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Clinical Penetrance of the Transthyretin 
V122I Variant in Older Black Patients With 
Heart Failure: The SCAN- MP (Screening for 
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in Minority Populations) Study
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BACKGROUND: Transthyretin amyloid cardiomyopathy (ATTR- CM) is an underdiagnosed cause of heart failure (HF) among pa-
tients ≥60 years of age. Although the V122I (valine to isoleucine substitution at position 122 of the transthyretin protein) variant 
associated with hereditary ATTR- CM is present in 3.4% of self- identified Black individuals in the United States (or 1.5 million 
people), the phenotypic penetrance is not known.

METHODS AND RESULTS: The SCAN- MP (Screening for Cardiac Amyloidosis With Nuclear Imaging in Minority Populations) 
study is a currently accruing prospective multisite study designed to determine the prevalence of ATTR- CM using 
technetium- 99m- pyrophosphate imaging in older (≥60 years of age) self- identified Black and Hispanic individuals with 
HF. Calculations of the penetrance and prevalence of the V122I allele, along with analyses of functional, biochemical, 
and echocardiographic parameters, were performed for the first 278 Black participants in SCAN- MP. The prevalence 
of ATTR- CM was 6.8% (95% CI, 4.2– 10.5; n=19 cases), of whom 63% were ATTR wild- type. The prevalence of V122I 
was 6.5% (n=18 carriers), of whom 7 had ATTR- CM, yielding a phenotypic penetrance of 39% (95% CI, 17– 64). V122I 
carriers with ATTR- CM evidenced more advanced HF than carriers without ATTR- CM. Prealbumin concentration was 
lowest among V122I carriers with ATTR- CM (12.9 mg/dL) versus carriers without ATTR- CM (21.0 mg/dL) and HF controls 
(25.0 mg/dL, P<0.0001).

CONCLUSIONS: Among older Black individuals with HF and increased left ventricular wall thickness, of those with ATTR- CM, 
63% had wild- type, and of those with V122I, the phenotypic penetrance of ATTR- CM was 39% (95% CI, 17– 64), suggest-
ing that genotype alone is insufficient for diagnosis. Prealbumin concentration may be useful to identify V122I carriers with 
ATTR- CM.
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Transthyretin amyloid cardiomyopathy (ATTR- CM) is 
caused by the misfolding and myocardial deposi-
tion of the TTR (transthyretin or prealbumin) pro-

tein.1 ATTR- CM is an underdiagnosed cause of heart 

failure (HF) among older individuals and occurs in the 
context of both variant and wild- type TTR genetic se-
quences.1 A single nucleotide polymorphism that results 
in substitution of valine for isoleucine at position 122 of 
the protein structure (Val122Ile, V122I, or pV142I) has 
been reproducibly demonstrated in approximately 3.4% 
of Black individuals in the United States through differ-
ent population studies, yielding an estimated 1.5 million 
carriers. V122I is the most common cause of hereditary 
ATTR- CM.1 The V122I allele is hypothesized to have a 
West African founder and was first identified in a Black 
man found to have cardiac amyloidosis in 1988.2,3

Although evidence strongly suggests that inheri-
tance of the V122I allele increases the risk for incident 
HF,4 there is vast discordance between the number of 
estimated carriers and recognized cases of ATTR- CM. 
A broad range of estimates of V122I penetrance exists, 
with previous estimates being as low as 7% based on 
echocardiography to as high as 100% based on au-
topsy/pathology in Black individuals >65 years of age.5,6 
The lack of consensus results from limited methods for 
disease ascertainment and varying penetrance of the 
allele with sex and increasing age.1 Previous noninva-
sive testing estimates relied on retrospective analyses 
using insensitive diagnostic criteria.5,6 Accordingly, the 
primary goal of this study was to determine the clini-
cal penetrance of the V122I variant using contemporary 
noninvasive nuclear imaging in an interim analysis com-
prising 278 older, self- identified Black individuals with HF 
drawn from a prospectively recruited cohort as a part of 
the SCAN- MP (Screening for Cardiac Amyloidosis With 
Nuclear Imaging in Minority Populations) study. Given 
the paucity of granular biochemical, functional, and 
echocardiographic data from V122I carriers, we also 
sought to characterize differences between V122I car-
riers with ATTR- CM, V122I carriers without ATTR- CM, 
and controls with HF without ATTR- CM so as to identify 
clinically actionable features.

METHODS
SCAN- MP Overview
SCAN- MP (NCT03812172) is a National Institutes of 
Health/National, Heart, Lung, and Blood Institute– 
funded (R01 HL139671), currently accruing, multisite 
cohort study that includes Boston Medical Center/
Boston University, Columbia University Irving Medical 
Center, Harlem Hospital, and Yale New Haven Hospital 
(M.S.M. and F.L.R. overall principal investigators). 
The primary aims of SCAN- MP are to determine 
the prevalence of ATTR- CM using nuclear imag-
ing (technetium- 99m- pyrophosphate [PYP]) in older 
(≥60 years of age), self- identified Black and Caribbean 
Hispanic individuals with HF and to improve knowl-
edge of genotype– phenotype associations, especially 

CLINICAL PERSPECTIVE

What Is New?
• We describe the prevalence and penetrance 

of the V122I (valine to isoleucine substitution at 
position 122 of the transthyretin protein) variant 
in a prospectively recruited cohort of older, self- 
identified Black patients with heart failure and 
increased left ventricular wall thickness using 
sensitive nuclear imaging.

• We identified that biochemical, functional, and 
echocardiographic parameters are indicative 
of more advanced heart failure in V122I carri-
ers with transthyretin amyloid cardiomyopathy 
(ATTR- CM) when compared with V122I carriers 
without ATTR- CM.

• Lower prealbumin concentration, which sug-
gests dissociation of the transthyretin protein, 
was observed before clinically evident cardiac 
amyloidosis in V122I carriers.

What Are the Clinical Implications?
• The availability of effective therapies for 

ATTR- CM necessitates early identification and 
genotyping of individuals to facilitate the optimal 
treatment choice.

• Our data suggest that among Black individu-
als with heart failure, determination of geno-
type alone is insufficient to infer the presence 
of ATTR- CM, because clinical penetrance was 
incomplete and additional cases of ATTR wild- 
type (normal genotype) were identified.

• Low prealbumin concentration can poten-
tially be useful to increase suspicion of V122I 
ATTR- CM among variant carriers with heart 
failure.

Nonstandard Abbreviations and Acronyms

6MWD 6- minute walk distance
ATTR- CM transthyretin amyloid cardiomyopathy
PYP technetium- 99m- pyrophosphate
SCAN- MP Screening for Cardiac Amyloidosis 

With Nuclear Imaging in Minority 
Populations

TTR transthyretin or prealbumin protein
V122I valine to isoleucine substitution at 

position 122 of the transthyretin 
protein
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for V122I ATTR- CM. The study began in May 2019 
with expected conclusion in March 2024 and a tar-
get recruitment of 800 participants, of whom 600 will 
be self- identified as Black race. This interim analysis 
of SCAN- MP included all self- identified Black partici-
pants who enrolled in SCAN- MP between September 
20, 2019 and April 6, 2022. The Western Institutional 
Review Board, Boston Medical Center Institutional 
Review Board, and Columbia University Irving Medical 
Center Institutional Review Board approved SCAN- MP. 
Written informed consent was obtained from all partici-
pants. The data that support the findings of this study 
are available from the corresponding author upon rea-
sonable request. In addition, at the conclusion of the 
SCAN- MP study, anonymized data and materials will 
be made publicly available at a National, Heart, Lung, 
and Blood Institute– supported repository.

SCAN- MP Inclusion and Exclusion Criteria
Participants included in the SCAN- MP study were 
Black or Hispanic of Caribbean origin and were 
≥60 years of age. They had a diagnosis of HF by either 
modified criteria used by Rich et al7 or National Health 
and Nutrition Examination Survey heart failure criteria 
with a score of ≥3,8 had a left ventricular septal or in-
ferolateral wall thickness ≥12 mm, and had an ejection 
fraction >30%. Because the study was designed to as-
sess HF caused by ATTR- CM, patients with primary 
light chain amyloidosis or secondary AA amyloidosis 
(attributable to serum amyloid A protein) and patients 
with HF caused by severe left- sided valve disease or 
ischemic heart disease as determined by the inves-
tigators were excluded. Patients who were expected 
to survive <1 year due to a malignancy or nonamyloid 
disease were also excluded, because the study de-
sign included a 6-  and 12- month follow- up. Due to the 
table weight limit of the cameras used for PYP imag-
ing, weight >350 pounds precluded study participa-
tion. Additional key exclusion criteria were prior liver or 
heart transplantation, the presence of a ventricular as-
sist device (or expectation of a device in 6 months from 
prospective enrollment), disabling dementia or other 
mental or behavioral disease, expected use of continu-
ous inotropic therapy in 6 months, high risk for non-
adherence determined during screening, or chronic 
kidney disease with estimated glomerular filtration rate 
<15 mL/min per 1.73 m2. Participants could not have 
functional impairment from stroke, injury, or another 
medical disorder that prevented them from taking part 
in the study procedures.

SCAN- MP Study Procedures
Data collection for SCAN- MP participants included a 
baseline visit, a 6- month follow up, and a 12- month 
follow up. At the baseline visit, medical history and 

medical inventory were assessed, and a physical 
exam that included vital signs, height, and weight 
was performed. A 12- lead ECG was obtained on all 
participants. Laboratory testing comprised a basic 
metabolic panel, hepatic function panel, prealbumin, 
4- exon TTR gene sequencing, cardiac biomarkers (B- 
type natriuretic peptide, NT- proBNP [N- terminal pro- 
B- type natriuretic peptide], high- sensitivity troponin I, 
high- sensitivity troponin T, and galectin- 3 to be fully 
analyzed at the end of the study), vitamin A and reti-
nol binding protein- 4 in plasma and urine, TTR protein 
subunit exchange, and genetic ancestry. Functional 
testing included the 6- minute walk distance (6MWD) 
and Short Physical Performance Battery. The Short 
Physical Performance Battery, scored on a scale of 
0 to 12, tests participants’ standing balance, walk-
ing speed, and ability to stand after being seated in 
a chair.9 The Short Physical Performance Battery 
scores were stratified into no functional deficit (scores 
of 10– 12), mild functional deficit (scores of 7– 9), and 
severe functional deficit (scores of 0– 6). The Kansas 
City Cardiomyopathy Questionnaire and Short- Form 
Survey 12 were administered for quality- of- life assess-
ments. Imaging by transthoracic echocardiography 
was acquired with analysis performed through the 
SCAN- MP echocardiography core laboratory (directed 
by F.L.R.), whereas PYP imaging was performed and 
analyzed through the PYP core laboratory (directed by 
A.J.E.). The presence of ATTR- CM was determined by 
PYP imaging with a Perugini score of 2 or 3 confirmed 
by single photon emission computed tomography 
(SPECT), with hybrid CT performed when available, 
following multisocietal consensus recommendations.10 
Light- chain amyloidosis was excluded by serum and 
urine testing for a monoclonal protein by free- light 
chain assay and immunofixation electrophoresis con-
sistent with consensus recommendations.11

Statistical Analysis
Data from SCAN- MP participants were analyzed in the 
following groups: (1) PYP positive versus PYP negative 
and (2) V122I carriers without ATTR- CM versus V122I 
carriers with ATTR- CM. Differences in demographics 
and comorbidities as well as biochemical, functional, 
and echocardiographic parameters were determined 
using premutation testing for continuous variables or 
analysis of variance with post hoc testing using the 
Tukey multiple comparison test. A χ2 or Fisher exact 
test (where appropriate) was used to determine dif-
ferences in categorical variables. The prevalence of 
V122I and penetrance of ATTR- CM were determined 
by proportions with 95% CI estimates. For compari-
son of prealbumin levels, SCAN- MP participants were 
categorized in the following groups based upon TTR 
genotype and PYP scan result: (1) HF but without 
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ATTR- CM and with normal TTR genotype (HF con-
trols), (2) V122I carriers without ATTR- CM (V122I car-
riers), (3) ATTR- CM but without a genetic variant of the 
TTR gene (ATTR wild- type), and (4) V122I carriers with 
ATTR- CM (ATTR V122I). Missing data were ≤10.1% 
for all variables reported unless specified as follows. 
Prealbumin data were available for 237 of 278 partici-
pants, with 9 out of 11 V122I carriers and 6 out of 7 
ATTR- CM V122I having available prealbumin. In addi-
tion, because of the SCAN- MP study design to meas-
ure all cardiac biomarkers at the conclusion of the 
study, cardiac biomarker data (high- sensitivity troponin 
I and NT- proBNP) were available in only the first 140 
recruited Black subjects; overall, 50% of the cohort did 
not have cardiac biomarker data. Missing data were 
similar across subject groups. 6MWD data were avail-
able in 87% of subjects, and global longitudinal strain 
data were available in 70% of the cohort but with simi-
lar missing data across subject groups. All tests were 
2- sided and were considered statistically significant 
at a P value <0.05. Statistical analysis was performed 
using SAS Studio 3.8 (Enterprise Edition).

RESULTS
Overview of Study Participants With 
ATTR- CM
The first 278 self- identified Black participants in 
SCAN- MP were included in this analysis. As indicated 
in Table  1, 19 of the 278 participants had a positive 
PYP scan indicative of ATTR- CM, resulting in an over-
all population prevalence of ATTR- CM of 6.8% (95% 
CI, 4.2– 10.5). Image examples of positive and negative 
planar and SPECT PYP scans can be found in Figure 1. 
When ATTR- CM was categorized by TTR genotype, of 
those with ATTR- CM by PYP imaging, there were 7 
with V122I (37% of those with ATTR- CM) and 12 with 
normal TTR genotype (63% of those with ATTR- CM). 
PYP- positive participants were older, with a median 
age of 82 years (interquartile range [IQR], 77– 86 years) 
when compared with PYP- negative participants with 
a median age of 69 years (IQR, 64– 77 years; P<0.01). 
No significant difference in sex distribution was found 
between the 2 groups. The only significantly different 
preexisting comorbidity at study enrollment between 
the 2 groups was coronary artery disease, which had 
a prevalence of 21% in the PYP- negative group and a 
prevalence of 42% in the PYP- positive group (P<0.05).

High- sensitivity troponin I was significantly higher 
in the PYP- positive group (P<0.01, Table 2), and pre-
albumin was lower in the PYP- positive group (20 mg/
dL) compared with the PYP- negative group (25 mg/
dL, P<0.01). PYP- positive participants were impaired 
by functional assessments, as evidenced by a lower 
6MWD score (160 versus 273 m, P<0.05). A higher 

proportion of PYP- positive participants had a Short 
Physical Performance Battery score, indicating severe 
functional deficit as compared with PYP- negative par-
ticipants (56.3% versus 27.8%, P<0.05). PYP- positive 
individuals had echocardiographic features of more 
advanced cardiac functional and structural abnormal-
ities than PYP- negative individuals. Notable echocar-
diographic findings in PYP- positive individuals were 
a greater wall thickness (1.5 versus 1.3 mm, P<0.01), 
lower stroke volume (56 versus 72 mL, P<0.01), lower 
cardiac output (4.0 L/min versus 4.9 L/min, P<0.01), 
lower mean e′ (4.1 versus 5.9 cm/s, P<0.01), higher 
E/e′ (19.0 versus 12.9, P<0.01), and worse global longi-
tudinal strain (−10.7% versus −13.7%, P<0.05). Finally, 
as expected, heart to contralateral chest uptake ratio 
was higher in PYP- positive participants (1.7) than PYP- 
negative participants (1.1, P<0.01).

V122I Carriers Versus ATTR V122I
Out of the 278 participants, 18 had the V122I variant, re-
sulting in an allele prevalence of 6.5%. Out of the 18 car-
riers, 7 had clinically evident ATTR- CM. Therefore, the 
overall clinical penetrance of the V122I variant was 39% 
(95% CI, 17– 64). The median age of those with penetrant 
ATTR- CM was 82 years (IQR, 74– 85 years), whereas the 
median age for carriers without penetrant ATTR- CM was 
66 years (IQR, 64– 77 years) (P=0.02, Table 3).

Table 1. Demographics and Comorbidities for Participants 
by ATTR- CM Status

Variable

PYP 
negative, 
n=259

PYP 
positive, 
n=19 P value

Age, y 69 (64, 77) 82 (77, 86) <0.0001

Male sex 133 (51.4%) 13 (68.4%) 0.15

V122I variant 11 (4.3%) 7 (36.8%) <0.0001

Comorbidities

Atrial fibrillation/flutter 74 (28.6%) 7 (36.8%) 0.44

Coronary artery 
disease

55 (21.2%) 8 (42.1%) 0.047

Hypertension 247 (95.4%) 19 (100%) 1

Hyperlipidemia 186 (71.8%) 13 (68.4%) 0.75

Peripheral vascular 
disease

24 (9.3%) 3 (15.8%) 0.41

Stroke 36 (13.9%) 2 (10.5%) 1

Chronic kidney 
disease

82 (31.7%) 9 (47.4%) 0.16

Carpal tunnel 
syndrome

17 (6.6%) 2 (10.5%) 0.63

Spinal stenosis 21 (8.1%) 0 (0%) 0.38

Polyneuropathy 19 (7.3%) 0 (0%) 0.38

Malignancy 28 (10.8%) 4 (21.1%) 0.25

ATTR- CM indicates transthyretin amyloid cardiomyopathy; PYP, 
technetium- 99m- pyrophosphate imaging; and V122I, valine to isoleucine 
substitution at position 122 of the transthyretin protein.
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When analyzed by age, 10 participants with the 
V122I mutation were <75 years of age, of whom only 
2 had ATTR- CM. Penetrance for participants <75 years 
of age was 20% (95% CI, 3– 56). Of the 8 participants 
≥75 years of age, 5 had ATTR- CM, resulting in a pene-
trance for this subgroup of 63% (95% CI, 24– 91). When 
analyzed by sex, 9 of the 18 participants with the V122I 
variant were men, of whom 5 had ATTR- CM. The pen-
etrance for men in this group was 56% (95% CI, 21– 86). 
Of the 9 women, 2 had ATTR- CM, resulting in a clinical 
penetrance for women of 22% (95% CI, 3– 60). The only 
significantly different comorbidity between the 2 groups 

was the higher prevalence of chronic kidney disease in 
ATTR- CM V122I (57.1%) versus in V122I carriers (9.1%, 
P=0.047), but this difference may be due to chance as 
a result of testing multiple variables (Table 3).

Circulating biomarkers and imaging findings can be 
found in Table 4. NT- proBNP was higher in ATTR- CM 
V122I (2721 pg/mL) than in V122I carriers (708.8 pg/mL, 
P<0.05), whereas prealbumin was lower in ATTR- CM 
V122I (12.9 mg/dL) versus V122I carriers (21 mg/dL, 
P<0.05). 6MWD scores were significantly lower in 
ATTR- CM V122I (80 m) than in V122I carriers (273 m, 
P<0.05). ATTR- CM V122I evidenced significantly 

Figure 1. Technetium- 99m- pyrophosphate planar and SPECT images for V122I carrier without 
ATTR- CM and V122I carrier with ATTR- CM.
A, Planar image, AP view for V122I carrier without ATTR- CM. B, Planar image, lateral view for V122I carrier 
without ATTR- CM. C, Planar image, AP view for V122I carrier with ATTR- CM. D, Planar image, lateral view 
for V122I carrier with ATTR- CM. E, SPECT image demonstrating myocardial uptake diagnostic of ATTR- 
CM. AP indicates anterior/posterior; ATTR- CM, transthyretin amyloid cardiomyopathy; and V122I, valine 
to isoleucine substitution at position 122 of the transthyretin protein.

A

C

B

E

D
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lower stroke volume (36 versus 80 mL, P<0.05) and 
worse global longitudinal strain (−7.6% versus −16.9%, 
P=0.03) than V122I carriers. As expected, heart to con-
tralateral chest uptake ratio was higher in ATTR- CM 
V122I (1.6) versus V122I carriers (1.1, P<0.01).

Prealbumin in V122I Carriers Versus 
Controls
Prealbumin was lowest in ATTR- CM V122I, with a me-
dian value of 12.9 mg/dL (IQR, 10.0– 17.0 mg/dL) ver-
sus V122I carriers (21.0 mg/dL; IQR, 18.0– 22.0 mg/
dL; Figure 2 and Table 4). Prealbumin in V122I carriers 
trended lower than the prealbumin in HF controls (25.0 
mg/dL; IQR, 22.0– 29.0 mg/dL) (P=0.10). Prealbumin in 
ATTR wild- type (24.0 mg/dL; IQR, 20.0– 25.0 mg/dL) 
was similar to that of the HF controls.

DISCUSSION
In this study, we present data elucidating the clini-
cal penetrance of the V122I variant in older, Black 

individuals with HF and increased left ventricular wall 
thickness. The principal findings are that (1) among 
the 18 carriers with V122I identified, the penetrance 
of ATTR- CM was 39% (95% CI, 17– 64), with a me-
dian age of 82 years among those with clinically pen-
etrant disease; (2) that among newly identified cases of 
ATTR- CM in this population, the majority (63%) were 
ATTR wild- type; and (3) that prealbumin trended lower 
in V122I carriers versus HF controls, affording a new 
clinical variable that could be used to identify those at 
risk for hereditary ATTR- CM. To our knowledge, these 
data are the first to be reported that inform clinical pen-
etrance of V122I using a prospectively acquired study 
that in addition uses sensitive nuclear imaging for ac-
tive ascertainment of ATTR- CM cases.

Clinical Penetrance of the V122I Variant in 
ATTR- CM
Our finding of a clinical penetrance of 39% (95% CI, 
17– 64) in older Black individuals with HF and increased 
left ventricular wall thickness is of importance given 

Table 2. Biochemical, Functional, and Echocardiographic Parameters for Self- Identified Black Participants by ATTR- CM 
Status

Variable PYP negative, n=259 PYP positive, n=19 P value

Laboratory

NT- proBNP, pg/mL 402 (166.7 to 815.3) 1208.8 (841.6 to 2721) 0.18

hs- troponin I, ng/mL 11.7 (7.1 to 19.5) 81.7 (21.9 to 97.8) 0.008

Prealbumin, mg/dL 25 (21 to 29) 20 (15 to 24) 0.0002

eGFR, mL/min per 1.73 m2 64.7 (47.2 to 77.9) 53.8 (41.4 to 75.8) 0.19

Functional assessments

6- minute walk distance, m 273 (170 to 360) 160 (80 to 289.5) 0.04

SPPB score, 0– 12 8 (6 to 10) 6 (3.5 to 10) 0.008

SPPB score, 3 categories 0.02

Severe functional deficit, 0– 6 65 (27.8%) 9 (56.3%)

Mild functional deficit, 7– 9 100 (42.7%) 2 (12.5%)

No functional deficit, 10– 12 69 (29.5%) 5 (31.3%)

Echocardiogram

LV end diastolic dimension, mm 4.5 (4 to 5.1) 4.3 (3.7 to 4.6) 0.07

Maximal LV thickness, mm 1.3 (1.1 to 1.4) 1.5 (1.3 to 1.7) 0.0002

Left atrial volume, mL 76 (60 to 96) 83 (67 to 98) 0.95

Ejection fraction, % 60 (54 to 67) 53 (48 to 63) 0.38

Stroke volume, mL 72 (60 to 86) 56 (36 to 66) 0.003

Cardiac output, L/min 4.9 (4 to 5.8) 4.0 (3 to 4.9) 0.007

Mean e′, cm/s 5.9 (4.8 to 7.4) 4.1 (3.6 to 5.5) 0.005

E/e′ 12.9 (9.8 to 16.6) 19 (14.5 to 27.6) 0.001

Global longitudinal strain, % −13.7 (−16.9 to −11) −10.7 (−13.7 to −7.9) 0.04

PYP scan

H/CL ratio 1.1 (1 to 1.2) 1.7 (1.6 to 1.9) <0.0001

ATTR- CM indicates transthyretin amyloid cardiomyopathy; eGFR, estimated glomerular filtration rate; H/CL, heart to contralateral chest uptake; hs- troponin I, 
high- sensitivity troponin I; LV, left ventricular; NT- proBNP, N- terminal pro- B- type natriuretic peptide; PYP, technetium- 99m- pyrophosphate imaging; and SPPB, 
Short Physical Performance Battery.
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the frequency of the allele (1.5 million carriers) and 
suggests that V122I carriers with HF, who may have 
phenotypic overlap with ATTR- CM, do not necessarily 

have ATTR- CM as the cause of HF. Therefore, a clini-
cal strategy of genotype screening for at- risk patients, 
a so- called genotype first approach, is insufficient 

Table 3. Demographics and Comorbidities for Participants by V122I and ATTR- CM Status

Variable V122I carrier, n=11 V122I ATTR- CM, n=7 P value

Age, y 66 (64, 77) 82 (74, 85) 0.02

Male sex 4 (36.4%) 5 (71.4%) 0.33

Comorbidities

Atrial fibrillation/flutter 5 (45.5%) 4 (57.1%) 1

Coronary artery disease 2 (18.2%) 3 (42.9%) 0.33

Hypertension 9 (81.8%) 7 (100%) 0.50

Hyperlipidemia 7 (63.6%) 6 (85.7%) 0.60

Peripheral vascular disease 0 (0%) 1 (14.3%) 0.39

Stroke 1 (9.1%) 0 (0%) 1

Chronic kidney disease 1 (9.1%) 4 (57.1%) 0.047

Carpal tunnel syndrome 0 (0%) 1 (14.3%) 0.39

Spinal stenosis 0 (0%) 0 (0%) NA

Polyneuropathy 1 (9.1%) 0 (0%) 1

Malignancy 0 (0%) 1 (14.3%) 0.39

ATTR- CM indicates transthyretin amyloid cardiomyopathy; and V122I, valine to isoleucine substitution at position 122 of the transthyretin protein.

Table 4. Biochemical, Functional, and Echocardiographic Parameters for Self- Identified Black Participants by V122I and 
ATTR- CM Status

Variable V122I carrier, n=11 V122I ATTR- CM, n=7 P value

Laboratory

NT- proBNP, pg/mL 708.8 (410.8 to 1204.3) 2721 (1933 to 3612.7) 0.04

hs- troponin I, ng/mL 9.7 (3.4 to 45.9) 119.3 (73.4 to 273.1) 0.08

Prealbumin, mg/dL 21 (18 to 22) 12.9 (10 to 17) 0.04

eGFR, mL/min per 1.73 m2 69.3 (50.9 to 83.6) 53.8 (29.1 to 82.6) 0.38

Functional assessments

6- minute walk distance, m 273 (213 to 327) 80 (80 to 140) 0.046

SPPB score, 0– 12 7 (5 to 9) 6 (5 to 8) 0.73

SPPB score, 3 categories 0.48

Severe functional deficit, 0– 6 3 (33.3%) 3 (60%)

Mild functional deficit, 7– 9 5 (55.6%) 1 (20%)

No functional deficit, 10– 12 1 (11.1%) 1 (20%)

Echocardiogram

LV end- diastolic dimension, mm 4.4 (3.6 to 5.3) 4 (3.6 to 4.5) 0.68

Maximal LV thickness, mm 1.3 (1.1 to 1.5) 1.6 (1.3 to 1.7) 0.13

Left atrial volume, mL 73 (59 to 101) 79 (65 to 98) 0.77

Ejection fraction, % 62 (55 to 69) 52 (34 to 56) 0.06

Stroke volume, mL 80 (60 to 91) 36 (31 to 62) 0.03

Cardiac output, L/min 4.9 (4.2 to 6.1) 2.7 (2 to 4) 0.05

Mean e′, cm/s 5.8 (4.7 to 7.2) 4.3 (4 to 5.1) 0.05

E/e′ 13.2 (9.8 to 15.6) 18.8 (12.6 to 30.3) 0.10

Global longitudinal strain, % −16.9 (−20 to −11.2) −7.6 (−9.1 to −7.1) 0.03

PYP scan

H/CL ratio 1.1 (1.1 to 1.2) 1.6 (1.4 to 1.8) 0.001

ATTR- CM indicates transthyretin amyloid cardiomyopathy; eGFR, estimated glomerular filtration rate; H/CL, technetium- 99m- pyrophosphate heart to 
contralateral chest uptake; hs- troponin I, high- sensitivity troponin I; LV, left ventricular; NT- proBNP, N- terminal pro- B- type natriuretic peptide; PYP, technetium- 
99m- pyrophosphate imaging; SPPB, Short Physical Performance Battery; and V122I, valine to isoleucine substitution at position 122 of the transthyretin protein.
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because there is not a 1:1 carrier to ATTR- CM con-
cordance, and furthermore, such an approach will miss 
ATTR wild- type. Importantly, our HF control cohort ap-
peared similar echocardiographically and by biomark-
ers to the V122I carriers, because both had features of 
left ventricular wall thickening, increased left ventricular 
filling pressures, and functional limitation. Although not 
achieving statistical significance due to the small sam-
ple size, we observed that penetrance was higher in 
participants ≥75 years of age and in men in particular, 
reaffirming the clinical impression of an age- dependent 
and sex- dependent penetrance drawn largely from ret-
rospective cohort studies of referral populations.1,12,13 
Thus, our results provide clinically actionable informa-
tion: V122I allele carriers with HF who are ≥75 years of 
age and men are at the highest risk of having ATTR- CM 
as the cause of their symptoms and should be tested 
for ATTR- CM by PYP imaging. Furthermore, we would 
suggest that because of the possibility of interval de-
velopment of ATTR- CM with time, rescreening should 
be considered for individuals with the V122I variant as 
they age, even if initial presentation is not consistent 
with clinically penetrant disease. Our estimate of pene-
trance was constructed from a prospectively recruited 
cohort using active ascertainment of ATTR- CM from 
PYP imaging, which has higher diagnostic accuracy 
than does echocardiography for assessing disease 

penetrance as used in prior studies.5 Similar imag-
ing methods have demonstrated a 6% prevalence of 
wild- type ATTR- CM in older patients with HF, but in 
a cohort of White race individuals (96% of the cohort 
and 100% of identified cases).14 It is important to em-
phasize the differences in racial identification among 
these cohorts, thereby altering the distribution of TTR 
variants and ATTR- CM prevalence, because V122I is 
extremely uncommon in White race individuals.

Biochemical, Echocardiographic, and 
Functional Differences
When comparing V122I carriers and ATTR- CM V122I, 
those with cardiac amyloidosis had higher NT- proBNP 
but lower prealbumin, 6MWD score, ejection frac-
tion, stroke volume, and cardiac output. In addition to 
identifying more advanced heart failure due to V122I 
ATTR- CM, these parameters may be used to increase 
clinical suspicion for V122I ATTR- CM in known carriers. 
Our data are unique in the degree of characterization 
afforded, because biochemical, echocardiographic, 
and functional assessments of V122I carriers with and 
without ATTR- CM are generally not reported in prior 
studies. Instead, prior studies tend to assess differ-
ences in outcomes between V122I carriers and non-
carriers,5,15 likely due to the limited means available to 

Figure 2. Bee swarm plot of prealbumin concentration (milligrams per deciliter) in heart failure controls without transthyretin 
cardiac amyloidosis (Control), participants with ATTRwt, V122I Carrier, and V122I ATTR.
ATTRwt indicates wild- type transthyretin cardiac amyloidosis; V122I, valine to isoleucine substitution at position 122 of the transthyretin 
protein; V122I ATTR, V122I carriers with transthyretin cardiac amyloidosis; and V122I Carrier, V122I carriers without transthyretin 
cardiac amyloidosis.
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accurately establish penetrant ATTR- CM among V122I 
carriers in retrospective analyses.

Predictably, prealbumin was lower in V122I 
ATTR- CM than in V122I carriers. The finding that pre-
albumin trended lower in V122I carriers than in HF 
controls is important and suggests that dissociation 
of TTR resulting in lower circulating levels may occur 
before clinical detection of ATTR- CM. These data sug-
gest that the stratification of prealbumin levels among 
these 3 groups can potentially be used in the future 
to suggest both the presence of the V122I variant, if a 
known family history of V122I ATTR- CM exists, and the 
clinical penetrance of the V122I variant.

Limitations
Our study is limited by the small number of carriers 
and cases of V122I ATTR- CM, thereby rendering a 
wide confidence interval for the point estimate of clini-
cal penetrance. Because the criteria for SCAN- MP in-
cluded ejection fraction >30%, age ≥60 years, and wall 
thickness ≥12 mm, the prevalence and penetrance of 
the V122I variant in our cohort is not representative of 
all Black individuals with HF (for example, those with 
ischemic heart disease or aortic stenosis). However, we 
sought to carefully enroll a population of patients with HF 
who would appear similar phenotypically and as such 
would comprise a clinically relevant population. Finally, 
the lack of invasive, confirmatory cardiac biopsy is an-
other limitation but is not feasible in a screening study. 
All participants had ATTR- CM verified by the clinical 
practices at our experienced amyloidosis centers that 
adhere to established consensus recommendations.11

CONCLUSIONS
We determined that the phenotypic penetrance of the 
V122I allele among older allele carriers with HF symp-
toms is 39% (95% CI, 17– 64). We also observed that 
among those with ATTR- CM, ATTR wild- type was pre-
sent in 63%. These data suggest that genotype alone 
is insufficient to infer ATTR- CM as the cause of HF in 
this population. Our study also suggests that lower 
prealbumin concentration, alone or in conjunction with 
other biochemical, functional, and echocardiographic 
measures, may be useful to differentiate allele carriers 
with and without ATTR- CM from HF controls.
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