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Conclusions and implications
• The frequency of frailty in ATTRwt-CA patients was 50% and 33% according to 

two different assessment tools

• Many frailty parameters were significantly associated with cardiac amyloidosis 
(CA) severity and a longer course of amyloid disease, independent of 
patient age

• Amyloid deposition can explain increased frailty in ATTRwt-CA patients

• These findings suggest that taking frailty into account in the assessment and 
management of patients with ATTRwt-CA should improve patient quality of 
life (QoL)

Summary at-a-glance:
Based on data from a 

cross-sectional analysis of 
patients with ATTRwt-CA, 

frailty is frequent in this patient 
population and is associated with 

a longer course of amyloid 
disease and CA severity, 

independent of age
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Introduction
• Wild-type transthyretin cardiac amyloidosis (ATTRwt-CA) is characterized by 

systemic deposition of amyloid protein fibrils in tissues and organs around the 
body; estimated prevalence is 25% in adults >80 years of age 

• Frailty is a multidimensional syndrome in which the body’s stress adaptation 
mechanisms are impaired. It is associated with decreased physiologic 
reserve capacity

• Frailty increases the likelihood of adverse outcomes, such as falls, disabilities, 
hospitalizations, and death

• This study aimed to i) investigate frailty in patients with ATTRwt-CA and ii) 
assess potential associations of frailty parameters with CA severity and the 
course of amyloid disease

ATTRwt-CA, wild-type transthyretin cardiac amyloidosis; CA, cardiac amyloidosis; QoL, quality of life.



Methodology (I)
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Design
Cross-sectional analysis of patients with ATTRwt-CA consulting at the French National Reference Center for Cardiac 

Amyloidosis between April 2018 and June 2019
Diagnosis of ATTRwt-CA

Symptom assessment
The dates of appearance of the first cardiac symptom of amyloidosis and the first extracardiac symptom 

were recorded

99mTc-HMDP, 99mTc-hydroxymethylene diphosphonate; ATTRwt-CA, wild-type transthyretin cardiac amyloidosis; GLS, 
echocardiographic global longitudinal strain;  LVEF, left ventricular ejection fraction; MCF, myocardial contraction 
fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; NYHA, New York Heart Association; TTR, transthyretin.

Strong cardiac uptake (visual score ≥2) of a 
bisphosphonate tracer (99mTc-hydroxymethylene 

diphosphonate [99mTc-HMDP]) on scintigraphy and 
absence of a transthyretin (TTR) gene mutation

In case of gammopathy established by blood and urine tests, 
ATTRwt-CA was confirmed using Congo Red staining and TTR
immunostaining (in the absence of light-chain staining) on an 

extracardiac or/and endomyocardial tissue biopsy

Cardiac: conduction disorder, atrial fibrillation, dyspnea, 
edema of the lower limbs, cardiac hypertrophy, chest pain, 

or aortic stenosis
Assessments

Dyspnoea according to New York Heart Association (NYHA) class ● orthostatic hypotension ● N-terminal pro b-
type natriuretic ● peptide (NT-proBNP) and troponin levels ● standard transthoracic echocardiography

(measurement of left ventricular ejection fraction [LVEF] ● global longitudinal strain [GLS] ● myocardial contraction 
fraction [MCF]) ● 99mTc-HMDP cardiac scintigraphy

Extra cardiac symptoms: carpal tunnel syndrome,
lumbar canal stenosis, hearing loss, Dupuytren’s

syndrome, or peri-orbital bruising

https://pubmed.ncbi.nlm.nih.gov/34362197/


CA, cardiac amyloidosis; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro b-type natriuretic 
peptide; SEGA, Short Emergency Geriatric Assessment.

Geriatric assessment 
• In total, 36 of 180 patients with ATTRwt-CA underwent 

geriatric assessment
• Comprehensive geriatric assessment, including physical measurements, 

performance tests and a standardized multidimensional clinical 
evaluation; comorbidities; autonomy; weight; mobility and muscle 
strength; balance; cognitive performance; mood; and sphincter disorders

CA severity stratification: based on Gillmore staging system
• Stage I: NT-proBNP ≤3000 ng/L and eGFR ≥45 mL/min, 
• Stage II: remaining patients
• Stage III: NT-proBNP >3000 ng/L and eGFR <45 mL/min
Statistical analysis
• Fisher’s test or the Kruskal–Wallis test to compare the frailty variables as a 

function of the severity of CA
• Kruskal–Wallis test or Spearman’s rank correlation test to investigate the potential 

relationship between the course of the disease and frailty parameters

Ranking No. of 
meeting 
criteria

Criteria

Frail ≥3 • Loss of body weight 
• Weakness
• Exhaustion 
• Slowness
• Low level of 

physical activity

Pre-frail 1 or 2

Robust 0

Ranking Score
Frail and very frail >8

Not frail ≤8

Fried’s model

Short Emergency Geriatric 
Assessment (SEGA)

Methodology (II)

Read more: 
pages 3–4 of published paper 

Frailty assessment
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Patient characteristics

See speaker notes for table footnotes. The data are quoted as the frequency (%), unless otherwise stated. ATTRwt, wild-
type transthyretin amyloidosis; CHS, Cardiovascular Health Study; CIRS-G, Cumulative Illness Rating Scale-Geriatric; 
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; IQR, interquartile range; LVEF, left ventricular ejection 
fraction; LVGLS, left ventricle global longitudinal strain; MCF, myocardial contraction fraction; NT-proBNP, N-terminal pro 
b-type natriuretic peptide; NYHA, New York Heart Association; SEGA, Short Emergency Geriatric Assessment. 

• A third of the patients were categorized as NYHA class III
• 39% of patient had an LVEF <45%

• Median serum NTproBNP was 3188 (1341–8883) pg/mL
• Median duration of amyloidosis was 146 months (73–216)

Presenter
Presentation Notes
*The extracardiac symptoms considered were carpal tunnel syndrome, lumbar canal stenosis, hearing loss, Dupuytren’s syndrome, and peri-orbital bruising; †The cardiac symptoms considered were conduction disorders, atrial fibrillation, dyspnea, edema of the lower limbs, cardiac hypertrophy, chest pain, and aortic stenosis. ‡The cardiovascular risk factors considered were hypertension, dyslipidemia, diabetes, a family history of cardiovascular disease, and smoking; §The modified CHS criteria were 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.
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50% and 33% 
of patients 
were frail, 

according to 
Fried’s model 

and SEGA, 
respectively 

Frequency of frailty and the relationship between frailty and 
organ impairment in patients with ATTRwt-CA

Prevalence of frailty among patients with ATTRwt-CA can be 
explained by the amyloid fibril infiltration of various organs and 

tissues, particularly the heart, integumentary system, and nerves

7-CDT, 7-clock drawing test; ATTRwt-CA, wild-type transthyretin cardiac amyloidosis; FAB, Frontal Assessment 
Battery; IADL, Instrumental Activity of Daily Living; MNA, Mini Nutritional Assessment; NYHA, New York Heart 
Association; GDS, Geriatric Depression Scale; SEGA, Short Emergency Geriatric Assessment; SPPB, short physical 
performance battery.

https://pubmed.ncbi.nlm.nih.gov/34362197/


*The threshold for statistical significance was set at P≤0.05. 
ADL, activities of daily living; CA, cardiac amyloidosis; CI, confidence interval; IADL-sf, Instrumental Activities of Daily 
Living-short form; IQR, interquartile range; MNA, Mini Nutritional Assessment; OR, odds ratio; SEGA, Short 
Emergency Geriatric Assessment; SPPB, short physical performance Battery.

Associations between frailty parameters and CA severity 
Frailty parameters Stage I and II

(n=22)
Stage III
(n=14)

OR (95% Cl) P value* Age- adjusted OR (95% CI) P value*

Age, median (IQR) 79.5 (76–82) 86 (80–87) 1.1 (1.0–1.3) 0.05

SEGA, median (IQR) 5 (4–6) 9 (7–16) 1.3 (1.1–1.6) 0.003 1.2 (1.1–1.5) 0.04

Risk of malnutrition MNA <12, n (%) 5 (23) 9 (64) 6.1 (1.4–27) 0.01 4.3 (0.8–23) 0.09

One-leg standing test <5 s, n (%) 9 (41) 12 (86) 8.7 (1.5–48) 0.01 6.4 (1.1–39) 0.04

Gait speed m/s, median (IQR) 1 (0.8–1.1) 0.8 (0.6–1) 0.5 (0.2–1.1) 0.04 0.2 (0.01–4.3) 0.29

SBBP, median (IQR) 9.5 (8–10) 8 (4–9) 0.8 (0.6–1.0) 0.02 0.8 (0.6–1.1) 0.14

Completion time in a five-time sit-to-stand test 
>16.7 s, n (%)

7 (32) 10 (71) 5.4 (1.2–23) 0.04 4.6 (1.0–21) 0.05 

ADL <6, n (%) 4 (18) 8 (57) 6.0 (1.3–27) 0.03 5.0 (1.0–24.0) 0.05

IADL-sf <4, n (%) 6 (30) 9 (75) 7 (1.4–35) 0.01 5.9 (1.1–33) 0.04

Time taken to walk 10 meters in a dual task, 
s, median (IQR): cognitive dual task

11 (10–14) 13 (13–16) 1.3 (0.9–1.7) 0.05 1.2 (0.9–1.5) 0.31 

Memory complaints, n (%) 7 (32) 10 (71) 5.4 (1.2–23) 0.04 5.4 (1.1–25) 0.03

Overactive bladder, median (IQR) 3.5 (2–7) 8 (5.5–9) 1.7 (1.1–2.7) 0.01 2.1 (1.1–3.8) 0.02

Dysuria, median (IQR) 0 (0–1) 1 (0.5–2) 3.1 (1.0–9.8) 0.04 2.5 (0.7–8.8) 0.17

Read more: 
pages 7–8 of published paper 

After adjustment for age, CA severity was still significantly associated with frailty 
(according to SEGA), loss of autonomy, lower limb muscle weakness, 

balance disorders, memory complaints, and overactive bladder

https://pubmed.ncbi.nlm.nih.gov/34362197/


*The threshold for statistical significance was set at P≤0.05. 
CA, cardiac amyloidosis; CI, confidence interval; IQR, interquartile range; OR, odds ratio.

Relationship between frailty parameters and the course of 
amyloid disease

Frailty 
parameters

Stage I and II
(n=22)

Stage III
(n=14)

OR
(95% CI)

P value* OR age-adjusted 
(95% CI)

P value*

Time since first
amyloidosis 
symptom 
(cardiac or 
extracardiac),
median (IQR)

163 
(108–226)

114 
(60–166) 

1.0 
(0.9–1.0)

0.1 1.0 
(1.0–1.1)

0.12

• The course of amyloid 
disease was not 
significantly associated 
with CA severity

• In the age-adjusted 
analyses, longer course 
of amyloid disease was 
significantly associated 
with balance disorders 
and a slower gait speed 
in cognitive and motor 
dual tasks

Frailty parameters N=36 Time since first amyloidosis 
symptom, median (IQR)

P value* P value*

Walks with help Yes 9 226 (157–289)
0.02 0.03

No 21 145 (86–181)

Time to walk 10 
meters in a dual 
task, s

Cognitive dual task Rho=0.3 0.12 0.008

Motor dual task Rho=0.28 0.17 0.05

Read more: 
pages 9 of published paper 
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Conclusions and implications

Read more: 
pages 9–11 of published paper 

ATTR amyloidosis, transthyretin amyloidosis; ATTR-CA, transthyretin cardiac amyloidosis; ATTRwt-CA, wild-type 
transthyretin cardiac amyloidosis; CA, cardiac amyloidosis.

Discussion points
• High frequency of frailty was observed in patients with ATTRwt-CA; this 

can be attributed to amyloid fibril infiltration of various organs and tissues
• Several frailty parameters had significant, age-independent 

associations with CA severity and a longer course of amyloid disease; 
this can be explained by the progression of amyloid infiltration

• Compared with heart failure studies, the frailty parameters – loss of 
autonomy, muscle weakness, slowness, and risk of depression – were 
higher in this study

• Contrary to data in published literature, no significant link between cognitive 
impairment and severity of CA was observed, likely due to several study 
limitations

Implications
• Generalizability of the results was not possible due 

to study limitations
• Further investigation is needed to determine whether 

frailty parameters can be prognostic markers of 
amyloid disease and outcome measures for CA as well 
as whether treatment for ATTR-CA might reduce frailty

• Collaboration between geriatricians and 
cardiologists is required for screening and 
management of frailty in patients with ATTR-CA as well 
as initiation of ATTR amyloidosis treatments in order to 
improve patient QoL

Links to further useful papers/materials:
Rapezzi C, et al. Eur J Heart Fail 2021;23:259–63; Ricci F, et al. JACC Cardiovasc Imaging 2021;14:293–5.
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• Fried’s model: defines the physical frailty phenotype as robust, pre-frail, or frail by considering loss of 
bodyweight (>4.5 kg in the previous 12 months), weakness, exhaustion (defined as an answer of “yes” to the 
question “Did you feel any significant or unusual fatigue over the previous year?”), slowness, and a low level 
of physical activity. 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

• Short Emergency Geriatric Assessment (SEGA): a simple, validated tool for detecting frailty in elderly 
subjects as part of a multidimensional approach (not frail: score ≤8; frail and very frail: score >8)
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