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ABSTRACT

Introduction: Transthyretin amyloidosis (ATTR
amyloidosis) is a progressive, clinically hetero-
geneous disease with spontaneous (wild-type)
and hereditary (ATTRv) forms. The Glu89Gln
variant is primarily associated with cardiomy-
opathy and prevalent in Italy and Bulgaria. The
objective of this analysis was to better under-
stand the profile of patients with ATTRv
Glu89Gln amyloidosis in the Transthyretin
Amyloidosis Outcomes Survey (THAOS).
Methods: THAOS is an ongoing, global, longi-
tudinal, observational survey of patients with
ATTR amyloidosis, including both inherited
and wild-type disease, and asymptomatic

carriers with mutations in the transthyretin
gene. Demographic and clinical characteristics
of all symptomatic patients with the ATTRv
Glu89Gln variant enrolled in THAOS are
described (data cutoff, January 6, 2020).
Results: There were 91 patients with ATTRv
Glu89Gln amyloidosis with the majority from
Bulgaria (n = 53) or Italy (n = 29). All patients
were Caucasian and 50.5% were male. Patients
from Bulgaria had a mean (standard deviation)
age at enrollment of 57.1 (8.2) years, and
duration of symptoms of 8.6 (9.6) years, com-
pared with 54.8 (8.6) and 5.0 (4.1) years in Italy.
In Bulgaria, 39.6% of patients were of a pre-
dominantly cardiac phenotype, 18.9% pre-
dominantly neurologic, and 41.5% mixed. In
Italy, 3.4% of patients were predominantly
cardiac, 62.1% predominantly neurologic, and
34.5% mixed.
Conclusions: The majority of patients with
ATTRv Glu89Gln amyloidosis in THAOS are
from Bulgaria or Italy. There were notable phe-
notypic differences, with the cardiac phenotype
more common in Bulgaria and the neurologic
phenotype more common in Italy. Over one-
third of patients had a mixed phenotype, sug-
gesting a potential role of multiple genetic and/
or environmental factors and the need for
comprehensive assessment of all patients.
Trial Registration: ClinicalTrials.gov:
NCT00628745.
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Key Summary Points

Why carry out this study?

Transthyretin amyloidosis (ATTR
amyloidosis) is a progressive, clinically
heterogeneous disease with spontaneous
(wild-type) and hereditary (ATTRv) forms;
the Glu89Gln variant is a rare mutation
present in a small number of countries.

The Transthyretin Amyloidosis Outcomes
Survey (THAOS) is the most
comprehensive global registry of patients
with ATTR amyloidosis and this analysis
represents one of the largest cohorts of
patients with ATTRv Glu89Gln
amyloidosis.

What was learned from the study?

Patients with ATTRv Glu89Gln
amyloidosis in THAOS are predominantly
from Bulgaria and Italy.

The cardiac phenotype was more common
in Bulgaria and the neurologic phenotype
more common in Italy, although over
one-third of the patients from these
countries had a mixed phenotype.

The higher proportion of patients from
these countries with a mixed phenotype
than previously known suggests a
potential role of multiple genetic and/or
environmental factors and underscores
the need for comprehensive assessment of
all patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.14731293.

INTRODUCTION

Transthyretin amyloidosis (ATTR amyloidosis)
is a progressive, devastating, and clinically
heterogeneous disease with spontaneous (wild-
type) and hereditary forms. Hereditary ATTR
amyloidosis (ATTRv amyloidosis) is caused by
mutations in the transthyretin gene (TTR),
transmitted as an autosomal dominant trait [1].
The clinical picture is characterized by multi-
system involvement, including the peripheral
nerves, autonomic nervous system, and heart
[2–4]. So far, over 140 different TTR mutations
associated with ATTRv amyloidosis have been
described [5, 6]. The Glu89Gln (p.Glu109Gln)
variant seems to be particularly represented in
Italy (especially Sicily) [7], and in Bulgaria
where a ‘‘founder effect’’ was demonstrated [8]
and was believed to be associated with pre-
dominantly cardiac involvement [9]. However,
multidisciplinary examination of patients with
this variant has revealed a mixed phenotype,
including signs and symptoms of both cardio-
logic and neurologic disease [7]. Similarly, the
Val30Met variant is associated predominantly
with neurological symptoms, but may also
include cardiac disease, particularly in the late-
onset form [10]. Disease onset is around the age
of 50 and usually presents with neuropathic
symptoms. However, heart dysfunction with
heart failure and sudden death are major clini-
cal issues during the course of disease that typ-
ically manifest at later stages, after potentially
remaining silent for many years after the onset
of disease [11].

The Transthyretin Amyloidosis Outcomes
Survey (THAOS) is an ongoing, global, longitu-
dinal, observational survey of patients with
ATTR amyloidosis, including both inherited
and wild-type disease, and asymptomatic carri-
ers with TTR mutations [12, 13]. THAOS collects
multinational, longitudinal data on the natural
history of the disease from a large and diverse
patient population to help inform the charac-
terization of ATTR amyloidosis and improve
disease diagnosis and patient management
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[9, 12–16]. This analysis was conducted to gain a
deeper understanding of the demographic and
clinical profile of all symptomatic patients with
ATTRv amyloidosis with the Glu89Gln variant
enrolled in THAOS.

METHODS

The design and methodology of THAOS (Clini-
calTrials.gov: NCT00628745) have been descri-
bed previously in detail [13]. All patients
enrolled in THAOS with the Glu89Gln variant
at the data cutoff date were included in this
analysis (data cutoff, January 6, 2020). All
THAOS study sites received ethical or institu-
tional review board approval prior to patient
enrollment, and each patient provided written
informed consent. The study followed the
International Council for Harmonisation Good
Pharmacoepidemiology Practice guidelines and
the principles of the Declaration of Helsinki.

Demographic and clinical characteristics,
TTR genotype, family history, and medical his-
tory were recorded at enrollment. Symptomatic
patients included in the analysis were those
with the Glu89Gln variant and C 1 symptom
possibly or definitely related to ATTR amyloi-
dosis. Neurologic progression was assessed using
the Neuropathy Impairment Score in the Lower
Limbs (NIS-LL; ranges from 0 to 88), with higher
scores indicating greater impairment [17], and
the modified polyneuropathy disability (mPND)
score (ranges from I to IV), where I indicates
sensory disturbance in lower limbs but pre-
served walking capacity; II indicates difficulties
in walking but no need of a walking stick; IIIa
indicates one stick or one crutch required for
walking; IIIb indicates two sticks or two crut-
ches required for walking; and IV indicates
patient confined to a wheelchair or bed. Quality
of life was assessed using the Karnofsky Perfor-
mance Status score (ranges from 0 to 100%),
with lower scores indicating greater impairment
in functional status. Cardiac function was
assessed by echocardiogram and included left-
ventricular (LV) septal thickness and ejection
fraction.

Patients were classified into one of three
phenotypes, based on symptoms at enrollment

in THAOS [9]. Patients with the predominantly
cardiac phenotype were those: (1) with abnor-
mal electrocardiogram (ECG) due to rhythm
disturbance or heart failure or dyspnea; and (2)
who did not have more than mild neurologic or
gastrointestinal (GI) symptoms (excluding
erectile dysfunction, constipation, and carpal
tunnel syndrome). Patients with the predomi-
nantly neurologic phenotype were those: (1)
with walking disability of any severity or other
neurologic symptoms of any severity or GI
symptoms (early satiety, nausea, vomiting,
unintentional loss of weight, diarrhea, consti-
pation, or fecal incontinence) of any severity;
and (2) who did not have abnormal ECG due to
rhythm disturbance or heart failure or dyspnea.
Patients with the mixed phenotype were all
remaining symptomatic patients who did not
meet the criteria for either cardiac phenotype or
neurologic phenotype.

Statistical Analysis

All data were analyzed descriptively. Data are
presented as mean (standard deviation) and
percentages unless stated otherwise.

RESULTS

Of the overall 111 patients with the Glu89Gln
variant enrolled in THAOS, 91 were symp-
tomatic and included in this analysis. The
remaining 20 patients were asymptomatic gene
carriers, of whom seven (35.0%) were male.
There was a larger proportion of asymptomatic
gene carriers from Italy (13 of 42 total patients,
31.0%) than from Bulgaria (four of 57 total
patients, 7.0%). The majority of symptomatic
patients were from Bulgaria (n = 53) or Italy
(n = 29), with the other nine patients from
Argentina (n = 1), Germany (n = 2), Spain
(n = 4), and the USA (n = 2).
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Demographic and General Clinical Data
for Symptomatic Patients with ATTRv
Glu89Gln Amyloidosis

For patients with ATTRv Glu89Gln amyloidosis,
the mean age at enrollment was 56.12 years,
with an equal distribution of males (50.5%) and
females (49.5%). Mean duration of symptoms
was 7.30 years. Mean Karnofsky score was 79.31,
while mean modified body mass index (mBMI)
was 995.67 (Table 1). Patients from Bulgaria
tended to be older at enrollment, to have a
longer duration of ATTR amyloidosis symp-
toms, and to have a less severe Karnofsky score
than patients from Italy.

Phenotypic Characteristics

The most frequent phenotype was mixed,
reported in 38.5% of patients, followed by pre-
dominantly neurologic (35.2%) and predomi-
nantly cardiac (26.4%). Phenotypic distribution
varied by country, with relatively greater pro-
portions of the predominantly cardiac pheno-
type in Bulgaria and the predominantly

neurologic phenotype in Italy (Fig. 1). The nine
patients from other countries included three
(33.3%) with a mixed phenotype, four (44.4%)
predominantly neurologic, and two (22.2%)
predominantly cardiac.

Neurological Findings

In all patients with ATTRv Glu89Gln amyloi-
dosis, mean (SD) NIS-LL score was 17.97 (15.76)
and tended to be higher (greater impairment) in
patients from Italy (19.35 [20.43]) compared
with patients from Bulgaria (16.21 [12.77]). The
three neurologic symptoms most frequently
reported were neuropathic pain/paresthesia
(82.4%), tingling (72.5%), and numbness
(69.2%) at distal lower and/or upper limbs.
Among GI symptoms, the most common were
unintentional weight loss (48.3%) and diar-
rhea/constipation (28.9%) (Table 2).

In patients with a neurologic or mixed phe-
notype, mPND score was I or II in over half of
the patients (Table 3).

Table 1 Demographic and general clinical data of patients with symptomatic ATTRv Glu89Gln amyloidosis at enrollment
in THAOS

Overall
(n = 91)

Bulgaria
(n = 53)

Italy
(n = 29)

Other
countries
(n = 9)

Sex, n (%)

Male 46 (50.5) 28 (52.8) 14 (48.3) 4 (44.4)

Female 45 (49.5) 25 (47.2) 15 (51.7) 5 (55.6)

Race, Caucasian, % 100 100 100 100

Age at entry into THAOS, years, mean (SD) 56.12 (8.23) 57.11 (8.20) 54.82 (8.63) 54.41 (6.88)

Duration of ATTRv amyloidosis symptoms, years,

mean (SD)

7.30 (8.02) 8.56 (9.55) 5.04 (4.08) 7.17 (6.36)

Karnofsky score, %, mean (SD) 79.31 (15.91) 83.02 (12.18) 74.44 (20.25) 70.00 (15.28)

mBMI, mean (SD) 995.67

(261.43)

988.51

(236.97)

1061.51

(365.22)

912.07

(238.11)

ATTRv amyloidosis hereditary transthyretin amyloidosis, ATTRv Glu89Gln amyloidosis ATTRv amyloidosis associated with
the Glu89Gln variant, mBMI modified body mass index, SD standard deviation, THAOS Transthyretin Amyloidosis
Outcomes Survey (data cutoff, January 6, 2020)
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Cardiac Findings

In all patients with ATTRv Glu89Gln amyloi-
dosis, symptoms related to heart failure were
present in 55.6% of patients (Table 2). Palpita-
tions (33.3%), dyspnea (33.0%), and rhythm
disturbance (24.2%) were also commonly
reported.

In patients with a cardiac or mixed pheno-
type, mean LV septal thickness was 17.02 mm
and mean ejection fraction was 56.04%
(Table 4).

DISCUSSION

This THAOS analysis confirmed that patients
with ATTRv Glu89Gln amyloidosis are found
predominantly in Bulgaria (51.4%) and Italy
(37.8%), with a minority of patients from other
countries (10.8%). A mixed phenotype was
observed in at least one-third of these patients.
Mean age of symptom onset was about 50 years,
consistent with previously published data [7].
No notable differences between countries were

found in male/female ratio or in age at enroll-
ment. Karnofsky scores showed that most
patients were able to care for themselves,
although the mean score was lower (indicating
a greater impairment in functional status) in
patients from Italy. mBMI was slightly higher in
patients from Italy, who also presented with a
notably shorter duration of symptoms than
patients from Bulgaria.

Considering that Bulgaria and Italy have the
highest known prevalence of the Glu89Gln
variant, the difference in the distribution of
phenotypes observed is interesting (Fig. 1).
Patients from Bulgaria were more likely to have
a cardiac phenotype, while most patients from
Italy had a predominantly neurologic pheno-
type, although, as noted above, a mixed phe-
notype was observed in at least one-third of
patients in both countries. There are three
potential explanations for this difference. First,
symptom duration differed across the countries,
with patients from Bulgaria having a longer
history of disease compared with patients from
Italy. This difference in symptom duration
could have allowed more time for cardiologic

Fig. 1 Phenotypic categories of patients from Bulgaria and
Italy with symptomatic ATTRv Glu89Gln amyloidosis at
enrollment in THAOS (data cutoff, January 6, 2020).
ATTRv Glu89Gln amyloidosis ATTRv amyloidosis

associated with the Glu89Gln variant; THAOS Transthyr-
etin Amyloidosis Outcomes Survey
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symptoms to emerge in patients from Bulgaria,
resulting in a larger proportion of the mixed
phenotype. Second, referring bias may have
been a factor depending on whether the first
diagnosis of ATTRv Glu89Gln amyloidosis was
made by a neurologist or a cardiologist. Third,
genetic factors other than the TTR mutation
could influence phenotypic expression. The
Bulgarian region endemic for the Glu89Gln
variant is characterized by a relatively closed
population and the presence of genetic forces
such as inbreeding [8]. The same could be said
for patients with the Glu89Gln variant from
Italy, who have a clear common ancestor from a
single city (Syracuse), with the Glu89Gln vari-
ant widely present in the nearby area [7, 11].

These findings on differences in patient
phenotype by country are supported by the
notable difference in NIS-LL and mPND scores.
In patients from Italy, mean NIS-LL scores were
more advanced and a greater proportion had an
mPND score[ II (14.3 vs. 6.2% in patients from
Bulgaria). No notable differences were observed
in echocardiogram measures between the two
countries, which may suggest that cardiomy-
opathy develops even in patients with pre-
dominantly neurological manifestations of
ATTRv amyloidosis (such as those from Italy).
Mean LV ejection fraction was not reduced in
either country, which was as expected, as it is
already known that dysfunction of the cardiac
pump occurs only in the late stages of amyloid
cardiomyopathy [18].

Table 2 ATTR amyloidosis-related symptoms reported in patients with ATTRv Glu89Gln amyloidosis at enrollment in
THAOS

Overall
(n = 91)

Bulgaria
(n = 53)

Italy
(n = 29)

Other countries
(n = 9)

Neurologic symptoms, n (%)

Neuropathic pain/paresthesia 75 (82.4) 48 (90.6) 21 (72.4) 6 (66.7)

Numbness 63 (69.2) 31 (58.5) 24 (82.8) 8 (88.9)

Temperature or pain insensitivity 24 (26.4) 14 (26.4) 5 (17.2) 5 (55.6)

Tingling 66 (72.5) 42 (79.2) 17 (58.6) 7 (77.8)

Gastrointestinal/autonomic symptoms, n (%)

Diarrhea/constipation 26 (28.9) 13 (24.5) 10 (35.7) 3 (33.3)

Nausea 16 (18.0) 11 (20.8) 5 (18.5) 0 (0.0)

Early satiety 29 (33.0) 23 (43.4) 4 (15.4) 2 (22.2)

Unintentional weight loss 43 (48.3) 32 (60.4) 7 (25.9) 4 (44.4)

Cardiac symptoms, n (%)

Palpitations 30 (33.3) 26 (49.1) 1 (3.6) 3 (33.3)

Rhythm disturbance 22 (24.2) 16 (30.2) 5 (17.2) 1 (11.1)

Dizziness 38 (41.8) 25 (47.2) 7 (24.1) 6 (66.7)

Heart failure 50 (55.6) 40 (75.5) 6 (21.4) 4 (44.4)

Dyspnea 30 (33.0) 16 (30.2) 9 (31.0) 5 (55.6)

Syncope 20 (22.0) 13 (24.5) 4 (13.8) 3 (33.3)

ATTRv Glu89Gln amyloidosis ATTRv amyloidosis associated with the Glu89Gln variant; THAOS Transthyretin Amy-
loidosis Outcomes Survey (data cutoff, January 6, 2020)
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As Glu89Gln is a rare mutation present in a
small number of countries, the number of
patients who can be studied is limited. Differ-
ences in referral patterns between Bulgaria and

Italy may also have contributed to some of the
differences seen in the predominant phenotype
between the two countries. However, THAOS is
the most comprehensive global registry of

Table 3 Neurologic findings in patients with ATTRv Glu89Gln amyloidosis and predominantly neurologic or mixed
phenotype

Overall
(n = 67)

Bulgaria
(n = 32)

Italy
(n = 28)

Other countries
(n = 7)

mPND score, n (%)

0 5 (7.5) 3 (9.4) 2 (7.1) 0 (0.0)

I 26 (38.8) 13 (40.6) 11 (39.3) 2 (28.6)

II 13 (19.4) 8 (25.0) 5 (17.9) 0 (0.0)

IIIa 2 (3.0) 1 (3.1) 1 (3.6) 0 (0.0)

IIIb 4 (6.0) 1 (3.1) 2 (7.1) 1 (14.3)

IV 2 (3.0) 0 (0.0) 1 (3.6) 1 (14.3)

Missing 15 (22.4) 6 (18.8) 6 (21.4) 3 (42.9)

ATTRv Glu89Gln amyloidosis ATTRv amyloidosis associated with the Glu89Gln variant, mPND modified peripheral
neuropathy disability, THAOS Transthyretin Amyloidosis Outcomes Survey (data cutoff, January 6, 2020)

Table 4 Cardiac findings in patients with symptomatic ATTRv Glu89Gln amyloidosis and predominantly cardiac or
mixed phenotype

Overall
(n = 59)

Bulgaria
(n = 43)

Italy
(n = 11)

Other countries
(n = 5)

Echocardiogram

LV septal thickness, n 51 41 7 3

mm, mean (SD) 17.02 (3.11) 17.02 (2.72) 18.29 (4.92) 14.00 (1.73)

LV diastolic thickness, n 49 41 5 3

mm, mean (SD) 43.69 (5.40) 44.07 (5.52) 41.40 (5.77) 42.33 (2.52)

LV posterior wall, n 50 41 6 3

mm, mean (SD) 16.60 (3.05) 16.78 (2.64) 16.83 (5.42) 13.67 (1.15)

LV ejection fraction, n 51 41 7 3

%, mean (SD) 56.04 (13.73) 56.93 (13.57) 49.71 (16.74) 58.67 (4.73)

Cardiac biomarkers

NT-proBNP, n 9 3 4 2

pg/ml, mean (SD) 5143.85 (6377.08) 4119.21 (4328.82) 7820.93 (8658.64) 1326.65 (1409.05)

ATTRv Glu89Gln amyloidosis ATTRv amyloidosis associated with the Glu89Gln variant, LV left ventricular, NT-proBNP
N-terminal pro-B-type natriuretic peptide, SD standard deviation, THAOS Transthyretin Amyloidosis Outcomes Survey
(data cutoff, January 6, 2020)
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patients with ATTR amyloidosis and this anal-
ysis represents one of the largest cohorts of
patients with ATTRv Glu89Gln amyloidosis.
These data significantly add to the previously
limited pool of knowledge on this genotype,
emphasizing the heterogeneous nature of the
disease with a substantial proportion of patients
with Glu89Gln presenting with a mixed phe-
notype. This is consistent with the evolving
understanding of many genotypes, with even
patients with genotypes strongly associated
with cardiac disease, such as the Val122Ile
variant also showing some signs of neurological
disease [19, 20].

CONCLUSIONS

The majority of patients with ATTRv Glu89Gln
amyloidosis in THAOS were from Bulgaria and
Italy, consistent with prior reports highlighting
the concentration of this variant in these
countries [7, 8, 11]. Differences in phenotypic
manifestations of ATTRv Glu89Gln amyloidosis
were also observed, with a predominantly car-
diologic phenotype in Bulgaria and a predomi-
nantly neurologic phenotype in Italy.
Importantly, a mixed phenotype was observed
in over one-third of the patients in both coun-
tries, pointing to a need for comprehensive
patient evaluation to ensure early diagnosis and
patient management [21–23]. Taken together,
these data also suggest the presence of distinct
common ancestors in the respective areas, and
the possible role of multiple genetic factors
influencing disease manifestation of an other-
wise monogenic disease.
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