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Abstract

Many African-Americans carry an amyloidogenic transthyretin mutation (TTR V122l), with a high
risk for cardiac TTR amyloid deposition after age 65. We wished to determine the allele frequency
and its clinical penetrance in community-dwelling African-Americans.

Study subjects—5000 consenting African-Americans, ages 41 to 93, in two community studies
of cardiovascular risk (CHS and ARIC).

Methods—genotyping of banked DNA for TTR V1221 allele status; review of cardiovascular and
demographic parameters in CHS and ARIC databases with statistical comparisons of the frequency
of congestive heart failure, survival and occurrence of features of cardiac amyloidosis, in carriers of
the amyloidogenic allele and controls.

Results—119 (3.23%) of 3712 ARIC and 17 (2.12%) of 805 CHS African-Americans carried TTR
V122l. After age 65 (CHS) the frequency of congestive heart failure (38% vs 15%, RR 2.62, p =
0.04) and mortality (76% vs 53 %, RR 1.46, p =0.08) were higher in V122l allele carriers than in
age, gender and ethnically matched controls. In ARIC (all subjects younger than 65) there were no
differences between carriers and non-carriers in mortality, frequency of congestive heart failure or
findings consistent with cardiac amyloidosis.

Conclusions—Heterozygosity for the amyloidogenic TTR V122I mutation is relatively common
in community dwelling African-Americans. Before 65 the allele has no discernible impact on cardiac
function or mortality. After age 70carriers show a higher frequency of congestive failure and greater
mortality with more echocardiographic evidence suggestive of cardiac amyloidosis, findings
consistent with age dependent clinical penetrance of this autosomal dominant gene.
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Introduction

Cardiac amyloidosis is a serious form of cardiomyopathy with a uniformly fatal outcome.
Cardiac amyloid may be derived from immunoglobulin L-chains (AL), but in the elderly the
precursor of the deposited fibril is frequently the wild type homotetrameric serum protein
transthyretin (TTR) (Senile Systemic Amyloidosis) or a subset of TTR mutations (Familial
Amyloid Cardiomyopathy) in which cardiac deposition is dominant (1).

Elderly African-Americans are subject to an autosomal dominant form of cardiac amyloidosis
in which isoleucine is substituted for valine at TTR position 122 (TTR V122I) (2;3). There are
an estimated 1-1.5 million carriers of the allele in the U.S. with eleven per cent in the age group
at immediate risk. The allele renders the TTR homotetramer Kinetically unstable enhancing
the rate of dissociation of the monomer, which misfolds, aggregates and deposits in the
myocardium (4). It is rare in individuals of non-African descent (5).

A large post-mortem study, encompassing the results of 52,000 autopsies performed from 1949
to 1982, did not find cardiac TTR amyloid deposition prior to age 60. The frequency increased
with each decade thereafter and was higher in African-Americans than in Caucasian-Americans
or Hispanics of Mexican origin (1)’ (6). All TTR VV122] allele carriers had some TTR amyloid
deposition in their hearts after age 65. However there was insufficient information available
to assess its clinical impact. Hence the penetrance of the allele, i.e. the association of heart
failure, arrhythmia or echocardiographic abnormalities consistent with cardiac amyloidosis
was not established.

In a more clinical analysis African-Americans under 65 with NYHA stage Il and IV heart
failure, participating in BEST, the frequency of the amyloidogenic allele was the same as in
the general African-American population (3.5%) but in those over 65 ten percent were allele
carriers, suggesting that elderly African-Americans with severe congestive heart failure were
more likely to have the allele than those without heart failure or those with similar degrees of
heart failure under age 65 (7). A recent report from a major amyloidosis clinical research center
indicated that approximately half the African-Americans with congestive heart failure and a
biopsy confirmed diagnosis of cardiac amyloidosis carry the amyloidogenic allele (8).

In order to determine whether clinical heart disease was increased among the allele carriers in
a less ascertainment-biased manner we elected to compare the frequency of congestive heart
failure, arrhythmias, echocardiographic features of cardiac amyloidosis and mortality in
carriers and non-carriers of the amyloidogenic allele in two community dwelling African-
American populations. In one (CHS) all participants were over 65, while in ARIC all subjects
were younger than 65. We hypothesized that if TTR V1221 cardiac amyloidosis behaves as an
autosomal dominant disease with age dependent penetrance ARIC allele carriers would have
no greater frequency of clinical features associated with cardiac amyloidosis than individuals
carrying the wild type allele, while CHS TTRV122I positive subjects might display more
frequent congestive heart failure, higher mortality and more clinical evidence of cardiac
amyloidosis.

Materials and Methods
"The authors are solely responsible for the design and conduct of this study, all study analyses,
the drafting and editing of the paper and its final contents."”

Study Objectives

1. To determine the carrier frequency of the TTR V1221 allele in community-dwelling African-
Americans above (CHS) and below (ARIC) age 65.
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2. To establish whether carriers of the amyloidogenic allele displayed an increased frequency
of congestive heart failure and decreased survival.

3. To ask if TTRV122I carriers showed more echocardiographic and electrocardiographic
features consistent with cardiac amyloidosis than non-carriers.

Populations Studied

CHS is an observational study that has subjects in four geographic centers with participants
selected to represent a community demographic sample relatively free of ascertainment bias,
except for age (9). From 1989 to 1990, 5201 subjects of all races were recruited and examined;
an additional 687 self-identified African-Americans were added between 1992 and 1993. CHS
ultimately enrolled 931 African-Americans, primarily from Forsyth County, North Carolina.
The CHS population ranged in age from 65 to 93 at the time of enrollment. All had detailed
medical histories recorded, complete physical examinations, electrocardiography and
echocardiography performed according to standardized protocols (10;11).

ARIC was designed to analyze cardiac risk in a community-based population (15,792 subjects)
45 to 64 years old in 4 communities (Jackson, MS, Forsyth County, NC, Washington County,
MD and the northwestern suburbs of Minneapolis, MN) (12). The African-American cohort
(4266 participants) was recruited primarily in Jackson, MS (approximately 90%), with smaller
groups of subjects from the other sites. Baseline studies were performed between 1986 and
1989 (13). Echocardiography, according to a prescribed standard protocol, was carried out in
Jackson at visit 3 between 1993 and 1995 (14;15).

Ethnicity and Genotyping

The ethnicity of the participants in both studies was established by self-identification. Both
studies had central stored plasma and DNA collections obtained from consenting participants
(16-24).

Genotyping was performed on genomic DNA obtained from consenting participants using two
nested polymerase chain amplification assays (25) (26). Each sample was assayed at least
twice, some as many as four times by at least two investigators.

Clinical Analyses

The clinical data were acquired prospectively independent of the genotyping results. After
genotyping was completed we analyzed the clinical, electro and echocardiographic data
provided by the CHS and ARIC Coordinating Centers (11;12). We compared the clinical,
electrocardiographic and echocardiographic features and the frequency of potentially
interacting conditions, including hypertension and diabetes, of the TTR V122l allele carriers
with homozygous wild type subjects. Evidence from an independent study indicated that
smoking had no effect on outcome or presentation so smoking history was not included as a
variable in the analysis.

We utilized CHS and ARIC determinations of the occurrence of incident congestive heart
failure (CHF), which involved adjudication by expert panel review of the history, physical
findings and chest x-ray reports (CHS). Self-report was confirmed by the presence of fatigue,
dyspnea, orthopnea and paroxysmal nocturnal dyspnea in the medical record, the
documentation of physical findings including edema, pulmonary rales, gallop rhythm,
displaced LV apical impulse, and confirmation by chest x-ray. Ingestion of medications
prescribed for heart failure including a diuretic and digoxin and/or a vasodilator supported the
diagnosis (27).
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Ages at death and causes of death (although no autopsy results) were available in both
databases.

The details of acquisition of the electrocardiographic and echocardiographic data in both
studies have been reported (10;11;13;15). We compared features included in the database that
have been associated with clinically significant cardiac amyloid deposition in carriers and non-
carriers of the amyloidogenic allele (28-30).

Statistical Analyses

Results
Genotyping

We used non-parametric Mann-Whitney statistics to compare echocardiographic
measurements in allele carriers and controls in both the ARIC and CHS cohorts (Instat Prism).

The earlier autopsy analysis suggested that the appearance of cardiac pathology and symptoms
were likely to be age related and that deaths in the TTR V1221 cohort might peak in the eighth
decade while those associated with wild type TTR continued to increase through the ninth
decade. To accommaodate this possibility we constructed a synthetic case control study in which
a subset of allele negative CHS participants more closely comparable to the identified allele
carriers in age (with birth dates within one year) were analyzed as controls for the V122
positive subjects. It was not possible to perform a formal matched case control analysis since
there were many more females than males (71 females and 14 male allele negative controls
compared with 11 female and 6 male allele carriers), and the proportion of allele positive and
allele negative individuals in the 1 year age blocks also varied, although all were over age 65,
thus in the age group at risk. We randomly chose approximately five times as many non-carrier
individuals (88) that were comparable to the allele carriers (17) in age (being born in the same
years) and gender (as a group but without individual matching) and ethnicity.

The potential mortality effect of the TTR V122l allele was assessed by a variety of methods.
We compared the number of surviving individuals to the number that were dead at the time of
analysis using Fisher’s exact test (Table 2). Kaplan Meier plots were constructed for the TTR
V1221 (17 subjects) and TTR V122V (788 subjects) subsets comprising the entire African-
American CHS study population (Figure 1). We utilized logrank tests and Cox regression, with
age and gender as stratification factors (covariates).

DNA samples were successfully genotyped from all 805 consenting African-American
participants in CHS (Table 1). Seventeen (11 females and 6 males) carried the amyloidogenic
V1221 TTR allele. The prevalence was 2.12%, with an allele frequency of 0.011. No
homozygotes were identified.

Of the 4266 ARIC African-Americans, we obtained clear genotyping results from 3712 (83%).
Of the 17% without results, 7% had no DNA available. The remaining non-informative samples
(10%) did not amplify well under the conditions of either of our assays or gave equivocal results
that could not be resolved, presumably related to the quality of available DNA, hence were
dropped from the analysis. We identified 117 heterozygotes and 2 homozygotes for an overall
prevalence of 3.23% (allele frequency 0.0167). In the Jackson cohort (3592 successfully
genotyped) the prevalence was 3.45%. In the 529 non-Jackson subjects, primarily from Forsyth
County North Carolina, the prevalence was 1.56% (P = 0.04) (see Table 1).
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Electrocardiograms

The frequency of incident atrial fibrillation was low and virtually identical in CHS (0/11 vs
11/653, P = 1) and ARIC African-American carriers and non-carriers. Low voltage across the
precordium was not recorded for any allele carrier.

Congestive Heart Failure

In ARIC the reported incidences of orthopnea (12% vs 16% P = 0.3), paroxysmal nocturnal
dyspnea (15% vs 13% P = 0.74) and peripheral edema, representing signs of congestive heart
failure were similar in subjects positive and negative for the amyloidogenic allele.

In CHS the relative risk (RR) for the incidence of congestive heart failure in the total study
population and the post-hoc matched subset was increased in the V1221 carriers, 2.62 [95% CI
1.28-5.37] and 1.75 [95%CI 0.79 — 3.86] (respectively) with the difference in the analysis of
the entire CHS population being statistically significant (P = 0.04) (Table 2). TTR V122l
carriers represented 2.8 percent of African-American individuals with congestive heart failure
in all of CHS, but almost 7 percent in the similar age and gender analysis.

Echocardiography

Mortality

Only ten of the seventeen CHS allele carriers had interpretable echocardiograms, severely
limiting our statistical power to clinically determine whether cardiac amyloidosis was
responsible. Nonetheless when we examined features associated with cardiac amyloidosis we
found that both the interventricular septum and posterior ventricular wall were thicker in allele
carriers than controls (Table 3). The differences were more significant in the more closely age
matched group than in the entire cohort. While the tendency toward a lower E/A was seen in
the TTR V1221 carriers in both analyses it did not reach statistical significance in either set. In
the total CHS study population there was no difference in left ventricular mass (LVM). In the
smaller age and gender comparable group LVVM was greater in the allele carriers but the
difference was not statistically significant.

In ARIC the results of M-mode and 2D echocardiograms were available for more than 1500
of the African-Americans, all in Jackson, thus providing a statistically more robust sample than
available from CHS. The 1500 included 50-60 allele carriers. There were no differences
between carriers of the amyloidogenic and wild type alleles (Table 3). Representative ARIC
data are shown for comparison between the TTR V1221 and TTR V122V subjects. They cannot
be compared with the CHS echocardiographic data, since the echocardiograms were obtained
by different observers using different protocols.

Approximately 15 years after enrollment in the study a larger proportion of the CHS V122I
carriers than V122V subjects had died. Those individuals constituted a larger fraction of the
total study deaths than of the initial study subjects, i.e. 3.2% of all deaths vs. 2.1% of all
participants at entry. In the total CHS population the relative risk (RR) for death was 1.95 (95%
Cl10.92 - 4.14) (allele carriers/controls), while in the age and gender comparable analysis the
RR was 2.59 (95%CI 1.01 — 6.63) (Table 2). The distribution of the recorded causes of death
did not differ between groups.

A Kaplan-Meier plot of overall survival for the TTR V122V and VV122I groups with survival
information as of June 2008 shows that the two survival curves barely overlap (Figure 1). The
difference between the two curves achieves statistical significance: x= = 5.39, p=0.02 via
stratified logrank analysis with stratification for gender; or, p=0.03 via Cox regression, with
gender as a covariate (itself significant at p<0.001). Hence TTR V1221 is associated with higher
mortality in the CHS population.
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In ARIC there was no difference in mortality between the V122] and V122V carriers. 24% of
the carriers of the amyloidogenic allele and 26% of the allele negatives had died (P=0.64).

The frequencies of diabetes mellitus (18% of allele negatives vs. 27% allele positives on oral
hypoglycemic agents or insulin) and hypertension (7.5% of allele negatives vs. 9% of allele
positives had systolic blood pressures over 145 and diastolic readings over 90) were not
significantly different between the allele and non-allele carriers in CHS. The sample size was
not large enough to determine if either diabetes or hypertension had an impact on the frequency
of congestive heart failure. There did not appear to be any effect on mortality.

Discussion

CHS and ARIC are population based studies of cardiovascular risk in the community with
substantial African-American cohorts. Combined they included subjects 41 to over 100 years
old. The frequency of the TTR V122] allele in African-American participants in CHS (0.011)
was lower than in ARIC (0.016) with the difference approaching statistical significance (p =
0.10). The analysis of the survival data from CHS shows that TTR V122] is associated with
reduced survival compared to the wild type allele (Figure 1). The absence of any effect in ARIC
African-American participants who have not yet reached the age at risk, i.e. 65, supports a
causative relation. If the amyloidogenic allele had an impact on survival throughout life one
would have expected to see increased mortality in the allele carriers in both ARIC and CHS.
A significant proportion of the ARIC cohort has since passed age 65. Among the males Kaplan
Meier plots indicate a similar mortality effect of the amyloidogenic allele as seen in the CHS
study. However among the female carriers no such effect was seen. The latter could reflect the
general effect of gender on mortality.

It is possible that the lower prevalence of the TTR V1221 allele in CHS could also reflect
genetic stratification, such that the CHS African-Americans differ from other African-
American populations with higher allele frequencies. The degree of admixture in the CHS
population is approximately 24% (31), while that in ARIC is approximately 18% (Kao, L,
personal communication), a 25% difference, which is insufficient to account for the TTR VV122I
prevalence difference, (i.e. 3.23% vs 2.12%; 3.23-2.12 = 1.11/2.12 = 52%). It is likely that the
difference in prevalence reflects a combination of age, i.e. survival effect, and stratification.

There is a higher risk of heart failure after age 70 (5 years after the appearance of anatomic
cardiac amyloid deposition at autopsy) in the allele carriers than in controls (6). The TTR V122
carriers make up almost 7 percent of the individuals with heart failure over age 70 in the case
control cohort, a proportion similar to the 10 percent allele frequency in the over 60 age group
with heart failure studied in BEST (7).

Analysis of the original CHS echocardiographic data (Table 3) showed that features associated
with cardiac amyloidosis are more common in the allele carriers than in the controls. The
relatively small number of carriers limited our power to identify such differences yet the Mann-
Whitney analysis of the data from the comparisons between allele carriers and the age, gender
and ethnically similar allele negative individuals suggested that even in a grossly under-
powered study statistical trends support the association of the TTR V122l allele with findings
consistent with cardiac amyloidosis in the elderly, particularly in the absence of similar trends
in a much larger population that has not yet reached the age at risk.

There did not appear to be any interaction with hypertension or diabetes since their frequencies
were similar in both allele and non-allele CHS carriers. Further when we compared the
frequency of diabetes and hypertension, systolic, diastolic or both, between TTR V122V and
TTR V1221 carriers there were no significant differences in the proportion of diabetic or
hypertensive participants in each cohort that had died. A similar comparison of surviving
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subjects carrying the two alleles showed that the only significant difference was a higher
proportion of individuals with elevated systolic blood pressure among the living V122] carriers.
It is noteworthy that within a study population that might be expected to show similar
abnormalities in cardiac function as a result of other cardiovascular pathology, the presence of
the amyloidogenic TTR allele still appears to be discriminant in the at risk age cohort.

The CHS analysis was limited by missing data and technology that while adequate was not
equal to what is presently available to perform similar analyses (32;33). Endomyocardial
biopsies or autopsy specimens were not available in CHS hence we could not anatomically
confirm that all the allele carriers had cardiac amyloidosis, as was convincingly shown in the
earlier autopsy study (6). Nonetheless in the aggregate in community-dwelling African-
Americans over age 65 the TTR VV122] allele is associated with a higher incidence of congestive
heart failure, a greater chance of death and the suggestion of more echocardiographic features
of cardiac amyloidosis. The same associations were not seen in a similar population examined
before age 65 reinforcing the notion that heterozygosity for the amyloidogenic allele produces
disease only after age 65.

If the clinical penetrance of the allele is high starting in the seventh decade genetic testing at
age 60 might be useful in identifying individuals at risk before the appearance of clinical and
perhaps anatomic disease so that they could be evaluated echocardiographically or by cardiac
magnetic resonance imaging. Such testing would have two purposes. In the event of the
subsequent development of congestive heart failure it would suggest avoiding potentially toxic
therapies such as digoxin, calcium channel blockers and perhaps ACE inhibitors (34-37). In
the longer term it would identify individuals who might benefit from treatment with compounds
capable of aborting the process of TTR amyloidogenesis which, when available, could be used
for both prophylaxis and therapy (38).
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Table 2

Clinical Features of African-American Participants in CHS

Parameter  AFib. CHF CHF>70
All Consenting CHS Participants

V1221 0/11 5/17 5/13
Vi22v 9/591 172/788 79/538
RR 0 1.35 2.62
95% ClI 0.64-286 1.28-5.37
P 0.55 0.04

Age and Gender Comparable CHS Participants

V1221 0/11 5/17 5/13
Vi22v 179 19/88 16/67
RR 0 1.36 1.75

95%ClI 0.59-3.15 0.79-3.86
P 0.5 0.29

Death @ 15 yrs

13/17
414/788
1.46
111-191
0.08

13/17
36/88
1.87
1.30-2.69
0.009

Page 12

N.A. = not available; RR = relative risk, the risk of the particular clinical feature in the V122l allele carriers relative to the corresponding risk in the

V122V controls ; Cl = confidence interval.

*
by logrank
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