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ABSTRACT

Introduction: This study investigates the gen-
der distribution in patients diagnosed with
wild-type transthyretin amyloidosis cardiomy-
opathy (ATTRwt).
Methods: A systematic review and meta-analy-
sis of the male proportion in diagnosed ATTRwt
patients were conducted. To avoid overlapping
population, pooled estimates in the primary
analysis were based on all unique studies. In
secondary analyses, we considered predefined
subsets of studies based on study sample size,
recruitment years, geography, study design, age
at diagnosis, and method of diagnosis. Addi-
tional meta-regression analyses were tested for
potential determinants of gender distribution.

Results: Twenty-eight unique studies (2542
patients) were included in the meta-analysis.
Male proportion in patients with ATTRwt was
86.9% (95% confidence interval 81.5–91.6%).
Studies, including patients older than 80 years
at diagnosis, had a 29.1% (p value\ 0.001)
lower male proportion compared to studies,
including younger patients. After adjusting for
age, studies using autopsy as a method of diag-
nosis had a 21.1% (p value 0.002) lower male
proportion compared to other studies.
Conclusions: Studies conducted to date suggest
ATTRwt disproportionally affects males. The
proportion of males was significantly impacted
by the age at diagnosis and method diagnosis,
which may suggest important gender-based
differences in the clinical manifestation and
diagnostic challenges of ATTRwt in females that
warrant future research.
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Key Summary Points

This is the first meta-analysis of male
proportion in patients with ATTRwt.

Studies conducted to date suggest that
ATTRwt disproportionately affects male
patients.

In the primary analysis, the male
proportion was 86.9% (95% CI:
81.5–91.6%).

The mean age at diagnosis is a
determinant of the gender distribution.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13214594.

INTRODUCTION

Transthyretin amyloidosis cardiomyopathy
(ATTR-CM) is a rare, progressively debilitating,
fatal disease [1]. ATTR-CM is caused by insta-
bility of the transthyretin tetramer, leading to
the formation of amyloid deposited in the
heart, which, subsequently, impairs its function
[1]. Two different subtypes of ATTR-CM are
clinically identified, hereditary ATTR-CM
(hATTR) and wild-type ATTR-CM (ATTRwt).
HATTR is caused by a mutation in the trans-
thyretin (TTR) gene and is transmitted from
parents to offspring in an autosomal dominant
pattern [2]. As a result, hereditary ATTR-CM
generally affects men and women equally,
although, depending on the mutation, men
usually have an earlier onset and more aggres-
sive course of disease [3]. On the other hand, in
ATTRwt, the TTR protein forming the amyloid
is not mutated; instead, the disease is caused by

age-related changes in the wild-type TTR [4, 5].
Therefore, it is typically seen in patients older
than 65 years of age, while hATTR can affect
patients as young as 30 years of age [2, 6–11].

ATTRwt’s epidemiology is poorly character-
ized; an estimation of ATTRwt prevalence ran-
ges from 2.8 to 3.9 cases per 10,000 in the
European Union [12]. Patients with ATTRwt
experience progression in heart failure (HF)
symptoms (e.g., dyspnea, fatigue, and edema),
leading to increasing impairment and death,
primarily caused by HF [10, 13–15]. Untreated,
ATTRwt is associated with a median survival of
approximately 3.5 years, post-diagnosis [16, 17].
Delays in diagnosis are common in the current
treatment landscape, which further shortens
the survival time in some patients [18–21].
Thus, there is a need to characterize these
patients better and subsequently provide opti-
mal care.

Based on the available evidence from large
cohort studies, it is generally believed that
ATTRwt is more common in male patients
[22, 23]. This may hinder the identification of
female patients in need of optimal care. Never-
theless, the gender distribution of patients
diagnosed with ATTRwt cardiomyopathy was
never formally established in the literature.
Hence, this study aimed to conduct the first
meta-analysis of gender distribution in ATTRwt
patients and identify potential effect modifiers.

METHODS

Systematic Literature Review

A systematic literature review was conducted
and reported according to the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses Statement [24]. The search was
performed on February 19, 2020 with no
restriction on publication date. The biblio-
graphic databases of PubMed, Embase, and
Cochrane Collaboration Central Register of
Clinical Trials were used to identify published
studies on ATTRwt populations specifically. The
only criterion for the inclusion of the studies for
analysis was reporting the male or female pro-
portion of patients with ATTRwt. Reports
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published in the English language were con-
sidered irrespective of study design, interven-
tion, or study outcomes. Studies reporting the
male proportion in a conference abstract or a
subgroup population were also considered.
Supplementary material Table 1 presents the
search syntax and the hits per database.

A rigorous approach was followed in the
study selection stage. Two independent
reviewers performed the screening, and disputes
relating to eligibility were resolved through
discussion between reviewers until consensus,
or through consultation with a third reviewer.
First, all duplicate studies were excluded. Sec-
ond, for each identified publication, the title
and the abstract were assessed against the eli-
gibility criteria. Finally, for those relevant
records, or for which the relevance was still
unclear based on the title or abstract, full-text
reports were obtained and screened for rele-
vance. If any systematic reviews and meta-
analyses were identified, they were excluded at
the title/abstract screening stage. However, the
full texts of the reports were acquired and hand-
searched to find any additional relevant pri-
mary studies not identified through the data-
base searches. Data extraction was carried out in
a prespecified Excel grid. Data extraction items
included information on study characteristics
(authors, recruitment years, country and city,
clinical center, sample size, study design and
method of diagnosis), patient population char-
acteristics (gender distribution, mean age at
diagnosis, and presence of comorbidities like
atrial fibrillation or carpal tunnel syndrome).
Additionally, reported differences in baseline
characteristics by gender were extracted.

Since ATTRwt is a rare disease, many spe-
cialized amyloidosis centers tend to use the
patient data collected by them to answer dif-
ferent research questions. Subsequently,
patients included in these different studies are
overlapping. A set of unique studies was iden-
tified systematically to avoid double-counting
of the same patient population. First, all the
identified studies from the qualitative analysis
were grouped based on the study center. Sec-
ond, the unique studies were selected based on
the following factors: authors, recruitment
years, and sample size. If more than one study

reported data from the same database, the study
with the largest sample size was included, and
the other studies were excluded from the
quantitative analysis. Finally, the list with the
studies that did not include overlapping popu-
lation was used in the quantitative analysis to
estimate the gender proportion for ATTRwt
patients. The methodological quality of these
unique studies was accessed using the Downs
and Black checklist [25]. The methodological
quality assessment did not impact subsequent
decisions to include or exclude studies in the
quantitative analyses. The bias across studies
was assessed using a Funnel plot [26–28].

Meta-Analysis

Meta-analysis is a statistical examination that
combines the results from individual studies to
derive meaningful conclusions about an out-
come of interest [29]. The estimations and
findings from meta-analyses may be more
accurate compared to those derived from indi-
vidual studies [29]. In this study, pooled male
proportion estimates were calculated using the
DerSimonian–Laird random-effects model with
Freeman–Tukey double arcsine transformation
[30, 31]. When meta-analyzing proportions, it is
usually advantageous to first transform the
proportions into a measure that has better sta-
tistical properties (i.e., a sampling distribution
that is closer to a normal distribution and
whose sampling variance can be better approx-
imated). A transformation that works particu-
larly well for normalizing and variance-
stabilizing the sampling distribution of propor-
tions is the Freeman–Tukey (double arcsine)
transformation [32]. The corresponding back-
transformation equation was derived by Miller
[33]. This approach does not require making
any adjustments to the observed data, even
when proportions are equal to 1 or 0.

The statistical heterogeneity among the
studies was assessed by the Cochran’s Q test and
the I2 statistic [34]. Given the diverse nature of
studies and the likely heterogeneity, we applied
random-effects models to carry out meta-anal-
ysis by the Der-Simonian Laird method [30].
Generally, a p value B 0.10 for the Cochran’s
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Q test or an I2 C 50% was suggestive of signifi-
cance among-study heterogeneity [34].

Primary Analysis

For the primary analysis, the pooled male pro-
portion estimate was calculated based on all
identified unique studies. Effect modifier is a
variable that differentially (positively and neg-
atively) modifies the observed meta-analysis
outcome: male proportion in this study. Effect
modifiers can distort estimate measures and
mislead interpretations [35]. The exploration of
effect modification in meta-analysis is essential
since the presence of unaccounted covariate
interactions can cause confounding and bias.
There is no objective test to decide whether a
variable is an effect modifier or not. However,
subset analysis or meta-regression can provide
more insights into the impact of identified
effect modifiers. Therefore, in secondary analy-
ses, we attempted to identify potential effect
modifiers of gender distribution.

Secondary Analyses

First, analyses were repeated in subsets of stud-
ies based on different available covariates,
including sample size, recruitment years, geog-
raphy, study design, mean age at diagnosis, and
method of diagnosis. Median cut-off values
were used to create subsets based on the sample
size and mean age at diagnosis. Due to changes
in diagnostic criteria and greater awareness of
treatment availability, analysis in subsets based
on recruitment years (before 2010 vs. after
2010) was performed. A subset analysis based on
specific detailed demographic characteristics,
including race, was not feasible due to under-
reporting. Still, a subset analysis based on the
study location, Asian studies versus non-Asian
studies, was feasible due to the availability of
several Asian studies. In the study design subset,
the male proportion in prospective studies was
compared to the same in retrospective studies.
Typically, retrospective studies might be of
lower quality compared to prospective studies
[36]. Finally, studies with at least one patient
identified through an autopsy were compared

to other studies assuming that autopsies may be
more objective and less subjective to physician
bias.

Second, additional meta-regression analyses
were performed. Thus, the effect of different
variables in the male proportion estimate could
be interpreted when controlling for likely effect
modifiers.

Third, whenever reported, differences in
baseline characteristics by gender in any of the
retrieved studies were extracted and
summarized.

The meta-analysis and the meta-regression
analysis were conducted using the ‘‘metafor’’ R
package and the JASP software, respectively
[37–39].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Included Studies

Supplementary material Fig. 1 shows the flow of
the study selection process. After duplicate
removal, of the 3201 potentially relevant hits,
198 hits qualified for full-text screening. Subse-
quently, 104 reports fulfilled the eligibility cri-
teria. The list of the total records included in
this review is presented in Supplementary
material Table 2.

Twenty-eight reports qualified as unique
studies for further quantitative analysis
[19, 20, 22, 40–64]. Table 1 presents an overview
of the characteristics of these studies. In total,
2542 patients were included in these studies.
Significantly more studies were conducted in
non-Asian countries (n = 23) compared to Asian
countries (n = 5). The mean age at diagnosis
ranged from 74.0 to 93.8 years. Few studies used
autopsies (n = 5) to identify eligible patients
[20, 46, 61, 62, 64]. Seventeen studies used
endomyocardial biopsy to diagnose at least one
patient [19, 20, 22, 42, 43, 46, 47,
50–53, 55, 56, 60–62, 64], nine studies used
either extracardiac biopsy or other diagnostic
methods (e.g., scintigraphy) [41, 44, 45, 48, 54,
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57–59, 63] and two studies did not report any
diagnostic methods [40, 49]. Further detailed
information on the characteristic of these
studies and the quality of individual studies are
presented in Supplementary material Table 3
and Supplementary material Table 4, respec-
tively. The checklist used for the quality
assessment of the individual studies is presented
in Supplementary material Table 5.

A visual examination of the funnel plot (see
Supplementary material Fig. 2) shows that the
risk of publication bias is unlikely. Three studies
reported the proportion of male patients of 50%
or less: Tanskanen et al., Shiozaki et al., and
Gonzalez et al. [20, 62, 63]. On the other hand,
four studies included only male patients:
Clemmensen et al., Burrage et al., Benson et al.
and Wilson et al. [40, 49, 55, 56].

Primary Analysis Results

Figure 1 displays the male proportion (per
unique study and pooled) along with a 95%

confidence interval (CI). The pooled estimate of
male proportion is 86.9% (95% CI 81.5–91.6%).

Secondary Analyses Results

Subset Analyses
Table 2 summarizes pooled male proportion
estimates in the predefined subset of studies.
Only the subset analysis based on mean age at
diagnosis showed meaningful differences: 95%
CIs are not overlapping in defined subsets.
Studies, including older ATTRwt patients
(C 80 years) at baseline [19, 20, 41, 48, 53,
54, 58, 62, 63], reported lower male proportion
compared with studies including younger
ATTRwt patients (\ 80 years) at baseline [22, 40,
42–44, 46, 47, 49, 50, 56, 57, 59, 61, 64]: 69.5%
(95% CI 49.3–86.7%) vs. 92.7% (95% CI
89.8–95.2%), respectively. The results of the
individual studies and the pooled estimates are
also shown in Fig. 2. Non-significant differences
were observed in studies that had recruited
patients before 2010 vs. those which had

Fig. 1 Male proportion estimate in the primary analysis—Forest plot
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recruited patients after 2010, Asian studies vs.
non-Asian studies, and autopsy studies vs. other
studies (see Table 2 for more details). In con-
trast, male proportions were similar to the pri-
mary analysis for studies with[50 patients vs.
studies with B 50 patients and in prospective
vs. retrospective studies.

Meta-Regressions
For the meta-regression, we considered three
analyses controlling for mean age at diagnosis
only or geography (Asian studies vs. non-Asian
studies), method of diagnosis (autopsy studies
vs. other studies), or both.

Table 3 presents results from performed
meta-regressions. When controlled the meta-
analysis for age, studies including older ATTRwt
patients (C 80 years at diagnosis) had a 29.1%
(p value\0.001) lower male proportion com-
pared to studies including younger ATTRwt
patients (\80 years at diagnosis). This differ-
ence remained significant even after adjusting
for geography or method of diagnosis. Also,
studies using autopsy as a method of diagnosis
had a 21.1% (p value 0.002) or 20.6% (p value
0.003) lower male proportion compared to
other studies after adjusting for age only or both
age and geography, respectively. On the other
hand, after adjusting for age at diagnosis or
method of diagnosis, the male proportion did
not differ in Asian vs. non-Asian studies.

Table 1 Overview of the characteristics of included
studies in the quantitative analysis

Variable Number of
studies

Percentage of
studies (%)

All studies 28 100

Country

Australia 2 7.1

Austria 2 7.1

Denmark 2 7.1

Finland 1 3.6

France 3 10.7

Germany 1 3.6

Italy 2 7.1

Japan 4 14.3

South Korea 1 3.6

Spain 1 3.6

UK 1 3.6

USA 8 28.6

Sample size

50 patients and

over

11 39.3

Less than 50

patients

17 60.7

Data collectiona

Before 2010 4 14.3

After 2010 7 25.0

Region

Asia 5 17.9

No-Asia 23 82.1

Study type

Prospective 9 32.1

Retrospective 19 67.9

Method of diagnosis include autopsy

Yes 5 17.9

No 23 82.1

Mean age at diagnosisb

Table 1 continued

Variable Number of
studies

Percentage of
studies (%)

80 and over 9 32.1

Less than 80 14 50.0

a The time of data collection for 17/28 studies (60.7%)
extended across the ‘before 2010’ and ‘after 2010’ periods;
these studies were not included
b Mean age at diagnosis was not reported in 5/28 studies
(17.9%); these studies were not included

46 Cardiol Ther (2021) 10:41–55



Reported Differences in Baseline
Characteristics by Gender in Individual
Studies
Out of the total of 104 studies, seven reports
detailed differences in the baseline characteris-
tics by gender in ATTRwt patients
[11, 19, 20, 43, 46, 62, 65]. See Supplementary
Material Table 6.

Differences in the age of male patients vs.
female patients were reported in all seven
studies [11, 19, 20, 46, 62, 65, 66]. In Ladefoged
et al. 2020, the average age of females at base-
line was significantly higher than that of males:
86.4 ± 2.6 years vs. 81.1 ± 0.9 years, respec-
tively [19]. Likewise, in Gonzalez-Lopez et al.,
female patients were significantly older than

male patients at the time of symptom onset and
diagnosis, 82.3 vs. 76.1, and 83.9 vs. 77.4,
respectively [11]. Two studies, Ueda et al. and
Shiozaki et al., reported differences between
female and male patients at the age of death,
92.5 (± 13.4) vs. 78.5 (± 9.7) and 88.4 (± 6) vs.
85.8 (± 10.5) [46, 62].

Other differences reported between males
and females were related to disease severity.
Tanskanen et al. reported that the severity of
ATTRwt was significantly associated with male
gender [20]. Three studies, aus dem Siepen et al.,
Gonzalez-Lopez et al., and Yamamoto et al.
reported that females presented lower values for
interventricular septal [11, 66, 67] thickness,
posterior wall thickness, and left ventricular

Table 2 Pooled male proportion estimates in the predefined subset of studies

Subgroup Sample size per subgroup Male proportion (%) Lower CI (%) Upper CI (%)

Study sample size

[ 50 patients 2100 86.9 79.3 93.1

B 50 patients 442 86.7 78.4 93.5

Data selectiona

Before 2010 200 84.1 36.3 100

After 2010 200 91.9 83.1 98.1

Region

Asian studies 126 78.3 56.5 94.5

Non-Asia studies 2416 88.3 82.9 93.0

Method of diagnosis

Autopsy studies 588 69.3 36.9 93.9

Other studies 1954 90.8 87.3 93.9

Study design

Prospective 1081 88.8 80.9 95.0

Retrospective 1461 86.1 78.4 92.5

Mean age at diagnosisb

C 80 years 341 69.5 49.3 86.7

\ 80 years 1911 92.7 89.8 95.2

a The time of data collection for 17/28 studies (60.7%) extended across the ‘before 2010’ and ‘after 2010’ periods; these
studies were not included
b Mean age at diagnosis was not reported in 5/28 studies (17.9%); these studies were not included
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diastolic diameter compared to males. Addi-
tional variations, in particular, include signifi-
cant differences between females and males in
the New York Heart Association (NYHA) classi-
fication and glomerular filtration rate scores 3.0

(± 0.4) vs. 2.5 (± 0.7) and 86.0 (± 33.2) vs. 66.7
(± 21.4), respectively [66]. Finally, Gonzalez-
Lopez et al., reported that females were diag-
nosed non-invasively more frequently com-
pared to males and presented with better left

Fig. 2 a Male proportion estimate in different studies stratified by baseline mean age at diagnosis: a C 80 years. b Male
proportion estimate in different studies stratified by baseline mean age at diagnosis: b\ 80 years
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ventricular ejection fraction 75% vs. 29% and
59 vs. 51, respectively [11].

DISCUSSION

This study is the first meta-analysis to estimate
the gender distribution in patients with
ATTRwt. We discovered three key findings.
First, among all unique studies, the male pro-
portion in patients with ATTRwt was 86.9%
(95% CI 81.5–91.6%), indicating a male to
female ratio of approximately 7:1. Second,
ATTRwt patients of older age were significantly
more likely to be female. Third, patients diag-
nosed by autopsy were significantly more likely
to be female, a result that remained consistent
even after adjusting for age.

While still understudied in ATTRwt patients,
the observed gender imbalance could involve a
combination of sex-specific biological factors
and diagnostic challenges in female patients. In
cardiovascular disease, certain female sex hor-
mones, particularly estrogen, could be cardio-
protective [68]. However, similar guidelines for
the identification of ATTR-CM for both sexes
(LV wall thickness[ 12 mm) but larger cardiac
anatomy in males compared to females may
result in disease underdiagnosis of the latter as
they are less likely to meet this threshold [69].
Other studies suggest ATTRwt may manifest
differently in female patients resulting in more
atypical symptoms compared to men [70, 71]
which may pose additional diagnostic chal-
lenges. Individual studies in our review reported
that the severity of ATTRwt was overall lower in
females vs. males with favorable measures rela-
ted to NYHA class, left ventricular ejection
fraction interventricular septal thickness, pos-
terior wall thickness, and left ventricular dias-
tolic diameter [11, 20, 66]. In line with our
findings, earlier onset and more severe disease
are more common in male patients with hATTR
[4, 5]. Therefore, both the older age of presen-
tation and milder symptoms in female patients
would contribute jointly to lower diagnosis
rates. Literature suggests that gender imbalances
are common in ATTR-CM [69]. Increasing the
awareness of these factors among clinicians, in
particular, implementing non-invasive tech-
niques such as nuclear scintigraphy, could
potentially increase the diagnosis among
women if currently underdiagnosed [72].
Besides, the diagnosis of associated features,
including carpal tunnel syndrome and lumbar
spinal stenosis, raise suspicion, and may afford a
means for early diagnosis [44, 73]. Nevertheless,
more clinical data on how ATTRwt morbidity
and mortality are different in female compared
to male patients are needed. In a previous study
that examined gender-based differences in over
200 ATTRwt patients, Kristen et al., found a
longer delay in the initiation of symptoms and
diagnosis of ATTRwt in females compared to
male patients [74]. A milder or more atypical
disease progression in females could result in
diagnosis at an older age, a trend observed in a
variety of studies [11, 19, 20, 43, 46, 62, 65].

Table 3 Results from the different meta-regression
analyses

Meta-
regression

Male proportion
(%)

Standard
error

p value

Controlling for age at diagnosis

Intercept 91.0 0.040 \ 0.001

Age - 29.1 0.073 \ 0.001

Controlling for age at diagnosis, method of diagnosis, and

geography

Intercept 91.4 0.095 \ 0.001

Asian 3.8 0.094 0.683

Autopsy - 20.6 0.070 0.003

Age - 26.6 0.066 \ 0.001

Controlling for age at diagnosis and method of diagnosis

Intercept 95.1 0.036 \ 0.001

Autopsy - 21.1 0.065 0.002

Age - 27.0 0.068 \ 0.001

Controlling for age at diagnosis and geography

Intercept 83.1 0.097 \ 0.001

Asian 9.0 0.102 0.375

Age - 28.5 0.074 \ 0.001
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This observation was also confirmed in our
second finding, as there were 69.5% males (95%
CI 49.3–86.7%) vs. 92.7% males (95% CI
89.8–95.2%) in patients over 80 years vs.
patients under 80 years of age, respectively.
After controlling for geography or method of
diagnosis in the meta-regressions, studies
including older ATTRwt patients had signifi-
cantly lower male proportion compared to
studies, including younger ATTRwt patients.
The older age at diagnosis in females might be
influenced by survival bias, i.e., on average, a
female person lives longer than a male person.
Male proportion did not significantly differ in
Asian vs. non-Asian studies after adjusted for
age in the meta-regression, implying that the
older age partly explains the difference between
Asian and non-Asian studies at diagnosis in
Asian studies.

Our third finding showed that males were
significantly less likely to be diagnosed in
autopsies compared to females (coeff. - 21.1,
p = 0.002) after controlling for age and may
support the narrative that ATTRwt is under-
diagnosed in women. Other studies have also
found that females are more likely to be diag-
nosed post-mortem vs. premortem [23]. Other
gender-specific trends in diagnostic methods
cite that females were more likely to be diag-
nosed non-invasively than invasively [11].

There are sizeable strengths of this review.
First, the results reflect a systematic review of all
data available for ATTRwt patients, including
both Western and Asian populations. Second,
the synthesis of the male proportion applied
suitable methods for meta-analysis of propor-
tions. Third, we attempted to adjust for con-
founders employing subset analysis and meta-
regression. Our results lay the necessary
groundwork for future research on gender dif-
ferences in diagnosis and disease burden of
ATTRwt.

On the other hand, there are a few limita-
tions to this review. First, regarding the subset
analysis based on the recruitment years, we
acknowledge that due to recent changes in the
diagnostic methods (i.e., use of scintigraphy to
diagnose ATTR without biopsy), it would have
been better to dichotomize the data on studies
recruiting patients before and after 2016.

However, this analysis was not feasible due to
the limited number of studies with patients
recruited after 2016. Second, studies with a
smaller sample size (frequently conducted at
academic medical centers within affluent cities)
often have a lower degree of randomness and
representation of the general population. Third,
while every effort was made to identify unique
populations by years of data collection and
name of the study center, there remains the
possibility of overlapping study populations.
Fourth, selection or referral bias within the
included studies can be a confounder for the
overall analysis, which makes it unclear whe-
ther the observed male predominance is due to
under-diagnosis of women with ATTRwt or a
true male predominance of disease. However,
subset analyses based on a higher sample size,
i.e., large cohort studies and using autopsy as a
method of diagnosis, might be more reflective
of the general ATTRwt population. Additional
population-based studies are needed to further
confirm our findings. Moreover, had we inclu-
ded languages other than English in our search
strategy, it is possible that we would have
encountered other relevant studies that were
not included in this review. Most of our studies
were in Western Europe or North America, with
no representation from Latin American, Car-
ibbean, Middle Eastern, or African countries.
Finally, with only seven studies that stratify by
gender, we have limited insight into the differ-
ences in clinical and baseline characteristics by
gender for ATTRwt patients.

CONCLUSIONS

This is the first meta-analysis to estimate the
gender distribution of ATTRwt patients based
on existing literature. While we confirm that
males are predominantly affected, this analysis
also shows that the proportion of males was
significantly impacted by the age at diagnosis
and method diagnosis. This may suggest
important gender-based differences in the clin-
ical manifestation and diagnostic challenges of
ATTRwt in females that warrant future research.

50 Cardiol Ther (2021) 10:41–55



ACKNOWLEDGEMENTS

Funding. The study and the Journal’s Rapid
Service Fee were funded by Pfizer.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Authorship Contributions. Conception and
design: MR, NF, and MH. Collection and
assembly of data: FK, AG, and MH. Data analysis
and interpretation: MR, NF, FK, and MH.
Manuscript writing: All authors. Final approval
of manuscript: All authors. Accountable for all
aspects of the work: All authors.

Disclosures. Mark Rozenbaum and Nils Fis-
cher are employees of Pfizer. Florint Kroi, Ana
Gezin, and Mahmoud Hashim are employees of
Ingress-Health. Florint Kroi, Ana Gezin, and
Mahmoud Hashim are employees of Ingress-
Health who were paid consultants to Pfizer in
connection with performing the review and
analyses and developing the manuscript.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Data Availability. All data generated or
analyzed during this study are included in this
published article/as supplementary information
files.

Open Access. This article is licensed under a
Creative Commons Attribution-Non-
Commercial 4.0 International License, which
permits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were

made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Rapezzi C, Quarta CC, Riva L, et al. Transthyretin-
related amyloidoses and the heart: a clinical over-
view. Nat Rev Cardiol. 2010;7(7):398–408. https://
doi.org/10.1038/nrcardio.2010.67 ([PMID:
20479782]).

2. Mankad AK, Shah KB. Transthyretin cardiac amy-
loidosis. Curr Cardiol Rep. 2017;19(10):97. https://
doi.org/10.1007/s11886-017-0911-5 ([PMID:
28840452]).

3. Ruberg FL, Berk JL. Transthyretin (TTR) cardiac
amyloidosis. Circulation. 2012;126(10):1286–300.
https://doi.org/10.1161/circulationaha.111.078915
([PMID: 22949539]).

4. Arvidsson S, Pilebro B, Westermark P, Lindqvist P,
Suhr OB. Amyloid cardiomyopathy in hereditary
transthyretin V30M amyloidosis—impact of sex
and amyloid fibril composition. PLoS ONE. 2015.
https://doi.org/10.1371/journal.pone.0143456
([PMID: 26600306]).

5. Santos D, Coelho T, Alves-Ferreira M, et al. The
hidden story behind gender differences in familial
amyloid polyneuropathy (FAP) ATTRV30M.
Orphanet J Rare Dis. 2015;10(Suppl 1):O4. https://
doi.org/10.1186/1750-1172-10-S1-O4.

6. Gertz MA. Hereditary ATTR amyloidosis: burden of
illness and diagnostic challenges. Am J Manag Care.
2017;23(7 Suppl):S107–12 ([PMID: 28978215]).

7. Rapezzi C, Quarta CC, Obici L, et al. Disease profile
and differential diagnosis of hereditary transthyr-
etin-related amyloidosis with exclusively cardiac
phenotype: an Italian perspective. Eur Heart J.
2013;34(7):520–8. https://doi.org/10.1093/
eurheartj/ehs123 ([PMID: 22745357]).

8. Arbustini E, Merlini G. Early identification of
transthyretin-related hereditary cardiac

Cardiol Ther (2021) 10:41–55 51

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1038/nrcardio.2010.67
https://doi.org/10.1038/nrcardio.2010.67
https://doi.org/10.1007/s11886-017-0911-5
https://doi.org/10.1007/s11886-017-0911-5
https://doi.org/10.1161/circulationaha.111.078915
https://doi.org/10.1371/journal.pone.0143456
https://doi.org/10.1186/1750-1172-10-S1-O4
https://doi.org/10.1186/1750-1172-10-S1-O4
https://doi.org/10.1093/eurheartj/ehs123
https://doi.org/10.1093/eurheartj/ehs123


amyloidosis. JACC Cardiovasc Imaging. 2014;7(5):
511–4. https://doi.org/10.1016/j.jcmg.2014.03.007
([PMID: 24831211]).

9. Rapezzi C, Lorenzini M, Longhi S, et al. Cardiac
amyloidosis: the great pretender. Heart Fail Rev.
2015;20(2):117–24. https://doi.org/10.1007/
s10741-015-9480-0 ([PMID: 25758359]).

10. Donnelly JP, Hanna M. Cardiac amyloidosis: an
update on diagnosis and treatment. Cleve Clin J
Med. 2017;84(12 Suppl 3):12–26. https://doi.org/
10.3949/ccjm.84.s3.02] ([PMID: 29257735]).
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