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Summary at-a-glance:
Female patients with ATTR-CM 

are older, have less LV 
hypertrophy, and have preserved 
LVEF and weaker cardiac uptake 

of tracer during scintigraphy 
compared with male patients. 

These characteristics contribute 
to underdiagnosis of ATTR-CM in 

female patients 
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wild-type transthyretin amyloid cardiomyopathy; LV, left ventricular; LVEF, left ventricular ejection fraction.

Introduction 
• A significant male dominance in wild-type transthyretin amyloid cardiomyopathy 

(ATTRwt-CM) has been reported. In several study cohorts, the percentage of male 
patients was >80%; 96% (322/335) of participants in the Transthyretin Amyloidosis 
Cardiomyopathy Clinical Trial (ATTR-ACT) were male 

• However, clinical research evaluating the prevalence of ATTR-CM using bone 
scintigraphy in elderly patients with heart failure with preserved ejection fraction and 
severe aortic stenosis referred for transcatheter aortic valve replacement found no 
sex-related difference

• This discordance may be due to sex-related differences in clinical characteristics or 
diagnostic approaches for ATTRwt-CM

• This study aimed to examine sex-related differences in the clinical characteristics, 
imaging parameters, biomarkers and diagnostic approaches in ATTRwt-CM in Japan 

Conclusions and implications 
• This study demonstrates that ATTRwt-CM may be underdiagnosed in female patients, 

which may be partly due to their more advanced age, modest left ventricular (LV) 
hypertrophy, preserved left ventricular ejection fraction (LVEF) and weaker uptake of 
radio tracer compared with males

• The clinical characteristics of female patients with ATTRwt-CM must be recognized to 
ensure that they receive timely diagnosis and optimal medical treatment 



Methodology – setting, subjects, and study design

ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy.

Subjects
The study cohort included 199 consecutive patients who were diagnosed with ATTRwt-CM between December 2002 

and June 2021. There was significant male dominance in the cohort – 85% of the patients were male 

Setting
The study was held at Kumamoto University Hospital, where all patients in the cohort underwent 

examination and diagnosis

Study design
The cohort was retrospectively analyzed for sex-related differences in clinical characteristics, imaging parameters, 

biomarkers, and diagnostic approaches

Read more: 
page 2 of published paper 
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Methodology – diagnostic evaluations 

99mTc-PYP, 99mTechnetium pyrophosphate; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; LV, left 
ventricular; LVEF, left ventricular ejection fraction; TTR, transthyretin.

Diagnosis of ATTRwt-CM
• Diagnosis of amyloid deposition was based on biopsy
• Immunohistochemical staining using antibodies for TTR was carried out to confirm transthyretin amyloidosis
• ATTRwt was diagnosed based on the absence of TTR gene mutations through genetic testing, or family history
• ATTR-CM was diagnosed by 1) TTR deposition in the myocardium (group 1); 2) TTR deposition in extracardiac

tissue, with positive findings on 99mTc-labeled pyrophosphate ( 99mTc-PYP) scintigraphy (group 2); or 3) positive
findings on 99mTc-PYP scintigraphy without confirmation of pathologic TTR deposition, and excluded amyloid light 
chain amyloidosis using serum and urine protein electrophoresis and serum free light chains 

Clinical findings
• Echocardiography was performed to assess heart chamber size and wall thickness, LVEF, stroke volume, LV mass 

index, presence of aortic stenosis, and LV global longitudinal strain
• Electrocardiogram was performed to establish presence of a complete left or right bundle branch block
• 99mTc-PYP scintigraphy was performed to establish TTR deposition in the heart

Read more: 
page 2 of published paper 
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Sex-related differences in diagnostic approaches for ATTRwt-CM

Tc-PYP, Technetium pyrophosphate; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy.

Significantly fewer females were diagnosed with “definite ATTR-CM” than males (59% versus 77%; P=0.036) 
and significantly fewer had undergone genetic testing (48% versus 79%; P<0.001)

The diagnostic approach to ATTRwt-CM

Read more: 
pages 5–6 of published paper 
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Left ventricle chamber size was significantly smaller in 
females relative to males (37.3 mm versus 42.3 mm; P<0.001), 
as was mean interventricular septum thickness (14.1 mm 
versus 15.7 mm; P=0.004) 
LVEF was significantly preserved (57.2% versus 51.2%; 
P=0.003) and stroke volume was higher 
(35.0 mL/m2 versus 30.7 mL/m2; P=0.045) in 
female versus male patients
On 99mTc-PYP scintigraphy, the heart-to-contralateral ratio 
(H/CL) was significantly lower in females compared with 
males (1.63 versus 1.89; P<0.001) 
B-type natriuretic peptide (BNP) levels were significantly 
higher in females compared with males 
(394 pg/mL versus 236 pg/mL; P=0.017)
Female patients had a higher frequency 
of co-existent moderate-to-severe 
aortic stenosis versus males 
(45% versus 5%; P<0.001)

Read more: 
page 4 of published paper 

Sex-related differences in clinical characteristics at diagnosis

99mTc-PYP, 99mTechnetium pyrophosphate; BNP, B-type natriuretic peptide; H/CL, heart to contralateral ratio;
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.

• Female patients were significantly older at diagnosis 
than males (P<0.001); mean age at diagnosis was 
82.9 years versus 77.1 years for males

• Females had more advanced New York Heart 
Association functional class versus males (P=0.006)

Distribution of age at diagnosis in male and 
female patients
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• Heart failure was the most common manifestation in both male and 
female patients (63% and 66%, respectively)

• Aortic stenosis was more frequently observed as the trigger for 
diagnosis in female versus male patients (10% versus 4%)

• There were no female patients in whom LV hypertrophy was a clinical 
manifestation that led to diagnosis and who had previous misdiagnosis 
of other cardiomyopathies
Read more: 
page 5 of published paper 

Sex-related differences in manifestations leading to a diagnosis 
and initial manifestations

ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; LV, left ventricular.

Sex-related differences in clinical manifestations leading to a 
diagnosis of ATTRwt-CM

• The most common initial manifestation in both sexes 
was heart failure, followed by carpal tunnel syndrome

• There was no difference in the median period from 
initial onset of symptoms to diagnosis

Sex-related differences in the initial manifestation 
of ATTRwt-CM
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Conclusions and implications

Implications
• Female patients with ATTRwt-CM may be underdiagnosed due 

to the unique clinical characteristics of the disease in this 
patient population. In order to provide optimal medical care, 
practitioners must become familiar with these characteristics 

• The male dominance shown in other cohort studies, such as 
ATTR-ACT, may not reflect a male dominance in ATTRwt-CM, 
but rather under recognition of the condition in female patients

Read more: 
pages 6–7 of published paper 
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Discussion points 
• This study is thought to be the first to illustrate the sex-related 

differences in the clinical characteristics of ATTRwt-CM

• It demonstrates that female patients with ATTRwt-CM may be 
underdiagnosed. This may be partly due to female patients 
tending to be older at onset, to have less LV hypertrophy, and to 
demonstrate preserved LVEF and reduced 99mTc-PYP uptake 
relative to male patients

• This study is limited by its retrospective single-center design, the 
small number of cases compared with other cohort studies, and 
the small proportion of females included, which may have 
compromised its statistical power

99mTc-PYP, 99mTechnetium pyrophosphate; ATTR-ACT, Transthyretin Amyloidosis Cardiomyopathy Clinical 
Trial; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; LV, left ventricular; LVEF, left ventricular 
ejection fraction.
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