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ABSTRACT

BACKGROUND Cardiac amyloidosis (CA) has been associated with poor outcomes. Screening studies suggest that CA is
overlooked—especially in the elderly. Recent advances in treatment have brought attention to the disease, but data on
temporal changes in CA epidemiology are sparse.

OBJECTIVES The aim of this work was to describe all patients with CA in Denmark, examining changes in patient
characteristics from 1998 to 2017.

METHODS All patients with any form of amyloidosis diagnosed from 1998 to 2017, as well as their comorbidities and
pharmacotherapy, were identified in Danish nationwide registries. CA was defined as any diagnosis code for amyloidosis
combined with a diagnosis code for heart failure, cardiomyopathy, or atrial fibrillation or a procedural code for pacemaker
implantation, regardless of the order. The index date was defined as the date of meeting those criteria. Patients were

divided into 5-year periods by index date. For comparison, we also included control subjects (1:4 ratio) from the general
population.

RESULTS CA criteria were met by 619 patients. Comparing 1998-2002 vs 2013-2017, the median age at baseline
increased from 67.4 years (interquartile range [IQR]: 53.9-75.2 years) to 72.3 years (IQR: 66.0-79.3 years). The frequency
of male patients increased from 62.1% to 66.2%. The incidence of CA rose from 0.88 to 3.56 per 100,000 person-years
in the Danish population aged =65 years, and the 2-year mortality decreased from 82.6% (IQR: 69.9%-90.5%) to 50.2%
(IQR: 43.1%-56.9%). Compared with control subjects, the mortality among CA patients was significantly higher (lLog-rank
test: P < 0.0001).

CONCLUSIONS CA, as defined in this study, was increasingly diagnosed on a national scale. The increasing frequency of
male patients and median age suggest that wild-type transthyretin amyloidosis is driving this increase. Greater recog-
nition of earlier, less advanced cases might explain decreasing mortality. (J Am Coll Cardiol CardioOnc 2021;3:522-533)
© 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ardiac amyloidosis (CA) has been associated

with a high 5-year mortality of 44%-65% af-

ter diagnosis (1). Screening studies show
higher prevalence of occult CA than previously ex-
pected, indicating that the burden of CA is underes-
timated (2-6). Recent advances in diagnostic
modalities, such as bone tracer scintigraphy, cardiac
magnetic resonance imaging, and mass spectrometry
(7-9), as well as state-of-the-art pharmacotherapy
have brought increased attention to identifying pa-
tients with transthyretin amyloidosis (10). Indeed,
the possibility of noninvasive diagnosis and emer-
gence of novel specific therapies are beginning to
shift the perception of the disease from rare and
incurable to less rare and treatable (11,12). Advances
in immunomodulating drugs, proteasome inhibitors,
steroid therapy, and autologous stem cell transplan-
tation have significantly improved survival in light
chain (AL) amyloidosis, especially if initiated early
(13,14). Indeed, in 2021, daratumumab (in combina-
tion with bortezomib, cyclophosphamide, and dexa-
methasone) was approved by the U.S. Food and
Drug Administration as first-line therapy for newly
diagnosed AL amyloidosis after studies showed
rapid hematologic and organ responses (15).

CA patients who are diagnosed often experience a
considerable diagnostic delay (16). Receiving the
correct diagnosis is important not just to receive
disease-modifying therapy, but because patients with
CA poorly tolerate many of the drugs commonly used
in the treatment of heart failure and atrial fibrillation,
resulting in possible worsening of symptoms or
serious adverse reactions (17). In 2019, Gilstrap
et al (18) published the first contemporary estimate of
the incidence and prevalence of CA among Medicare
beneficiaries in the United States, concluding that in
hospitalized patients >65 years of age, the incidence
rate of CA was 17 per 100,000 person-years and the
prevalence rate was 55 per 100,000 person-years.
However, no unselected national data exist. Our
objective was therefore to describe the temporal
trends in a Danish population of CA patients and to
examine the changes in patient characteristics over
the past 2 decades.

METHODS

REGULATORY APPROVAL. The study complies with
the Declaration of Helsinki. Registry studies do not
require regulatory approval in Denmark. The study
received the mandated approval by the Danish Data
Protection Agency (approval no.: P-2019-348).

DATA SOURCES. Data were extracted from Danish
national registries, where all inpatient and outpatient
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diagnoses, admissions, procedures, and filled
prescriptions, as well as income and munici-
pality of residence, are registered. The regis-
tries have been validated and previously
described in detail (19-22).

STUDY PATIENTS. All patients diagnosed
with amyloidosis from 1998 to 2017 were

assessed for inclusion in the study. CA was
defined as any International Classification of
Diseases-10th Revision (ICD-10) diagnosis code for
amyloidosis, combined with 1 possible cardiac mani-
festation of amyloidosis (diagnosed heart failure,
cardiomyopathy, or atrial fibrillation or procedural
code for pacemaker implantation), whichever was
registered first. The ICD-10 codes used are listed in
the Supplemental Appendix. Index date was defined
as the date when the patient met both of these criteria
(amyloidosis and a relevant cardiovascular diag-
nosis). This definition of CA has been used previously
by Gilstrap et al (18), with the addition of atrial
fibrillation and pacemaker implantation, as suggested
in the subsequent editorial by Griffin et al (23).

For comparison, we also included control subjects
from the general population in a 1:4 ratio. The control
subjects were assigned the same index dates as cases
(with the requirement of being alive and living in
Denmark at the time) and were thereafter matched by
sex, age (&1 year), and index year, with the use of
risk-set matching. To assess differences over time,
the 20-year study period was divided into four 5-year
periods. Furthermore, the population of amyloidosis
patients who did not meet criteria for CA were
analyzed as well. The index date for patients with
noncardiac amyloidosis was defined as the date of
diagnosed amyloidosis.

STUDY COVARIATES. Preexisting comorbidities were
assessed via hospital admissions and outpatient di-
agnoses from 10 years before the index date.
Concomitant pharmacotherapy was assessed through
filled prescriptions 6 months before the index date.
The ICD-10 and Anatomical Therapeutic Chemical
Classification System codes used are listed in the
Supplemental Appendix.

STATISTICS. Descriptive statistics were presented as
percentages for categoric variables and as median
(interquartile range [IQR]) for continuous variables.
Differences between CA patients and control subjects
were tested by means of chi-square test and Student’s
t-test where appropriate. Incidences of CA were
calculated with the use of official annual population
data from Statistics Denmark, whereby the entire
Danish population is accounted for. The incidences of
CA were calculated for each 5-year period of the study

ABBREVIATIONS
AND ACRONYMS

AL = light chain amyloid

CA = cardiac amyloidosis
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ATTR = transthyretin amyloid

CTS = carpal tunnel syndrome

WtATTR = wild-type amyloid
transthyretin
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FIGURE 1 Flow Chart of Patient Selection
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Amyloidosis patients who develop cardiac manifestations
n=619 (39.4%)

1998-2002 2003-2007
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(32.9%) (34.5%)
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Year of meeting criteria of amyloidosis + cardiac manifestation = baseline
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n=183
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n=234

Denmark.

All patients with diagnosed amyloidosis from 1998 to 2017 were identified in Danish nationwide registries. Cardiac amyloidosis (CA) was
defined using a combination of International Classification of Diseases-10th Revision diagnosis and procedural codes. A total of 1,572
amyloidosis patients were identified, ~40% of which met criteria for CA. CA, as defined in this study, is increasingly being diagnosed in

and tested for trend using the Cochrane-Armitage test
for trend, adjusted for population growth per each
time period. Mortality was described with the use of
Kaplan-Meier estimates, comparing cumulative in-
cidences of mortality over time periods and between
patient groups with the use of log-rank test.
Statistical analyses were performed with the use of
the SAS statistical software (version 9.4) as well as

R statistical software (R Core Team). Level of statis-
tical significance was defined as a P < 0.05.

RESULTS

A total of 1,572 patients were diagnosed with
amyloidosis during the study period, of whom 619
met the criteria for CA. Figure 1 shows a flow chart for
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patient selection. Matching in a 1:4 ratio to patients
from the general population yielded 2,476 control
subjects. The majority (63%) of CA patients were
coded as unspecified amyloidosis, while hereditary
forms accounted for about 10% (Supplemental Table 1
details further distribution of amyloidosis ICD codes
among the study population). Approximately 62% of
the CA patients were first diagnosed with heart fail-
ure, cardiomyopathy, or atrial fibrillation or under-
went pacemaker implantation before being diagnosed
with amyloidosis and 7% were diagnosed with a car-
diac manifestation and amyloidosis the same day.

TEMPORAL CHANGES IN AGE, SEX, AND DIAGNOSIS.
During each 5-year period of the study, the number of
patients who were diagnosed with CA according to
our study definition continuously increased. This
finding was consistent when adjusted for population
growth (Cochran-Armitage trend test: P < 0.0001).
The incidence of CA among the entire Danish
population =65 years of age rose from 0.88 to 3.56 per
100,000 person-years and from 1.21 to 5.19 per
100,000 person-years in men =65 years of age
(Figure 2). The median age at baseline increased from
67.4 years (IQR: 53.9-75.2 years) in the first evaluated
time period (1998-2002) to 72.3 years (IQR: 66.0-79.3
years) in the last time period (2013-2017). The median
age at time of diagnosis of amyloidosis increased from
67.4 years (IQR: 53.9-75.1 years) in the first time
period to 71.6 years (IQR: 64.7-79.0 years) in the last
time period. For the patients who presented with a
cardiac manifestation before being diagnosed with
amyloidosis, the median time between first cardiac
manifestation and a subsequently diagnosis of
amyloidosis varied between 0.63 years (IQR: 0.20-2.17
years) and 1.95 years (IQR: 0.24-5.04 years). Over
time, the frequency of male patients rose from 62.1%
to 66.2%. Among patients aged =75 years, the fre-
quency of male patients increased from 50% to 72.7%.
The frequency of outpatient diagnosis of amyloidosis
increased from 25.9% to 51.7%.

TEMPORAL CHANGES IN COMORBIDITIES AND
PHARMACOTHERAPY. Comorbidities and concomi-
tant pharmacotherapy generally increased over time,
as presented in Table 1 and Supplemental Tables 2
and 3, respectively. The prevalence of atrial fibrilla-
tion increased from 25.9% to 32.5% among CA pa-
tients, while concomitant anticoagulation therapy
increased from 12.1% to 37.2%. Treatment with beta-
blockers doubled (25.9% to 46.2%), while treatment
with nondihydropyridine calcium channel blockers
and digoxin decreased from 13.8% to 1.3% and from
29.3% to 5.1%, respectively.
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FIGURE 2 Temporal Changes in Cardiac Amyloidosis
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Investigating the changes in incidence of cardiac amyloidosis (CA). The incidence of CA
was calculated for each 5-year period of the study, adjusted for population growth per
each time period. Between the first and last 5-year period (1998-2002 vs 2013-2017) the
incidence of CA increased from 0.88 to 3.56 per 100,000 person-years in the entire
Danish population, from 1.21 to 5.19 in men aged =65 years and from 1.30 to 7.18 in
men aged =75 years. The increasing incidence of CA was most pronounced among
elderly men, indicating that wild-type transthyretin amyloidosis is driving this rise.

TEMPORAL CHANGES IN HEMATOLOGIC CANCER
AND ASSOCIATED TREATMENT. The frequency of
concurrent malignancy increased over time. Although
the frequency of multiple myeloma (MM), as well as
monoclonal gammopathy of unknown significance
(MGUS), was quite stable, treatment with melphalan
+ concomitant corticosteroids, bortezomib, thalido-
mide, daratumumab. or stem cell transplantation rose
from 0% to 23.9% during the study period, as pre-
sented in Table 1. The frequencies of MGUS and
MM among subjects were very
(Supplemental Table 4).

control low

EXTRACARDIAC MANIFESTATIONS OF AMYLOIDOSIS.
Previous surgery for carpal tunnel syndrome (CTS)
was reported in 10.6% of patients with CA, compared
with 1.8% of control subjects (Supplemental Table 5).
Multiple CTS surgical procedures were more common
among CA patients with CTS than in control subjects
with CTS (59.2% vs 33.3%; P = 0.003). The median
time from CTS surgery to the index date was 3.5 years
(IQR: 0.65-8.13 years) in CA patients, and the median

time from CTS surgery to the first cardiac
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TABLE 1 Baseline Characteristics

Age at first cardiac manifestation, y
Age at amyloidosis diagnosis, y
Age at baseline, y
Cardiac manifestation or amyloidosis first diagnosed?
Cardiac manifestation®

Time between first cardiac manifestation and subsequently
diagnosed amyloidosis, y®

Comorbidities

68.2 (59.9-75.8)
69.9 (61.5-77.1)
70.0 (63.0-77.8)

62.0
1.26 (0.20-4.70)

66.3 (53.8-74.6)
67.4 (53.9-75.1)
67.4 (53.9-75.2)

65.5
0.63 (0.20-2.17)

65.7 (57.2-74.4)
66.0 (58.0-76.8)
66.9 (59.4-77.1)

56.3
1.95 (0.24-5.04)

Time Period
Total 1998-2002 2003-2007 2008-2012 2013-2017
Demographics
n 619 58 144 183 234
Male 63.0 62.1 59.0 62.3 66.2

67.4 (59.7-75.9)
68.9 (61.2-76.3)
70.5 (61.4-76.7)

60.7
0.92 (0.12-4.78)

70.4 (63.2-76.6)
71.6 (64.7-79.0)
72.3 (66.0-79.3)

65.8
1.39 (0.24-5.03)

Ischemic heart disease 24.9
Acute myocardial infarction 7.6
Heart failure 29.9
Atrial fibrillation 29.7
Hypertension 28.1
Diabetes 141
Stroke 7.3
Chronic obstructive pulmonary disease 9.4
Chronic renal failure 27.0
MGUS® 5.8
Multiple myeloma 17.3
Treatment with melphalan & concomitant corticosteroids, bortezomib, 15.4
thalidomide, or daratumumab or received stem cell conditioning
Suspected amyloid light chain amyloidosis® 23.4
Education
Masters/doctoral degree or equivalent tertiary education level (ISCED 7-8) 31
Income
Highest quartile income® -
Inpatient vs outpatient diagnosis of amyloidosis
Inpatient 55.1
Outpatient 43.1

22.4 25.0 27.9 23.1
52 7.6 1.5 5.1
29.3 25.7 28.4 33.8
25.9 25.7 30.6 325
17.2 25 29 321
10.3 13.2 13.1 16.2
6.9 35 9.3 8.1
6.9 6.9 9.3 1.5
17.2 27.1 31.2 26.1
3.5 6.3 3.8 7.7
15.5 16.0 17.5 18.4
0 4.9 17.5 23.9
1585 18.8 26.8 25.6
1.7 2.8 3.8 3
24.1 27.1 25.7 23.1
67.2 69.4 49.2 47.9
25.9 27.8 49.7 51.7

Values are n, median (interquartile range), or %, unless otherwise noted. *Cardiac manifestation = heart failure, cardiomyopathy, atrial fibrillation, or pacemaker implantation. bCalculated only for those in
whom cardiac manifestation was first. “Monoclonal gammopathy of unknown significance. Present at baseline, even if >10 years previous. “Defined as multiple myeloma and/or treatment with melphalan +
concomitant corticosteroids, bortezomib, thalidomide, or daratumumab or received stem cell conditioning. “Calculated using mean household income during the 5-year period before baseline.

ISCED = International Standard Classification of Education.

manifestation or amyloidosis, whichever came first,
2.11 (IQR: -0.45 to 6.27 years)
(Supplemental Table 6). Biceps tendon rupture was

was years
rare in both groups, and spinal stenosis was more
prevalent among CA patients (7.3% Vs 2.3%;

P < 0.001).

TEMPORAL CHANGES IN MORTALITY. Cumulative
mortality was assessed at 1, 2, and 5 years, revealing a
steady decline over time by each time-period (log-
rank test: P < 0.0001), as shown in Figure 3. From the
first to the last time period (1998-2002 to 2013-2017),
the cumulative 1-year mortality decreased from 74.1%
(IQR: 60.5%-83.7%) to 39.2% (IQR: 32.8%-45.5%) and
the cumulative 2-year mortality decreased from
82.6% (IQR: 69.9%-90.5%) to 50.2% (IQR: 43.1%-
56.9%). The cumulative 5-year mortality decreased

from 91.4% (IQR: 79.6%-96.5%) t0 68.4% (IQR: 59.0%-
76.2%); however, censoring of data at the end of the
study period reduced the maximum follow-up time
for the patients with index dates in the last 5 years of
the study, permitting a maximum 4.8-year follow up,
limiting comparisons. Still, between 1998-2002 and
2008-2012, the 5-year mortality decreased from 91.4%
(IQR: 79.6%-96.5%) to 74.9% (IQR: 67.9%-80.6%).
Compared with control subjects, the mortality among
CA patients was significantly higher (log-rank test:
P < 0.0001), as shown in Figure 4.

NONCARDIAC AMYLOIDOSIS. A total of 936
amyloidosis patients did not meet criteria for CA.
Among patients with noncardiac amyloidosis, car-
diovascular comorbidities and mortality were gener-
ally lower than in cases of CA. The median age at
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FIGURE 3 5-Year Mortality in Patients With Cardiac Amyloidosis by Time Period
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The mortality among patients with cardiac amyloidosis (CA)was described for each 5-year period of the study with the use of cumulative
incidence functions. The mortality decreased significantly between the first and last 5-year periods. The improved survival might be explained
by increased earlier detection of less severe cases of CA, a greater incidence of new cases of transthyretin amyloidosis vs amyloid light chain
amyloidosis, and progress in the treatment of amyloid light chain amyloidosis.

amyloidosis diagnosis increased from 59.6 years (IQR:
46.3-69.3 years) to 65.0 years (IQR: 53.3-73.4 years)
during the study period. Over time, the incidence of
noncardiac amyloidosis rose from 1.61 to 2.36 per
100,000 person-years in the Danish population =65
years of age, from 1.52 to 2.93 in men =65 years of age
and from 0.91 to 1.89 in women =65 years of age.
Previous surgery for CTS was present in 3.0% of pa-
tients with noncardiac amyloidosis, and spinal ste-
nosis was present in 2.2%. Supplemental Table 7
presents characteristics of the patients with noncar-
diac amyloidosis.

DISCUSSION

This study comprehensively examined the landscape
of amyloidosis in Denmark during 1998-2017. Three
main trends in the temporal changes were noted: 1)
CA is being increasingly diagnosed in Denmark; 2) in
patients with CA, the median diagnostic delay from
overt heart disease to subsequent amyloidosis diag-
nosis was approximately 1 year; and 3) mortality
decreased significantly over the study period. It
should be noted that these observed trends are re-
ported for time periods before the national approval
of disease-modifying drugs for amyloid transthyretin
(ATTR) CA. Attention to this disease is likely to in-
crease as effective pharmacologic treatment options
are being increasingly made available.

CA IS INCREASINGLY DIAGNOSED. Amyloidosis and
CA, as defined in this study, are being increasingly
diagnosed in Denmark (Central Illustration). Over the
course of the past 20 years, the number of diagnosed
CA patients per year quadrupled. At the same time,
the median age at the time of amyloidosis diagnosis
and the frequency of male patients has been rising,
indicating that the diagnosis of wild-type (wt) ATTR
is likely driving this increase, because wtATTR usu-
ally manifests in the elderly and is a predominantly
male condition (25-50:1 male:female ratio) (24-27),
and hereditary ATTR is rare in Denmark. Although CA
is increasingly diagnosed, this study shows that it
remains rare in Denmark. The incidence of CA in our
study was 3.6/100,000/year in the Danish
population =65 years of age, contrasting with the 55/
100,000 in the Medicare-derived U.S. population >65
years of age, as described by Gilstrap et al (18). The
observed difference may be due to our data including
both inpatient and outpatient diagnoses from the
entire Danish population, in contrast to data from
hospitalized Medicare patients only. Furthermore,
differences in the median age between patients in our
data and in the data used by Gilstrap et al (18) might
also contribute to observed differences. Finally, the
Danish population is almost entirely White, and in
other populations the prevalence of hereditary ATTR
is much higher; for example, Black Americans have a
4% prevalence of V122I (28).
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FIGURE 4 5-Year Mortality in Patients With Cardiac Amyloidosis vs Age- and Sex-Matched Control Subjects From the General Population
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Comparison of mortality between patients with cardiac amyloidosis (CA) and age- and sex-matched control subjects. The mortality among
patients with CA vs age- and sex-matched control subjects from the general population was described with the use of cumulative incidence
functions. The mortality among patients with CA was significantly higher than among control subjects. CA is associated with a high mortality

after diagnosis.

DIAGNOSTIC DELAY. The median diagnostic delay
from overt heart failure, cardiomyopathy, or atrial
fibrillation or pacemaker implantation to subsequent
diagnosed amyloidosis, was approximately 15 months,
with 75% of the patients being diagnosed within
56 months. These findings resonate well with a
recently published retrospective study by Ladefoged
etal (29), where clinical and echocardiographic patient
characteristics from 50 consecutive patients with
wtATTR were
median diagnostic delay was 13 months (IQR:
2-47 months).

EXTRACARDIAC MANIFESTATIONS. Previous CTS
surgery was prevalent in 10% (n = 62) of the CA pa-
tients at baseline, and in 12.3% (n = 76) of the CA
patients during the entire study period. Among CA

analyzed, concluding that the

patients with CTS, the median time from CTS surgery
to diagnosed amyloidosis was 2.9 years (IQR: 0.28-
7.83 years), the median time from CTS surgery to
diagnosed heart failure was 4.26 years (IQR: 1.21-8.94
years). These results are consistent with data from a
large registry study on the association of CTS and
heart failure by Fosbgl et al (30), where the median
time elapsed from CTS surgery to heart failure diag-
nosis was 3.7 years (IQR: 1.5-6.6 years). Milandri
et al (4) recently published on the prevalence of CTS
in 538 subjects with AL or ATTR amyloidosis, estab-
lishing a 20.3% prevalence of CTS in ATTR patients,
while the prevalence in AL patients was similar to

that of the comparator control population (4.1%). Our
findings of the prevalence of CTS are significantly
lower, presumably owing to the mixed etiology of CA
in our study.

AL AMYLOIDOSIS. Patients in our cohort could not be
coded specifically as AL amyloidosis, but one can
theorize about the prevalence in our cohort based on
the presence of conditions and therapies associated
with AL amyloidosis. A total of 21% of the CA patients
had a concomitant lymphoid/hematologic cancer
(DC81-DCY96) at baseline, of which the vast majority
was MM. Coexisting AL amyloidosis is present in 10%-
15% of MM patients (31), however the presence of
coexistent cardiac manifestations in our study popu-
lation most likely increases the probability of concur-
rent AL amyloidosis. Furthermore, 7.4% of the patients
had procedural codes for treatment with melphalan +
concomitant corticosteroids, bortezomib, thalido-
mide, or daratumumab or had received stem cell con-
ditioning, without having MM—indicating treatment
for AL amyloidosis. Combining all of the CA patients
with either MM or the above-mentioned treatment for
AL amyloidosis yields a subpopulation of 23.4%
(n = 145) patients that might be interpreted as sus-
pected of having AL amyloidosis. This estimate is
imprecise and undoubtedly overestimates the fre-
quency of true AL amyloidosis, but regarded as such,
it still provides insight in the changing characteristics
in patients with amyloidosis. The rise in



JACC: CARDIOONCOLOGY, VOL. 3, NO. 4, 2021 Westin et al 529
OCTOBER 2021:522-533 Two Decades of Cardiac Amyloidosis

CENTRAL ILLUSTRATION Danish Nationwide Registry Analysis of Cardiac Amyloidosis: Study Design and
Main Results
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pharmacotherapy indicating treatment against AL
amyloidosis, was similar in patients with CA and
noncardiac amyloidosis, making the frequencies of
suspected AL amyloidosis similar between the 2
groups. Previous studies describe cardiac involvement
being present in 50%-70% of AL amyloidosis (18,32); in
our study material, cardiacinvolvement was present in
approximately 45% of suspected AL amyloidosis.
NONCARDIAC AMYLOIDOSIS. Approximately 60% of
the patients with amyloidosis did not meet the criteria
for CA and were considered as having noncardiac
amyloidosis. Patients with noncardiac amyloidosis
were younger at time of amyloidosis diagnosis, and
the frequency of male patients was lower. Given the
definition of CA, the cardiovascular comorbidities
were naturally lower among patients with noncardiac
amyloidosis. MM and MGUS were lower among pa-
tients with noncardiac amyloidosis, in line with the
younger age of the patients (33,34). Mortality in pa-
tients with noncardiac amyloidosis appears signifi-
cantly lower than in patients with CA; however,
because of separate definitions of index date (time at
amyloidosis diagnosis vs time at meeting criteria for
CA), comparison between the two groups is compli-
cated (Supplemental Figures 1 and 2). In AL amyloid-
osis, cardiac involvement is the major determinant of
survival (32), possibly explaining the discrepancy in
mortality between patients with noncardiac
amyloidosis and CA, even though the frequencies of
suspected AL amyloidosis were similar.
PHARMACOLOGIC TREATMENT. While the develop-
ment of comorbidities and socioeconomic factors were
similar between patients with CA and control subjects,
the changes in pharmacotherapy over time differed
significantly. In patients with CA, there was a dramatic
decline in treatment with digoxin and non-
dihydropyridine calcium channel blockers. Current
guidelines state that digoxin use in CA generally
should be avoided (or used carefully), owing to
increased sensitivity for digoxin toxicity and subse-
quentrisk of arrhythmia, likely explained by binding of
digoxin by amyloid fibrils. However, recent data sug-
gest that with rigorous patient selection and moni-
toring, digoxin may be a therapeutic option for some
patients with CA (35-37). Nondihydropyridine calcium
channel blockers are known to cause worsening heart
failure in patients with CA and are contraindicated
(38,39). In contrast, a large increase in treatment with
beta-blockers over the study period was apparent.
High-dose beta-blockers often worsen heart failure
and aggravate hypotension in CA and are generally
avoided (40), but they may be cautiously attempted in
low doses in the setting of atrial fibrillation to help rate
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control. The increase in beta-blocker treatment
observed in the present study might be due to an in-
crease in prevalence of atrial fibrillation and decrease
in digoxin treatment. Amiodarone treatment was
infrequent but stable during the study period and is
usually well tolerated in CA (41). Oral anticoagulation
therapy (OAC) increased during the 2 decades of the
study, reflecting treatment guideline changes and the
introduction of direct oral anticoagulants (42,43). Oral
anticoagulants are indicated in CA complicated by AF,
regardless of CHA,DS,-VASc score, and may be
considered even in sinus rhythm depending on echo-
cardiographic findings (44,45). As such, the temporal
changesin pharmacotherapy observed in this study are
seemingly in line with the current understanding of

proper pharmacotherapy in CA.

COMORBIDITIES. Because of our definition of CA,
cardiovascular comorbidities (such as ischemic heart
disease) and associated conditions and pharmaco-
therapy are overrepresented in the CA cohort
compared with only age- and sex-matched control
subjects. The increased burden of coexisting diseases
among cases is reflected, to some extent, in the
striking and contrasting mortality among case and
control subjects (Figure 4).

MORTALITY. During the study period, mortality
decreased significantly. This could be due to a shift in
the type of CA, from AL-CA early in the time period, to
more ATTR-CA later, particularly wtATTR. Other
possible explanations might be a disparity in fre-
quency of “true CA” over time due to changes in
coding practice over the years, or perhaps earlier
detection of CA in recent years. However, earlier
diagnosis of CA is partially contradicted by an
increasing age at diagnosis and stable time elapsed
between first cardiac manifestation and subsequent
diagnosed amyloidosis. Although contemporary
studies report improved survival in heart failure over
the last decades (46-49), the observed magnitude in
the present study is beyond comparison, thereby
presumably reflecting changes in patient character-
istics rather than treatment advances. Although great
breakthroughs in disease modifying drugs for the
treatment of ATTR-CA have been made recently
(11,12), their availability in Denmark is limited to
clinical trials and their effects on mortality are likely
not observable in this study population. Recent pro-
gresses in treatment for AL-CA may account for some
of the improved survival in the most recent time
period (14). Increased detection of less severe cases of
CA is another possible explanation, well fitting both
the observed improved short-term survival and the
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recent increased attention to the disease. Indeed, as
CA is being increasingly recognized and treated with
disease-modifying drugs, further studies on epide-
miology and outcomes in CA are compelling.

STUDY STRENGTHS AND LIMITATIONS. The national
registries provide an essentially complete follow-up in
all in- and outpatient diagnoses. The procedure codes
and cardiovascular diagnosis codes in the registries are
validated and have high positive predictive values
(21,22,50). Although ICD-10 allows for increased speci-
ficity in coding of the type of amyloidosis, the use of
these codes is not yet well implemented in clinical
practice, as was apparent in this study, where the ma-
jority of patients were coded as unspecified amyloidosis
(DE859). To circumvent this, we created a surrogate
measure for CA (code for amyloidosis + code for one of
heart failure/cardiomyopathy/atrial fibrillation or pro-
cedural code for pacemaker implantation), based on
previous work by Gilstrap et al (18) and the review by
Griffin et al (23). This definition is neither 100% sensitive
or specific, so it will both include patients without CA
and miss patients with CA. Thus, a portion of the data
will not be representative of “true” CA.

Because of the definition of CA used, cardiovascular
comorbidities and associated pharmacotherapy are
logically more prevalent in cases than in age- and sex-
matched control subjects. However, the temporal
changes of these variables among case and control
subjects are interesting to compare because they
reflect introduction of novel therapeutic options and
revisions of guidelines. Comparison between patients
with CA and patients with noncardiac amyloidosis is
limited by inherently different definitions of index
date (date at meeting criteria for CA vs date of diag-
nosed amyloidosis).

Due to the descriptive nature of the study, causal
relationships cannot be assessed. Important infor-
mation such as body mass index, smoking, family
history, left ventricular ejection fraction, electrocar-
diography readings, and blood samples were not
available for analysis. Data on race are not available in
the registries that we used.

CONCLUSIONS

CA, as defined in this study, is increasingly diagnosed
in Denmark. The increasing frequency of male pa-
tients and median age at the time of diagnosis along
with the lower associated mortality might suggest
that wtATTR is driving this increase. Mortality is
decreasing, possibly due to increased earlier recog-
nition of less advanced cases. The observed trends
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are seen before national approval of disease-
modifying drugs for ATTR-CA and are expected to
continue as effective pharmacologic treatment op-
tions are made more widely available.
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PERSPECTIVES

national approval of disease-modifying drugs for ATTR-CA.

approved for use in treatment of both AL-CA and ATTR-CA,

important attention to the disease.

COMPETENCY IN MEDICAL KNOWLEDGE: CA is increas-
ingly diagnosed in Denmark, and the increasing frequency of
male patients and median age at diagnosis suggests that wtATTR
is driving the increase. Greater early recognition and resultant
less advanced cases might explain decreasing mortality, as the
trends uncovered in this retrospective study are observed before

TRANSLATIONAL OUTLOOK: Future studies on clinical out-
comes in CA are needed as novel disease-modifying drugs are

revolutionizing the therapeutic possibilities and further drawing
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