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ABSTRACT

Background: Transthyretin amyloidosis cardiomyopathy (ATTR-CM) is an under-recognized 
cause of heart failure (HF) with clinical phenotypes that vary across regions and genotypes. 
We sought to characterize the clinical characteristics of ATTR-CM in Asia.
Methods: Data from a nationwide cohort of patients with ATTR-CM from six major tertiary 
centres in South Korea were analysed between 2010 and 2021. All patients underwent 
clinical evaluation, biochemical laboratory tests, echocardiography, and transthyretin (TTR) 
genotyping at the time of diagnosis. The study population comprised 105 Asian ATTR-CM 
patients (mean age: 69 years; male: 65.7%, wild-type ATTR-CM: 41.9%).
Results: Among our cohort, 18% of the patients had a mean left ventricular (LV) wall 
thickness < 12 mm. The diagnosis of ATTR-CM increased notably during the study period (8 
[7.6%] during 2010–2013 vs. 22 [21.0%] during 2014–2017 vs. 75 [71.4%] during 2018–2021). 
Although the duration between symptom onset and diagnosis did not differ, the proportion 
of patients with HF presenting mild symptoms increased during the study period (25% NYHA 
class I/II between 2010–2013 to 77% between 2018–2021). In contrast to other international 
registry data, male predominance was less prominent in wild-type ATTR-CM (68.2%). The 
distribution of TTR variants was also different from Western countries and from Japan. 
Asp38Ala was the most common mutation.
Conclusion: A nationwide cohort of ATTR-CM exhibited less male predominance, a 
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proportion of patients without increased LV wall thickness, and distinct characteristics of 
genetic mutations, compared to cohorts in other parts of the world. Our results highlight 
the ethnic variation in ATTR-CM and may contribute to improving the screening process for 
ATTR-CM in the Asian population.
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INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-CM) is a progressive and fatal cardiomyopathy, 
which is an under-recognised cause of heart failure (HF).1-6 Because of the recent 
development of disease-modifying drugs and non-invasive diagnostic tools, the diagnosis of 
ATTR-CM is increasing.7-12 One contemporary estimate of cardiac amyloidosis in the United 
States reported an incidence of 17 per 100,000 persons in hospitalized patients > 65 years.13 
ATTR-CM has been observed in 10.1% men presenting with HF with preserved ejection 
fraction (HFpEF) with a higher prevalence in older populations.14,15 Although physicians 
are now becoming aware of ATTR-CM as a possible etiology of HF, rather than a “rare 
disease”,13,16 a significant knowledge gap persists in the epidemiology of ATTR-CM.6,17-20

Most registries have included Caucasian and male patients, and whether the prevalence 
and clinical phenotypes are similar in the Asian population is not well known. The Asian 
population is under-represented in the Transthyretin Amyloidosis Outcomes Survey 
(THAOS) registry (251/5,894, 4.3%), which is the largest ongoing, global, longitudinal 
observational study of patients with ATTR-CM.13-21 As such, it remains unclear whether 
current estimates of disease prevalence and observed clinical phenotypes would be similar in 
Asian population. In this study, we aimed to investigate the clinical characteristics of ATTR-
CM in Asian patients with multi-center nationwide Korean registry.

METHODS

We retrospectively analysed 105 patients with confirmed ATTR-CM from six tertiary hospitals 
in South Korea between 2010 and 2021. To minimize selection bias, all investigators 
thoroughly conducted a comprehensive search for patients with suspected ATTR-CM 
throughout the study period, adhering strictly to enrolment criteria. All patients who had a 
confirmatory diagnosis of ATTR-CM were validated through electric medical records. The 
diagnosis was established based on either endomyocardial biopsy or non-invasive bone 
scintigraphy grade 2 or 3 uptakes with no evidence of light-chain amyloidosis. All patients 
underwent clinically indicated transthoracic echocardiography and transthyretin (TTR) 
genotyping, as a part of diagnosis. All patients underwent comprehensive echocardiography 
in accordance with the guidelines.22 The protocol for cardiac bone scintigraphy, when 
used, consisted of a planar whole-body acquisition and single-photon emission computed 
tomography of the thorax, both performed 3 hours after injection of the radionucleotide 
tracer (99mTc-pyrophosphate and 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid). 
The intensity of myocardial uptake on cardiac bone scintigraphy was categorised as 0–3 
according to the Perugini grading system.11
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The clinical characteristics, echocardiography data, and pertinent laboratory data of the 
patients at the time of the diagnosis were collected. For temporal trend analysis, the patients 
were divided into 4-year periods according to the time of diagnosis in three time periods (2010–
2013, 2014–2017, and 2018–2021). Over the time, there was increasing awareness of ATTR-CM 
due to advent of bone scintigraphy and the development of disease-modifying therapies.8,9 
Symptom onset was adjudicated by the investigators based on medical record review for any 
cardiac or non-cardiac symptoms consistent with ATTR amyloidosis by the investigator.

Statistical analysis
Descriptive statistics are presented as percentages for categorical variables and as medians 
with interquartile ranges (IQRs) for continuous variables. All continuous variables were 
tested for normal distribution using the Shapiro–Wilk test and are presented as means ± 
standard deviations or medians with IQRs. The independent t-test was performed to analyse 
normally-distributed data in each group to compare means. When assumptions for t-test 
were not met, its nonparametric equivalent (Mann–Whitney U test) was used to compare the 
distribution between the two groups. Categorical data are presented as absolute numbers and 
frequencies (%) and compared using the χ2 test. All statistical analyses were performed using 
IBM SPSS Statistics Version 25 (IBM, Armonk, NY, USA).

Ethics statement
This study was reviewed and approved by the Institutional Review Board (IRB) of Samsung 
Medical Center and the requirement for informed consents was waived (IRB 2021-06-074, 
2021-06-075) due to the retrospective nature of the study. This study followed the principles 
of the Declaration of Helsinki.

RESULTS

Baseline characteristics
Between 2010 and 2021, 105 patients with ATTR-CM were enrolled. Among these patients, 
44 (41.9%) patients were diagnosed with wild-type ATTR-CM and 61 patients were diagnosed 
with variant ATTR-CM (58.1%). Among variant ATTR-CM, the most common variant was 
Asp38Ala (n = 34, 55.7%). The rest of the patients with variant ATTR-CM had the following 
mutations: Glu89Lys (n = 6, 9.8%), Met13dup (n = 5, 8.2%), Asp38Val (n = 3, 4.9%), Lys35Asn 
(n = 2, 3.3%), Thr75Ile (n = 2, 3.3%), Thr59Lys (n = 2, 3.3%), Val30Met (n = 1, 1.6%), Val122lle 
(n = 1, 1.6%), and others (n = 5, 8.2%).

The comparison of the clinical characteristics between wild-type and variant ATTR-CM 
is shown in Table 1. Patients with wild-type ATTR-CM were significantly older than those 
with variant ATTR-CM (mean age: 81.0 vs. 60.9, P < 0.001). The proportion of male was 
comparable between two groups (68.2% vs. 63.9%, P = 0.405). The proportion of patients 
with wild-type ATTR-CM associated with coronary artery disease, hypertension, stroke, and 
dyslipidemia was significantly higher than that of patients with variant ATTR-CM. The mean 
durations of symptoms before diagnosis were comparable between the two groups (1.6 ± 2.8 
vs. 2.8 ± 3.3 years, P = 0.063). Most common ECG finding was presence of any block (38.1%). 
Prevalence of atrial fibrillation of higher in wild-type ATTR-CM compared to variant type 
ATTR-CM, possibly due to older age.
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Regarding extra-cardiac symptoms, significantly more patients with variant ATTR-CM had 
polyneuropathy (88.5% vs. 45.5%, P < 0.001) and autonomic neuropathy (73.8% vs. 22.7%,  
P < 0.001), compared to those with wild-type ATTR-CM. The incidence of spinal stenosis and 
rotator cuff tendon tear were similar in both groups. Regarding baseline echocardiographic 
parameters, pericardial effusion was presented in 55% of patients. A total of 94 (89.5%) 
patient had preserved ejection fraction (50%) and 85 (81%) had increased LV filling pressure 
defined as E/e’ ≥ 15. Patients with wild-type ATTR-CM had significantly larger left atrial (LA) 
volume index (61.1 ± 20.0 vs. 47.7 ± 17.5 mL/m2, P = 0.002) and smaller left ventricular (LV) 
mass index (158.1 ± 36.0 vs. 182.3 ± 63.9 g/m2, P = 0.039) at the time of diagnosis than those 
with variant ATTR-CM (Table 2).

Temporal trends of confirmed cases
The number of patients diagnosed with ATTR-CM, whether wild-type or variant, increased 
over each 4-year interval (8 [7.6%] during 2010–2013 vs. 22 [21.0%] during 2014–2017 vs. 
75 [71.4%] during 2018–2021) (Fig. 1). Compared to variant ATTR-CM, the diagnosis of 
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Table 1. Baseline characteristics of study population
Characteristics Total (N = 105) Wild-type ATTR-CM (n = 44) Variant ATTR-CM (n = 61) P value
Age, yr 69.3 ± 13.4 81.0 ± 8.8 60.9 ± 9.3 < 0.001
Male 69 (65.7) 30 (68.2) 39 (63.9) 0.405
Body mass index, kg/m2 22.3 ± 3.8 23.3 ± 3.8 21.6 ± 3.8 0.027
Body surface area, /m2 1.61 ± 0.21 1.61 ± 0.18 1.16 ± 0.22 0.973
CAD 15 (14.3) 12 (27.3) 3 (4.9) 0.002
Diabetes mellitus 18 (17.1) 14 (31.8) 4 (6.6) 0.001
Hypertension 39 (37.1) 27 (61.4) 12 (19.7) < 0.001
Stroke 11 (10.5) 8 (18.2) 3 (4.9) 0.049
Chronic kidney disease 24 (22.9) 17 (38.6) 7 (11.5) 0.002
Dyslipidemia 28 (58.3) 18 (40.9) 10 (16.4) 0.007
Duration of symptoms before diagnosis, yr 2.3 ± 3.3 1.6 ± 2.8 2.8 ± 3.3 0.063
Diagnostic method

Cardiac biopsy 74 (70.5) 27 (61.4) 47 (77.0) 0.089
Non cardiac biopsy 15 (14.3) 3 (6.8) 12 (19.7) 0.090
Bone scan (non-invasive) 83 (79.0) 39 (88.6) 44 (72.1) 0.052
Six minute walk test, m 400 ± 160 378 ± 184 462 ± 54 0.470
Systolic blood pressure, mmHg 109 ± 16 114 ± 14 105 ± 17 0.005
Diastolic blood pressure, mmHg 66 ± 11 67 ± 10 67 ± 12 0.763
NT-proBNP, pg/mL 1,780 (614–3,452) 2,695 (989–5,285) 1,551 (571–2,703) 0.022
Troponin T, pg/mL 52 (27–74) 71.5 (52.3–91.5) 41 (25–62) 0.001
Estimated GFR, mL/min/1.73 m2 77.3 ± 24.6 62.4 ± 19.0 88.3 ± 22.4 < 0.001

ECG
Pseudo-infarct ECG 11 (10.5) 3 (6.8) 8 (13.1) 0.352
Any blocks 40 (38.1) 15 (34.1) 25 (41.0) 0.544
Low/decreased QRS voltage 15 (14.3) 5 (11.4) 10 (16.4) 0.577
Atrial fibrillation 15 (14.3) 10 (22.7) 5 (8.2) 0.048

Cardiac device
Permanent pacemaker 16 (15.2) 7 (15.9) 9 (14.8) 0.999
ICD 3 (2.9) 3 (4.9) 0 (0.0) 0.263
CRT 1 (1.0) 1 (2.3) 0 (0.0) 0.419

Extra-cardiac symptoms
Polyneuropathy 74 (70.5) 20 (45.5) 54 (88.5) < 0.001
Autonomic neuropathy 55 (52.4) 10 (22.7) 45 (73.8) < 0.001
Bilateral CTS 38 (36.2) 15 (34.1) 23 (37.7) 0.837
Lumbar spinal stenosis 28 (26.7) 13 (29.5) 15 (24.6) 0.656
Rotator cuff tendon tear 2 (1.9) 1 (2.3) 1 (1.6) 0.999

Values are presented as number (%) for categorical variables and mean ± standard deviation or median (interquartile range) for continuous variables.
ATTR-CM = transthyretin amyloidosis cardiomyopathy, CAD = coronary artery disease, NT-proBNP = N-terminal pro-B-type natriuretic peptide, GFR = glomerular 
filtration rate, ECG = electrocardiogram, ICD = implantable cardiac defibrillator, CRT = cardiac resynchronization therapy, CTS = carpal tunnel syndrome.



wild-type ATTR-CM demonstrated a steeper increase. Between 2010 and 2013, only 1 (2.3%) 
patient was diagnosed with wild-type ATTR-CM, whereas 4 (9.1%) and 39 (88.6%) patients 
were diagnosed between 2014 and 2017 and between 2018 and 2021, respectively. The largest 
increase in the total number of patients diagnosed with ATTR-CM occurred in the most recent 
period, between 2018 and 2021. The number of patients diagnosed with wild-type ATTR-CM 
and variant type ATTR-CM during this period was 38-fold and 4-fold higher, respectively, than 
those diagnosed between 2010 and 2013. However, duration between symptom onset and 
diagnosis did not differ among diagnostic time periods (Supplementary Fig. 1). The increase 
in the average age at diagnosis observed in successive eras is consistent with increased 
diagnosis of the wild-type form of ATTR-CM over time (Supplementary Fig. 2).

Clinical characteristics of ATTR-CM patients were compared according to diagnostic periods 
(Table 3). The proportion of patients with New York Heart Association (NYHA) functional 
class III/IV HF symptoms decreased significantly in recent time periods (75% during time 
between 2010 and 2013 vs. 23% during time between 2018 and 2021) (Supplementary Fig. 3). 
The use of cardiac bone scintigraphy significantly increased over time (25% vs. 32% vs. 99%, 
P < 0.001). The proportion of endomyocardial and non-cardiac biopsies decreased during the 
recent period (2018–2021); however, significant proportions of patients still underwent either 
cardiac or non-cardiac biopsies (100% vs.100% vs. 79%) (Supplementary Fig. 4).
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Table 2. Baseline echocardiographic characteristics
Characteristics Total (N = 105) Wild-type ATTR-CM (n = 44) Variant ATTR-CM (n = 61) P value
LV EDD, mm 46.4 ± 5.1 46.8 ± 5.2 46.1 ± 5.1 0.481
LV ESD, mm 32.4 ± 6.4 32.9 ± 6.5 32.1 ± 6.4 0.548
LV EDV, mL 94.1 ± 27.9 92.8 ± 28.9 99.8 ± 27.3 0.288
LV ESV, mL 44.5 ± 21.2 43.4 ± 19.3 45.1 ± 22.4 0.760
LV posterior wall thickness, mm 13.6 ± 2.8 13.1 ± 2.0 13.8 ± 3.2 0.080
LV septal wall thickness, mm 14.5 ± 3.2 13.8 ± 2.2 14.9 ± 3.7 0.054
Mean LV wall thickness 14.1 ± 2.9 13.5 ± 1.9 14.4 ± 3.4 0.125
LA volume index, mL/m2 52.4 ± 19.4 61.1 ± 20.0 47.7 ± 17.5 0.002
LV ejection fraction, % 56.9 ± 10.4 56.1 ± 9.4 57.5 ± 11.2 0.620
LV mass index, mg/m2 172.5 ± 55.5 158.1 ± 36.0 182.3 ± 63.9 0.039
E/e’ 21.8 ± 8.8 22.2 ± 7.6 21.4 ± 9.5 0.667
RV systolic pressure, mmHg 36.7 ± 13.1 39.2 ± 12.8 34.9 ± 13.1 0.128
Aortic stenosis ≥ moderate 2 (1.9) 2 (4.5) 0 (0.0) 0.173
Pericardial effusion 58 (55.2) 23 (52.3) 35 (57.4) 0.158
Values are presented as number (%) for categorical variables and mean ± standard deviation for continuous variables.
LV = left ventricular, EDD = end-diastolic dimension, ESD = end-systolic dimension, EDV = end-diastolic volume, ESV = end-systolic volume, LA = left atrium,  
RV = right ventricular.
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Fig. 1. Numbers of patients according to diagnostic time periods. 
ATTR-CM = transthyretin amyloidosis cardiomyopathy.



Comparison of clinical characteristics at diagnosis between wild-type vs. 
Asp38Ala variant ATTR-CM
When the genotypes were analysed, patients with the most common mutation (Asp38Ala) 
were significantly younger and had significantly lower systolic blood pressure than those with 
wild-type ATTR-CM (Supplementary Table 1).

The mean N-terminal pro-B-type natriuretic peptide (NT-proBNP) and troponin T values 
were significantly lower in patients with Asp38Ala genotype than in those with wild-type 
ATTR-CM, as reflected by milder HF symptoms in patients with Asp38Ala genotype. Patients 
with Asp38Ala genotype ATTR-CM had higher mean LV wall thickness (13.5 ± 2.4 vs. 15.1 ± 
3.5 mm, P = 0.016) and higher LV mass index (191.3 ± 70.3 vs. 158.0 ± 36.0 g/m2, P = 0.015) 
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Table 3. Comparisons of phenotypes of ATTR-CM according to diagnostic eras
Characteristics 2010–2013 (n = 8) 2014–2017 (n = 22) 2018–2021 (n = 75) P value
Age, yr 57.2 ± 11.9 65.2 ± 10.5 71.8 ± 13.5 < 0.001
Male 8 (100.0) 12 (54.5) 49 (65.3) 0.067
Wild-type ATTR-CM 1 (12.5) 4 (18.2) 39 (52.0) 0.004
Variant ATTR-CM 7 (87.5) 18 (81.8) 36 (48.0) 0.004
Body mass index, kg/m2 19.2 ± 3.3 20.8 ± 3.6 23.1 ± 3.6 0.002
Body surface area, /m2 1.6 ± 0.20 1.57 ± 0.23 1.63 ± 0.20 0.532
CAD 0 (0.0) 1 (4.5) 14 (18.7) 0.122
Diabetes mellitus 0 (0.0) 2 (9.1) 16 (21.3) 0.166
Hypertension 1 (12.5) 4 (18.2) 34 (45.3) 0.022
Stroke 0 (0.0) 2 (9.1) 9 (12.0) 0.558
Chronic kidney disease 2 (25.0) 5 (22.7) 17 (22.7) 0.989
Dyslipidemia 0 (0.0) 2 (9.1) 26 (34.7) 0.012
Duration of symptoms before diagnosis, yr 3.0 ± 1.2 2.8 ± 2.9 2.1 ± 3.6 0.571
NYHA class

I/II 2 (25.0) 19 (86.4) 44 (58.7) 0.005
III/IV 6 (75.0) 3 (13.6) 17 (22.7) 0.002

Diagnosis
Cardiac biopsy 7 (87.5) 19 (86.4) 48 (64.0) 0.071
Non cardiac biopsy 1 (12.5) 3 (13.6) 11 (14.7) 0.982
Bone scan (non-invasive) 2 (25.0) 7 (31.8) 74 (98.7) < 0.001
Systolic blood pressure, mmHg 92.0 ± 8.5 101.1 ± 12.8 113.4 ± 15.9 < 0.001
Diastolic blood pressure, mmHg 60.3 ± 5.3 66.1 ± 9.4 67.4 ± 12.1 0.230
NT-proBNP, pg/mL 3,322 (470–10,471) 2,048 (1,726–2,803) 1,502 (492–3,452) 0.242
Troponin T, pg/mL 87.0 (69.0–NA) 44.0 (30.5–28.3) 54.0 (26.3–75.5) 0.504
Estimated GFR, mL/min/1.73 m2 87.6 ± 33.6 83.5 ± 28.8 74.5 ± 21.9 0.156

Cardiac device
Permanent pacemaker 3 (37.5) 5 (22.7) 8 (10.7) 0.073
ICD 0 (0.0) 1 (4.5) 2 (2.7) 0.790
CRT 0 (0.0) 0 (0.0) 1 (1.3) 0.817

ECG
Pseudo-infarct ECG 2 (25.0) 5 (22.7) 4 (5.3) 0.024
Any blocks 4 (50.0) 13 (59.1) 23 (30.7) 0.042
Low/decreased QRS voltage 1 (12.5) 3 (13.6) 11 (14.7) 0.982
Atrial fibrillation 0 (0.0) 4 (18.2) 11 (14.7) 0.446

Extra-cardiac symptoms
Polyneuropathy 7 (87.5) 17 (77.3) 50 (66.7) 0.345
Autonomic neuropathy 6 (75.0) 13 (59.1) 36 (48.0) 0.270
Bilateral CTS 1 (12.5) 6 (27.3) 31 (41.3) 0.169
Lumbar spinal stenosis 2 (25.0) 7 (31.8) 19 (25.3) 0.828
Rotator cuff tendon tear 0 (0.0) 1 (4.5) 1 (1.3) 0.575

Values are presented as number (%) for categorical variables and mean ± standard deviation or median (interquartile range) for continuous variables.
ATTR-CM = transthyretin amyloid cardiomyopathy, CAD = coronary artery disease, NYHA = New York Heart Association, NT-proBNP = N-terminal pro-B-type 
natriuretic peptide, NA = not applicable, GFR = glomerular filtration rate, ICD = implantable cardioverter defibrillator, CRT = cardiac resynchronization therapy, 
ECG = electrocardiogram, CTS = carpal tunnel syndrome.



but smaller LA volume index (47.2 ± 18.5 vs. 61.1 ± 20.0 mL/m2, P = 0.006) than patients 
with wild-type ATTR-CM. Patients with Asp38Ala genotype ATTR-CM had significantly 
more autonomic (76.5% vs. 40.9%, P = 0.003) and peripheral neuropathy (91.2% vs. 45.5%, 
P < 0.001) symptoms than patients with wild-type ATTR-CM. Comparisons of clinical 
characteristics between Asp38Ala variant ATTR-CM and the other variant ATTR-CM are 
summarized in Supplementary Table 2.

Patients with mean LV wall thickness in normal range (< 12 mm)
A total of 19 (18.1%) patients had mean LV wall thickness {(Septal Wall + Posterior Wall)/2} 
less than 12 mm. Among these patients, 9 (47.4%) were men and 10 (52.6%) were women. 
The clinical presentation of ATTR-CM patients with LV wall thickness < 12 mm are described 
in Supplementary Table 3. The proportion of sex and body surface area (BSA) were 
comparable between patients with mean LV wall thickness ≥ 12 mm and < 12 mm (male: 
69.8% vs. 47.4%, P = 0.107; BSA: 1.63 ± 0.21 vs. 1.55 ± 0.19, P = 0.128). Patients with mean LV 
wall thickness < 12 mm had significantly higher systolic blood pressure, lower NT-proBNP 
and higher LV ejection fraction, compared to those with mean LV wall thickness ≥ 12 mm 
(Table 4). However, the severity of HF symptoms was similar between two groups. LV mass 
index was significantly smaller in patients with mean LV wall thickness < 12 mm (116.8 ± 
25.7 vs. 186.1 ± 52.3 g/m2, P < 0.001). Other parameters including age, sex, and, proportions 
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Table 4. Comparison of characteristics between ATTR-CM patient with wall thickness over and less than 12 mm
Characteristics Mean LV wall thickness ≥ 12 mm (n = 86) Mean LV wall thickness < 12 mm (n = 19) P value
Age, yr 68.4 ± 13.4 73.6 ± 12.9 0.129
Male 60 (69.8) 9 (47.4) 0.107
NYHA Fc I/II 56 (65.1) 9 (47.4) 0.193
NYHA Fc III/IV 20 (24.7) 6 (25.0) 0.999
Body mass index, kg/m2 22.1 ± 3.8 23.2 ± 3.7 0.262
Body surface area, m2 1.63 ± 0.21 1.55 ± 0.19 0.128
Duration from symptom to diagnosis, mon 30.9 ± 37.7 33.0 ± 51.4 0.829
Wild-type ATTR-CM 34 (39.5) 10 (41.7) 0.316
Variant ATTR-CM 52 (60.5) 9 (37.5) 0.316
Permanent pacemaker 15 (17.4) 1 (5.3) 0.293
Systolic blood pressure, mmHg 107.3 ± 15.1 117.6 ± 15.1 0.013
Diastolic blood pressure, mmHg 66.1 ± 11.5 68.9 ± 10.1 0.321
NT-proBNP, pg/mL 1,993 (798–3,725) 614 (198–1,704) 0.003
Troponin T, pg/mL 50 (27–78) 52 (30–63) 0.523
ECG

Pseudo-infarct ECG 10 (11.6) 1 (5.3) 0.684
Any blocks 38 (44.2) 2 (10.5) 0.008
Low/decreased QRS voltage 12 (14.0) 3 (15.8) 0.733
Atrial fibrillation 12 (14.0) 3 (15.8) 0.733

Echocardiographic parameters
Mean wall thickness, mm 14.8 ± 2.5 10.5 ± 1.3 < 0.001
LV mass index, g/m2 186.1 ± 52.3 116.8 ± 25.7 < 0.001
LV ejection fraction, % 54.8 ± 9.8 62.8 ± 10.3 0.007
LA volume index, mL/m2 52.5 ± 17.1 52.3 ± 28.0 0.970
RV systolic pressure, mmHg 36.3 ± 12.5 38.3 ± 15.9 0.580

Extracardiac symptoms
Polyneuropathy 63 (73.3) 11 (57.9) 0.265
Autonomic neuropathy 57 (66.3) 9 (47.4) 0.188
Bilateral CTS 34 (29.5) 4 (21.1) 0.188
Lumbar spinal stenosis 23 (26.7) 5 (26.3) 0.999
Rotator cuff tendon tear 2 (2.3) 0 (0) 0.999
Trigger finger 5 (6.2) 4 (16.7) 0.047

Values are presented as number (%) for categorical variables and mean ± standard deviation or median (interquartile range) for continuous variables.
ATTR-CM = transthyretin amyloid cardiomyopathy, LV = left ventricular, NYHA = New York Heart Association, NT-proBNP = N-terminal pro-B-type natriuretic 
peptide, ECG = electrocardiogram, LA = left atrium, RV = right ventricular, CTS = carpal tunnel syndrome.



of NYHA Fc III/IV were similar between patients with mean LV wall thickness ≥ 12 mm and 
< 12 mm. Extra-cardiac symptoms were similar, except higher incidence of trigger finger in 
patients with mean LV wall thickness < 12 mm (16.7% vs. 6.2%, P = 0.047). In our cohort, 
6 male patients and 3 female patients did not meet the criteria of LV hypertrophy (female: 
relative wall thickness > 0.42 & LV mass index > 95 mg/m2, male: relative wall thickness > 
0.42 & LV mass index > 115 g/m2). When we used sex adjusted reference ranges of LV mass 
index from the current guideline,22 5 male patients and 1 female patient had LV mass index of 
normal ranges (male: 50–102 g/m2, female: 44–88 g/m2).

DISCUSSION

This study comprehensively analyzed clinical characteristics of ATTR-CM patients from six 
major tertiary centres in South Korea over a 12-year period. The major findings of this study 
are as follows: 1) a substantial increase in the diagnosis of ATTR-CM was observed over the 
study period, 2) distinct genotype distribution in South Korea; Asp38Ala genotype was the 
most commonly observed; and 3) in our cohort, 18% of the patients with ATTR-CM had a 
mean LV wall thickness < 12 mm.

The number of patients diagnosed with ATTR-CM increased every 4-year periods, likely 
indicative of increased awareness, ease of non-biopsy diagnosis, and available effective 
therapy with tafamidis. As additional evidence of increased awareness, significantly more 
patients were diagnosed with milder HF symptoms in the more recent time periods. This is 
a clinically important observation because patients with less symptomatic ATTR-CM have 
better outcomes with tafamidis.9

The diagnosis of wild-type ATTR-CM is exponentially increasing, and wild-type ATTR-CM 
is expected to be the most common type of cardiac amyloidosis worldwide. Although the 
usage of bone scintigraphy significantly increased during the most recent time period, in 
our cohort, only 41.9% (n = 44) of the patients were diagnosed with wild-type ATTR-CM. 
According to the recent data using the THAOS registry, the number of patients with wild-type 
ATTR-CM was almost double that of patients with variant ATTR-CM (1,069 vs. 525).23 It is 
likely that a significant number of patients with wild-type ATTR-CM remain unrecognized, 
and our results may describe ongoing real-world barriers to be addressed, including 
diagnostic delay and physicians’ lack of awareness, especially for wild-type ATTR-CM.

Male predominance is prevalent in ATTR-CM patients. Male prevalence in variant ATTR-
CM in our cohort was 64%. This is similar to the previous analysis of the THAOS data; 
male prevalence in patients with hereditary ATTR amyloidosis ranged from 50.6–73.2% 
in the main genotype groups.24 Interestingly, the male higher prevalence of male sex was 
predominant in cardiac phenotype in variant ATTR-CM. The male predominance was 
balanced in the entire cohort including asymptomatic carrier (59% male vs. 41% female). 
Two recent national studies from the United Kingdome25 and Spain26 reported female 
sex to be associated with presence of TTR mutation among older (age ≥ 70 years) patients 
diagnosed with ATTR-CM. Possibility of slower disease evolution, misdiagnosis biased by 
lack of sex-specific cut-off or non-indexed parameters, or cardioprotective effect of estrogen 
may be associated with male predominance in variant ATTR-CM despite autosomal dominant 
inheritance.24
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Unlike variant type, male predominance was less pronounced in wild-type ATTR-CM, when 
compared to previous studies.27,28 Among wild-type ATTR-CM patients, 31.8% were female, 
which is significantly higher than the proportion of women enrolled in THAOS registry 
(5.4%).23 Although, true sex difference in prevalence of wild-type ATTR-CM cannot be 
determined due to under-diagnosis, the smaller sex difference observed in our registry was 
also noted in a Japanese database.29 This suggests male predominance may not be as much 
prominent as in THAOS registry. Therefore, diagnostic studies for ATTR-CM should be 
initiated in elderly HFpEF patients with red flag sign and symptoms for cardiac amyloidosis, 
regardless of sex.

It is notable that 18.1% of our cohort had mean LV wall thickness < 12 mm at the time of 
diagnosis. Moreover, according to age, sex specific echocardiographic criteria, six patients 
(5.7%) did not have LV hypertrophy. Among 44 patients with wild-type ATTR-CM, 10 (22.7%) 
had a mean LV wall thickness < 12 mm. This suggests that the current screening criterion of LV 
wall thickness ≥ 12 mm may not be sensitive enough for diagnosing Asian patients with ATTR-
CM. Although direct comparison is not possible, the mean values of BSA (1.61 /m2) and body 
mass index (22.3 kg/m2) in our cohort were numerically smaller than those reported in THAOS 
(mean body mass index: 27 kg/m2)27 or other national registry data (UK National Amyloidosis 
Center; mean BSA 1.89–1.91 m2).28 The fact that patients were diagnosed with ATTR-CM 
despite not meeting criteria for increased LV wall thickness suggests that cardiologists at 
major tertiary hospitals with interest in and dedication to ATTR-CM have a higher awareness 
which results in increased diagnosis. Of note, patients with a mean LV wall thickness < 12 
mm were diagnosed at an earlier stage, as indicated by significantly lower NT-proBNP levels 
than those observed in patients with a mean LV wall thickness ≥ 12 mm, further evidence of 
increased awareness resulting in earlier diagnosis with important prognostic implications. 
Our findings suggest that screening for ATTR-CM should not be limited to those with HF 
with an LV wall thickness > 12 mm, at least for Asians, particularly when other cardiac and 
non-cardiac symptom are present. If a diagnostic work up is started only in patients with 
increased LV wall thickness, patients in earlier stage would not be diagnosed, especially in 
Asian population. If elderly HFpEF patients present with extracardiac symptoms, including 
polyneuropathy, autonomic neuropathy, bilateral carpal tunnel syndrome or lumbar stenosis, 
suspicion for ATTR-CM should be raised. Increased LV wall thickness should prompt the 
diagnostic work up for ATTR-CM, however, normal range of LV wall should not halt further 
work up for ATTR-CM in the presence of red flag signs and symptoms.

Other notable distinction of ATTR-CM in Korean population was distinct genotype 
characteristics in South Korea. Asp38Ala genotype was the most frequently observed 
mutation. Distribution of genetic mutation is different among ethnicity and geographic 
regions. Val122Ile is the most common TTR mutation which occurs in 3.4% of African 
Americans and Val30Met is most frequently reported mutation in Japan and Portugal.3 All 
variant ATTR-CM in our cohort had mixed phenotype.

Although we analysed data from patients confirmed with ATTR-CM at major tertiary medical 
centres in South Korea, our data may not capture all patients diagnosed with ATTR-CM. 
The participating investigators were all cardiologists, which may have resulted in selection 
bias. Diagnostic patterns in Korea may differ from those in the rest of the world because of 
differences in reimbursement policy, as reflected by high number of biopsies performed. 
Since the pathologic evidence of the presence of amyloid is required to meet the criteria for 
co-payment policy for rare diseases in South Korea, a majority of patients underwent biopsy. 
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Comparison analyses between clinical and echocardiographic parameters between wild-type 
vs. variant ATTR-CM were not age-adjusted, and differences observed could be due to the 
older age of wild-type ATTR-CM patients. Our study lacks outcome data, including mortality 
and hospitalization for HF.

In conclusion, the diagnosis of ATTR-CM is increasing in South Korea, with a recent sharp 
increase observed, especially in the diagnosis of wild-type ATTR-CM. Asp38Ala mutation was 
the most prevalent mutation in patients with variant ATTR-CM. The screening criterion of LV 
wall thickness > 12 mm may not be sensitive enough for Asian patients, given their smaller 
BSA. Therefore, an LV wall thickness < 12 mm should not discourage physicians from initiating 
a diagnostic work-up for ATTR-CM. Our findings may contribute to improving the screening 
process for ATTR-CM in the Asian population. Further studies are needed to confirm these 
findings and determine the most effective screening strategies for this patient population.
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Supplementary Fig. 1
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Supplementary Fig. 2
Mean age at the time of diagnosis according to diagnostic time periods.

Supplementary Fig. 3
Severity of HF symptom at the time of diagnosis according to diagnostic time periods.
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