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Patients with ATTR cardiac amyloidosis (ATTR-CA) face rare disease that could 
negatively influence psychological well-being with consequences on the 
course of the disease and quality of life. However, to date, no study analyzed the 
prevalence of anxiety and depression in patients with ATTR-CA and which clinical 
and sociodemographic characteristics are linked with these psychopathological 
conditions. A total of 109 consecutive patients (83% males) aged 62–90 years with 
ATTR-CA were recruited. In order to better understand the prevalence of anxiety 
and depression in ATTR-CA, a control group composed by 33 individuals equaling 
gender, education, and age were recruited. The level of anxiety and depression was 
measured using the Italian version of the Hospital Anxiety and Depression Scale 
(HADS). Sociodemographic and clinic characteristics were registered. Almost half of 
patients (49%) reported a clinical level of depression or anxiety, or both. ATTR-CA 
patients reported higher levels of anxiety and depression than control group. Results 
showed that older patients with ATTR-CA, especially females, with more advanced 
disease could be more at risk to develop an anxious disorder. Furthermore, being a 
woman, and presenting with a greater severity of symptoms, would appear to be a risk 
factor for developing a depressive disorder. Overall, these results highlighted the high 
presence of anxiety and depression in ATTR-CA patients, suggesting to physicians 
to pay attention to the psychological well-being of ATTR-CA patients. In fact, a 
psychological support for patients with high level of psychopathological disease 
could reduce disease burden and improve quality of life in ATTR-CA population.
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1. Introduction

Several works have shown an increased prevalence of depression and anxiety in adults with 
different types of cardiovascular diseases (CVD) compared to people free from these conditions 
(Ormel et al., 2007; Knapp et al., 2020).
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Despite the wide literature on the role of anxiety and depression on 
CVD, little research has investigated anxiety and depression in 
Transthyretin Cardiac Amyloidosis (ATTR-CA). ATTR-CA is a 
myocardial disease characterized by a pathological process of TTR 
derived amyloid deposition in the extracellular space, resulting in a 
progressive deterioration of cardiac function (Agha et al., 2018).

Although previous studies suggest that ATTR-CA patients reported 
anxious and depressive symptoms and that, in some cases, they are 
clinical (Stewart et al., 2018), no study has been conducted to analyze 
the prevalence of anxiety and depression in ATTR-CA and if clinical and 
sociodemographic risk factors are associated with anxiety and 
depression in patients with ATTR-CA.

Previous studies conducted in AL amyloidosis, a disease with a 
different systemic involvement, age of onset, and therapeutic approach, 
showed that anxiety and depression were common, reported in 
approximately 30% of subjects (Smorti et al., 2012, 2014, 2016; Lo et al., 
2015; Shu et al., 2016; Lopes et al., 2018). Moreover, Smorti et al. found 
that time since the onset of cardiac symptoms was a positive predictor 
of anxiety in AL patients, whereas only the severity of cardiac symptoms 
was for depression (Smorti et al., 2012).

Our study aim is to fill the knowledge gap in ATTR-CA 
comprehensively analyzing the socio-demographic and clinical risk 
factors that may be associated with the presence of clinically significant 
levels of anxious and depressive symptoms in ATTR-CA patients.

2. Materials and methods

2.1. Participants and procedures

A total of 109 consecutive patients (90 males and 19 females) aged 
62–90 years (M = 79.07; DS = 6.19) with ATTR-CA followed at the 
Tuscan Regional Amyloidosis Center in Florence, Italy, were recruited 
for the present study between September 2021 and June 2022. About 
type of ATTR-CA, 88.1% of patients were diagnosed with ATTR wild 
type (ATTRwt) and 11.9% with ATTR variant (ATTRv) with prevalent 
cardiac phenotype. All patients enrolled had a definite diagnosis and at 
the time of communication of the diagnosis, or of at the first evaluation 
in your center of a previously diagnosed patient in case of diagnosis 
made at another center, the same protocol is applied for all patients of 
our center. Each patient receives accurate counseling on the 
characteristics of the disease, prognosis, therapeutic possibilities, and 
any repercussions on family members in the event of a diagnosis of 
ATTR-CAv. For that reason, all patients have similar background in 
terms of knowledge about their disease. Moreover, with all patients, at 
the time of communication of the diagnosis, are discussed the 
pharmacological options with market access or involvement in clinical 
trials. However, it should be considered that to date in Italy, the only 
disease modified drug for ATTR-CA is Tafamidis that was refundable 
since the end of January 2022, therefore, patients enrolled in the study 
were not in treatment.

Inclusion criteria were: diagnosis of ATTR-CA according to 
standard international criteria (Garcia-Pavia et al., 2021), absence of 
cognitive impairment, and able to understand Italian language. 
Exclusion criteria was the presence of actual diagnosis of anxiety or 
depression with ongoing psychopharmacologic treatment. Only 
patients corresponding to the inclusion criteria were invited to 
participate. All contacted patients agreed to participate. Data collection 
was conducted by a trained psychologist who administered the 

questionnaire during a routine cardiological assessment. A small group 
of individuals without cardiac pathology balanced for gender and age 
(23 males; Mage = 76.85; SD = 5.97) were recruited from local 
community centers in order to compare the level of anxiety and 
depression between them and our ATTR-CA patients. The study was 
approved by the local Ethical Committee (CEAVC; protocol number 
19476_OSS/2021). Participation to the study was voluntary and written 
informed consent was obtained from all patients before data collection 
by a study responsible who informed them about aims and procedure 
of the study.

2.2. Instruments and detected variables

2.2.1. Socio-demographic characteristics
All participants completed a questionnaire to collect socio-

demographic data, such as age, gender, educational level, marital status, 
have children or not, working activity, and living condition.

2.2.2. Clinical characteristics
Only for ATTR-CA patients, Physicians recorded the following 

clinical data during cardiological assessment: Body Mass index (BMI), 
type of ATTR, months since communication of diagnosis, symptom 
severity according to NYHA class, the level of NT-proBNP, the 
glomerular filtration rate (GFR), interventricular septum (IVS), and Left 
Ventricular End Diastolic Diameter (LVEDD); LV posterior Wall 
(LVPW), Left Atrium Diastolic Diameter (LADD), Left Ventricular 
Ejection Fraction (LVEF),E/e’, and National Amyloid Center (NAC) 
score as previously described (Gillmore et  al., 2018; Cappelli et  al., 
2020), and medical treatment.

2.2.3. Psychopathological characteristics
The Italian version of the Hospital Anxiety and Depression Scale 

(HADS; Iani et al., 2014) was employed to assess the level of anxious and 
depressive symptoms. The HADS is a self-reported questionnaire 
composed by 14 items (seven assessing anxiety and seven assessing 
depression) rated on a four-point Likert scale from 0 to 3. Scores range 
from 0 to 21 for each subscale, with a higher score indicating a higher 
level of psychological symptomatology. In the present study, the HADS 
Cronbach’s alpha was 0.86 and 0.81 for the anxiety and depression 
subscales, respectively.

2.3. Data analyses

The prevalence of anxiety and depression symptoms were estimated 
using the HADS cut-off points of 8. Based on score 8 on anxiety or 
depression HADS subscales participants with a clinical level of 
psychopathological symptomatology were identified. Comparison 
between ATTR-CA patients and control group was performed. 
Differences in presence of clinical level of psychopathological 
symptomatology according to socio-demographic and clinical variables 
were performed using chi-square analysis and Student’s t-test, 
depending on the dichotomous or continuous nature of variables. Two 
regression analyses were performed to verify how the different 
significant variables were associated with anxiety and depression. All 
comparisons were calculated in IBM SPSS Statistics for Macintosh, 
Version 23.0 (IBM, Armonk, NY, United  States), and p < 0.05 was 
considered significant.
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3. Results

Socio-demographic and clinical characteristics of patients and 
control group are reported in Supplementary Table 1. As expected, most 
patients were male with an average age of almost 80 years, they were 
married, lived with their partner, and had at least one child. All patients 
were retired. Moreover, most of them had wild type ATTR-CA and they 
had been diagnosed for an average of 2 years before recruitment. At 
study, evaluation 19% of patients were in NYHA class I, 66% in NYHA 
class II, and 15% in NYHA class III. Echocardiographic evaluation 
performed at the moment of recruitment showed a slight reduction in 
left ventricular systolic function, and impaired left ventricular relaxation 
measured by the E/e’ ratio (Supplementary Table  1). No significant 
differences emerged between ATTR-CA patients and control group on 
the socio-demographical variables.

Overall, 53 patients (48.6%) reported a clinical level of depression 
or anxiety, or both (Figure 1).

Taking in consideration anxiety and depression separately (and 
not comorbid), 36 patients (33%) meet criteria for clinical level of 
anxiety and 46 (42.2%) for depression. Among participant of 
control group, 5 of theme (15.2%) reported significant level of 
anxious and 7 (21.2%) of depressive symptoms. Moreover, 
ATTR-CA patients reported higher levels of anxiety and depression 
than control group.

Referring to anxious symptomatology, no significant differences 
emerged between anxious and not anxious patients on most socio-
demographical and clinical characteristics excepted for gender, females 
reported more likely a clinical presence of anxiety than males (69 vs. 
31%, p = 0.011); age, with patients with a clinical level of anxiety 
presented an older age (p = 0.047); and renal function impairment, with 
patients with a clinical level of anxiety showing a lower GFR (p = 0.021). 
Similar results are highlighted referring to depressive symptomatology. 
According to clinical depression levels, patients differed on gender, 
females reported more likely a clinical presence of depression than males 
(74 vs. 36%, p = 0.042); NYHA class, where patients in class III reported 

more likely the presence of clinical level of depression (p = 0.015), and 
NAC score, with a lower prevalence of patient with clinical level of 
depression in class 1 (p = 0.05). All these results are reported in 
Supplementary Table 2.

Finally, results of regression analysis conducted using anxiety as 
dependent variables and age, gender and GFR level as predictors, showed 
that only gender was significantly associated to the level of anxiety. The 
regression analysis conducted using depression as dependent variables 
and gender, NYHA class, and NAC score and predictors showed that 
female gender and higher NYHA class were significantly associated to 
the level of depression (see Supplementary Table 3).

4. Discussion

ATTR cardiac amyloidosis is a rare disease associated to a high 
mortality rate (Rapezzi et al., 2013; González-López et al., 2017), 
and the incidence of this disease is uniformly considered to increase. 
This is presumably due to better knowledge of the disease itself and 
the availability of imaging tests that can reveal its presence (Zampieri 
et  al., 2021). Moreover, as many chronic diseases, with poor 
outcome, it can easily be accompanied by tiredness, pain, discomfort, 
anxious, and depressive feelings (Damy et al., 2022). An evaluation 
of the psychological burden should be considered mandatory due to 
the influences that a clinically significant psychopathological 
condition can have on the patient’s well-being and on the course of 
his/her illness (Gathright et al., 2017). Several studies showed that 
ATTR-CA is linked to high levels of impairment in different 
domains, including physical health, quality of life, and reduced 
productivity (Stewart et al., 2018; Aimo et al., 2021). It is possible to 
hypothesize that the high levels of anxiety and depression can 
significantly and negatively influence all these aspects. Despite that, 
to our knowledge, no studies have investigated the prevalence of 
anxiety and depression in ATTR-CA patients, exploring which 
variables, both socio-demographic and clinical, may be  most 

FIGURE 1

Clinical and non-clinical subjects according to HADS. Prevalence of anxiety and depression and both anxiety and depression are reported.
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associated with these conditions. This knowledge could instead 
represent a useful tool for physicians who work with these patients. 
Knowing which aspects are most associated with psychopathological 
traits, such as anxiety and depression, could allow physicians to 
identify possible risk situations more quickly and promptly arrange 
a specific support. At this regard, the purpose of this study is 
therefore aimed at filling this aspect. Firstly, our results confirmed 
that depression and anxiety are prevalent among ATTR-CA patients, 
with almost half of patients (49%) reported a clinical level of 
depressive or anxious symptoms, or both. ATTR-v, given its nature 
as an inherited disease, may be associated with the development of 
feelings of guilt related to the possibility of having passed the genetic 
mutation to offspring (Stewart et al., 2018). Nevertheless, this study 
found that anxiety and depressive symptoms were not more 
prevalent in the subgroup of ATTR-v patients than those with 
ATTR-wt. However, considering that most patients had some form 
of ATTR-wt, caution is needed in interpreting these results and 
further investigation would be needed.

Comparing the prevalence of anxious and depressive symptoms 
with those reported in the general population aged 65–80 years, the 
prevalence of anxious symptoms among ATTR-CA is 3-fold higher (33 
vs. 10% in the general population), and that of depressive symptoms 
almost 4-fold higher (42 vs. 9%) than general population (Djukanovic 
et  al., 2017). Also in the present study, the levels of anxious and 
depressive symptoms in ATTR-CA patients were higher than in control 
group. Nevertheless, the prevalence of symptoms of anxiety and 
depression was comparable to that found in other cardiomyopathy 
(Singh et al., 2021). Moreover, it should be noted that our study was 
conducted during the COVID-19 pandemic, when the levels of 
symptoms of anxiety and depression increased in the general Italian 
population (and in the elderly) compared to the pre-COVID period 
(Fiorenzato et al., 2021).

This high prevalence highlights the need to pay particular attention 
to the anxiety and depression levels of ATTR-CA patients. Referring to 
anxiety, our results showed that older patients, especially females, with 
more advanced disease (suggested by lower GFR levels often linked to a 
cardiorenal syndrome) could be more at risk to develop an anxious 
disorder. Being a woman is also a risk factor for depressive disorder, 
along with greater symptom severity, as measured by the NYHA class 
scale and again the disease severity stage according to the NAC score. 
Although these data are significant results, it should be noted that the 
group is strongly unbalanced with respect to gender. This reflects the 
gender distribution within the ATTR-CA population, which 
predominantly affects the male population (Grogan et  al., 2016). 
However, the low number of women in the sample must be cautious in 
the possibility of generalizing these results. Moreover, considering all 
significant variables, referring to anxiety symptoms, only gender was a 
significant predictor, while for depression symptoms both gender and 
NYHA class are predictors.

Unfortunately, all the other variables taken into consideration, both 
socio-demographic and clinic, did not show any significant association 
with the presence of clinical level of anxious and depressive symptoms. 
This does not allow us to identify a specific socio-demographic profile 
of a patient at risk of psychopathology, with particular characteristics, 
beyond gender and the above mentioned few other clinical indicators. 
These results are however very important, because they underline the 
high presence of clinical symptoms of anxiety and depression in the 
population of ATTR-CA patients, suggesting to pay attention, in general, 
to all patients followed for this disease.

In other words, our data seem suggest the relevance in amyloid 
referral centers a specific psychological assessment performed by 
trained health care staff should be  provided to entire patient 
population. In fact, identify those subjects with psychopathological 
difficulties should be allow to refer them for further evaluation and 
take in charge by psychological staff. At our center, for example, for 
patients who scored clinical symptoms of anxiety and depression, our 
psychologist conducted a return to each patient of the questionnaire 
result and offered the opportunity to have a psychological support 
interview at the center itself. A psychological support could be able to 
reduce disease burden and improve quality of life and adherence to 
new disease modifying drugs that are changing the scenario of 
ATTR-CA.

4.1. Limitations

There are some study limitations. Firstly, the sample is small, it 
is possible that our results could be susceptible to type II error. 
However, ATTR-CA is a rare chronic disease and this study had a 
monocentric nature. This is undoubtedly another limitation. Due 
this monocentric nature this data should be confirmed in larger 
and multicentric, international population to avoid referral center 
bias. Nevertheless, given the lack of studies on this topic, the 
present study represents a starting point contributing to the 
literature on the prevalence of anxious and depressive symptoms in 
ATTR-CA population.

Another limitation is linked to the lack of other information which 
could influence the presence of anxious and depressive symptoms, such 
as the presence or number of hospitalizations, the socio-economic 
status, or a baseline psychological status before the diagnosis. Moreover, 
in the present study the presence of anxiety and depression was assessed 
by a self-report questionnaire. There is no doubt that a clinical evaluation 
carried out by a specialist would be more precise and reliable. However, 
our study was not intended to make a psychopathological diagnosis 
according to the DSM-5 criteria (American Psychiatric Association, 
2014), but only to detect depressive or anxious symptoms above the cut 
off in our sample of patients with ATTR-CA, in order to highlight 
whether psychological distress was particularly presented in this clinical 
population. Moreover, the HADS is a valid measure for detecting the 
presence of anxious and depressive symptoms, widely used in hospitals 
and adapted to various medical diseases including cardiomyopathies. 
Furthermore, compared to other self-report assessment tools, the items 
have been created in a way to avoid ambiguous somatic symptoms that 
can be associated with various medical conditions, such as dizziness and 
lethargy (Zigmond & Snaith, 1983).

In conclusion, ATTR-CA is a debilitating disease not only physically 
but could also constitute a risk factor with respect to psychological well-
being. In fact, despite the limitations of the present study, the results 
suggest the need to pay attention to the presence of anxiety and 
depression in this population. There is a need for increased awareness 
among the medical community about the prevalence of psychological 
disorders to provide a psychological assessment as soon as patients are 
referred to specialized centers for a diagnosis. In fact, since it is currently 
not possible to provide a specific profile of ATTR-CA patients with a 
higher risk of suffering from anxious or depressive symptoms, a specific 
psychological evaluation performed by healthcare professionals should 
be carried out in the amyloid reference centers trained on the entire 
patient population.
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