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Abstract

Background Variant transthyretin amyloidosis (A-ATTRv) is an autosomal dominant disease caused by a range

of TTR gene variants which entail great phenotypical heterogeneity and penetrance. In Majorca, the A-ATTRv caused
by the V30M gene variant (A-ATTRV30M) is the most common. Since asymptomatic carriers are at risk of develop-
ing the disease, estimating age of onset is vital for proper management and follow-up. Thus, the aim of this study
was to estimate age-related penetrance in ATTRV30M variant carriers from Majorca.

Methods The disease risk among carriers from ATTRV30M families from Majorca was estimated by Non-parametric
survival estimation. Factors potentially involved in the disease expression, namely gender and parent of origin were
also analysed.

Results A total of 48 heterozygous ATTRV30M families (147 a ected patients and 123 were asymptomatic carriers)
were included in the analysis. Penetrance progressively increased from 6% at 30 years to 75% at 90 years of age. In
contrast to other European populations, we observe a similar risk for both males and females, and no di erence of risk
according to the parent of origin.

Conclusions In this first study assessing the age-related penetrance of ATTRV30M variant in Majorcan families,
no e ect of gender or parent of origin was observed. These findings will be helpful for improving management
and follow-up of TTR variant carrier individuals.
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Introduction

Amyloidosis refers to a group of diseases arising from
the aggregation of structurally modified proteins, result-
ing in the formation of insoluble fibrils and deposition
within various tissues and giving rise to organ complica-
tions. Currently, a total of 42 protein precursors linked
to amyloidosis have been pinpointed, with Transthyre-
tin (ATTR) standing out among them [1]. Transthyretin
amyloidosis (A-ATTR) is caused either by variants in the
TTR gene (A-ATTRv) or by the aggregation of wild-type
TTR protein (A-ATTRwt) [2]. Variant transthyretin amy-
loidosis (A-ATTRv) is an autosomal dominant disease
characterized by transthyretin-derived amyloid accumu-
lation in various organs and tissues that leads to progres-
sive dysfunction and eventually death [3]. More than 140
pathogenic variants of the TTR gene have been described
so far, being V30M the most frequent worldwide. In the
island of Majorca, A-ATTRV30M phenotype is consid-
ered endemic due to the high incidence of the disease
[4-6].

A-ATTRv shows high phenotypic heterogeneity, with
clinical manifestations including progressive peripheral
(sensorimotor) and autonomic polyneuropathy, cardio-
myopathy, nephropathy and gastrointestinal or ocular
manifestations [3, 7]. The phenotype depends on the
genetic variant, on the age of disease onset (AO) (which
varies widely among different populations), and also on
other factors not yet elucidated. This high heterogeneity
makes A-ATTRv a challenging disease to recognize and
manage, causing frequent diagnosis delays and misdiag-
nosis [3, 8]. Since currently available disease-modifying
therapies can preserve the neurological function and
reduce the disease burden [9], early diagnosis (and treat-
ment) is of paramount importance to avoid significant
and irreversible deterioration.

Once the A-ATTRv diagnosis is confirmed, presymp-
tomatic genetic testing of relatives can help identifying
asymptomatic carriers of TTR variants, who are at risk of
developing A-ATTR. Establishing the risk these individu-
als have of developing A-ATTR (penetrance) is of utmost
interest. Incomplete penetrance in variantcarriers has
been previously described in different populations [10—
14]. In addition, anticipation (AC), i.e., the occurrence
of a significantly earlier AO within each generation has
been described for A-ATTRV30M patients worldwide
[15-18]. Finally, factors such as male gender or parent of
origin (POO) effect (maternal) have also been proposed
as risk factors for an enhanced penetrance [11, 13, 19,
20].

Current estimates of disease penetrance in variant car-
riers vary widely between populations and may be biased
by uncertainties about the genetic variants. In our study,
the aim was to provide reliable estimates of the disease
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risk in ATTRV30M Majorcan carriers. We searched a
large sample of ATTRV30M families from Majorca and
we evaluated potential factors modifying the AO through
non-parametric survival estimation (NPSE).

Materials and methods

Between 2002 and 2018, data from ATTRV30M fami-
lies monitored at the multidisciplinary amyloidosis unit
at the Hospital Universitario Son Llatzer (Majorca) were
collected. Based on the literature and on clinical experi-
ence, only adult subjects were included in the study.

For pedigree construction, raw data was anonymized,
coded and entered on Pedigree XP software (version
2.1.091, 2015).

Demographics and clinical data were collected through
personal communication with the index patient, their
relatives and from the medical records. Demographics
and clinical variables included were: age, gender, year of
birth, date of last news (or death) for all individuals, and
genotypic status, when available. The AO was set at the
time of the first clinical manifestation related to the dis-
ease with certainty, as described elsewhere [21]. Patients
with <50 years at disease onset were classified as ‘early-
onset, and patients with >50 years at disease onset were
classified as ‘late-onset’ patients.

Statistical methods

Demographics and clinical variables were expressed as
frequencies, percentages, means, standard deviations
(SD) and range (min—max).

Disease risk estimate was determined using NPSE, as
previously described [22]. For estimating the disease risk
according to the POO, the algorithm calculated the likeli-
hood of the transmitting parent depending on the whole
structure of the family, as described elsewhere [23].

Differences of the penetrance curves between groups
were evaluated using a likelihood ratio test in the Cox
model. All analyses were conducted using R software
(version 3.6.1) and survival package (version 2.37-4). Dif-
ferences between groups for quantitative variables were
compared using the Student’s t test, and for categorical
variables with a chi—square test.

Results

Characteristics of A-ATTRv in Mallorca population

A total of 51 heterozygous ATTRV30M families were
included in the study. Among them, 3 kindred were
excluded due to lack of information, and eventually 48
families (428 subjects) were retained for analysis. The
characteristics of the subjects included in the study are
presented in Table 1. The present study included 147
A-ATTRy affected patientsand 123 asymptomatic carri-
ers. Overall, there was a significant higher proportion of
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Table 1 Characteristics of the ATTRV30M amyloidosis families

Total, n Male, n Female, n
Number of families 48 - -
Studied subjects 428 250 178
A ected patients 147 86 61
Asymptomatic carriers 123 53 70
Mean AO+SD 50+17 47+17 50+15
[Range] [22-82] [22-82] [22-81]

men, sex ratio 1.4 (P=0.03). Besides, there was a higher
proportion of males (58.5%) among affected patients,
and a higher proportion of females among asympto-
matic ATTRV3OM carriers (56.9%). The mean AO was
50+ 17 years, with a range from 22 to 82 years old. No
differences on AO according to patients’ gender were
observed. Early- and late-onset patients were observed
simultaneously in 40% of families.

Penetrance pro le

The age-related penetrance profile is shown in Fig. 1. The
risk of disease increases gradually from the age of 25,
where the penetrance is 4% [95% CI 1-6], to 25.3% [95%
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CI 19.1-31.1] and 48.4% [95% CI 38.9-56.4], at 50 and
70 years, respectively. Penetrance reached 69.5% [95% CI
57.9-77.9] at 80 years and remained stable from 80 years
old onwards (Table 2).

Male gender has been proposed as a potential risk fac-
tor for enhanced penetrance; therefore, we considered
the disease risk by gender. We observed a similar risk
for both male and female without significant differences
(P=0.91) (Fig. 2). Moreover, disease risk is stable from
age 80 years probably because there is a lack of informa-
tion in this age interval (Table 3).

Analysis of the disease risk according to the POO is
shown in Fig. 3. No difference of risk according to the
POO was observed (p =0.88) (Fig. 3, Table 3).

Discussion

The results from the present study provide data on the
age-dependent penetrance profile of ATTRV30M variant
carriers in Majorcan and factors potentially involved on
gene penetrance.

The mean age of disease onset varies considerably
among European A-ATTRV30M foci, ranging from the
30s in the Portuguese population, to the 60s in the Swed-
ish population [14, 24, 25]. In the Majorcan popula-
tion, a mean AO of 50 years was observed, in line with
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Fig. 1 The disease risks (penetrance) in ATTRV30M families according to age
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Table 2 Disease risk estimates according to the age

Age (years) Penetrance (in %)
[95%ClI]
20 0
30 59
[3.6-10.2]
40 195
[14.2-247]
50 253
[19.1-31.1]
60 348
[27.1-415]
70 484
[38.9-56.4]
80 69.5
[57.9-77.9]
90 746
[61.7-83.1]

previously published data [26]. Thus, AO in Majorcan
cohort may be considered an ‘intermediate’ value, with
also a wide range of AO (22-82 years old). This broad
range is also observed in both subpopulations with a
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similar mean AO [9] or higher/lower AO [13, 19, 25].
Besides, we observed simultaneous occurrence of early-
and late-onset cases in 40% of the families. These ratios
are in line with data reported in Sweden (30%) [13], but
much higher than those observed in Portuguese and
French kindred (12% and 15%, respectively) [25]. In the
Majorcan cohort, a decrease in AO within each genera-
tion has been observed [27] and it may partially explain
the coexistence of early and late onset populations.
Estimation of the disease risk is of outmost importance
for asymptomatic carriers, and little data is available so
far. When compared to other European population, the
estimated disease risk was similar to French ATTRV30M
families [10, 28]; it was lower than Portuguese popula-
tion (with 95% at 90 years) [25], and it was higher than
in Swedish population (with 64% at 80 years) [13, 25].
In addition, the risk increased steadily from the age
of 25 years until the age of 85 years, with similar fig-
ures of sustained increase observed in other European
ATTRV30M foci, particularly in Sweden and in France
[10, 13]. Furthermore, penetrance was also observed to
differ widely among patients carrying other variants, as
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Fig. 2 Disease risk estimates according to the gender

[17.4-
32.3]

[17.4-
32.4]

25.2 34.7 48.2 69.3 74.3
[24.8- [35.5- [53.7- [57.5-
432 58.4] 79.6] 84.4]
25.3 34.6 483 69.3 74.5
[25.1- [36.3- [54.8- [58.6-
43.1] 58.0] 79.2] 84.0]



Cisneros-Barroso et al. Orphanet Journal of Rare Diseases

Table 3 Disease risk estimates according to the gender and
parent of origin

(2023) 18:255

Age Gender* POO**
(years) Penetrance (in %) Penetrance (in %)
[95%ClI] [95%ClI]
Male (n=234) Female (n=194) Father Mother
20 04 04 04 04
[0-1.2] [0-12] [0-1.8] [0-12]
30 59 59 6.8 70
[3.3-104] [3.3-104] [32-102] [33-10.5]
40 195 195 19.2 19.7
[12.8-25.6] [12.8-25.7] [12.6-253] [13.0-25.9]
50 252 253 248 255
[17.4-32.3] [17.4-32.4] [17.0-319] [17.7-326]
60 347 346 342 350
[24.8-432] [25.1-43.1] [243-427] [25.4-434]
70 482 483 476 487
[35.5-584] [36.3-58.0] [349-578] [36.7-584]
80 69.3 69.3 68.6 69.7
[63.7-79.6] [54.8-79.2] [62.9-79.0] [55.2-795]
90 743 745 736 747
[57.5-84.4] [58.6-84.0] [56.7-839] [59.1-843]

POO: parent of origin
*P value =0.02; **P value <0.001
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for example, Vall122Ile and Thr60Ala variants showing
very low penetrance [25, 29-31].

The reported variability in penetrance, mean AO and
AO range illustrates the high heterogeneity of the dis-
ease phenotype, which is probably linked to a multifacto-
rial origin. Although not yet elucidated, several elements
such as genetic [32], epigenetic [33] and environmental
factors [34] have been proposed to explain this varia-
tion. One plausible hypothesis for the unique character-
istics of our population is that 93% of subjects carrying
V30M are also carriers of the G6S variant (unpublished
data). G6S is considered a benign variant [35], but a role
as a phenotype modifier cannot be discarded. Given that
ATTRV30M foci do not share a geographic area, envi-
ronmental factors should play a crucial role.

Previously published results in the Portuguese and
Swedish ATTRV30M families [11, 13] showed higher
penetrance and anticipation in case of maternal trans-
mission. While we did not observe a POO effect on
penetrance, we previously reported a trend towards
an increased anticipation among offspring of affected
mothers [27]. To note, the small size of our cohort could
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Fig. 3 Disease risk estimates according to the parent of origin
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explain the lack of statistical difference based on the sex
of affected parents.

Strengths and limitations

This is the first study estimating disease risks on a large
number of kindred from Majorcan families using a non
parametric approach (NPSE) to optimize risks estimates
[22]. This methodology does not require statistical law; it
can manage all genotypes, and it also takes into account
the covariates effect on the disease risk. Thus, it pro-
vided robust data useful for an age-dependent genetic
disease such as A-ATTRv. Moreover, the NPSE method
is designed for autosomal dominant transmission and its
use has been validated in A-ATTRv [22].

Nevertheless, we are aware of some limitations and
we assume that results must be interpreted in this con-
text. In families from Majorca Island, one might expect
consanguineous links; however, no homozygotic sub-
jects have been reported in our population. Compared to
other Spanish areas, Majorca Island do not show different
runs of homozygosity, so the consanguinity would not
be a major factor impacting on the present results [36].
Thus, the sample included in this study is quite large and
provides reliable data contributing to the existing body of
evidence in the Majorcan ATTRV30M population.

Clinical implications and further research
Currently, we have no tools to predict the disease AO
or its penetrance, and no biomarkers for the disease
onset have been identified so far. Therefore, all carri-
ers must be strictly monitored from their identification
onwards. Recently, new recommendations point out to
start monitoring individuals at risk about 10 years prior
to predicted AO [21]. In the future, identification of fac-
tors potentially involved in penetrance modulation, such
as patients’ gender or environmental factors may help
elucidating disease risk in future studies. Thus, further
research focused on biomarkers and factors impacting
on penetrance will be crucial to improve disease manage-
ment and follow-up.

In conclusion, the results of the present study will be
helpful to adjust genetic counselling and to improve
management and follow-up of gene carrier individuals.
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