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Abstract

Aims Transthyretin amyloid cardiomyopathy (ATTR CM) is a progressive and severe heart disease with physical and psycho-
logical implications. The Nordic PROACT study was conducted to investigate the health-related quality of life (HRQoL) in ATTR
CM patients.
Methods and results The Nordic PROACT study was a cross-sectional non-interventional study conducted in 12 cardiology
hospital clinics across Norway, Sweden, Finland and Denmark. Men and women aged ≥18 years diagnosed with symptomatic
ATTR CM were included. The investigator provided information on medical history, biomarkers, current treatment,
co-morbidities and disease severity according to the New York Heart Association (NYHA) class and the National Amyloidosis
Centre (NAC) staging. Patients completed the HRQoL questionnaires in the form of the Kansas City Cardiomyopathy Question-
naire (KCCQ), the EQ-5D-5L index with Visual Analog Scale (VAS), and the Major Depression Inventory (MDI). A total of 169
patients (mean ± SD age 77.7 ± 6.2 years) were included. Ninety-two per cent were men. Seventy-six per cent had wildtype
ATTR CM (ATTRwt CM) and 15% had a hereditary form of ATTR CM (ATTRv CM) while 9% were genetically unclassified. Most
patients were in NYHA class II (54%) and NAC stage 1 (53%). Participation in randomized clinical trials (RCT) was noted in 58%
of the patients. The 169 ATTR CM patients had a mean ± SD KCCQ score of 64.3 ± 23.1 for total symptom score, 64.8 ± 20.9 for
overall summary score (OSS) and 65.1 ± 21.5 for clinical summary score. The EQ-5D-5L total utility score was 0.8 ± 0.2 and the
EQ-5D-5L VAS score was 62.9 ± 20.6. The vast majority (89%) did not report any signs of depression. Patients with ATTRv CM
had a higher KCCQ OSS as compared with ATTRwt CM, while EQ-5D-5L utility score, EQ-5D-5L VAS and MDI were similar.
Non-RCT participants had a poorer HRQoL as compared with RCT participants as reflected in lower KCCQ OSS and EQ-5D-5L
VAS scores and a higher MDI score. Patients with higher NYHA classes and NAC disease stages had a poorer HRQoL as
demonstrated by lower KCCQ and EQ-5D-5L scores and higher MDI scores. Correlation between KCCQ, EQ-5D-5L and MDI
and the covariate NYHA class remained significant (P < 0.05) after adjusting for multiple testing.
Conclusions KCCQ scores were lower than previously reported for patients with other heart diseases of non-ATTR CM origin.
The HRQoL measures correlated well to NYHA class and NAC disease stage. The prevalence of depression appeared to be low.
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Introduction

Transthyretin amyloid cardiomyopathy (ATTR CM) is a
progressive, debilitating and life-threatening disease
characterized by the accumulation of amyloid fibrils of
misfolded transthyretin (TTR) protein in the heart.1–3 The
progressive accumulation leads to development of restric-
tive cardiomyopathy with clinical heart failure and
arrhythmia.4,5 ATTR CM is a systemic disease with carpal
tunnel syndrome and spinal stenosis as typical non-cardiac
manifestations.4,6,7

ATTR CM might develop due to a pathogenic mutation in
the transthyretin gene, leading to the inherited form of ATTR
CM (ATTRv CM), or associated with aging in the wild-type
form (ATTRwt CM) in which the specific disease cause is not
known. ATTRwt CM, which is the most prevalent form and
predominantly affects men above 60 years, was previously
considered as a rare condition but is currently recognized as
a prevalent cause of heart failure and arrythmia in the elderly
population.8,9 The prevalence of ATTRv CM varies across
regions and many different mutations have been identified
in the TTR gene. Within the Nordic countries, the Leu111Met
is seen in Denmark whereas the Val30Met is prevalent in
certain regions of Sweden.10,11

ATTR CM severity can be evaluated according to New York
Heart Association (NYHA) classes12 and National Amyloidosis
Centre (NAC) disease stages which both provide prognostic
information.13 The treatment of the disease includes
symptomatic medical treatment, specific disease modifying
medication, and—for those with ATTRv CM—possibly liver
transplantation.1,4

The physical symptoms of ATTR CM can have a significant
impact on activities of daily life and affect the quality of life
(QoL). The disease progressively reduces physical capacity,
limits patients’ ability to take part in social activities and
has been associated with significant financial burdens.2,14

Data for patient-reported outcome measures (PROMs) are
limited for patients with ATTR CM and data from the Nordic
countries have not been previously reported. Available
non-Nordic reports have demonstrated impaired QoL as mea-
sured by the Kansas City Cardiomyopathy Questionnaire
(KCCQ), EQ-5D/EQ-5D-3L, the 12-Item Short Form Health
Survey (SF-12), and the Hospital Anxiety and Depression Scale
(HADS).2,14–18

Nordic PROACT (patient-reported outcomes in
transthyretin amyloid cardiomyopathy trial) explored for
the first time the health-related QoL (HRQoL) of contempo-
rary patients from Norway, Sweden, Finland, and Denmark
living with symptomatic ATTR CM. Furthermore, correlates
were investigated between HRQoL as measured by KCCQ,
EQ-5D-5L, and Major Depression Inventory (MDI), and
factors like disease severity, diagnostic delay, and co-
morbidities.

Methods

Study design

The Nordic PROACT study was a one-time cross-sectional
non-interventional study conducted in 12 hospital cardiology
outpatient clinics across Norway, Sweden, Finland, and
Denmark between January 2021 and January 2022. The study
consisted of two electronic questionnaires, one designed for
the investigator, referred to as the eCaseReportForm (eCRF),
and one designed for the patient, referred to as the
ePatientReportedOutcomes (ePRO).

Inclusion and exclusion criteria

Eligible patients were men and women aged ≥18 years and
diagnosed with symptomatic ATTR CM three or more months
prior to study participation. Carriers of TTR mutations
without symptoms of ATTR CM were not included in the
study. Written informed consent was obtained from every
participant prior to study inclusion.

Medical history

The patients’ medical history was completed by the
investigator by use of the eCRF and included time of diagno-
sis, age, gender, time of onset of symptoms, co-morbidities,
ATTR CM phenotype and genotype, current medical treat-
ment, biomarkers, data for left ventricular ejection fraction
(LVEF), and disease stage (NYHA class and NAC stage).
Co-morbidities were defined as those medically treated at
time of inclusion independent of ATTR CM or non-ATTR CM
origin. Time since diagnosis reflects the period between final
ATTR CM diagnosis and latest control visit/completion of the
QoL assessment questionnaires of the Nordic PROACT study.
Diagnostic delay was defined as time from first cardiological
examination to the diagnostic date of biopsy and/or 99mTc-
DPD scintigraphy.

Disease severity assessments

Disease severity was assessed by the medical staff at the
latest visit according to NYHA and NAC. NYHA categorizes
patients in one of four classes based on their heart disease
associated physical activity limitations, with higher classes
reflecting more limitations.12 NAC staging is based on
N-terminal pro B-type natriuretic peptide (NT-proBNP) above
or below 3000 ng/L and estimated glomerular filtration rate
(eGFR) above or below 45 mL/min and is divided into differ-
ent groups as follows: Stage 1: NT-proBNP ≤3000 ng/L and
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eGFR ≥45 mL/min/1.73 m2; stage 3: NT-proBNP >3000 ng/L
and eGFR <45 mL/min/1.73 m2; and stage 2: all other level
combinations).13

Quality of life assessments

QoL assessment tools in Nordic PROACT included the three
validated questionnaires: KCCQ, EQ-5D-5L (index and Visual
Analog Scale (VAS), and MDI. All QoL assessments were com-
pleted by the patient by use of the ePRO tool.

KCCQ is a 23-item patient-completed questionnaire that
assesses health status and HRQoL in patients with heart fail-
ure and is also validated for patients with heart failure with
preserved ejection fraction (HFpEF). Items assess the ability
to perform activities of daily living, frequency and severity
of symptoms, the impact of these symptoms, and HRQoL.
Scoring yields scores for 6 domains (physical limitation, symp-
tom stability, symptoms, self-efficacy, social limitation, and
QoL), two summary scores (Functional Summary and Clinical
Summary), as well as an Overall Summary score (OSS).
Domain scores are transformed to a 0 to 100 range, which
is often divided into 25-point ranges as follows: 0 to 24: very
poor to poor; 25 to 49: poor to fair; 50 to 74: fair to good;
and 75 to 100: good to excellent.19

EQ-5D-5L is a brief, self-administered generic health status
instrument consisting of two parts. In the first part respon-
dents are asked to indicate their current health state on 5
modalities (mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression) with each modality
having 5 levels of function, ranging from no problem to
extreme problem/unable to do the activity. This results in a
5-digit number that combined with existing population
weights for all EQ-5D-5L health states enables the calculation
of a single index value (the utility score) between 0 and 1 for
every patient, where 1 is equal to a situation of perfect
health and 0 is equal to being dead. The second part is a
subject’s self-rating of current health state on a VAS ranging
from ‘best imaginable health state’ (score of 100) to ‘worst
imaginable health state’ (score of 0).20

MDI is a brief, 13-item scale constructed to enable both an
ICD-10 and DSM-IV diagnosis of clinical depression in addition
to an estimate of symptom severity. For this study, rating
scales were used to categorize patients as having no depres-
sion, mild depression, moderate depression, or severe
depression.21,22

Statistical analyses

Variables were summarized using descriptive statistics.
Statistical tests and confidence intervals were performed
and assessed from a 5%-significance level (two-sided). Sub-
group analyses were conducted for gender (male/female),

ATTR CM type (wildtype/hereditary) and randomized clinical
trial (RCT) participation (+/� RCT participation). Multiple
linear regression was used to analyse KCCQ, EQ-5D-5L and
MDI according to gender, age, type of disease, years since
diagnosis, disease severity, treatment, diagnostic delay and
co-morbidities. Wilcoxon and Kruskal–Wallis tests were used
when the covariate had, respectively, two and more than
two categories. Bonferroni’s adjustment was used to take
multiple testing into account. Pearson correlation coefficients
analysis was conducted to assess any correlations between
the various HRQoL measures included in the study. All data
were analysed using SAS software (SAS statistical programme
version 9.04).

Results

Patient disposition

A total of 169 patients were enrolled in the study, 70 patients
from Denmark, 61 from Sweden, 19 from Norway, and 19
from Finland.

Patient characteristics

Of the 169 patients, 92% were men and 8% were women.
Mean age was 78 years (77 for men and 83 for women).
Three of four patients (76%) had ATTRwt CM, 15% had ATTRv
CM and 9% were not genetically classified. In terms of dis-
ease severity assessment, 54% of patients were in NYHA class
II and 35% were in NYHA class III, while 53% of patients were
in NAC stage 1. Mean time since diagnosis was 3.1 years
(Table 1).

The 25 patients with ATTRv CM had the following muta-
tions: Val30Met (n = 10), Val122Ile (n = 2), Thr60Ala (n = 1)
and Leu111Met (n = 1). Mutation details were not provided
for the remaining 9 ATTRv CM patients.

The patients’ medical history was characterized by previ-
ous diagnoses given before the ATTR CM diagnosis that are
typical cardiac and non-cardiac red flags for ATTR CM. These
included atrial fibrillation (53%), carpal tunnel syndrome
(45%), HFpEF (25%) not identified as ATTR CM, and spinal
stenosis (20%). Fifty-four per cent also had a history of hyper-
tension and 21% of ischaemic heart disease.

At time of inclusion, the vast majority (96%) had one or
more co-morbidities for which they received medical treat-
ment, the most frequent being atrial fibrillation (69%). Eight
per cent of all patients received ATTR CM modifying treat-
ment and 58% of all patients were enrolled in an RCT while
participating in the present non-interventional study
(Table 1). As no information was provided on the type of
RCT or the specific medications involved, specific treatment
data was not available for RCT participants. Among patients
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not enrolled in an RCT, 20% received disease-modifying
treatment.

Cardiovascular profiles as described by NT-proBNP levels,
eGFR and LVEF at the latest control visit are listed in Table 2
along with the patients’ self-reported current symptoms.
Nearly 80% had a NT-proBNP above 1000 ng/L and 55%
had an eGFR below 60. Patients were distributed evenly
between those with an LVEF above 50% and those with an
LVEF below 50% while 24% had an LVEF below 40%
(Table 2).

Patients with ATTRv CM (n = 25) and ATTRwt CM (n = 129)
were comparable regarding age (mean age was 77 years for

ATTRv CM and 78 years for ATTRwt CM) and disease severity
as assessed by NYHA and NAC. In contrast, the proportion of
women was higher (20% vs. 6%), the diagnostic delay was
shorter (0.6 vs. 2.1 years), and time since diagnosis was
longer (4.4 vs. 2.9 years) among ATTRv CM patients as
compared with those with ATTRwt CM. The proportion of
patients enrolled in an RCT was high both among patients
with ATTRv CM and patients with ATTRwt CM (52% vs.
65%, respectively), while considerably more patients with
ATTRv CM received disease-modifying treatment (28% vs.
5%). At time of inclusion, more patients with ATTRv CM re-
ceived treatment for co-morbidities like neuropathy (20%
vs. 1.6%) and gastrointestinal disease (16% vs. 12%) while
fewer received treatment for spinal stenosis (4% vs. 11%)
and diabetes (0% vs. 13%) as compared with ATTRwt CM
patients.

Patients not enrolled in an RCT (n = 70) and those enrolled
in an RCT (n = 98) were comparable in terms of age, gender
distribution, and diagnostic delay. Time since diagnosis was
also comparable, though more non-RCT participants as com-
pared with RCT participants (20% vs. 8%) were diagnosed
within the last year. Slightly more non-RCT participants as

Table 1 Patient characteristics

All patients (N = 169)

Age (years) 77.7 ± 6.2
Male gender 155 (91.7)
Type of ATTR CM

Hereditary 25 (14.8)
Wildtype 129 (76.3)
ATTR CM type not determined 15 (8.9)

Co-morbiditiesa

Any 163 (96.4)
Atrial fibrillation 116 (68.6)
Hypertension 80 (47.3)
Ischaemic heart disease 34 (20.1)
Gastrointestinal disease 20 (11.8)
Spinal stenosis 19 (11.2)
Diabetes 17 (10.1)

Diagnostic delayb 1.7 ± 3.3
Time since ATTR CM diagnosis (years) 3.1 ± 1.8

<2 71 (42.0)
>2–4 72 (42.6)
>4–6 17 (10.1)
>6 8 (4.8)

Missing or not applicable/available 1 (0.6)
NYHA stage

I 13 (7.7)
II 92 (54.4)
III 59 (34.9)
IV 3 (1.8)
Missing or not applicable/available 2 (1.2)

NAC stage
1 90 (53.3)
2 43 (25.4)
3 31 (18.3)
Missing or not applicable/available 5 (3.0)

Current medical treatment for ATTR CM
ATTR CM modifying treatment 14 (8.3)
Symptomatic treatmentc 55 (32.5)
No ATTR CM treatment 1 (0.6)
Participation in RCT 98 (58.0)
Missing or not applicable/available 1 (0.6)

Data are presented as n (%) or mean ± SD.
RCT, randomized clinical trial; NAC, National Amyloidosis Centre;
NYHA, New York Heart Association; 99mTc-DPD, 99mTechnetium la-
belled 3,3-diphosphono-1,2-propanodicarboxylic acid.
aCo-morbidities were defined as those medically treated at time of
inclusion independent of ATTR CM or non-ATTR CM origin.

bDiagnostic delay is defined as time from first cardiological exami-
nation to the diagnostic date of biopsy and/or 99mTc-DPD
scintigraphy.

cPatients were defined as receiving symptomatic treatment if they
only received symptomatic treatment.

Table 2 Cardiovascular measures and symptoms

All patients
(N = 169)

NT-proBNP (ng/L)a

<1000 32 (20.4)
1000–2999 61 (38.9)
3000–5999 41 (26.1)
>6000 23 (14.6)

eGFR (mL/min/1.73 m2)b

<45 45 (27.9)
45–59 44 (27.3)
60–89 69 (42.9)
> 90 3 (1.9)

LVEF (%)
<40 40 (23.7)
40–49 37 (21.9)
50–60 50 (29.6)
>60 18 (10.7)
Missing or not applicable/available 24 (14.2)

Current symptomsc

Shortness of breath at physical activity/
exercise

125 (74.0)

Shortness of breath at daily physical activity 91 (53.8)
Problems with balance 74 (43.8)
Pronounced fatigue 72 (42.6)
Swelling of lower legs and ankles (oedema) 64 (37.9)
Physical weakness 61 (36.1)
Feeling disorders in the hand and/or feet 56 (33.1)
Dizziness/fainting 45 (26.6)

Data are presented as n (%).
eGFR, estimated glomerular filtration rate; LVEF, left ventricular
ejection fraction; NT-proBNP, N-Terminal pro B-type Natriuretic
Peptide.
aBased on the 157 patients for whom NT-proBNP was available.
bBased on the 161 patients for whom eGFR was available.
cSymptoms were recorded by the patients. Only the most prevalent
symptoms are listed, and one patient may have reported more
than one symptom.
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compared with RCT participants had ATTRv CM (17% vs.
13%). Distribution across NYHA class was similar, whereas
NAC stage allocation differed somewhat (the percentage dis-
tribution across NAC stage 1/2/3 was 49/21/26 for non-RCT
participants vs. 57/29/13 for RCT participants). At time of in-
clusion, more non-RCT participants than RCT participants re-
ceived treatment for co-morbidities like ischaemic heart dis-
ease (27% vs. 15%), gastrointestinal disease (20% vs. 6%)
and neuropathy (10% vs. 1%).

Patient-reported outcome measures (PROMs)

Patients reported the lowest mean KCCQ domain score in
symptom stability (47) and the highest mean score in
self-efficacy (75). Means for the other domain scores ranged
from 61 to 68 and were similar to the mean summary scores,
which were 64 for total symptom score, 65 for OSS and 65 for
clinical summary score (Table 3).

For the generic tool EQ-5D-5L, mean utility scores within
the five domains ranged from 0.4 for self-care to 1.2 for mo-
bility and usual activities. Mean total EQ-5D-5L score was 0.8
and mean VAS score was 63 (Table 3).

Finally, categorization of depression state according to MDI
showed that the vast majority (89%) had no depression
(Table 3).

Patients with ATTRv CM (n = 25) had generally higher
KCCQ scores as compared with those with ATTRwt CM
(n = 129): Mean total symptom score was 73 vs. 66, mean
OSS was 70 vs. 64 and mean clinical summary score was 70
vs. 65. EQ-5D-5L utility score, EQ-5D-5L VAS and MDI were
similar in the two groups.

Non-RCT participants tended to have lower KCCQ scores as
compared with those participating in an RCT: Mean total
symptom score was 60 vs. 67, mean OSS was 61 vs. 68, and
mean clinical summary score was 61 vs. 68. Likewise, mean
EQ-5D-5L VAS was lower among non-RCT participants (59
vs. 66), and mean MDI was higher (12 vs. 8). Mean EQ-5D-
5L utility score did not differ between the groups.

PROMs according to disease severity and other
covariates

Patients with higher NYHA classes had a poorer quality of
life as reflected in lower KCCQ and EQ-5D-5L scores and
higher MDI scores (Figure 1, A-C). The same was the case
when disease severity was assessed by use of NAC stages
(Figure 2, A-C).

Multiple linear regression analyses confirmed this pattern
and further demonstrated significant correlations between
co-morbidity and, respectively, KCCQ and EQ-5D-5L, as well
as between years since diagnosis and EQ-5D-5L (Table 4).
However, after adjusting for multiple testing, it was primarily

the correlation between KCCQ, EQ-5D-5L and MDI and the
covariate NYHA class that remained significant. No consistent
correlations were found between the individual PROMs and,
respectively, gender, age, type of disease, treatment category,
and diagnostic delay (Table 4).

Significant correlations were found between all the individ-
ual PROMs. Correlations were strong (correlation coefficient
≥0.8 or ≤ � 0.8) between KCCQ OSS and, respectively, KCCQ
(Physical limitation), KCCQ (Social limitation), and KCCQ
(Quality of life), with all having p-values< 0.001. Correlations
were weak (correlation coefficient <0.4 or > � 0.4) between
KCCQ (Symptoms) and, respectively, other KCCQ scores, EQ-
5D-5L and MDI, all p-values <0.05. All remaining correlations
were moderate (correlation coefficient 0.4 to 0.8 or �0.4 to
�0.8) with p-values < 0.001.

Table 3 Quality of life measures

All patients (N = 169)

KCCQ: domain scores
Physical limitationa 66.2 ± 24.1
Symptom stabilityb 46.9 ± 15.0
Symptom frequencyb 60.5 ± 26.0
Symptom burdenb 68.0 ± 22.0
Self-efficacyb 74.6 ± 23.2
Quality of lifeb 62.2 ± 24.6
Social limitationc 67.1 ± 24.9

KCCQ: summary scores
Total symptom scoreb 64.3 ± 23.1
<50 47 (27.8)
50–75 63 (37.3)
>75 58 (34.3)
Overall summary score 64.8 ± 20.9
<50 43 (25.4)
50–75 67 (39.6)
>75 59 (34.9)
Clinical summary score 65.1 ± 21.5
<50 42 (24.9)
50–75 65 (38.5)
>75 62 (36.7)

EQ-5D-5L utility scores
Mobility 1.2 ± 1.1
Self-care 0.4 ± 0.7
Usual activities 1.2 ± 1.1
Pain/discomfort 1.0 ± 1.0
Anxiety/depression 0.6 ± 0.8
Total score 0.8 ± 0.2

EQ-5D-5L VAS
Your health today 62.9 ± 20.6
<50 36 (21.3)
50–75 77 (45.6)
>75 54 (32.0)

MDI rating scale
No depression 151 (89.3)
Mild depression 5 (3.0)
Moderate depression 6 (3.6)
Severe depression 7 (4.1)

Data are presented as mean ± SD or n (%).
KCCQ, Kansas City Cardiomyopathy Questionnaire; MDI, Major De-
pression Inventory; VAS, Visual Analog Scale.
aBased on 167 patients.
bBased on 168 patients.
cBased on 165 patients.
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Discussion

As the first of its kind, the Nordic PROACT study provides a
thorough description of HRQoL in 169 contemporary
patients living with symptomatic ATTR CM in Norway,
Sweden, Finland and Denmark. The study population

consisted of both ATTRwt and ATTRv CM patients with a
predominance of wildtype disease. Even though most
patients were in NYHA class II/NAC stage 1 and the mean
diagnostic delay of 1.7 years was relatively short as
compared with previous reports, the HRQoL was
impaired.14,23–27

Figure 1 Disease severity as assessed by NYHA according to KCCQ (A), EQ-5D-5L (B), and MDI (C).
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KCCQ

The HRQoL assessed by the KCCQ OSS in the present
ATTR-CM patients showed a mean value of 65. This is in line
with the mean values of 65–67 for KCCQ OSS at baseline
reported for ATTR CM patients enrolled in CTs28,29 and some-
what higher than for ATTR CM patients characterized by
profound diagnostic delay and advanced disease progression,
for whom KCCQ OSS mean values below 60 have been

reported.2,14 Data from observational studies and clinical trial
baseline data from patients with heart diseases like HFpEF,
heart failure with reduced ejection fraction (HFrEF) and ob-
structive hypertrophic cardiomyopathy report mean KCCQ
OSS values of at least 70.30–33 Bearing in mind the pitfalls of
cross-study comparisons, this might suggest a clinically rele-
vant difference in HRQoL between patients with ATTR CM
and patients with other heart failure diseases, with ATTR
CM patients being more affected. Possible explanations may

Figure 2 Disease severity as assessed by NAC according to KCCQ (A), EQ-5D-5L (B), and MDI (C).
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involve the systemic nature of ATTR CM, the limited effect of
heart failure medication for the treatment of ATTR CM, and
the later diagnosis of ATTR CM as compared with other heart
failure aetiologies.

The reported pattern with lowest domain scores for symp-
tom stability and highest scores for self-efficacy is in line with
previous reports.2,14 Self-efficacy measures the patient’s
knowledge of, and confidence in, their medical care, including
what they should do if their heart failure gets worse.19

EQ-5D-5L

The overall HRQoL as measured by EQ-5D-5L was comparable
to previous reports of ATTR CM patients and patients diag-
nosed with heart failure, but slightly lower—at least in terms
of VAS scores—than for patients with cardiac diagnoses like
ischaemic heart disease, arrhythmia and congenital heart
disease.2,16,18,34 When compared with the general population
in the Scandinavian countries, the mean EQ-5D-5L VAS score
of 63 in the Nordic PROACT population was lower than a VAS
score of 75 in Swedish men from the general population with
an age of 75–79 years.35 The EQ-5D-5L mean utility score of
0.8 demonstrated in the present ATTR CM population was
also slightly lower as compared with a mean EQ-5D-5L utility
score of 0.9 demonstrated in the general Danish population
aged above 70 years of age.36 In Norway, however, overall
HRQoL in the general population aged 70–79 years was sim-
ilar to that of the ATTR CM study population with a mean
EQ-5D-5L utility score of 0.8.37

RCT participants vs. non-RCT participants

The majority (58%) of the study group participated in an RCT.
Even though this is a well-known term when including
patients with a rare disease like ATTR CM for which many
new treatment strategies are under investigation, the large
proportion of patients participating in an RCT may blur the
transparency of the treatment category and slightly affect
how the patient questionnaires are answered. A split analysis
showed that this subgroup, though of comparable age, diag-
nostic delay and NYHA class, had a better HRQoL, both as
measured by KCCQ and EQ-5D-5L VAS, than those not partic-
ipating in a trial. The difference, or at least some of it, may
be explained by the markedly higher proportion of
co-morbidities such as ischaemic heart disease, gastrointesti-
nal disease and neuropathy in non-RCT participants along
with the lower proportion of patients in NAC stage 3 among
trial participants. Though details on the specific RCTs are
not available, it is possible that some RCT participants receive
disease-modifying treatment, which can diminish the pro-
gression of the disease and thereby improve HRQoL, as
shown for tafamidis and patisiran.16,38 Moreover, participat-Ta
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ing in an RCT might improve QoL per se, due to the increased
attention and support received by trial participants. Indeed,
the difference between a mean KCCQ OSS of 58 observed
among ATTR CM patients in a large observational study14

and of approximately 67 at baseline in two large RCTs16,29

corresponds to the differences found between the subgroups
of RCT and non-RCT participants in our study (61 vs. 68).

ATTRv CM patients vs. ATTRwt CM patients

The relatively small subgroup (n = 25) of patients with ATTRv
CM were characterized by having a better HRQoL as assessed
by KCCQ as compared with patients with ATTRwt CM, while
EQ-5D-5L and MDI were similar. A very short diagnostic delay
and a high proportion of patients receiving disease-modifying
treatment may explain some of this difference.

MDI

To the best of our knowledge, this is the first report of de-
pression as evaluated by MDI in patients with ATTR CM.
Heart failure is associated with an increased risk of depres-
sion, and large meta-analyses of heart failure patients have
reported an estimated overall prevalence of depression of
20–30%, with similar prevalence in patients with HFpEF and
HFrEF and across aetiologies.39 This is markedly higher than
the observed 11% of ATTR CM patients reported to have
any degree of depression according to MDI in the present
study. Different assessment tools may explain some of the
differences, with MDI being referred to as a rather conserva-
tive instrument with few false positives.40 The clinical rele-
vance of this difference should be interpreted with caution,
given both the different assessment tools used and the lim-
ited size of the Nordic PROACT study population. Likewise,
no conclusions can be drawn from the slight difference in
mean MDI found between RCT participants and non-RCT par-
ticipants. The association between depression and NYHA
class is in accordance with previous reports for patients with
heart failure.41,42

Correlates between PROMs, disease severity, and
co-morbidities

Significant correlations were found between the HRQoL mea-
sures of KCCQ and EQ-5D-5L, and the severity of ATTR CM as
defined by increasing NYHA class or NAC stage. HRQoL,
whether measured by the heart specific KCCQ questionnaire
or by the generic EQ-5D-5L tool, worsened with the severity
of disease. This was the case both for the tools’ domain/
utility scores and for the total scores. Likewise, patients with
profound disease severity scored higher on the MDI scale, in-

dicative of more depression-like symptoms, although most
patients stayed in the ‘no depression’ category. Previous
reports in heart failure patients have also documented
association between NYHA and KCCQ as well as between
NYHA and EQ-5D-5L.33,43–45 To our knowledge, the Nordic
PROACT study is the first to investigate correlations between
NAC staging and different HRQoL measures.

Though both methods of classifying disease severity corre-
lated well to the analysed PROMs, NYHA classes showed a
stronger correlation than NAC stages, in that the correlation
between NYHA classes and the individual PROMs stayed
significant after Bonferroni correction. This difference may
relate to the fact that NYHA classification is based on the
patients’ physical limitations and symptoms.12 Even though
the tool reflects the physician’s perspective and is subject
to interobserver variability, it mirrors the patient’s disease
perception and therefore may relate more closely to QoL.
In contrast, NAC staging, though specific for ATTR CM, relates
to expected survival and not functional capacity or symptoms
perceived by the patient.13

Many of the reported co-morbidities are part of the path-
ological picture for ATTR CM. The significant correlation be-
tween the presence of co-morbidity and measures of HRQoL
is as expected, and likely reflects a greater disease burden
from the patient’s perspective with the presence of symp-
toms requiring medical treatment. The significant correlation
between years since diagnosis and EQ-5D-5L likely mirrors
the progressive nature of ATTR CM, though the pattern was
not consistent for KCCQ scores and MDI.

Study limitations

No control group was included in the Nordic PROACT study.
Further, due to the limited size of the study population, no
comparisons were conducted between the four Nordic coun-
tries. That said, few, if any, differences would be expected
between Norway, Sweden, Finland and Denmark, as the
Nordic countries are quite homogenous in terms of public
health and health services.

Whereas the cardiac biomarker NT-proBNP was measured
in most patients and used in the NAC staging, data on tropo-
nin levels was only available for a small part of the enrolled
patients. For this reason, troponin levels are not reported
here. Being a validated marker of disease severity and cardiac
involvement, the inclusion of troponin would have been
preferable.

For ATTR CM, the nature and degree of co-morbidities as
well as the treatment of these is essential for the patients’
prognoses, as exemplified by atrial fibrillation, the most prev-
alent co-morbidity in the present study, and the associated
increased risk of potentially fatal thromboembolic events.
The Nordic PROACT study did not collect data on the specific
medications prescribed for the co-morbidities recorded as
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being treated. However, in the case of atrial fibrillation, a
recent real-world study showed that while 64% of atrial fibril-
lation patients in the Scandinavian countries are treated with
non-vitamin K antagonist oral anticoagulants, the rest re-
ceives vitamin K antagonists.46 It is assumed that the ATTR
CM patients who received treatment for atrial fibrillation in
the present study showed a similar treatment distribution.

A significant proportion of the patients were enrolled in an
RCT while participating in the Nordic PROACT study. This may
blur the transparency of the received treatments and affect
the results slightly. Nonetheless, the distribution of non-RCT
and RCT participants in the present study reflects the current
clinical situation with a patient population of a limited
size combined with multiple ongoing RCTs, and excluding
patients enrolled in an RCT would have resulted in a
non-representative patient population.

The Nordic PROACT study was conducted during the sec-
ond year of the COVID-19 pandemic. This may have influ-
enced the recruitment of patients as well as the question-
naire responses.

Conclusions

The Nordic PROACT study demonstrated that HRQoL as
assessed by KCCQ was lower in patients with ATTR CM as
compared with previous reports from patients with other car-
diac diseases. The overall HRQoL as measured by EQ-5D-5L
was comparable to previous reports of ATTR CM patients
and patients diagnosed with heart failure, but slightly lower
than for patients with other cardiac diagnoses. The preva-
lence of depression was low. Clear correlations were found

between measures of HRQoL and disease severity, as
assessed by NYHA and NAC, underlining the importance of
early diagnosis and treatment.
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