastrointestinal involve-
ment is prevalent in amyloidosis (49.2%, according to
Sánchez et al.33) and can lead to bacteraemia and
septicaemia in frail patients.34 Poterucha et al. previously de-
scribed that body mass index was lower in patients with ATTR
CA than in non-amyloid patients.35 Balance disorders might
be associated with the high prevalence of autonomic neurop-
athy (50% in patients with ATTRwt CA) and lumbar spinal
stenosis by ATTR deposits in the ligamentum flavum.36

Memory complaints and sphincter disorders could be ex-
plained respectively by a reduction in cerebral blood flow
and higher doses of diuretics. Lastly, and even though frailty

Figure 2 Multivariate regression analysis, adjusted for the matching criteria and diabetes. Adjusted odds ratios were estimated using multivariate re-
gression analysis, adjusted for the matching criteria and diabetes. Dots indicate odds ratio; horizontal lines indicate 95% confidence interval. Relative to
control patients, patients in the HF + ATTRwt+ group were more likely to present with shrinking (P = 0.03), balance disorders (according to the one-leg
standing test) (P = 0.02), memory complaints (P = 0.05) and overactive bladder (P = 0.03). SEGA, short emergency geriatric assessment; SPPB, short
physical performance battery.
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assessment tools are frequently administered to patients
with HF (regardless of whether or not they have ATTR CA),
specific validation in this setting is required.

Clinical implications: the measurement and
management of frailty in patients with ATTRwt
CA

Our study highlighted the importance of screening patients
with ATTRwt CA for frailty. Our HF + ATTRwt+ and
HF + ATTRwt� groups appeared to have different frailty phe-
notypes. As suggested by our earlier results, patients who
might need to be referred to a geriatrician could be screened
in about 10 min by their cardiologist via the Fried phenotype
and SEGA.20 Frailty assessment should be incorporated into
the routine clinical evaluation of patients with ATTRwt CA,
with a view to improving quality of life, improving risk strati-
fication, and facilitating treatment decisions (Figure 3). These
benefits have already been observed in older patients with
cancer.37 Moreover, the prognostic impact of frailty on ATTR
CA is starting to emerge.16 Recent data also suggest that
transcatheter aortic valve replacement (TAVR) is effective in
CA patients with aortic stenosis.38 A geriatric assessment
can therefore have a fundamental influence on the decision
to prescribe (or not) these innovative therapies. The results
of a geriatric assessment enable us to identify patients who
are likely to benefit most from these treatments (particularly
TAVR and TTR stabilizers) with an acceptable level of risk. This
approach enables the personalized management that is
essential in this multisystem disease, with treatment goals
being set as a function of the patient’s overall condition.

To date, the optimal follow-up schedule for patients with
CA includes a six-monthly visit with an electrocardiogram
and a battery of blood tests (including NTproBNP and tropo-
nin) and yearly cardiac echography and 24 h Holter
recording.21 The specific frailty phenotype in patients with
amyloidosis suggest that innovative care pathways are
needed to (i) manage the symptoms, signs and complications
of the disease, and (ii) attenuate disease progression through
the use of ATTR-specific therapies.39 The guidelines on diag-
nosis and care published by the French High Authority for
Health suggest that the results of a CGA can help to optimize
care and maintain autonomy and quality of life.40 Future re-
search should assess frailty in a larger population of patients
with ATTwt-CA and in other subpopulations of patients with
CA, receiving TTR stabilizer. Frailty could also be used as an
outcome in future Phase III studies involving new therapeu-
tics. Lastly, as the body of literature data on this topic grows,
it will be important to develop and validate tools specifically
for patients with ATTR CA.

Study limitations

The study’s limitations include its single-centre design and
the small sample size, which limited the statistical power.
Furthermore, the pandemic of coronavirus disease 2019
prevented us from including the originally planned number
of control patients. Thus, future studies using multidimen-
sional geriatric tools to assess frailty, in a larger population
of patients with ATTRwt CA, and in other subpopulations of
patients with CA, are needed to confirm these observations
and ensure their generalizability.

Figure 3 Collaborative management by cardiologists and geriatricians. Collaborative management by cardiologists and geriatricians is needed to im-
prove quality of life and prolong survival in ATTRwt CA, because frailty is frequent and have a specific pattern. ATTRwt CA, wild-type transthyretin
cardiac amyloidosis; OR, odds ratio.

Frailty in heart failure according to the presence or absence of wild-type transthyretin cardiac amyloidosis 7

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.15026

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.15026 by A

m
aury B

R
O

U
SSIE

R
 - A

ssistance Publique H
opitaux D

e Paris A
p-H

p , W
iley O

nline L
ibrary on [17/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Conclusion

Frailty is very frequent in patients with ATTRwt CA and forms
an integral part of the clinical picture. We identified a specific
frailty phenotype in ATTRwt CA: several frailty parameters
were significantly associated with the presence of CA,
independently of age, sex, NYHA class and diabetes. Patients
with ATTRwt CA should be screened for frailty and managed
collaboratively by cardiologists and geriatricians, with a view
to improving quality of life and assessing the value of TTR
stabilizer therapy.
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