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OBJECTIVES This study evaluated the association of transthyretin (TTR) gene variant, in which isoleucine
substitutes for valine at position 122 (V142I), with cardiac structure, function, and heart failure (HF) risk among middle-

aged Black adults.
BACKGROUND The valine-to-isoleucine substitution in the TTR protein is prevalent in Black individuals and
causes cardiac amyloidosis.
METHODS Jackson Heart Study participants without HF at baseline who had available data on the TTR V142I
variant were included. The association of the TTR V142I variant with baseline echocardiographic parameters and repeated

measures of high-sensitivity cardiac troponin-I (hs-cTnI) was assessed using adjusted linear regression models and linear

mixed models, respectively. Adjusted Cox models, restricted mean survival time analysis, and Anderson-Gill models were

constructed to determine the association of TTR V142I variant with the risk of incident HF, survival free of HF, and total

HF hospitalizations.
RESULTS A total of 119 of 2,960 participants (4%)were heterozygous carriers of the TTR V142I variant. The TTR
V142I variant was not associatedwithmeasures of cardiac parameters at baseline butwas associatedwith a greater increase

in high-sensitivity troponin I (hs-TnI) levels over time. In adjusted Cox models, TTR V142I variant carriers had significantly

higher risk of incident HF (HR: 1.80; 95% CI: 1.07-3.05; P ¼ 0.03), lower survival free of HF (mean difference: 4.0 year;

95% CI: 0.6-6.2 years); P ¼ 0.02), and higher risk of overall HF hospitalizations (HR: 2.12; 95% CI: 1.23-3.63; P ¼ 0.007).
CONCLUSIONS The TTR V142I variant in middle-aged Black adults is not associated with adverse cardiac
remodeling but was associated with a significantly higher burden of chronic myocardial injury, and greater risk of

incident HF and overall HF hospitalizations. (J Am Coll Cardiol HF 2022;10:129–138) © 2022 by the American College of

Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

BNP = brain natriuretic peptide

CMR = cardiac magnetic

resonance

CV = cardiovascular

HF = heart failure

LV = left ventricle

LVH = left ventricle

hypertrophy

TTR = transthyretin
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H eart failure (HF) affects Black indi-
viduals at higher rates and is associ-
ated with worse outcomes than

other race/ethnic groups (1). Cardiac amyloid-
osis in Black individuals is commonly associ-
ated with the autosomal dominant
transthyretin (TTR) gene variant, in which
isoleucine substitutes for valine at position
122 (TTRV142I [p.V142I, rs76992529]) (2). Prior
observations from multiethnic cohorts have
demonstrated an increased risk of HF among
self-reported older Black adults carrying the
V142I variant in the TTR gene (3,4). However, the asso-
ciation of the TTR V142I variant with the overall HF
hospitalization burden (incident plus recurrent) has
not been evaluated. Furthermore, survival free of HF
among individuals with vs without the TTR V1421I
variant and the association of TTR V142I variant carrier
status with cardiac structure and function have not
been previously characterized in a middle-aged (21-
65 years of age) community-dwelling cohort of exclu-
sively Black individuals. This is particularly relevant
considering that clinical penetrance of the TTR V142I
variant increases with older age and thus would have
implications for screening at a younger age (2). Accord-
ingly, we evaluated the association of TTR V142I
variant carriers status with cardiac structure, function,
and risk of adverse cardiovascular (CV) events,
including incident and recurrent HF events, among
Black participants of the Jackson Heart Study (JHS).
SEE PAGE 139
METHODS

STUDY POPULATION. We used participant-level data
from the JHS for the present analysis. The study
design, recruitment, and baseline assessments in the
JHS have been previously described (5,6). Briefly, JHS
was a prospective study of 5,306 self-identified Black
adults aged >21 years of age living in Jackson, Mis-
sissippi and the surrounding metropolitan area. Three
visits were conducted between 2000 and 2012. For
this analysis, examination 1 (2000-2004) was
considered the baseline. The present investigation
was limited to the JHS cohort participants who had
available data for the V142I genotype (n ¼ 3,447). We
excluded participants from the study with prevalent
HF as identified by self-report at the baseline visit
(n ¼ 346). Furthermore, because the adjudication of
incident HF events did not start until 2005, we
further excluded participants who had self-reported
HF before 2005 (n ¼ 141, including 2 TTR V142I car-
riers and 139 noncarriers) (Supplemental Figure 1).
The final analysis cohort included 2,960 participants.
All participants in the JHS provided informed and
written consent, and the coordinating center institu-
tional review boards approved study protocols.

CLINICAL COVARIATES. Participants underwent
comprehensive examinations at baseline and at
each study visit using standardized protocols (5,6).
Demographic covariates and medical history were
obtained by self-reported questionnaires. Blood
pressure measurements were obtained as the average
of 2 blood pressure readings using a random-
0 sphygmomanometer. Body mass index was calcu-
lated as kg/m2. The presence of diabetes was defined
as a history of diabetes, fasting blood
glucose $126 mg/dL, or use of diabetes mellitus
medications. Hypertension was defined as systolic
blood pressure (SBP) $140 mm Hg or diastolic blood
pressure $90 mm Hg. Laboratory measurements were
obtained in participants after >12 hours of fasting and
assessed using standard laboratory techniques. The
estimated glomerular filtration rate (eGFR) was
calculated using the Modification of Diet in Renal
Disease Study equation (7).

CARDIAC STRUCTURE, FUNCTION, AND BIOMARKER

ASSESSMENT. Echocardiographic examinations
(Sonos-4500; Phillips Medical Systems) were per-
formed at visit 1 by trained sonographers and inter-
preted at a centralized reading center as reported
previously and detailed in the Supplemental Methods
(5,8). Left ventricular end-diastolic volume was esti-
mated by the Tehicholz formula (9). High-sensitivity
troponin-I (hs-TnI) (ARCHITECT, Abbott Diagnostics)
and brain natriuretic peptide (BNP) levels (Siemens
Advia Centaur) were also measured using the serum/
plasma samples collected at visit 1 (for BNP) and visit 1,
2, 3 (for hs-cTnI) as previously reported (10,11). Cardiac
magnetic resonance (CMR) imaging (1.5-T system,
Siemens Espree) parameters was obtained in a subset
of participants and began towards the end of visit 2
and continued through visit 3 (2008-2012) using a
previously described protocol and detailed in the
Supplemental Methods (12). Left ventricular hyper-
trophy (LVH) on ECG was defined using Sokolov-Lyon
criteria (sum of lead V1 S-wave amplitude plus
maximum V5 to V6 R-wave amplitude $35 mm) and
Cornell voltage criteria (sum of lead aVL R-wave
amplitude plus lead V3 S-wave >28 mm in men and
>22 mm in women). Because cardiac amyloid infiltra-
tion is associated with increased LV mass dispropor-
tionate to ECG voltage, the LV mass index-to-QRS
voltage ratio was also assessed as previously described
(13). The QRS voltage was measured as the sum of the
absolute value of the QRS complex amplitude in leads
I, II, III, aVL, aVF, and aVR. Myocardial contraction
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fraction was defined as the ratio of LV stroke volume-
to- myocardial volume (14). Myocardial volume was
estimated by the LV myocardial mass, estimated by
American Society of Echocardiography formula,
divided by myocardial tissue density (1.04 g/mL) (15).
Malignant LVH was defined as LVH on ECG plus evi-
dence of myocardial injury (high-sensitivity cardiac
troponin-I [hs-cTnI] $4 ng/L for females and hs-
cTnI $6 ng/L for males) (11,16).

V142I PATHOGENIC VARIANT GENOTYPING. Genetic
samples were obtained from consented participants,
and the DNA samples were genotyped using Affyme-
trix Genome-Wide Human single-nucleotide variation
(SNV) (formerly SNP) array 6.0 at the Broad Institute
of Harvard and Massachusetts Institute of Technology
(17). Individuals with available genetic data for the
TTR gene and associated V142I genetic variant
(p.V142I, rs76992529) were included in the present
analysis (18). As reported previously, the V142I variant
results from a G-to-A transition at the CG dinucleotide
codon of amino acid 122 of a mature TTR protein. Of
the 3,447 JHS participants who were genotyped, a
total of 127 were heterozygous carriers (minor allele
[A]) for the TTR V142I variant. There were no partici-
pants with the homozygous TTR V142I variant.

CLINICAL OUTCOMES. Primary outcomes of interest
were incident and recurrent HF hospitalization
events. Secondary outcomes of interest were all-
cause mortality and nonfatal atherosclerotic cardio-
vascular disease event (atherosclerotic cardiovascular
disease, a composite of stroke or nonfatal myocardial
infarction). Outcome events were formally adjudi-
cated beginning in January 2005 based on annual
telephone interviews, hospital discharge lists, and
hospitalization data review as reported previously
(11,19). Diagnoses were reviewed and adjudicated by
trained medical personnel and based on International
Classification of Diseases, ninth revision codes. Out-
comes were adjudicated up to 2016. Prior to 2005,
events were obtained by self-reported hospitaliza-
tions. Time to event was recorded from January 1,
2005, to either the date of incident HF hospitalization
or December 31, 2016.

STATISTICAL ANALYSIS. The study population was
stratified based on the TTR V142I variant carrier sta-
tus. The baseline demographic and clinical charac-
teristics and cardiac structure and function (by
echocardiogram at visit 1 and CMR at visit 3), and
levels of cardiac biomarkers (visit 1) were compared
between TTR V142I variant carriers vs noncarriers
using one-way ANOVA for continuous and chi-
squared test for categorical variables. The baseline
characteristics were also compared among those who
did vs did not develop incident HF on follow-up
within each group. The association between TTR
V142I variant carrier status and cardiac structure and
function measures and biomarkers were assessed
using multivariate linear regression analysis with the
following adjustments: model 1 consisted of age and
sex; model 2 consisted of model 1 plus SBP, body mass
index (BMI), eGFR, diabetes status, and hs-cTnI. The
association between TTR V142I variant carrier status
and longitudinal changes in hs-TnI and ECG param-
eters (PR duration, QRS duration, and Cornell
voltage) were assessed using linear mixed effect
models for repeated measures with adjustments for
the following covariates: age, sex, SBP, BMI, eGFR,
diabetes status, and hs-cTn and incident HF as a time-
varying covariate. Multivariate adjusted Cox models
were constructed to determine the association of TTR
V142I variant carriers (vs noncarriers) and the risk of
incident HF, an atherosclerotic cardiovascular disease
event, and all-cause mortality. Separate models were
constructed for each outcome with the same model 1
and 2 adjustments described above. Differences in
HF-free survival between participants with vs
without the TTR V142I variant were determined using
restricted mean survival time (RMST) (20). RMST is
analogous to the area under the survival curve and, in
this analysis, represents the mean event-free survival
from baseline to incident HF. Age-specific event rates
were determined using age at visit 1 and at the time of
the incident HF event. Anderson-Gill models were
constructed to assess the association between the
presence of TTR V142I variant and risk of all hospi-
talizations for HF, including recurrent events in those
with more than 1 event. Similarly, Anderson-Gill
models were used to assess the association between
TTR V142I and the recurrent HF hospitalization
among individuals with an incident HF event.

Sensitivity analyses were also performed using a
propensity-matched case-control approach. Partici-
pants with vs without TTR V142I variant were
matched in a 1:3 ratio on age, sex, BMI, SBP, eGFR,
diabetes status, and hs-cTn. Differences in baseline
characteristics (clinical, ECG, biomarkers), follow-up
cardiac CMR parameters, and risk of adverse CV
events between the matched groups were compared
using statistical tests detailed above for the primary
analysis. Analyses were performed using R version
3.6.3 software (R Foundation) and considered signif-
icant with a 2-sided P value of <0.05.

RESULTS

In the present study cohort, 119 of 2,960 partici-
pants (4%) were heterozygous carriers of the TTR



TABLE 1 Baseline Characteristics Stratified by TTR V142I Variant Carrier Status

TTR V142I Variant
Carriers (n ¼ 119 [4%])

TTR V142I Variant
Non-Carriers (n ¼ 2,841 [96%]) P Value

Clinical, laboratory, and ECG characteristics
(visit 1, dates 2000-2004)

Age, y 53.9 � 11.8 54.9 � 12.7 0.4

Men 36 (30.3) 1,071 (37.7) 0.12

Prior tobacco Use 36 (30.3) 933 (32.9) 0.61

Systolic blood pressure, mm Hg 126 � 15 127 � 17 0.55

BMI, kg/m2 31.4 � 7.5 31.8 � 7.2 0.56

Hypertension 59 (49.6) 1,579 (55.6) 0.23

Diabetes 18 (15.1) 655 (23.1) 0.06

Chronic kidney disease 3 (2.5) 135 (4.8) 0.36

eGFR, mL/min/1.73m2 86.8 � 17.6 87.6 � 15.6 0.656

HbA1c, % 5.9 � 1.1 6.0 � 1.3 0.3

Troponin, ng/L 6.2 � 11.3 6.1 � 16.7 0.92

BNP, pg/mL 16.9 � 29.9 14.7 � 23.7 0.32

PR duration, ms 172.1 � 28.1 171.7 � 31.2 0.88

Aggregate QRS amplitude from limb leads, mV 18.2 � 8.0 18.0 � 8.0 0.81

Cornell voltage, microV 1,551.9 � 653.4 1,488.4 � 640.2 0.29

LVH by Sokolow-Lyon 4 (5.3) 119 (6.5) 0.86

LVH by Cornell voltage 4 (3.4) 54 (1.9) 0.43

Malignant LVH 0.0 (0.1) 0.0 (0.2) 0.56

Echocardiographic parameters (visit 1, dates 2000-2004)

Number of participants 116 (4.1) 3,194 (95.9)

Ejection fraction, % 62.8 � 7.4 62.2 � 6.9 0.34

LV mass indexed to BSA, g/m2 71.9 � 16.7 74.1 � 16.8 0.26

Relative wall thickness 0.4 � 0.1 0.4 � 0.1 0.88

LA diameter, mm 17.8 � 2.0 18.0 � 2.2 0.48

E/A ratio 1.1 � 0.3 1.1 � 0.4 0.91

TR peak velocity, cm/s 23.6 � 8.6 22.7 � 7.2 0.31

Myocardial contraction fraction, % 59.3 � 12.7 59.2 � 11.4 0.95

LV mass index/QRS amplitude 4.7 � 2.0 4.9 � 2.1 0.57

CMR imaging parameters (visit 2/3, dates 2008-2012)a

Number of participants, % 38 (4.3) 802 (95.7)

Age at visit 3, y 60.4 � 10.7 60.2 � 10.4 0.93

LV mass indexed to BSA, g/m2 68.1 � 20.5 67.9 � 16.4 0.94

LV mass indexed to allometric height, g/m2.7 32.3 � 10.2 32.4 � 8.1 0.89

LV mass indexed to BSA/QRS amplitude 4.6 � 1.9 4.4 � 1.8 0.67

End-diastolic volume indexed to BSA, mL/m2 59.0 � 14.3 61.8 � 15.1 0.28

Concentricity, (g/mL) 3.2 � 1.1 3.0 � 1.2 0.54

Pulse wave velocity, m/s 9.7 � 3.8 12.8 � 11.2 0.51

Peak systolic global circumferential strain, % �16.0 � 2.6 �15.5 � 2.4 0.22

Values are mean � SD or n (%). QRS amplitude is the sum of absolute values of the QRS amplitudes in leads I, II, III, aVL, aVR, and aVF. aIn a subset of 840 participants who
underwent CMR imaging at visit 2 (5 y from baseline) or 3 (8 y from baseline) and excluding participants with a HF event prior to visit 3.

BMI ¼ body mass index; BNP ¼ brain natriuretic peptide; BSA ¼ body surface area; CMR ¼ cardiac magnetic resonance; E/A ¼ ratio of peak velocity blood in early diastole
(left ventricular relaxation) to peak velocity blood in late diastole (atrial contraction); ECG ¼ electrocardiography; HbA1c ¼ hemoglobin A1c; LA ¼ left atrium; LV ¼ left
ventricle; LVH ¼ left ventricular hypertrophy; TR ¼ tricuspid regurgitation; TTR ¼ transthyretin
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V142I variant. The baseline clinical, laboratory,
and ECG characteristics of participants stratified by
TTR V142I variant carrier status are shown in
Table 1. There were no significant differences in
baseline age, the proportion of women participants,
and the burden of traditional CV risk factors
among TTR V142I variant carriers vs noncarriers.
Similarly, the echocardiographic parameters at
baseline were also not different between the 2
groups. Among participants with a CMR at visit
3 (n ¼ 840, including 38 carriers and 802 non-
carriers), we observed no significant differences in
LV mass, end-diastolic volume, or strain between
TTR V142I variant carriers vs noncarriers. A
similar pattern of results was observed for differ-
ences in baseline clinical and echocardiographic
characteristics and follow-up CMR parameters in
the propensity-matched case-control comparisons



TABLE 2 Multivariate-Adjusted Associations Between V142I Pathogenic Variant and

Cardiac Imaging Parameters and Biomarkers

Model 1 Model 2

Estimate (95% CI) P Value Estimate (95% CI) P Value

Echocardiographic outcomes (baseline visit 1)

Ejection fraction, % 0.52 (�0.74 to 1.79) 0.42 0.62 (�0.65 to 1.89) 0.34

Myocardial contraction
fraction

�0.48 (�3.04 to 2.07) 0.71 �1.01 (�3.49 to 1.46) 0.42

RWT �0.01 (�0.12 to 0.14) 0.88 0.03 (�0.10 to 0.16) 0.62

LV diastolic dimension to mm 0.05 (�0.74 to 0.84) 0.90 0.17 (�0.60 to 0.95) 0.67

LV mass index/QRS 0.15 (�0.30 to 0.60) 0.52 0.15 (�0.29 to 0.60) 0.50

CMR outcomes (visit 2/3)

LV mass index 1.84 (�2.82 to 6.49) 0.44 2.01 (�2.39 to 6.41) 0.37

LV mass index/QRS amplitude 0.18 (�0.39 to 0.76) 0.53 0.21 (�0.36 to 0.78) 0.48

End-diastolic volume index �3.07 (�9.44 to 3.30) 0.34 �2.58 (�8.88 to 3.73) 0.42

Concentricity 0.15 (�0.24 to 0.53) 0.46 0.19 (�0.20 to 0.57) 0.34

Pulse wave velocity to m/s �3.21 (�12.44 to 6.92) 0.49 �2.93 (�12.77 to 6.92) 0.55

Mean systolic global
circumferential strain

�0.40 (�1.18 to 0.37) 0.31 �0.26 (�1.02 to 0.50) 0.51

Biomarker outcomes (baseline visit 1)

hs-cTnIa 0.01 (�0.13 to 0.14) 0.93 0.00 (�0.09 to 0.10) 0.93

BNPa 0.05 (�0.14 to 0.24) 0.59 0.04 (�0.14 to 0.23) 0.65

QRS amplitude is the sum of absolute value of the QRS amplitude in leads I, II, III, aVL, aVR, and aVF. Models were
assessed by linear regression. Model 1 was adjusted for age and sex, and model 2 was adjusted for age, sex,
systolic blood pressure, body mass index, estimated glomerular filtration rate, diabetes status, and high-
sensitivity cardiac troponin. aLog-transformed.

BNP ¼ brain natriuretic peptide; CMR ¼ cardiac magnetic resonance; hs-cTnI ¼ high-sensitivity cardiac
troponin-I; LV ¼ left ventricle; RWT ¼ relative wall thickness.
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between participants with vs without TTR V142I
variant (Supplemental Table 1).

ADJUSTED ASSOCIATION OF TTR V142I VARIANT

WITH CARDIAC STRUCTURE AND FUNCTION. We
observed no significant associations between TTR
V142I variant carrier status and BNP levels at baseline
in the most adjusted model (Model 2) (Table 2).
Similarly, we observed no significant associations
between the presence of TTR V142I variant and hs-
cTnI levels at baseline in the most adjusted model
(Model 2) (Table 2). Finally, the presence of the TTR
V142I variant was also not associated with ECG mea-
sures of cardiac structure and function at baseline,
including LV ejection fraction, LV diastolic dimen-
sion, LV mass index, and relative wall thick-
ness (Table 2).

ASSOCIATION OF TTR V142I VARIANT WITH

TRAJECTORIES IN TROPONIN AND ECG

PARAMETERS. A total of 2,017 participants had a
baseline and at least 1 follow-up measurement of hs-
TnI prior to the development of HF; 1,323 participants
(65.6%) had 3 measurements of hs-TnI recorded. We
observed a significant increase in hs-TnI from visit 1
to visit 3 among V142I TTR carriers (visit 1: 5.8 ng/L;
visit 3: 16.0 ng/L; P ¼ 0.02) but not among noncarriers
(visit 1: 5.6 ng/L; visit 3: 6.1 ng/L; P ¼ 0.39) (Figure 1).
In adjusted linear mixed models, TTR V142I variant
carrier status was significantly associated with higher
levels of hs-TnI on follow-up after adjusting for other
confounders (TTR þ slope: 5.64 (95% CI: 1.48-9.80),
TTR- slope: 0.43 (95% CI: �0.08-0.95); overall P <

0.001) (Table 3). TTR V142I variant carriers who had
consistently elevated hs-TnI levels on follow-up were
older and had a higher burden of traditional CV risk
factors than those without persistently elevated hs-
TnI levels (Supplemental Table 2).

Among ECG parameters, a consistent decline in
QRS duration was observed in both TTR V142I variant
carriers and noncarriers, with no significant differ-
ences observed between carrier statuses. Similarly,
no significant differences in Cornell voltage or PR
duration trajectories were observed between TTR
V142I variant carriers vs noncarriers (Table 3).

ASSOCIATION OF TTR V142I VARIANT WITH THE

RISK OF HEART FAILURE AND OTHER EVENTS. Over
a median follow-up of 12.0 years (IQR: 10.6-12.0
years) from 2005, we observed 258 (8.7%) incident HF
events. Among TTR V142I variant carriers, 11.8%
(n ¼ 14) had incident HF on follow-up. The rate of
total HF hospitalization events (incident þ recurrent)
among TTR V142I variant carriers was 49.6 per 1000
person-years. Among individuals without the TTR
V142I variant, 8.6% (n ¼ 244) had incident HF on
follow-up, and the rate of total HF hospitalization was
31.8 per 1000 person-years. In adjusted Cox models,
TTR V142I variant carrier status was significantly
associated with higher risk of incident HF (HR: 1.80;
95% CI: 1.07-3.05; p ¼ 0.03) (Table 4, model 2) and
overall HF hospitalization (HR: 2.12; 95% CI: 1.23-3.63;
P ¼ 0.007) (Table 4, model 2, Figure 2A). Among in-
dividuals with an incident HF event, TTR V142I
variant carriers had a significantly higher risk of
recurrent HF hospitalization events (HR: 2.24; 95% CI:
1.22-4.12; P ¼ 0.009). In RMST analysis, participants
aged 40, the estimated survival free from HF was 41
years for individuals with TTR V142I variant and 45
years among those without the TTR V142I variant
(mean difference: 4.0 years; 95% CI: 0.6-6.2 years;
P ¼ 0.02) (Figure 2B). Similar results were observed
for individuals aged 60 with a mean difference of 3.8
years (95% CI for difference: 1.0-6.6 years; P ¼ 0.007).
There were no significant differences in the risk of all-
cause mortality and atherosclerotic adverse events (a
stroke or nonfatal myocardial infarction) among TTR
V142I variant carriers vs noncarriers in unadjusted as
well as adjusted analyses (Table 4).

A similar pattern of associations between TTR V142I
variant and risk of incident HF, overall HF hospitali-
zation, recurrent HF hospitalizations, and atheroscle-
rotic adverse events were observed in the matched
case-control analysis (Supplemental Table 3).



FIGURE 1 Chronic Myocardial Injury Burden Over Time Among TTR V142I Carriers

Versus Noncarriers

Trajectory of burden of chronic myocardial injury as assessed by circulating levels of hs-

TnI on follow-up among V142I carriers vs noncarriers. Linear mixed effects models were

adjusted for age, sex, systolic blood pressure, body mass index, estimated glomerular

filtration rate, diabetes status, and incident HF as a time-dependent covariate. hs-

TnI ¼ high-sensitivity troponin-I.
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CHARACTERISTICS OF TTR V142I VARIANT CARRIERS

AND NONCARRIERS WITH VERSUS WITHOUT HF. Base-
line echocardiographic characteristics of participants
with vs without HF on follow-up stratified by their
TTR V142I variant carrier status are shown in
Table 5. Across both TTR V142I variant groups
(carriers and noncarriers), individuals with (vs
without) incident HF on follow-up had higher LV
mass, larger left atrial size, higher relative wall
thickness, and higher levels of BNP and hs-TnI at
baseline. Among participants who developed HF on
Slopes of Linear Mixed Effect Models of Troponin and Electrocardiogra

ome TTR V142I Variant Carrier Slope (95% CI) P Value T

g/L 5.64 (1.48 to 9.80) 0.008

n, ms �2.06 (�6.06 to 1.93) 0.31

ion, ms �1.98 (�3.98 to 0.02) 0.05

ltage, mV 24.82 (�46.47 to 96.11) 0.49

e adjusted for age, sex, systolic blood pressure, body mass index, estimated glomerular filt
e difference in slopes between the TTR V142I carriers vs the noncarriers.

high-sensitivity cardiac troponin-I; mV ¼ millivolts; TTR ¼ transthyretin.
follow-up, there were no meaningful differences in
the baseline characteristics between the TTR V142I
variant carriers vs noncarriers.

DISCUSSION

In this study of community-dwelling Black in-
dividuals from the JHS cohort, the prevalence of the
TTR V142I pathogenic variant was 4%. This was
comparable to the prevalence of V142I carriers re-
ported in other cohorts (2-4). We did not observe any
differences in clinical characteristics, cardiac struc-
ture, function, and levels of biomarkers of myocardial
injury or stress among carriers vs noncarriers in the
JHS. In contrast, prior studies from the ARIC
(Atherosclerotic Risk In Communities) and CHS (Car-
diovascular Health Study) cohorts have demonstrated
subtle abnormalities in cardiac structure, function,
and natriuretic peptide levels among carriers vs
noncarriers (2,4). This may be related to the older age
of participants in the ARIC (aged 67-90 years) and
CHS (aged 65-93 years) cohorts at the time of echo-
cardiographic examination. These observations are
consistent with the notion of delayed clinical pene-
trance of the V142I pathogenic variant in younger
aged participants (<60 years).

We observed a significantly higher incidence of HF
and higher rates of overall and recurrent HF hospi-
talizations among TTR V142I variant carriers (Central
Illustration). Although prior observations from the
ARIC and CHS cohorts have also reported a higher
incidence of HF among carriers, the survival free of
HF and the overall burden of HF have not been
assessed previously (2,4). Our study adds to the
existing published reports by demonstrating a lower
survival free of HF and a greater overall burden of HF
hospitalizations among middle-aged individuals of
the self-reported Black race with TTR V142I variant.
At age 40, the estimated survival free from HF was 4
years lower for individuals with vs without TTR V142I
variant. We did not observe an increased risk of
mortality among carriers (vs noncarriers), which has
phic Parameters Over Time by TTR V142I Variant Carrier Status

TR V142I Variant Noncarrier Slope (95% CI) P Value
Overall
P Valuea

0.43 (�0.08 to 0.95) 0.10 <0.001

�0.41 (�1.35 to 0.53) 0.40 0.20

�2.26 (�2.69 to �1.83) <0.001 0.70

15.35 (�2.17 to 32.87) 0.09 0.66

ration rate, diabetes status, and hs-Tn (except in troponin model). aOverall P values



TABLE 4 Multivariate-Adjusted Associations Between TTR V142I Variant Carrier Status and Risk of Clinical Outcomes

Number of Events
(Rate per 1,000 Patient-Years) Model 1 Model 2

V142I Variant
Carriers

V142I Variant
Noncarriers HR (95% CI) P Value HR (95% CI) P Value

Incident HF 14 (11.2) 244 (8.3) 1.62 (0.94-2.77) 0.08 1.80 (1.07-3.05) 0.03

Overall HF hospitalization 79 (49.6) 1204 (31.8) 1.89 (1.08-3.31) 0.03 2.12 (1.23-3.63) 0.007

Recurrent HF hospitalizationa 64 (44.1) 939 (26.1) 2.07 (1.12-3.81) 0.02 2.24 (1.22-4.12) 0.009

All-cause mortality 8 (5.2) 234 (6.4) 0.96 (0.47-1.94) 0.91 1.02 (0.52-2.00) 0.95

Incident MACE 5 (3.2) 133 (3.7) 1.01 (0.41-2.46) 0.99 0.89 (0.33-2.45) 0.83

Models were assessed by Cox proportional hazard (for incident events) or Anderson-Gill (for overall HF hospitalization and recurrent HF hospitalization) models. MACE is a
composite of stroke and nonfatal myocardial infarction. Model 1 was adjusted for age and sex, and model 2 was adjusted for age, sex, systolic blood pressure, body mass index,
estimated glomerular filtration rate, diabetes status, and high-sensitivity cardiac troponin. MACE is a composite of stroke and non-fatal myocardial infarction. aAmong in-
dividuals with an incident HF event.

BNP ¼ brain natriuretic peptide; HF ¼ heart failure; MACE ¼ major adverse cardiovascular event(s); TTR ¼ transthyretin.

J A C C : H E A R T F A I L U R E V O L . 1 0 , N O . 2 , 2 0 2 2 Coniglio et al
F E B R U A R Y 2 0 2 2 : 1 2 9 – 1 3 8 Transthyretin V142I Variant and Risk of Heart Failure

135
been previously reported in older cohorts (2). Future
studies with longer-term follow-up of the JHS are
needed to determine if the differences in HF hospi-
talization risk translate into differences in long-term
mortality risk.

The mechanism through which TTR V142I variant
carriers may have an increased risk for HF is not well
understood. We observed increased levels of hs-TnI
on follow-up among V142I carriers vs noncarriers.
These findings suggest that V142I pathogenic variant-
associated risk of HF may be driven by microvascular
damage and chronic myocardial injury, which may
precede LV remodeling as shown by comparable CMR
parameters on follow-up in carrier vs noncarrier
groups.
FIGURE 2 Heart Failure-Free Survival and Cumulative Risk of Heart F

A

(A) The mean cumulative probability of HF over time stratified by those w

free survival between individuals with and without a TTR gene pathogen

for patients aged 40 years.
Our study findings have important clinical impli-
cations. In a cohort of exclusively Black adults, we
observed that the TTR V142I variant may identify
middle-aged individuals at an increased risk of HF on
longitudinal follow-up. We also estimated mean sur-
vival time free of HF—a more intuitive and inter-
pretable measure of risk for clinicians and patients
than the previously reported HRs—among individuals
with vs without TTR V142I variant. Furthermore, we
observed a higher burden of chronic myocardial
injury on follow-up among participants with the TTR
V142I variant. These findings highlight the impor-
tance of early screening for the TTR V142I variant as a
strategy to identify individuals at risk of developing
downstream chronic myocardial injury and HF. This
ailure Hospitalization Among TTR V142I Carriers Versus Noncarriers

B

ith and without a TTR gene pathogenic variant. (B) Projected event-

ic variant. Age-based Kaplan-Meier estimated curves are displayed



TABLE 5 Comparison of Echocardiographic Characteristics and Biomarkers Among V142I Pathogenic Variant Carriers and Noncarriers Who Did Versus

Did Not Develop HF on Follow-Up

Echo/Biomarker Characteristics

Participants With TTR V142I Variant Participants Without TTR V142I Variant
P Value for

Comparison of
Columns 3 vs 6

No HF on Follow-Up
(n ¼ 105)

HF on Follow-Up
(n ¼ 14) P Value

No HF on Follow-Up
(n ¼ 2,597)

HF on Follow-Up
(n ¼ 244) P Value

Age, y 52.1 (11.2) 67.6 (4.6) <0.01 54.0 (12.5) 64.5 (11.4) <0.01 0.30

Men 32 (30.5) 4 (28.6) 0.99 977 (27.6) 94 (28.5) 0.83 0.64

Ejection fraction, % 62.5 � 7.6 65.4 � 5.0 0.17 62.3 � 6.7 61.3 � 8.6 0.04 0.08

LV mass indexed to BSA, g/m2 33.4 � 8.1 43.9 � 9.8 <0.01 35.4 � 8.6 41.4 � 10.6 <0.01 0.55

Relative wall thickness 0.3 � 0.0 0.4 � 0.1 0.01 0.3 � 0.1 0.4 � 0.1 <0.01 0.36

LA diameter index, mm 17.6 � 2.0 19.2 � 2.1 0.04 18.0 � 2.2 18.4 � 2.8 0.04 0.44

LV end-diastolic volume indexed to BSA, mL/m2 56.3 � 9.8 64.6 � 17.7 0.05 58.0 � 10.1 62.5 � 15.2 <0.001 0.72

LVOT VTI, cm/s 22.6 � 4.0 26.1 � 4.4 0.02 23.3 � 4.9 24.7 � 9.8 <0.001 0.67

E/A ratio 1.1 � 0.3 0.9 � 0.2 0.02 1.1 � 0.4 1.0 � 0.3 <0.01 0.53

TR peak velocity, cm/s 23.0 � 8.8 27.0 � 6.0 0.18 22.4 � 6.9 26.3 � 9.7 <0.01 0.83

HS-troponin, ng/L 2.8 � 1.9, 4.2 6.0 � 3.8, 13.5 <0.01 3.0 � 2.2, 4.5 5.2 � 3.5, 9.0 <0.01 0.40

BNP, pg/mL 6.9 (2.1, 15.8) 15.6 (6.1, 47.7) 0.05 6.9 (2.3, 15.1) 16.1 (6.3, 38.7) <0.01 0.95

Values are n (%), mean � SD, or median (25th percentile, 75th percentile) for hs-TnI and BNP.

BNP ¼ B-type natriuretic peptide; E/A ¼ ratio of peak velocity blood in early diastole (left ventricular relaxation) to peak velocity blood in late diastole (atrial contraction); LA ¼ left atria;
LV ¼ left ventricle; LVOT ¼ left ventricle outflow tract; TR ¼ tricuspid regurgitation; TTR ¼ transthyretin; VTI ¼ velocity-time integral.
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is particularly relevant considering the advancement
in the therapeutic options for treating cardiac
amyloidosis.
STUDY STRENGTHS AND LIMITATIONS. The
strengths of our study include the relatively younger
age of our study cohort, availability of cardiac bio-
markers at multiple time points on follow-up,
LUSTRATION Epidemiology of TTR V142I Variant in
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s prevalent in 4% of Black adults from the Jackson Heart Study. The V142I va

l injury, higher risk of heart failure hospitalization, and lower survival-free h

and adverse left ventricular remodeling at baseline or follow-up.
availability of echocardiographic examination at
baseline, and CMR phenotyping on follow-up. Our
study also has several limitations that are worth
noting. Overall, the sample size of individuals with
the TTR V142I variant is small, as is the number of
patients undergoing CMR evaluation. In addition,
data for the development of HF was obtained by
Middle Aged Self-Reported Black Adults

nce in
 TTR-

odeling

riant carrier status was associated with greater downstream burden
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self-reporting in the first few years of follow-up, and
adjudicated HF events were only available after 2005.
Furthermore, the baseline echocardiographic exami-
nation did not include longitudinal strain imaging,
which would be helpful in the evaluation of early
signs of cardiac amyloid. However, the CMR-based
examination on follow-up allowed us to compare
the measures of LV strain among those with vs
without the TTR V142I variant. Data for clinical
manifestations of amyloid cardiomyopathy or
neurologic findings of amyloidosis on follow-up were
also not available. Future studies are needed to
determine if early identification and treatment of
TTR V142I variant carriers may modify chronic
myocardial injury and HF risk trajectory.

CONCLUSIONS

Although the clinical penetrance of TTR V142I path-
ogenic variant among middle-aged self-reported
Black individuals is low, it is associated with a lower
survival free of HF and higher burden of HF hospi-
talization in older age. Future studies with repeated
assessment of the cardiac structure, function, and
longer-term follow-up on clinical events are needed
to understand better the implications of the TTR
V142I variant on the epidemiology of HF among Black
individuals.
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COMPETENCY IN MEDICAL KNOWLEDGE: Among Black

adults from the JHS, the TTR V142I variant is associated with a

significantly higher burden of chronic myocardial injury and risk

of HF hospitalizations.
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evaluate whether early screening for TTR V142I variant may

identify individuals who may be targeted with effective therapies

to modify downstream risk of heart failure.
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