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Abstract

Aims Transthyretin amyloid cardiomyopathy (ATTR-CM) is a progressive condition caused by deposition of transthyretin
amyloid fibrils in the heart and is associated with poor quality of life and a shortened lifespan. This study aimed to describe
the prevalence, clinical characteristics, and mortality of patients with ATTR-CM, using multiple national health registers in
Denmark, Finland, Norway, and Sweden.
Methods and results Transthyretin amyloid cardiomyopathy patients were identified during 2008–2018 using a combination
of diagnosis codes for amyloidosis and heart disease and were matched to patients with non-ATTR heart failure (HF). An
identical study design was used in each country to facilitate comparison and aggregation of results. A total of 1930
ATTR-CM patients were identified from national health registers in the four countries. In 2018, prevalence of ATTR-CM per
100 000 inhabitants ranged from 1.4 in Denmark to 5.0 in Sweden; a steep increase over time was observed in Sweden
and Norway. Median survival from diagnosis was 30 months for ATTR-CM patients and 67 months for matched HF patients.
Survival was significantly lower for female than for male ATTR-CM patients (median survival: 22 and 36 months), while no
significant difference was observed in the HF cohort.
Conclusions This study provides the first nationwide estimates of the prevalence, clinical characteristics, and mortality of
patients with ATTR-CM, using identical study design across several countries. Findings corroborate previous case series
showing high mortality in ATTR-CM, two-fold higher than for other HF patients and higher in women than men, highlighting
the need for more precise and early diagnosis to reduce the disease burden.
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Introduction

Transthyretin amyloidosis (ATTR) originates from a misfolding
of the precursor protein transthyretin (TTR) mainly produced
in the liver. Transthyretin amyloidosis can manifest as
cardiomyopathy (ATTR-CM) when TTR amyloid fibrils are
deposited in heart tissue resulting in progressive heart failure

and premature death. ATTR-CM is caused by hereditary
mutations in the transthyretin (TTR) gene (variant ATTR or
ATTRv) or from a wild-type allelic constitution (ATTRwt)
associated with aging.1

ATTR-CM is associated with poor quality of life2 and half of
all ATTR-CM patients die within 4 years of diagnosis.3–6

Despite the severity of the disease, diagnosis is often delayed
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or ATTR-CM remains undiagnosed due to the diffuse symp-
toms of the disease2 and lack of awareness among healthcare
professionals.1,7 One reason for insufficient diagnostic atten-
tion to ATTR-CM in the medical community is lack of reliable
knowledge on epidemiology of the disease as most studies
have focused on smaller series of patients referred to tertiary
care centres.

Lack of awareness and attention and the resulting delay in
diagnosis of ATTR-CM may affect women more than men as
prevalence of ATTR-CM is known to be lower in women com-
pared with men; previous studies estimated approximately
13% of ATTRwt-CM patients8 and 22% ATTRv-CM patients9

to be female. There are indications that ATTR-CM may be
underdiagnosed even more in women compared with
men.10,11 For instance, studies including autopsy for
ATTR-CM diagnosis have found higher proportions of women
than studies that diagnose ATTR-CM with common measures
in living patients.8

Few studies so far have used large register-based data sets
to estimate the prevalence and characteristics of ATTR-
CM12–14 and even fewer have been based in Europe. The stud-
ies differ in methodology and estimates of prevalence from
these studies range between 4 and 17 cases per 100 000.

The current study aims to increase knowledge about prev-
alence, clinical characteristics, and mortality in clinically diag-
nosed ATTR-CM patients utilizing large datasets from four
Nordic countries in Europe. To our knowledge, this is the
first register-based study of ATTR-CM including several
countries with inter-country comparisons and aggregation of
country-level results as well as a comparison with a matched
HF cohort.

Methods

Study design

A retrospective cohort study was conducted using national
population-based registers in four Nordic countries. To
facilitate comparison and aggregation of results, the same
methodology was used in all countries [with some minor
country-specific modifications when necessary (see below)].
The study period for patient identification was 1 January
2008 to 31 December 2018 in all countries and each patient
was followed until death or end of study period. A period
of up to 20 years before diagnosis was used to create covar-
iates and apply exclusion criteria at the patient level.

Data sources

Patient-level data were extracted from each country’s na-
tional patient register, prescription drug register, and cause
of death register. In each country, the registers were linked

together using pseudonymized unique personal identifiers.
The national patient registers provide information on diagno-
ses, procedures, and hospitalizations and outpatient special-
ist visits. The prescription drug registers contain data on all
prescriptions filled at pharmacies. The cause of death regis-
ters provides the confirmed dates of death. National registers
in all four countries have full coverage of the population and
a high degree of completeness due to mandatory reporting.

Patient identification

Because no ATTR-CM-specific ICD-10 code was available dur-
ing the study period, patients were identified using a combi-
nation of diagnosis codes. The full study population included
all adult (≥18 years of age) patients in each country with a di-
agnosis of amyloidosis (AM) (ICD-10: E85.0, E85.1, E85.2,
E85.4, E85.8, E85.9), cardiomyopathy (CM) (ICD-10: I42.0,
I42.1, I42.2, I42.5, I42.8, I42.9, I43.1, I43.8), or HF (ICD-10:
I50*) between 2008 and 2018 (Figure 1).

Transthyretin amyloid cardiomyopathy patients were iden-
tified from the study population by having a diagnosis of AM
between 2008 and 2018 and at least one diagnosis of HF or
CM within 2 years before or after the AM diagnosis. The date
of the CM or HF diagnosis used for identification defined the
index date (date of inclusion in the ATTR-CM cohort). In turn,
the index date was used as a proxy for the patient’s first clin-
ical manifestation of ATTR-CM and is therefore referred to as
the time of ATTR-CM diagnosis throughout this manuscript.
Patients with diagnosis of light-chain (AL) amyloidosis or
multiple myeloma (MM) at any time were excluded based
on diagnosis codes, treatment, or visits to the haematology
department, as well as patients with liver, heart, or
haematopoietic stem cell transplant prior to AM diagnosis.
The patient identification process was identical in the four
countries and has been described elsewhere in detail.10

The HF comparison cohort consisted of patients with a di-
agnosis of HF who were not included in the ATTR-CM cohort
(Figure 1). HF patients were matched to ATTR-CM patients
one-to-one with replacement, based on birthyear, sex, and
the calendar year of diagnosis. The date of the first recorded
HF diagnosis between 2008 and 2018 was used as the diagno-
sis date for patients in the HF comparison cohort.

Statistical analyses

All data management and statistical analyses were performed
using R version 4.015 and Stata 16.16 Confidence intervals (CI)
are reported at the 95% level.

Pooling of individual-level data across Nordic countries
was not possible for legal reasons. Therefore, results from
each country were aggregated as follows. A number of obser-
vations were summed up for all countries, and mean values
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were combined using the number of patients in each country
as weight. Aggregated standard deviation was calculated
using the formula:

ffiffiffiffi
s2p

q
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n1 � 1ð Þs21 þ n2 � 1ð Þs22 þ …þ nk � 1ð Þs2k

n1 þ n2 þ …þnk � k

s

where s2p is the aggregated variance, s2k is the variance in each

country, and nk are patient numbers in country k.
For Swedish, Finnish, and Norwegian country-specific re-

sults, patient groups with less than five patients were cen-
sored to comply with the national data protection regulation.
For Denmark, results for patient groups of less than 10 pa-
tients were censored for the same reason.

Characteristics
Sex and age of the patients were recorded at ATTR-CM diag-
nosis. Co-morbidities and pharmacy-dispensed prescriptions
of HF and cardiovascular medication were collected during
a 3 year period and during a 1 year period from diagnosis, re-
spectively. Note that some patients in Norway could have a
less than 1 or 3 year lookback, as data collection started in
2008 in Norway. Co-morbidities (primary and secondary diag-
noses in inpatient and outpatient specialty care) were com-
bined into the 31 category Elixhauser index, giving an indica-
tion of the patient’s co-morbidity burden.17 Furthermore,
diagnoses of potential early symptoms of ATTR-CM (red

flags),18 listed in Table 1, were gathered from start of data
collection up to the time of diagnosis.

Prevalence
The annual prevalence of ATTR-CM was calculated separately
in each country by adding the ATTR-CM patients alive at the
beginning of a year and the new cases diagnosed during that
year. This number was divided by the yearly country-specific
population (number of residents at 31 December). To obtain
total aggregated prevalence in the Nordic countries, the
number of ATTR-CM patients (initial and new cases) and full
national populations were summed by year.

Mortality
Kaplan–Meier estimates for all-cause mortality were used to
assess patients’ survival after diagnosis. Aggregated
results were based on summed country-level data on number
of events and censorings at each time point. The Mann–-
Whitney–Wilcoxon test was used to test for significance of
differences in the aggregated survival curves.

Results

Patient identification

The full study population (patients with diagnosis of AM, CM,
or HF between 2008 and 2018) in the four Nordic countries

Figure 1 ATTR-CM patient identification.
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included a total of 968 748 patients with an HF diagnosis,
121 313 patients with a CM diagnosis and 8625 patients with
an AM diagnosis (1 036 922 patients in total) (Figure 1). Of
the 8625 patients with an AM diagnosis, 3075 patients were
also diagnosed with CM/HF. A total of 1930 patients were in-
cluded in the final ATTR-CM cohort, after exclusion of pa-
tients with suspected AL or MM during the study period or
with a heart, liver, or stem cell transplant before AM diagno-
sis (n = 1008) and exclusion of patients who did not fulfil the
timing requirements for the diagnosis (n = 137). A total of
1928 patients were included in the HF comparison cohort
as two patients failed to be matched to the ATTR-CM cohort.

Characteristics

The mean age at diagnosis of ATTR-CM patients in the Nordic
countries was 73.1 years, ranging from 71.5 years (Denmark)
to 74.2 years (Norway) between countries (Table 1). Aggre-
gated across the countries, mean age for men was 73.0 years
and 73.1 years for women. The largest within-country differ-
ence in age at diagnosis between men and women was
0.9 years (Denmark).

The share of female patients was 20.3% in Denmark, 24.4%
in Norway, and 29.9% in Sweden. In Finland, the distribution
of men and women was found close to equal (49.5% women).
Overall, in the Nordic countries, 31.0% of patients were
female.

The mean Elixhauser co-morbidity index was 4.69 in the
combined Nordic countries, indicating that each ATTR-CM pa-
tient had, on average, received diagnoses in five
disease-categories in the 3 years before AM diagnosis. Differ-
ences in the level of co-morbidity index could be observed
between countries; however, the co-morbidity index for the
ATTR-CM and HF cohorts were similar in each country
(Supporting Information, Table S1). In Denmark, the index

was 3.23 for ATTR-CM patients and 3.21 for the matched
HF patient cohort; in Finland, it was 3.19 and 2.82; in
Norway, it was 5.50 and 5.16, and in Sweden, it was 5.13
and 5.30, for ATTR-CM and HF cohort, respectively. The mean
co-morbidity index in the combined Nordic countries was
somewhat higher for women (4.77) compared with men
(4.66).

More than half of ATTR-CM patients in the Nordics were
treated with at least one of the medications used in HF and
cardiovascular disease (CVD), in the year before diagnosis
(Table 1). The majority of patients in the ATTR-CM cohort
(59.1%) used diuretics in the year before diagnosis, compared
with 46.8% of patients in the HF matched cohort. One per
cent of patients (n = 27, all in Sweden) were treated with
diflunisal; no other disease-modifying treatments were used
within the year before diagnosis. However, trends in medica-
tion use were reported before disease-modifying or TTR
targeted therapies were nationally approved and may have
changed since.

The largest difference in share of red flag diagnoses
between the aggregated ATTR-CM cohort and the matched
HF cohort was for carpal tunnel syndrome (13.9% vs. 2.7%,
respectively) and spinal stenosis (9.0% vs. 3.2%, respectively).
Similar trends were observed in all four countries (Table 1
and Supporting Information, Table S1).

Prevalence

In 2018, the mean prevalence over all countries was 3.3 per
100 000. Differences in prevalence between countries
prevailed with 1.4 cases per 100 000 in Denmark, 1.8 in
Finland, 3.7 in Norway, and 5.0 in Sweden (Figure 2). The
prevalence increased in all four countries over the study
period, most notably in Sweden and in Norway.

Figure 2 Prevalence by country and year.
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Mortality

Median survival time after ATTR-CM diagnosis varied in the
four countries (Figure 3), but in each country, all-cause mor-
tality was significantly higher for ATTR-CM patients compared
with matched HF patients. In Denmark, median survival was
25 (CI: 21, 30) months and 70 (CI: 53, NA) months; in
Finland, it was 18 (CI: 16, 22) months and 54 (CI: 47, 66)
months; in Norway, it was 28 (CI: 25, 36) months and 59
(CI: 47, 70) months; and in Sweden, it was 37 (34, 44) months
and 73 (64, 84) months for the ATTR-CM and HF cohort, re-
spectively. Accordingly, when aggregated over all patients in
the four countries, survival for the ATTR-CM cohort was sig-
nificantly lower compared with the HF cohort (P < 0.0001)
(Figure 4), with a median survival of 30 and 67 months for
the ATTR-CM cohort and HF cohort, respectively.

Overall, female ATTR-CM patients had lower median
survival compared with men, 22 months and 36 months,
respectively. Aggregated survival was significantly lower for
women than for men (P = 0.0001). For HF patients aggre-
gated over the four countries, no significant difference in
survival of men and women was observed (P = 0.4659)
(Figure 5).

Discussion

The aim of this retrospective study was to identify all clini-
cally diagnosed ATTR-CM patients in four Nordic countries
(Denmark, Finland, Norway, and Sweden), describe their
characteristics and to estimate the disease prevalence and

Figure 3 Mortality of ATTR-CM patients in Denmark, Finland, Norway and Sweden.

Figure 4 Aggregated mortality comparing ATTR-CM cohort and matched HF cohort.
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mortality. A total of 1930 patients with ATTR-CM were iden-
tified from national health registers.

The healthcare systems, standard of care, and available
register data are very similar across the Nordic countries
which makes these countries suitable for combined analy-
ses. However, the countries differ somewhat in the type of
inherent ATTR-CM patients. Northern Sweden is known
as endemic area for ATTRv amyloidosis with a Val30Met
(p.Val50Met) mutation; the Swedish ATTRv amyloidosis pop-
ulation consists primarily of late onset cases which more fre-
quently than early onset patients develop cardiac symptoms
during the course of the disease19,20 and are thereby most
likely represented in the population identified in this study.
The Leu111Met is the most common variant of ATTRv
amyloidosis in Denmark and is commonly associated with
ATTR-CM. However, the total number of cases is low and
likely too few cases are included to impact the study
results.9 Furthermore, if identified in time, patients with
Leu111Met are treated with liver transplantation prior to
development of HF and consequently excluded from this
analysis.21 No reports of ATTRv amyloidosis are available
from Norway or Finland.

Prevalence

Sweden was found to have the highest prevalence of
ATTR-CM (5.0 per 100 000 in 2018). The relatively high preva-
lence of ATTRv amyloidosis likely impacts both the overall
prevalence and the awareness among the healthcare profes-
sionals, resulting in more frequent diagnosis of ATTR-CM. In-
stead, it is noteworthy that the countries with the lowest dis-
ease prevalence and highest mortality, Denmark and Finland,
also have the lowest life expectancy of the Nordic countries
which is why differences in prevalence may reflect higher bur-

den of competing risks.22 The lack of understanding of the
aetiology of ATTRwt-CM limits any conclusions regarding dif-
ferences in pathophysiological mediators between the coun-
tries. In Sweden and Norway, prevalence increased steadily
during the follow-up from 2008 to 2018 likely reflecting in-
creasing awareness over time. Only slight prevalence increase
was observed in Denmark and Finland during the observed
period, until 2018.

The Nordic-wide prevalence estimate of 3.3 per 100 000 in
2018 is at the lower end compared with prevalence estimates
ranging between 4 and 17 cases per 100 000 from Japan, the
USA, and France. However, direct comparisons are difficult to
make due to different methodologies used in studies, and a
general lack of nationwide studies on prevalence of ATTR-
CM. The difficulty in obtaining comparable prevalence figures
across regions and continents highlights the further need for
prevalence studies.

Characteristics

Proportions of female ATTR-CM patients in Denmark,
Norway, and Sweden ranged between 20% and 30% and an
equal share of female and male patients was found in
Finland. These shares are higher compared with findings in
meta-analyses8,11 and studies based on confirmed cases.23,24

However, recent registry studies from France12 and Japan14

have reported higher estimates of female share, 33.1% and
53.7%, respectively. These recent results, based on uncon-
firmed cases, potentially suggest that women may be
underdiagnosed. In Sweden, the higher share of women
(30%) likely reflects the relatively higher proportion of
ATTRv-CM patients who exhibit a higher proportion of
women compared with ATTRwt-CM patients.11 In Finland,
we cannot exclude the possibility that the algorithm identi-

Figure 5 Aggregated mortality by gender for ATTR-CM cohort and matched HF cohort.
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fied some patients with hereditary gelsolin (AGel) amyloid-
osis, a type of amyloidosis endemic to this country. However,
only a small proportion of these patients develop heart fail-
ure or cardiomyopathy25 which makes it an unlikely explana-
tion of the finding. Age at diagnosis was 73 overall, which is
consistent with the previous literature,5,13,14,26 and differ-
ences between countries and men and women were rather
small. The co-morbidity index was similar in Norway (5.50)
and Sweden (5.13) but differed from the co-morbidity index
found in Denmark (3.23) and Finland (3.19). However, very
similar co-morbidity index levels were observed for
ATTR-CM and HF patients within each country which suggests
that the observed differences between countries may partly
be explained by differences in clinical practice of registering
multiple secondary diagnoses.

A higher degree of well-established ATTR-CM red flag diag-
nosis, like carpal tunnel syndrome and spinal stenosis,18 was
observed in the ATTR-CM cohort compared with the HF
cohort in all countries. This is an important indicator that
patient identification in the present study was successful.

Mortality

Aggregated country-level median survival time for patients
with ATTR-CM was 31 months which is in line with previous
estimates26,27 but less than half of the median survival of
the matched HF cohort. Survival in the ATTR-CM cohort was
significantly shorter in all included countries. This under-
scores that ATTR-CM represents an aggressive condition
and clearly a distinct entity different from other forms of
HF. It is important to consider that the survival estimates
represent a time period (2008–2018) with very few effective
treatments available, and that today the prognosis for
(treated) patients likely has improved.

Estimates of mortality varied between the countries, with
median survival times ranging from 40 months in Sweden
to 18 months in Finland. The difference between Finland
and Sweden could potentially be attributed to differences in
age at diagnosis (SE: 72.7 years, FI: 73.6 years) but median
survival in Norway, the country with the highest age at
diagnosis (74.2), was 9 months higher than in Finland. This in-
dicates that age at diagnosis likely is not a driving factor for
median survival in this analysis. Instead, the higher median
survival in Sweden may be due to higher awareness and
earlier diagnosis of patients while the low survival prognosis
in Finland may indicate that patients are diagnosed at later
stages of the disease.

Overall, women in the ATTR-CM cohort had a 42% lower
median survival than men (22 months for women vs.
38 months for men) while age at diagnosis was similar
(73.2 for women vs. 73.1 for men). No significant difference
in male and female survival was observed in the aggregated
HF cohort. The survival time was lower for women with

ATTR-CM in all countries, but the difference was statistically
significant in Sweden and Norway. In Norway, women were
on average 6 months older than men at diagnosis but had
a lower co-morbidity index. In Sweden, the co-morbidity in-
dex was slightly higher for women, but age at diagnosis
was lower. Thus, the registered demographic and clinical
characteristics are likely not the sole driver of the lower me-
dian survival. Instead, ATTR-CM may be detected at a later
stage in women compared with men due to generally
smaller heart size and wall-thickness in women and as a re-
sult, potentially not meeting the threshold in diagnostic
algorithm.11 In addition, physicians observing heart failure
with preserved ejection fraction (HFpEF) in female patients
may also be less suspicious of ATTR-CM because HFpEF is
more prevalent in elderly women compared with elderly
men.28

Limitations

The data used in this study have certain limitations. We had
to rely on diagnosis codes of amyloidosis, cardiomyopathy
and HF for identification of ATTR-CM patients, and thus, only
patients diagnosed with a combination of these conditions
could be included; no information on the clinical diagnostic
process is available in the national registers. Because
ATTR-CM represents an underdiagnosed disease, true
patient numbers are likely to be higher. Due to the lack of
a specific ICD-10 code for ATTR-CM for the study period, pa-
tient identification was based on an algorithm and some
non-ATTR-CM patients may have been included. Moreover,
it was not possible to differentiate between ATTRwt-CM,
ATTRv-CM and underlying mutations in the data, which com-
plicates the interpretation of survival and prognosis. For the
matched HF cohort, it was not possible to identify subtypes,
such as HFpEF, which likely had improved the matching of
the cohorts, due to the structure of the ICD-10 codes. Even
though health care systems and national registers are very
similar in the four Nordic countries included in this study, it
is important to acknowledge that ATTR-CM patients were
identified by an algorithm based on diagnosis codes and
the differences in the usage of coding across countries
impact the results. In addition, diagnosis of ATTR-CM and
thus prevalence may have increased even more after 2018,
the last year observed in this study, given the launch of treat-
ments and a general rise in attention to the disease in recent
years.

Despite these limitations, this study provides important in-
formation on clinical characteristics, prevalence and mortality
using nationwide data with near-complete coverage in four
countries. The identical study design allowed for comparison
of patient groups in Denmark, Finland, Norway, and Sweden.
The results are largely in line with previous findings and
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expectations which indicates a successful application of the
patient identification algorithm.

Conclusions

In conclusion, this is the first study of ATTR-CM including
nationwide health registers from several countries and a rel-
atively large population of almost 2000 ATTR-CM patients.
Results of this study confirm the severity of ATTR-CM with
median survival after diagnosis being significantly shorter
than that of non-ATTR matched heart failure patients. In par-
ticular, female ATTR-CM patients seem to suffer from late
diagnosis and demonstrate even higher mortality than male
patients. Further studies are needed to verify the prevalence
of ATTR-CM in the Nordic countries.
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