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Abstract

Background: Nationwide population aplastic anemia-
related mortality is rare in the world medical literature.

Methods: The annual AA mortality data was extracted from
the public databases of the Mortality Information System,
searching category D61 “other aplastic anemias” of the
International Classification of Diseases, Tenth Revision.

Main results: In Brazil, 2000 to 2018, 35,523 deaths
related to AA occurred, 13.629 (38.4%) as underlying
cause, and 21,894 (61.6%) as associated (non-underlying)
cause of death. Average standardized mortality rates
were for underlying, associated and all mentions cause
deaths, respectively, 4.02, 6.40 and 10.42 deaths per
million population. The overall mean and median ages at
death for all mentions were, respectively, 51.5 (x 24.7)
and 55.5 (range 32.5-71.5) years. On certificates with AA
as an associated cause, the underlying causes of deaths
were neoplasms (38.9%), infectious and parasitic diseases
(8.8%) of the circulatory system (8.7%); the main underlying
causes among the neoplasms were myeloid leukemia
(7.7%), lymphoid leukemia (5.1%), other and specified
types of non-Hodgkin’s lymphoma (4.1%), certain other
neoplasm of lymphoid, hematopoietic and related tissue
(3.5%), and neoplasms of the digestive organs (3.2%). The
leading overall associated cause of death was septicemia,
occurring in 48.9% among AA as the underlying cause
and 42.6% among other underlying conditions, followed by
pneumonias, respiratory failure, failure of multiple organs,
renal failure, and cerebrovascular diseases.

Conclusion: This study revised AA death rate trends,
underlying and associated causes of death, age at death
and regional distribution of death in Brazil.
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Introduction

Aplastic anemia (AA) is a rare and serious disease,
potentially life-threatening, that affects hematopoietic
stem and progenitor cells and is characterized by
pancytopenia and a hypoplastic bone marrow. The
development of AA result from the destruction of
hematopoietic cells by three main mechanisms,
including direct environmental injury, dysregulated
immune system, and primary inherited or acquired
bone marrow failure syndrome. There are no AA specific
markers then the diagnosis is reached by exclusion
of other rational entities. From 50 to 74 percent of
AA cases of not have a clear cause and are labeled
idiopathic. Patients may present signs and symptoms
typical of cytopenia, such as infection and bleeding.
The term “aplastic anemia” is somewhat a misleading
terminology considering pancytopenia as its main
characteristic. The mostimportant treatments for AAare
bone marrow transplantation and immunosuppressive
treatment (IST) with antithymocyte globulin (ATC) and
cyclosporine (CsA) [1-4].

Modern studies show an estimated incidence of
2-2.3 cases per million population per year in the
Western countries [5]; a contemporary study in Sweden
identified the incidence of 2.35 cases per million
inhabitants per year [6]. The incidence in Asia is two to
threefold higher, attaining 7.4 cases per million; a recent
study disclosed an incidence of 5.67 cases per million
population in Taiwan [7]. In Brazil, one pilot study
disclosed the incidence of AA of 2.7 cases per million
per year, ranging from 1.1 to 7.1 cases per million per
year between regions [8], and, in the state of Parana,
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a previous study from 1999 to 2000 found the annual
incidence of AA 2.4 cases per million inhabitants [3].
In almost most studies, the sex ratio has been close of
1:1. Two patient age peaks of incidence are described,
one among young adults and another in the elderly. In
Parana, the age-specific incidence was bimodal, highest
in those between 15 and 24 years old and there was
another peak in patients 60 years or older [3]. The
incidence of AA in Latin American countries was 1.6
cases per million per year [9].

The Brazilian national mortality statistics derive
from death certificates that are supplied by doctors,
or prepared through testimonies from witnesses,
and are documented in Civil Registry Offices [10]. The
demographic and medical data on death certificates are
coded and processed by vital statistic or epidemiological
surveillance services in the federal states and are sent to
the Ministry of Health to be consolidated as data from
the whole country [11]. Among these data, the value of
causes of death is indisputable, of which the underlying
cause is conceptualized as “(a) The disease or injury
that initiated the train of morbid events leading directly
to death, or (b) The circumstances of the accident or
violence which produced the fatal injury” [12]. With
the aim of preventing death, the primary mortality
statistics are traditionally presented according to the
underlying cause. Regardless of the great value of the
underlying cause, across recent decades there has been
increasing demand to consider all causes of death listed
on death certificates, and not just the underlying cause.
Such statistics are called “multiple-cause-of death”, and
they provide information on the whole range of fatal
processes that culminate in death, thereby offering new
elements and perspectives for their prevention [13]. This
study aims to describe causes of death and mortality
issues related to AA based on death certificates data
with the use of multiple-cause-of-death methodology.

Methods

Brazil, officially named Federative Republic of
Brazil, is the world’s fifth largest country, covering a
total territory of 8.5 million km?, and the sixth largest
population estimated in 212 million inhabitants in 2020.
The country is politically and administratively divided
into 27 federated units (26 statesand the Federal District)
and 5,570 municipalities. The 27 federated units are
grouped into five geographic regions: North, Northeast,
Southeast, South, and Central-West, The annual
mortality data was extracted from the public multiple-
cause-of-death databases of the Mortality Information
System (Sistema de informacGes sobre mortalidade
- SIM) located at the Brazilian Unified Health System
Information Technology Department (Departamento
de informatica do sistema Unico de saude - DATASUS),
ministry of health (MS) [14]. All deaths were selected
in which AA as a cause of death was listed on any line
or in either part of the International Form of Medical
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Certificate of Cause-of-Death (the medical certification
section of the death certificate), irrespective of whether
characterized as the underlying cause-of-death or as
an associated (non-underlying) cause. Complications of
the underlying cause (Part | of the medical certification
section) and contributing causes (Part Il of the medical
certification section) were jointly designated as
associated (non-underlying) causes of death [13]. We
employed the 2000-2018 mid-year estimates of the
population for Brazil, discriminated by year, sex, age
group and Brazilian regions.

According to the International Classification of
Diseases and Related Health Problems, Tenth Revision
(ICD-10), AA as a cause is described in category D61
- Other Aplastic anemias, including four character
subcategories codes D61.0 Constitutional Aplastic
anemia, D61.1 Drug-induced aplastic anemia, D61.2
Aplastic anemia due to other external agents, D61.3
Idiopathic aplastic anemia, D61.8 Other specified
Aplastic anemia, and D61.9 Aplastic anemia, unspecified
[15].

To reconstruct the morbid process leading to death,
all causes of death listed in the medical certification
section of the death certificate were considered,
including those classified as ill-defined, equated as such,
or considered by the world health organization (WHO)
as modes of death [12,15].

Records included in the mortality databases contain
fields like the ones appearing on official Brazilian death
certificate. In addition, we created auxiliary fields for
the study of multiple causes, including a field designed
to contain a single “string” of characters composed of
the codes entered on lines (a), (b), (c) and (d) of Parts |
and of Part Il of the medical certification section of the
death certificate.

The causes of death had been automatically
processed with the software Underlying Cause Selector
(Seletor de causa basica SCB) [16]. The automatic
processing involves the use of algorithms and decision
tables that incorporate the WHO mortality standards
and the etiological relationships among the causes of
death. The expressions “death from” and “death due
to” refer to the underlying cause-of-death, whereas
“deaths with a mention of” and “mortality related to”
refer to the listing of a given condition either as the
underlying cause or as an associated (non-underlying)
cause. The causes of death evaluated in the present
study were those mentioned in the medical certification
section, which are known internationally as “entity axis
codes”, defined and presented under the structure and
headings of the ICD [13].

Using mortality rates, proportions, and historical
trends, we studied the distributions of the following
variables: Sex, age at death (in ten year age-groups), year
of death, underlying cause-of-death, associated (non-
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underlying) cause(s) of death, total mentions of each
cause-of-death, mean number of causes listed per death
certificate, and geographical distribution of deaths.
Medical and demographic variables were processed
with the following software: dBASE Il Plus, version 1.1
and dBASE IV (Ashton-Tate Corporation, Torrance, CA),
Epi Info, version 6.04d (Centers for Disease Control and
Prevention, Atlanta, GA), in emulated dbDOS™ PRO
6 environment, Excel 2016 (Microsoft Corporation,
Redmond, WA). We used the Multiple Causes Tabulator
(Tabulador de Causas Multiplas for Windows) program
(DATASUS, Ministério da Saude, Faculdade de Saude
Publica, Universidade de S3o Paulo, Brazil), to process
ICD-10 codes (TCMWIN, version 1.6), in our presentation
of the associated causes and of the mean number of
causes per death certificate [17].

For the presentation of the associated (non-
underlying) causes listed on the death certificates on
which AA was identified as the underlying cause, special
lists were prepared showing the causes involved in
the respective natural histories [1,2], as well as those
mentioned with the greatest frequency. The duplication
or multiplication of causes of death was avoided
when these were presented in abbreviated lists. The
number of causes depends on the breadth of the class
(subcategory, category, grouping or chapter of the ICD-
10); therefore, if two or more causes mentioned in the
medical certification section were included in the same
class, only one cause was computed [16,17].

Mortality rates (per 1,000,000 population) for AA
were calculated-by year and for the study period (2000-
2018) as a whole-based on the number of deaths that
had been identified as the underlying cause or as an
associated (non-underlying) cause, as well as on the
overall number of its mentions. To calculate the average
mortality rate, the overall number of deaths was divided
by the sum of the respective annual population counts
for the 19-year study period.

The Programa para Andlisis Epidemiolégico de Datos
(Epidat, Epidemiological Analysis of Data Program),
version 4.2 (Direccién Xeral de Innovacién e Xestion
da Saude Publica, Xunta de Galicia, and Pan American
Health Organization) was used for standardize, by the
direct method, the sex and age-adjusted crude and
average mortality rates for the study period as a whole,
to the new WHO Standard Population [18].

We used analysis of variance to compare the mean
numbers of causes mentioned on the death certificate
and the Kruskal-Wallis H test to compare the median
age at death between groups. The Join point Regression
Program, version 4.8.0.1, was used to evaluate the
changes in age-standardized rates trends [19]. Assuming
a Poisson distribution, join point analysis chooses the
best fitting point (or points), at which the rate increases
or decrease significantly. Values of p < 0.05 were
considered significant.
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Results

During the period of 19 years, from 2000 to 2018,
in Brazil 35,523 deaths related to aplastic anemia
occurred, 13.629 (38.4%) as the underlying cause and
21,894 (61.6%) as an associated (non-underlying) cause
of death. As the underlying cause, Aplastic anemia
varied from 31.9% in 2005 to 45.5% in 2018, from
30.1% at 30-39 years of age to 53.5% at 80 and older
deaths, and from 36.9% in the Center West region to
44.3% in the North region. Overall, males accounted
for 51.7% and females 48.3% of deaths; whereas 50.2%
in the Southeast, 21.6% in the Northeast, 15.3% in the
South, 7.2% in the Center West, and 5.6% in the North
regions. The ICD-10 subcategory D61.9. Aplastic anemia,
unspecified, was used 90.0% and 94.6% to identify,
respectively, AA as the underlying and as an associated
(non-underlying) cause of death (Table 1).

Mortality rates for the period 2000-2018 are
presented in Table 2 and Figure 1. Average standardized
mortality rates for wunderlying, associated (non-
underlying) and all mentions causes deaths were,
respectively, 4.02, 6.40 and 10.42 deaths per million.
Underlying causes deaths increased from 2000 to 2013
by annual percent change (APC) of 1.41%, followed by
a decrease up to 2018 (APC -3.29%); associated (non-
underlying) causes deaths increased from 2000 to 2002
(APC 9.76), followed by a drop to 2018 (APC -3.14), and
all mentions causes death increased from 2000 to 2002
(APC 6.11) followed declines to 2013 (APC -1.7) and
to 2018 (APC -4.1). These observed trends resulted in
average annual percent changes (AAPC) for underlying,
associated (non-underlying) and all mentions deaths
respectively of 0.1, -1.8 and -1.2 for the whole period.
Averaged age-specific death rates stayed leveled until
ages 40 to 49 when increased exponentially thereafter,
reaching, at the age of 80 and older, the rates of
44,11, 38.41 and 82.51 deaths per million population,
respectively for underlying, associated (non-underlying)
and all mentions causes (Figure 2).

Mean and median ages at death related to aplastic
anemia are presented on Table 3. Overall general mean
and median ages at death for all mentions deaths were,
respectively, 51.5 (+ 24.7) and 55.5 (32.5-71.5) years.
Deaths at older mean and median ages occurred with
underlying causes, in females, in the South region and
at home, while deaths at earlier ages were observed
with associated (non-underlying) causes, in males, in
the North region, and as underlying cause in public
thoroughfare. Ages at death in females were always
older than in males.

The underlying causes on 35.519 death certificates
for male and female in which AA was listed as a cause
of death are presented in Table 4, according to the ICD
structure. Overall, diseases of blood and blood forming
organs are the leading underling cause, totaling 40.1%,

ePage 30f 7 e



https://doi.org/10.23937/2469-5696/1410073
https://clinmedjournals.org/articles/ijbrd/ijbrd-9-073-tables.doc
https://clinmedjournals.org/articles/ijbrd/ijbrd-9-073-tables.doc
https://clinmedjournals.org/articles/ijbrd/ijbrd-9-073-tables.doc
https://clinmedjournals.org/articles/ijbrd/ijbrd-9-073-tables.doc

DOI: 10.23937/2469-5696/1410073 ISSN: 2469-5696

Rates per million populatoin

/W\/\

(=]

2000 200120022003 2004 20052006200720082000201020112012201320142015201620172018

—  Underlying m— Associated e All mentions

Figure 1: Age-standardized death rates related to aplastic anemia according to causes of death in Brazil, 2000 to 2018.
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Figure 2: Specific age death rates related to aplastic anemia according to causes of death, Brazil, 2000 to 2018.

with AA itself reported for 38.4% of deaths. Next and leukemia (7.7%), lymphoid leukemia (5.1%), other and
remarkably close, the ICD chapter on neoplasms specified types of non-Hodgkin’s lymphoma (4.1%),
emerges, totaling 38.9%, followed by infectious and certain other neoplasm of lymphoid, hematopoietic and
parasitic diseases, with 8.8% of all deaths. The main related tissue (3.5%), and neoplasms of the digestive
underlying causes among the neoplasms were myeloid organs (3.2%). Human immunodeficiency virus disease
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prevailed among the infectious diseases accounting
overall for 5.8% of deaths, in males 7.3%, and in females
4.2%.

The leading associated (non-underlying) causes of
deaths listed on death certificates which AA and other
selected conditions were identified as the underlying
causes are displayed in Table 5, according to the ICD
structure. The overall associated (non-underlying)
causes included in chapters on infectious, respiratory,
and ill-defined conditions stand out holding the
percentages respectively of 45.0%, 37.1% and 35.6%.
Conclusively, the septicemias, occurring in 48.9%
among AA as the underlying cause and 42.6% among
other underlying conditions, occurs as the major
associated (non-underlying) cause, followed overall
by pneumonias, respiratory failure, failure of multiple
organs, renal failure, and cerebrovascular diseases.

Discussion

To our knowledge, following extensive pursue on
Pub Med and Embase, after thirty years, this study is
a renewed research on AA nationwide population
mortality statistics [20]. Thisstudy describes the mortality
related to AA in Brazil in the last 19 years considering
all its mentions as cause of death on death certificates.
Usually, the account of incidence studies removes
cases of neoplastic or granulomatous disease involving
the associated (non-underlying) with pancytopenia,
such as myelodysplastic syndrome, Fanconi’s anemia,
and paroxysmal nocturnal hemoglobinuria, as well
patients exposed to antineoplastic chemotherapy or
radiotherapy. In contrast, the benefits of the present
multiple cause of death approach contemplate all death
certificates in the whole country where AA was listed
as the underlying cause, as well as an associated (non-
underlying) cause of death, providing a more complete
estimate of nationwide mortality.

The ICD-10 subcategory aplastic anemia, unspecified
(D61.9) was used over ninety percent in the classification
of AA as underlying and associated (non-underlying)
causes of death. A clear etiologic factor has not been
identified and listed on the death certificate [1]. The
misleading and confusing terminology “aplastic anemia”
is another related issue considering pancytopenia, with
decreased platelets, with cells, and erythrocytes, as
the main characteristic of the condition. Such a bone
marrow failure of this nature should be called “Aplastic
pancytopenia” [1,21]. Perhaps this proposal might be
placed in an international congress of hematology.

The finding that AA was identified on average as the
underlying cause in 38.4% of the death certificates does
not reflect the severity of this condition in Brazil. This
value is even lower than 55% listed as underlying cause
among AA related deaths in the United States in 1984
[20]. A latest review describes the fatality rate of 85%
for severe AA [22]. Traditionally, higher percentages of
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a given cause of death as the underlying cause is like a
statement of its severity. Assaults, transport accidents,
suicides, drownings, and certain neoplasms sites are
common such causes in Brazil selected over 95% as
the underlying cause of death [23]. A possible reason
for the lower AA percent as underlying cause could
stay in the constellation of conditions that delineate
the pathophysiology of AA, including myelodysplastic
syndrome, lymphoid, hematopoietic, and related tissue
malignant neoplasms of severe fatality rates.

The observed AA averaged standardized overall
mortality rate of 10.42 deaths per million population
is equivalent to the estimated crude death rate of 8.9
deaths per million population verified in the United
States in 1984, as well as the corresponding underlying
cause of death rates of 4.02 and 4.90 per million
inhabitants, respectively in Brazil and United States
[20]. Globally, the AAPC indicated that underlying cause
of death mortality trends stayed leveled the whole
study period, while associated (non-underlying) cause
of death rate trends revealed a regular decrease from
2002 to 2018. Averaged standardized death rates arise
exponentially from 50 years of age and reach the highest
levels in the oldest fatalities. This pattern has been
observed in other studies. In the United States research
it has been speculated that the high level of exposure
among older age persons to medicinal agents and the
high susceptibility of the aged to drug-associated blood
dyscrasi as might contribute to these high death rates
[20].

The median age at death for overall all mentions
AA deaths of 55.5 years was much lower than 76 years
of age found in the United States in 1984. The male to
female ratio was equivalent to 1:1 observed in incidence
studies.

Among overall death certificates in Brazil which
included a mention of AA as a cause of death, the major
underlying causes emphasized diseases of blood and
blood forming organs, AA prevailing, and malignant
neoplasms, mostly myeloid and lymphoid leukemias,
both causes mutually accounting for 79% of all deaths.
The underestimation of AA severity as underlying cause
has been noticed earlier. Studies have shown that AA
survivors patients may harbor high risk of malignant
neoplasms, owing a possible association with AA itself
as well as following immunosuppressive treatment or
bone marrow transplantation [24]. Myelodysplastic
syndromes, acute leukemias and solid neoplasm ate the
mostcommonassociatedcancers.Studieshavesuggested
that survivors of AA that received immunosuppressive
therapy are susceptible to hematologic cancers while
patients after bone marrow transplantation present
increased incidence of solid tumors [25]. Regrettably,
the use solely of death certificate data does not allow
the recovery of the evolution of an aplastic anemia to
subsequent hematopoietic or solid neoplasms or vice-
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versa. Another constraint relates to the unavailability
to compare the observed underlying causes of death
with other countries or studies; the search for papers
on the terms “aplastic anemia” and “underlying cause
of death” in Pub Med and Embase produce only one
paper on mortality from intractable diseases in Japan
from 1972 to 2004.

This study has confirmed infectious diseases as a
leading associated (non-underlying) cause of death,
accounting 48.9% and 42.6%, respectively, among
AA underlying and non-underlying deaths, where
septicemias prevail, tallying above 47% overall
deaths. Incidentally, infections are defined as severe
when evidence of sepsis or septic shock occurs [25].
Additionally, the onus of pneumonias associated mainly
among AA underlying cause deaths was verified. The
major infectious associated mortality is due to the
universal presence of severe and prolonged neutropenia
in AA patients with increased susceptibility to infections
caused by bacteria and fungi. A study in AA children in
Italy found a significant association between the grade of
aplasia at diagnosis and incidence of infection episodes,
stressing the severity of AA as the most important
factor for the development of an infection [26]. Most
infections also occur after patients received IST, as a
combination of adrenal corticosteroids, cyclosporin and
antithymocyte globulin (ATG) [24,26,27]. In the United
States, a study found that older age was an independent
factor associated with 1-year mortality in multivariate
analysis of non-respondent IST patients [28]. In France,
among elderly AA patients, mainly infections were
the major complications almost exclusively of IST,
especially anti-thymocyte globulin (ATG) associated
with cyclosporine-A (ATG-CsA) [29].

Population mortality statistics suffer from quantity
and quality problems, while some specific issues related
to AA were discussed in previous paragraphs. We
intend to emphasize the advantages and contribute to
overcome the limitations of death certificates mortality
data. Estimations for 2017 indicate a coverage of 96.3%
for the whole country, ranging from 92.7% in the North
region to 100.0% in the South region [30]. Regarding
quality, recent evaluation of the institution of multiple
cause of death statistics in Brazil, from 2003 to 2015,
has found that the crude mean number of causes per
death certificate increased from 2.81 to 3.02 (7.5%),
deaths with only one mentioned cause decreased
from 20.32% to 13.75% and ill-defined causes of death
as underlying cause decreased from 12.95% to 5.59%
(56.22%) [31,32]. Particularly in this study, the mean
number of causes per death certificates were 3.54 (+
1.26) and 4.33 (£ 1.21), respectively, on AA underlying
and associated (non-underlying) causes deaths.

However, a validation study performed in La Rioja,
Spain, during the period 2007-2012, confirmed only
15% of true AA diagnosis included in hospital database
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or mortality registry, even though removing patients
and deaths associated to the AA related conditions like
in customary incidence studies [33]. Though automatic
processing of mortality data is used in Brazil, causes of
death are still done by trained nosologists who might
make a mistake and introduce a wrong ICD code.
Another question is linked with AA as a rare cause of
death while decision tables for automatic processing
may not include ICD mortality rules and dispositions
involving all conditions of its natural history. And finally,
most important to remember the responsibility of
physicians to correctly identify causes of death on death
certificate.

Conclusions

Data on AA nationwide causes of death and mortality
issues in Brazil from 2000 to 2018 were presented.
Someway unexpected, even though the main underlying
cause, AA was thus identified below half of deaths,
followed closely by hematopoietic, lymphoid, and solid
malignant neoplasms, causes whose figures ought to
have detailed research. Septicemias and pneumonias
as the overall leading associated (non-underlying) cause
of death reiterated the severity of AA neutropenia.
However, despite the stated results, further questions
remain about AA concerns hat deserve attention, such
as the accurate identification of AA as true cause of
death, the occurrence of subsequent neoplasms after
IST or HCBT and the association of AA and malignant
hematopoietic neoplasms.
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