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INTRODUCTION

Transt hy re t in  amy loid 
(AT TR) amyloidosis is  an 
autosomal-dominant, adult-
onset, rare systemic disorder 
character ized by  amyloid 
deposits formed by misfolded 
monomers of transthyretin 
(TTR). The disease can be 
hereditary (hATTR) or acquired 
(ATTRwt). The hereditary form 
of the disease is caused by point 
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ABSTRACT

Aims: In the current study we aimed to explore the prevalence of gastrointestinal (GI) manifestations in 
hereditary transthyretin amyloid (hATTR) amyloidosis associated with Glu89Gln mutation.
Methods: We recruited 78 patients with hATTR amyloidosis associated with Glu89Gln mutation. The diagnosis 
of hATTR was defined by a documented transthyretin mutation through DNA analysis. Symptoms were 
recorded as present or absent at the time of enrollment into the study. The gastrointestinal (GI) symptoms 
checklist included the following items: early satiety, nausea, vomiting, constipation, alternating diarrhea/
constipation, diarrhea, fecal incontinence and unintentional weight loss.
Results: Forty-two patients (53.8%) reported at least one GI symptom or sign. Diarrhea was the most frequently 
reported (30.8%), followed by unintentional weight loss (28.2%) and nausea (21.8%). Fecal incontinence (3.8%) 
was the least common one. No significant gender related difference in overall GI symptom prevalence was 
found (females 52.16%, males 55%, p = 0.834). Type of disease onset was not related to GI prevalence (early-
onset 50%, late-onset 55.6%, p=0.650). After dividing the patients into groups with a disease duration of <5 
years, 5–10 years and >10 years, respectively, the prevalence of GI symptoms was found to be significantly 
higher in later stages (26.3% vs. 55.0% vs. 78.9%, p = 0.005; OR 2.450, 95% CI 1.084-5.538). Gastrointestinal 
manifestations had no impact on survival (p=0.193)
Conclusions: Gastrointestinal manifestations are very common in hATTR patients with Glu89Gln mutation 
and increase with disease duration. They are not associated with gender and onset of the disease and have no 
impact on patient survival. These results highlight the importance of a thorough evaluation of the GI function 
in patients with ATTR amyloidosis and should stimulate further studies on the phenotypic differences related 
to genotype and geographic origin.
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Abbreviations: ATTR: transthyretin amyloid; ATTRwt: transthyretin amyloid wild type; FAP: familial 
amyloidotic polyneuropathy; FC: fecal calprotectin; GI: gastrointestinal; hATTR - hereditary transthyretin 
amyloid; NYHA: New York Heart Association; THAOS: transthyretin amyloidosis outcomes survey; TTR: 
transthyretin.

mutations in the TTR gene [1-2]. Diagnosis is challenging and 
may be delayed up to seven years from the initial appearance 
of symptoms [3].

Transthyretin, a 127 amino acids plasma transport protein 
that carries thyroxine and retinol-binding protein. It is 
produced primarily in the liver but also in the choroid plexus 
and retinal pigment epithelium, and is secreted into the blood, 
cerebrospinal fluid, and eye, respectively [4-6]. The native 
TTR is a homotetrameric complex, which can dissociate into 
monomers due to different factors.

There are over 120 different TTR gene mutations identified 
worldwide, according to the online registry for mutations in 
hereditary amyloidosis [7]. The replacement of glutamate with 
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glutamine at position 89 (ATTR Glu89Gln [p.Glu109Gln]) is 
the most commonly observed mutation in Bulgaria [8]. All 
of the Glu89Gln hATTR families in the country originate 
from an endemic region located in the South-West part of 
Bulgaria [8].

Transthyretin gene mutations destabilize TTR, leading to 
dissociation of tetramers and partial unfolding of resultant 
monomers. Variant TTR monomers aggregate to form amyloid 
fibrils [4, 9]. Because of diffuse amyloid fibril deposition 
(e.g. in the extracellular space in peripheral nerves, heart, 
gastrointestinal tract, kidneys, eyes, meninges, vessels, and 
connective tissue of the transverse carpal ligament) [10], 
ATTR is associated with various symptoms, many of which 
are non-specific [4, 9]. 

Gastrointestinal (GI) manifestations are common in 
ATTR amyloidosis [2, 11] and are associated with diminished 
quality of life [2]. In some cases, GI symptoms are present even 
before the onset of the polyneuropathy and initial symptoms 
are often diarrhea, constipation, unintentional weight loss or 
nausea [2].  Moreover, different mutations are associated with 
varying patterns of clinical presentation, age of onset, and 
disease progression [12]. The disease course is highly variable 
and clinical manifestations are not necessarily uniform among 
carriers of the same TTR mutation and can vary even within the 
same family [13]. Gastrointestinal manifestations in patients 
with hATTR associated with Glu89Gln mutation have never 
been studied.

The aim of the present study was to explore the prevalence 
of GI manifestations in hATTR amyloidosis associated with 
Glu89Gln mutation.

METHODS

This is a prospective observational study. We recruited 78 
patients with hATTR amyloidosis associated with Glu89Gln 
mutation from January 2012 to June 2018. The diagnosis of 
hATTR was defined by a documented TTR mutation through 
DNA analysis. 

Symptoms were recorded as present or absent at the time 
of enrollment into the study. The duration of symptoms was 
calculated retrospectively from information provided by the 
patients at the time of enrollment. New York Heart Association 
(NYHA) classification was used to assess cardiac functional 
capacity. A comprehensive clinical neurological assessment 
(reflexes, sensation and muscle weakness) was performed and 
the stage of neurological disability was defined according to 
Familial Amyloidotic Polyneuropathy (FAP) scale [14]. Patients 
with ATTR amyloidosis and an age of ≥50 years at symptom 
onset were defined as ‘late-onset cases’ in accordance to the 
current clinical praxis.

The GI symptoms checklist included the following items: 
early satiety, nausea, vomiting, constipation, alternating 
diarrhea/constipation, diarrhea, fecal incontinence and 
unintentional weight loss. 

Throughout our diagnostic work-up in all the patients 
with GI manifestations upper and lower endoscopies with 
biopsies were performed. Amyloid deposits were identified 
in rectal biopsies by Congo red staining in combination with 
polarization microscopy. Fecal samples were collected within 

1–2 days prior to the colonoscopy for fecal calprotectin (FC) 
level assessment in 14 patients (the test is not reimbursed by 
the National Healthcare Insurance Fund in Bulgaria).

Statistical analysis
The statistical analysis was performed using SPSS for 

Windows, Version 25.0. (SPSS Inc., Chicago, USA). Descriptive 
statistic for tabular and graphical presentation of results was 
used. Comparisons between cohorts and subgroups were 
carried out using the one-way ANOVA for the continuous 
variables. The chi-square test was used for categorical variables. 
Multiple regression analyses were carried out to identify 
potential predictors of GI symptoms. Kaplan–Meier curve 
for survival analysis wаs estimated. A p-value of <0.05 was 
considered statistically significant.

Ethics
The current study was approved by the Ethics Committee of 

“Tsaritsa Yoanna” University Hospital in Sofia, Bulgaria. Before 
initiating this study, written informed consent was obtained 
from all subjects. The study protocol conforms to the ethical 
guidelines of the 1975 Declaration of Helsinki (6th revision, 
2008) as reflected in a priori approval by the Institution‘s 
Human Research Committee.

RESULTS

A total of 78 patients (mean age at onset 52.38±6.85, 35-
69; 40 males, 51.3%) with hATTR amyloidosis associated 
with Glu89Gln mutation were enrolled in the study. All the 
patients had cardiac failure symptoms, 49 (62.8%) were NYHA 
functional class 1 and 29 (37.2%) – NYHA class 2. Neuropathy 
was observed in 76 (97.4%) hATTR patients, 58 (74.4%) of 
them were in neurological stage I, 15 (19.2%) in stage II and 3 
(3.8%) in stage III. Carpal tunnel syndrome was described in 48 
(61.5%) patients. Fifty-four (69.2%) were late-onset cases. The 
mean disease duration was 7.67±4.17 years. The average delay 
in diagnosis was 5.17±4.5 years. Characteristics of patients 
with hATTR amyloidosis associated with Glu89Gln mutation 
enrolled in the study can be seen in Table I.

The patients were followed every six months for an 
average period of 33 (4-72) months after diagnosis. Twenty-
two patients (28%) died, mainly because of advanced heart 
failure. The median age at death was 58.5 years (range: 52-72) 
with a median disease duration of 90 months (range: 12-216). 
Gastrointestinal manifestations had no impact on survival 
(p=0.193) (Fig. 1).

Forty-two patients (53.8%) reported at least one GI 
symptom. Diarrhea was the most frequently reported (30.8%), 
followed by unintentional weight loss (28.2%) and nausea 
(21.8%). Fecal incontinence (3.8%) was the least common 
symptom. The distribution of the individual GI symptoms in 
patients with hATTR associated with Glu89Gln mutation is 
presented in Table I.

Colonoscopy did not detect any mucosal changes; amyloid 
deposits were identified in rectal biopsies by Congo red staining 
in 15 (35.7%) of the 42 patients with GI manifestations. Upper 
endoscopy evidenced retained food particles in the stomach 
in 12 (28.6%) patients, suggesting abnormal gastric motor 
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function. The mean level of FC in 14 hATTR patients associated 
with Glu89Gln mutation was 187 μg/g (30-320).

No significant gender related difference in overall GI 
symptom prevalence was found (females 52.16%, males 
55%, p=0.834). Numerical difference in symptom prevalence 
between men and women was found only for vomiting 
(5.3% vs. 17.9%, p = 0.083), but this did not reach statistical 
significance. Moreover, no disease onset difference in GI 
symptom prevalence was found (early-onset 50%, late-onset 
55.6%, p=0.650)

After dividing the patients into groups with a disease 
duration of <5 years, 5–10 years and >10 years, respectively, the 
prevalence of GI symptoms was found to be significantly higher 
in later stages of the disease (26.3% vs. 55.0% vs. 78.9%, p = 
0.005). This was due mainly regarding diarrhea (5.3% vs. 40.0% 
vs. 36.8%, p=0.034) and alternating diarrhea/constipation (0% 
vs. 55.0% vs. 78.9%, p=0.021), yet no significant differences 
were observed for the rest of GI symptoms.

Multiple regression analysis of factors associated with GI 
symptoms was performed and significant association was found 
only for duration of disease (OR 2.450, 95% CI 1.084-5.538), 
whereas no significant association was found for male gender, 
early onset, NYHA status or neurological stage at diagnosis.

Nine patients (11.5%) were eligible for treatment with 
tafamidis, an orphan drug used to delay loss of peripheral 
nerve function in adults with hATTR. The rest of the patients 
received symptomatic treatment. In the cases with upper 
GI symptoms we used low-dose erythromycin (50mg orally 
before meals) as first-line therapy, but we also prescribed 
metoclopramide 5–10mg before meals. We treated hATTR 
patients with constipation either with polyethylene glycol or 
with lactulose. Patients with diarrhea were advised to follow a 
fat-reduced diet and to take either loperamid or racecadotril 
or antibiotics. In cases with bile acid malabsorption, bile acid 
sequestrants such as cholestyramine (4g before meals) could 
be effective.

Table I. Characteristics of patients with hereditary transthyretin (hATTR) amyloidosis 
associated with Glu89Gln mutation enrolled in the study

Characteristics Absolute Number Percentage (%)

Number of patients 78 100

Sex

- Male 40 51.3

- Female 38 48.7

Age at onset, mean ± SD, range (years) 52.38±6.85 (35-69) -

- early-onset <50 years 24 30.8

- late-onset >50 years 54 69.2

Age at diagnosis, mean ± SD, range (years) 56.88±6.65 (36-73) -

Delay from first symptoms to diagnosis (years) 5.17±4.5 -

Disease duration 7.67±4.17 -

- disease duration <5 years 19 24.4

- disease duration 5-10 years 40 51.2

- disease duration >10 years 19 24.2

Any GI symptom 42 53.8

- Diarrhea 24 30.8

- Unintentional weight loss 22 28.2

- Nausea 17 21.8

- Early satiety 15 19.2

- Vomiting 9 11.7

- Constipation 7 9

- Diarrhea/constipation 6 7.7

- Fecal incontinence 3 3.8

Peripheral neuropathy 76 97.4

- neurological stage I 58 74.4

- neurological stage II 15 19.2

- neurological stage III 3 3.8

Cardiac failure symptoms 78 100

- NYHA functional class I 49 62.8

- NYHA functional class II 29 37.2

Carpal tunnel syndrome 48 61.5

Deceased patients 22 28
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DISCUSSION

This is the first analysis describing the GI manifestations 
in patients with hATTR associated with Glu89Gln mutation. 
Glu89Gln is the most common mutation in the TTR gene in 
Bulgaria, where an endemic region in South-West part of the 
country is described [8]. Kirov et al. [8] observed a founder 
haplotype associated with Glu89Gln TTR mutation, which 
supported the hypothesis for the founder effect of the Glu89Gln 
mutation along with the presence of an endemic region for the 
mutation carriers in the country. This mutation is reported 
also in Sicily and Sardinia (Italy) [15] and in the European 
part of Turkey [12]. 

Despite the different geographic regions of origin, patients 
with Glu89Gln mutation show similar clinical manifestations: 
mixed phenotype with cardiac and neurological involvement 
with frequent autonomic disturbances and symptoms from 
the GI tract. In all described cohorts middle-aged population 
was affected. These findings differ from data regarding the 
most common mutation worldwide - Val30Met, in which a 
predominant neurological involvement with an early onset is 
typical for Portuguese patients and late onset with concomitant 
cardiac involvement is found in Swedish patients [16, 17].

In the current study we showed that GI symptoms were 
very common in hATTR patients with Glu89Gln mutation 
(53.8%), much more frequent than their prevalence in the 
general population (i.e., 10-25%) [18, 19]. The largest analysis 
of GI manifestations in ATTR patients was based on the 
Transthyretin Amyloidosis Outcomes Survey (THAOS) 
registry and showed that 59% of ATTR patients had at least one 
GI symptom [20]. There was no group of Glu89Gln patients in 
that study. However, the prevalence of GI symptoms in non-
Val30Met was 56%, which was similar to our results.

Diarrhea was the most frequently reported manifestation 
in our analysis. Typically, it was long-standing (more than 
4 weeks), postprandial and sometimes was the presenting 
symptom of the disease, and this made the diagnosis 
challenging for the gastroenterologist. In some patients, 
undigested food fragments  were observed in the stools. The 
mechanisms behind this diarrhea remain unexplained, but 

it is probably multifactorial. It is generally suggested that 
it arises due to motility disturbances of the GI tract caused 
by an autonomic neuropathy [21]. Other factors could be 
malabsorption of fat and bile acids as well as the frequent 
presence of bacterial overgrowth of the small bowel [22].

Unintentional weight loss was the second most common 
symptom. It could be observed even before the onset of GI or 
other symptoms [14]. The pathogenesis of weight loss is not 
fully elucidated, yet early satiety could be a contributing factor 
negatively affecting the patients’ energy intake. Moreover, 
the amyloid deposition could also contribute to the weight 
loss through an increased metabolism, due to inflammatory 
reactions and oxidative stress [23, 24]. Early satiety, as well as 
nausea and vomiting, are classic symptoms of gastric retention, 
which has also been demonstrated to be frequent in patients 
with ATTR amyloidosis [25].

It is well known that in the general population, functional 
GI disorders are more common in females [18, 19] and 
therefore, a female preponderance of GI symptoms was 
expected in hATTR patients. However, no significant gender 
related difference was observed for any GI symptom, in our 
study, which is consistent with a previous study [20].

In addition, there was no significant difference of GI 
symptoms’ prevalence between early and late-onset cases 
with Glu89Gln mutation, which is inconsistent with previous 
findings in ATTR patients [16, 20]. This means that GI 
manifestations were quite frequent irrespective of the disease 
onset in hATTR patients with the Glu89Gln mutation. On the 
other hand, GI symptoms (mainly diarrhea and alternating 
diarrhea/constipation) were more common with the duration 
of the disease, which probably reflects the development of a 
progressive autonomic neuropathy. Disease duration was the 
only significant predictor associated with GI symptoms in 
hATTR patients with Glu89Gln mutation. Furthermore, GI 
manifestations in hATTR patients with Glu89Gln mutation 
showed no effect on survival. 

The reasons for the frequently occurring GI manifestations 
in hATTR patients with Glu89Gln mutation are not fully 
understood. However, malfunction of the autonomic and 
enteric nervous systems, including a depletion of the GI 

Fig. 1. Kaplan Meier survival analysis demonstrating that gastrointestinal 
manifestations have no impact on survival (p=0.193) in ATTR amyloidosis 
patients with Glu89Gln mutation.
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neuroendocrine cells and interstitial cells of Cajal, seems to be 
of importance [21, 25, 26]. In addition, it is generally suggested 
that GI symptoms arise due to motility disturbances of the GI 
tract caused by an autonomic neuropathy [22]. Moreover, small 
bacterial overgrowth and bile acid malabsorption contribute 
to the GI symptoms [27, 28]. The slightly elevated FC levels 
in a small group of our patients suggest an inflammatory 
component in the pathogenesis of GI complications in this 
disease. More studies are required to evaluate the role of FC 
in the diagnosis of ATTR amyloidosis with GI manifestations.

АTTR diagnosis is a real challenge for the gastroenterologist, 
due to the common GI disturbances and the broad differential 
diagnosis. The disease can easily be misdiagnosed with a 
number of other diseases of the GI tract and lead to diagnostic 
challenges in GI practice. Therefore, it is important for the 
gastroenterologists to include ATTR amyloidosis (with all 
known gene mutations for the geographical region they 
practice in) in their diagnostic work-up.

CONCLUSIONS

Gastrointestinal manifestations are very common in 
hATTR patients with Glu89Gln mutation and increase with 
disease duration. They are not associated with a specific gender 
or onset of the disease and have no impact on disease survival. 
These results highlight the importance of a thorough evaluation 
of the GI function in patients with ATTR amyloidosis and 
should stimulate further studies on the phenotypic differences 
related to genotype and geographic origin.
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