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Figure 1 — Spontaneous hematomas in a 62-year-old patient who used acetylsalicylic acid, rivaroxaban and warfarin to protect
herself from COVID-19 (however, her PCR and serology tests were both negative). At the Emergence Room, her INR was 26 and the
activated partial thromboplastin time ratio was 2. With the reversal of anticoagulation and clinical observation, the patient had no
other bleeding complications.. Page 279.
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Editorial

COVID-19 and Uncertainty: Lessons from the Frontline for Promoting

Shared Decision Making

José Augusto Soares Barreto-Filho,"*?™ André Veiga,? Luis Claudio Correia*
Universidade Federal de Sergipe - Programa de Pés-Graduagao em Ciéncias da Satde," Aracaju, SE - Brazil
Universidade Federal de Sergipe - Departamento de Medicina,? Sdo Cristovao, SE - Brazil

Emergéncia Cardioldgica do Hospital Sao Lucas Rede Sao Luiz D’Or,* Aracaju, SE - Brazil

Escola Bahiana de Medicina e Sadde Puablica,* Salvador, BA — Brazil

COVID-19 has already become the largest and deadliest
epidemic of the past hundred years. On a daily basis,
healthcare professionals in the frontline are called upon to
give answers and make decisions that directly affect the lives
of infected patients, and scientists are summoned to the
Herculean task of providing “effective medications” in record
time for a recently discovered virus with devastating potential
mortality. With a hitherto unseen avalanche of information,
the debate on how to treat patients with COVID-19 has gone
beyond the limits of the technical arena, taking on ideological
and political aspects as well.

Science is based on facts. The fact is that we do not currently
have an etiological treatment with proven efficacy and safety to
combat SARS-CoV-2. At the moment, there are only promises
in the pipeline. To exemplify, the most emblematic case of lack
of rationality and scientific thinking is the polemic regarding
chloroquine/hydroxychloroquine (CQ/HCQ) for treatment
of COVID-19. CQ/HCQ is a drug that has been widely and
successfully used in patients with malaria and systemic lupus
erythematosus. Against COVID-19, the drug inhibits replication
of SARS-CoV-2 in vitro, and it modulates the inflammatory
cascade triggered by the virus." In vitro data demonstrate
biological plausibility, but plausibility does not mean likelihood
that a hypothesis is true. CQ/HCQ was, nevertheless, promoted
to the category of “magic bullet” by a publication from France,?
whose methodology was characterized by high risk of bias
and random error, meaning that it could not be defined as
“scientific evidence.” This notwithstanding, the publication
was overestimated, in an ideological manner, by the individuals
who were least faithful to the precepts of the liturgy of science.
Contaminated by this fallacy, feeling obligated to solve the
pandemic magically, even presidents took on the role of drug
advertisers, thus helping to viralize pseudoscience and amplify
the false information problem.

Even within the medical scientific community, the debate
has also become ideological and scarcely rational. One of
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the claims of CQ/HCQ enthusiasts was that, in a scenario of
war, it is necessary to use whatever weapons are available,
even without definitive proof of their efficacy and/or clinical
safety. Going against the maxim “Primum Non Nocere,” they
deemed that it was forgivable to do harm, but not to remain
inert. On the other side, some embarked on a Manichean
debate by emphasizing, also irrationally, observational studies
in order to argue that there was proof that it was ineffective.
The unwavering defense of CQ/HCQ is seductive, given that
there are plausible physiopathological effects, which have
been verified in the laboratory, suggesting that the drug is
effective. Nevertheless, its clinical efficacy has not been
proven in any pathological model of acute viral infection in
humans, much less with respect to COVID-19.?

The final effect of a drug depends on the result of its
positive and negative effects. The results may trigger a final
effect that is neutral (futile treatment), positive (effective
treatment), or negative (harmful treatment). Before rigorous
scientific scrutiny has been applied, it is not possible to
predict them. The function of a randomized clinical trial is
to prove, with probabilistic accuracy, using statistics, that
drug A causes improvement in patients with disease B and
that it does not have side effects which would contraindicate
prescription.

In an organized scientific ecosystem, prior knowledge
provides a basis for future studies through conditional
probability. Unlikely hypotheses, which have not been
confirmed, when adopted as health policies, lead to
unnecessary expenditure of human and economic resources,
and they generate false hope in the collective unconscious
in addition to, eventually, significant harm.

For physicians who are trained to respond proactively,
this uncertainty, in scenarios of collective turmoil, may be
extremely disconcerting and, driven by the unconscious
desire to resolve their internal conflicts related to medical
impotence, they may be betrayed by cognitive biases. Given
that the contemporary premise of our vocation is to believe
in Medicine based on good science, we need to offer a
moment’s rest to our minds, which have been troubled
by pandemic tsunami so that we may reflect more lucidly,
logically, and in a manner enlightened by our creed. The
history of biomedical science should have already taught
us, as a scientific community, that straying from the paths
of formal science can lead us down a “long shortcut.”
The search for a shortcut, in the heat of despair, can even
contribute to deaths that could have been avoided, in the
event that the toxic potential of CQ/HCQ, in this scenario,
is proven by randomized clinical trials.
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From a dogmatic point of view, promoting prescription of
drugs before phase 1l tests should be considered contemporary
scientific heresy. Care that is not based on evidence does not
necessarily represent good care. The alleged “inertia” of not
prescribing a therapy in the absence of supporting evidence
is, in most cases, good medical practice. In theory, the pre-
test probability of a drug that has never been tested in a
determined scenario being effective therein is very remote.
Hence the standard of considering experimental clinical trials
as the final word. It is not uncommon for hypotheses that are
sustained by mechanistic support or observational studies not
to be confirmed in randomized trials.

A core principle in science is that the burden of proof
lies in demonstrating efficacy, rather than inefficacy; for this
reason, we begin with the initial premise of scientific thinking,
namely, the null hypothesis must be formally rejected in order
to prove the phenomenon. The argument that a therapy is
safe alone does not justify implementing an ineffective drug.
Proof that a benefit exists is a fundamental condition in order
to compare a given drug’s positive results with its eventual
risks. In the case of CQ/HCQ, we have seen the following
situation: The majority of acceptable observational studies
have not proven the benefit of the drug.

What, then, will serve as a compass for decision making
with so much uncertainty and pandemic pressure, in the
absence of evidence? First, it is important to underscore that
lack of evidence regarding effect does not mean evidence that
there is no effect. To deny a potential benefit categorically does
not seem to be the best way, either. It is doubtful whether
CQ/HCQ has a priori probability that justifies major scientific
effort. Nonetheless, even in cases where there is a reasonable
likelihood, the first option would be to commit to the task of
selecting patients for allocation into clinical trials. Collective,
solidary, and articulated efforts could shorten the duration of
this uncertainty.

When this is not possible, it is understandable, in situations
of “war,” to propose off-label use of medications, when a
specific drug that has already been properly registered and
approved for scenario A is permitted for scenario B without
specific studies, or even compassionate use, when a drug that
is still experimental and that has not been registered by any
regulatory agency is prescribed for lack of a better option in
the belief that it might work. It is necessary to underscore
that compassionate use is more an act of mercy than a bet
on therapeutic success.

In the heat of this desperate moment, we are experiencing
a pandemonium characterized by the unprecedented
proliferation of information of the worst quality, with great
variability in the prescription practice observed in the
frontlines. In the meanwhile, the guidelines and editorials
published in the most prestigious scientific journals have
categorically stated that we do not yet have effective etiological
therapies that are scientifically proven to reduce the mortality
of COVID-19." The treatment of viral pneumonia continues,
essentially, to be that of support and intervention in the diverse
clinical complications that may arise in a minority of patients.
To reinvent knowledge, which is substantially well founded,
and to abandon the liturgy of modern clinical science appears
to be a great retrogression to the Dark Ages.
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How, then, shall we make decisions, when uncertainty is
the rule? To take an authoritarian or paternalistic stance would
not be the wisest path. The current situation in which we find
ourselves may perhaps be a unique opportunity to put the
principle of patient autonomy into practice, thus enlightening
medical decision making.

Historically, patients would entrust decision making to
physicians. During the last decades, however, patients have
been encouraged to take an active role and to participate in
decisions about their health. The Crossing the Quality Chasm
report, published by the American Institute of Medicine,
argues that an active voice should be given to patients
in respect to all that will have an impact on their lives.
Operationally speaking, this includes transparent information
regarding expectations and uncertainties, before shared
decision making. Although we understand the complexity
of implementing a shared decision-making process during
the current situation, the compulsory and indiscriminate
prescription of drugs that have no proven efficacy and/
or safety for this scenario does not corroborate the values
currently put forth. It is noteworthy that the principle of
patient autonomy is an attribute that underpins the basis of
the Brazilian Unified Health System, since its foundation,
and it is in line with precepts of contemporary Bioethics.

Autonomy corresponds to people’s capability to decide
in accordance with their own values. The basis of autonomy
resides in respect for individuals’ fundamental rights,
considering them as biopsychosocial and spiritual beings
endowed with the ability to make their own decisions. During
a pandemic, when uncertainty becomes even more evident,
the return to this fundamental principle of giving patients a
voice in the decision table may serve as a bridge whereby
the physician-patient binomial will be able to choose the best
path, customized to the expectations of the person who is most
interested in positive outcomes, namely, the patient. To take
full control of all medical decisions and to deceive ourselves
with certainties that do not exist can be a sign of immaturity.
Itis urgent that we transcend the Hippocratic model, wherein
physicians are to apply “regimens for the good of patients,
according to their knowledge and reason,” leaving no room for
their autonomy, to a shared, patient-centered model of care.

The current moment calls for professionals who are up-to-
date, confident, and open to transparent dialogue on factual
evidence in favor of shared decision making. Separating
what is scientific evidence, in the midst of so much clinical
pseudoscience, will be the cardinal task. Science is not based
on faith, belief, opinion, or authority. On the contrary, doubt
and uncertainty are the main reasons behind advances in
science. It is indispensable to recognize that the consequences
of our decisions are not and cannot be shared. Therefore,
medical practices for dealing with COVID-19 require humility
in that we recognize the boundaries of current scientific
knowledge. Transparent sharing of uncertainties and doubts
with patients will make it possible to shine a light on the
otherwise excessively cumbersome task of making decisions
in this scenario, in which there is still too much darkness.
This seems to be a significant opportunity to learn today and
to bring important lessons to tomorrow in order to pave the
way toward the utopia of “medicine that serves patients”.”
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Abstract

Background: The Brazilian Information System on Mortality (SIM) is of vital importance in monitoring the trends of
cardiovascular diseases (CVDs) and is aimed at supporting public policies.

Objective: To compare historical series of CVD mortality based on data from the SIM, with and without correction, and
from the Brazil Global Burden of Disease (GBD) Study 2017, in the 2000-2017 period.

Methods: Analysis of CVD mortality in Brazil between 2000 and 2017. Three CVD mortality estimates were compared:
Crude SIM, Corrected SIM, and GBD 2017. Absolute numbers and age-standardized rates were used to compare the
estimates for Brazil, its states and the Federal District.

Results: In the SIM, the total of deaths ranged from 261,000, in 2000, to 359,000, in 2017. In the GBD 2017, the total of
deaths ranged from 292,000 to 388,000, for the same years, respectively. A high proportion of the causes of death from
CVD corresponded to garbage codes, classified according to the GBD 2017, reaching 42% in 2017. The rates estimated
by GBD ranged from 248.8 (1990) to 178.0 (2017) deaths per 100,000 inhabitants. The rates of the Crude SIM and
Corrected SIM also showed a reduction for the whole series analyzed, the Crude SIM showing lower rates: 204.9 (1990)
and 155.1 (2017) deaths per 100 thousand inhabitants. When analyzing by the states and Federal District, the Crude SIM
trends reversed, with an increase in mortality rates in the Northern and Northeastern states.

Conclusion: This study shows the decrease in CVD mortality rates in Brazil in the period analyzed. Conversely, when
analyzing by the states and Federal District, the Crude SIM showed an increase in those rates for the Northern and
Northeastern states. The use of crude data from the SIM can result in interpretation errors, indicating an increase in
rates, due to the increase in death data capture and the improvement in the definition of the underlying causes of death
in the past decade, especially in the Northern and Northeastern regions, justifying the use of corrected data in mortality
analyses. (Arq Bras Cardiol. 2020; 115(2):152-160)

Keywords: Cardiovascular Diseases/mortality; Data Accuracy/trends; Health Information System/trends; Epidemiology

Introduction The Brazilian Information System on Mortality (SIM),
which provides data to identify and address death record
information, was implanted in 1975, being the first
nationwide epidemiological database of the Brazilian Health
Ministry.®> The cornerstone of SIM is the death certificate,
which should be completed by the physician caring for
the deceased patient. In the absence of that professional,
however, the death certificate can be completed by:
the substitute physician; the physician from the Death
Verification Service — for natural causes of death; or the
coroner — for deaths by external causes.**

In past years, Brazil has compiled different data sources that
constitute the information system on morbidity and mortality
and periodic health inquiries, which enable the continuous
monitoring of data on mortality, morbidity, and risk factors for
cardiovascular diseases (CVDs), and support decision-making
processes in health policies.’?
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Northeastern states maintain coverages lower than 95%." In
addition, the number of ill-defined causes of death in Brazil
has decreased, although it still remains high in some states.
Therefore, the analyses of health status based on mortality
records should be carried out with corrective methodologies
that can minimize the bias caused by ill-defined causes of
death, garbage codes (CC), and death underreporting.*®

Since 1990, the Clobal Burden of Disease (GBD) Study
has adopted a methodology that consists in large advances
and in a paradigm change in the epidemiological analysis of
secondary data, by proposing an integrated focus on diseases
and deaths, with robust and standardized methodology of
analysis that contemplates the correction of GC, ill-defined
causes of death, and death underreporting.” The GBD Study
provides comprehensive information on 249 causes of death in
195 locations, contemplating countries and some subnational
levels, such as Brazil and its 26 states and Federal District. In
the GBD Study, the information on causes of death has been
collected from vital record systems, mortality surveillance
systems, research, hospital records, police records, and verbal
autopsies. For Brazil and its 26 states and Federal District,
the SIM is the data source on mortality.”® In the GBD Study,
several statistical models are used to best estimate the number
of deaths per each cause of death according to sex and age.
The GBD Study enables comparisons between countries,
regions, and subnational data, because the quality of the
local mortality data is standardized. In addition, the GBD
Study enables the analysis of population trends, because the
temporal series data are corrected and standardized, making
comparison over time possible.”'

This study was aimed at comparing historical series of
CVD mortality based on data from the SIM, with and without
correction, and the Brazil GBD Study 2017 estimates.

Methods

This study assessed the historical series of CVD mortality
in Brazil from 2000 to 2017. The data source for this study
was the SIM, which contains the major information on death
records in the whole country. Initially, the proportions of ill-
defined causes of death in the SIM were described (Figure 1).

Three estimates of CVD mortality were compared: Crude
SIM, Corrected SIM, and Brazil GBD Study 2017. The
estimates deriving from the SIM, with and without correction,
named Corrected SIM and Crude SIM, respectively, used
the definition of CVDs in accordance with the 10" Revision
of the International Statistical Classification of Diseases and
Related Health Problems (ICD-10) chapter IX codes (diseases
of the circulatory system - 100-199). The GBD classification
considered initially the following codes: B33.2, G45-G46.8,
101-101.9, 102.0, 105-109.9, 111-111.9, 120-125.9, 128-128.8,
130-131.1, 131.8-137.8, 138-141.9, 142.1-142.8, 143-143.9,
147-148.9, 151.0-151.4, 160-163.9, 165-166.9, 167.0-167.3,
167.5-167.6, 168.0-168.2, 169.0-169.3, 170.2-170.8, 171-173.9,
177-183.9, 186-189.0, 189.9, 198, and K75.1.

Figure 2 shows the methods for correcting death and
population data used to estimate the absolute numbers and
mortality rates for the Crude SIM and Corrected SIM, as well
asthe GBD Study 2017 estimates. The numerator corresponds
to the CVDs (100-199) registered by the SIM. The estimates
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Figure 1 - Proportion of ill-defined causes of death in the Brazilian Information System on Mortality (SIM), Brazil, 2000 - 2017. Source: SIM.
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CVD: underlying causes 100-199 (ICD-10)

Population estimated: 2000 (IBGE 2013) to 2017 (IBGE 2018)

CvD:
100-199

SIM : Absent data:
proportional

Population estimated: 2000 (IBGE 2013) to 2017 (IBGE 2018) |

...........

Cardiovascular estimates of GBD 2017: corrections according
to the GBD methodology, population estimates of GBD

........... > Crude SIM
Correction for Proportional
- istribution of
underreporting rfggg};’tgﬁz;) )| Corrected SIM
GBD 2017 XVII)
| 0BD20T7
estimates

Figure 2 - Flowchart of the estimates of the Crude and Corrected Information System on Mortality and the Global Burden of Diseases Study, methods for correction
and population used, for absolute numbers and mortality rates. CVD: Cardiovascular Diseases; IBGE: Brazilian Institute of Geography and Statistics; SIM: Brazilian
Information System on Mortality; GBD: Global Burden of Diseases Study; IDCD: lll-Defined Causes of Death.

generated by the Crude SIM were age-standardized, no
other correction being applied. The estimates generated by
the Corrected SIM were age-standardized and corrected as
follows: for underreporting, by using the GBD methodology;
for the deaths lacking information on age and sex, by using
the proportional redistribution of these deaths; and for
the ill-defined causes of death, by using the proportional
redistribution of these causes in the groups of cardiovascular
causes and the other ICD-10 chapters.* The GBD 2017
estimates were extracted from the Institute for Health Metrics
and Evaluation (IHME) database, underwent the previously
described corrections, such as for underreporting, GC, and
ill-defined causes of death, and were detailed in previous
publications.”#1°

Data from the Crude SIM and Corrected SIM were compared
with the estimates of the GBD Study 2017, which also uses SIM
data as a source, both by using the 2000-2017 historical series
of the total of deaths and absolute numbers of the diseases listed
in the ICD-10 IX chapter, and the age-standardized rates of the
three estimates. To calculate the rates in the Crude SIM and the
Corrected SIM, the updated population estimates generated
by the Brazilian Institute of Geography and Statistics (IBGE)
were used as denominator." However, that IBGE estimate only
provides data from 2010 onwards; thus, two interpolations were
applied: one with data from the year 2000 of the 2013 version
made available by IBGE,"? and another interpolation with data
from the year 2010 of the current version made available
in 2018." The standard population used to adjust the age-
standardized rates, through the direct method, was the world
population of the GBD Study.” To calculate the rates, the GBD
Study considers its own population estimates (Source GBD).
All three estimates were analyzed for the ICD-10 chapter IX
codes (diseases of the circulatory system - 100-199) from 2000
to 2017. Figure 2 shows the flowchart used to compare the

Arq Bras Cardiol. 2020; 115(2):152-160

three estimates, regarding the absolute numbers of deaths
and mortality rates for Brazil, its states, and Federal District.

The analyses were performed using Stata Statistical
Software: Release 14. College Station, TX: StataCorp LP.

Results

Figure 1 shows the proportion of ill-defined causes of death
in relation to the total number of deaths in Brazil from 2000
to 2017. That proportion was 14.3% in 2000 and decreased
over time, more abruptly from 2005 onward, reaching 5.5%
in 2017.

Table 1 shows that a large number of deaths with underlying
causes classified as ICD-10 chapter IX codes constituted GC,
as by the definition of GC in the GBD Study 2017, and that
proportion was 42.1% in 2017. In addition, Table 1 shows that
the number of GC decreased slowly over the years, indicating
an improvement in the quality of the definition of the ICD-10
chapter IX causes of death. The GBD Study redistributes the
GCin its estimates.

The absolute numbers of deaths due to CVD and
standardized mortality rates of the Crude SIM, the Corrected
SIM, and the GBD Study 2017 estimates were analyzed. Figure
3 depicts the absolute number of deaths due to CVD for the
three estimates, with a similar increase for all three methods.
The SIM registered approximately 261,000 deaths in 2000,
reaching 359,000 deaths in 2017. After data correction, the
SIM records ranged from 324,000 in 2000 to 397,000 in 2017.
The GBD 2017 estimates increased from 292,000 deaths to
388,000 deaths in those same years.

The CVD mortality rates decreased in the period analyzed
(Figure 4). The Crude SIM rates decreased from 211.7 to 155.1
deaths per 100,000 inhabitants, while the Corrected SIM
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Table 1 - Total of deaths, absolute numbers and percentages of deaths due to cardiovascular diseases according to the ICD-10 IX

chapter codes (100-199) and to the definitions of GBD for cardiovascular diseases, and absolute numbers and percentages of garbage
codes, in Brazil, 2000 to 2017

100-199 Cardiovascular GBD Garbage codes

Year Total

n % n % n %
2000 946,685 260,603 275 129,883 49.8 126,803 487
2001 961,492 263,417 274 130,774 49.6 128,637 48.8
2002 982,807 267,496 272 133,160 498 130,362 487
2003 1,002,340 274,068 273 137,413 50.1 132,245 483
2004 1,024,073 285,543 27.9 143,811 50.4 137,096 48.0
2005 1,006,827 283,927 28.2 142,656 50.2 136,545 48.1
2006 1,031,691 302,817 29.4 152,017 50.2 145,977 48.2
2007 1,047,824 308,466 294 156,253 50.7 147,076 477
2008 1,077,007 317,797 295 163,255 51.4 149,058 46.9
2009 1,103,088 320,074 29.0 164,036 51.2 150,082 46.9
2010 1,136,947 326,371 28.7 167,974 515 152,326 46.7
2011 1,170,498 335,213 28.6 173,397 51.7 155,363 46.3
2012 1,181,166 333,295 28.2 174,750 524 152,276 457
2013 1,210,474 339,672 28.1 179,200 52.8 153,822 453
2014 1,227,039 340,284 217 181,223 53.3 152,421 44.8
2015 1,264,175 349,642 217 186,570 534 156,278 447
2016 1,309,774 362,091 216 194,987 53.9 159,779 441
2017 1,312,664 358,882 273 199,872 55.7 150,967 42.1

*Deaths of the cardiovascular chapter not classified as cardiovascular diseases, and garbage codes not presented in the table, mean of 1.8%.

Mumber of deaths

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 20135 2014 2015 2016 2017
GBD 2017

Crude SIM

Corrected SIM

Figure 3 - Absolute numbers of cardiovascular disease deaths according to the Crude and Corrected SIM and the GBD Study 2017. Brazil, 2000 to 2017. Sources:
SIM and Brazil GBD Study 2017.
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Figure 4 - Standardized cardiovascular disease mortality rates according to the Crude and Corrected SIM and the GBD Study 2017. Brazil, 2000 to 2017. Sources:

SIM and Brazil GBD Study 2017.

rates decreased from 263.9 to 172.0 deaths per 100,000
inhabitants. The GBD 2017 estimated rates decreased from
248.8 to 178,0 deaths per 100,000 inhabitants. However, it
is worth noting that, from 2015 to 2017, the GBD estimated
rates increased, and this increase was also observed in the
Corrected SIM rates from 2015 to 2016.

When assessing the percentage variations in the
standardized CVD mortality rates from 2000 to 2017 by
each state and the Federal District, there was a difference
in the Crude SIM data, with stabilization in the rates or
their increase (of as much as 115%) in most Northern and
Northeastern states. That pattern is observed neither in the
Corrected SIM data nor in the GBD Study data, whose rates
showed a reduction in all Brazilian states and the Federal
District (Figure 5, Table 2).

Discussion

This study compares three different methods to estimate
the historical series of CVD mortality in Brazil from 2000 to
2017, which decreased, except for the period from 2015
onwards, when there was an increase in the GBD estimated
rates and stability in the Corrected SIM rates. The estimates
of the Corrected SIM and GBD were similar, especially after
2006, when the quality of the SIM improved. The Crude
SIM showed an increase in the rates of the Northern and
Northeastern states, while the Corrected SIM and GBD
showed a reduction in the rates of all states and the Federal
District in the period.

Cardiovascular diseases are the number one cause of
death globally'and in Brazil,*'* corresponding to one third
of all deaths. All regions showed a decline in mortality due
to chronic non communicable diseases (CNCDs). The CVDs

Arq Bras Cardiol. 2020; 115(2):152-160

and their complications have a high impact on the loss of
productivity in the workplace and in the family income,
resulting in a US$ 4.18 billion deficit in the Brazilian
economy from 2006 to 2015." Studies conducted in several
countries have shown a reduction in the incidence of CVDs
and in CVD mortality since the 1960s."*'” In Brazil, that
reduction occurred later, in the 1990s.>

Over the years, SIM has been improved, having its
coverage increased and the quality of the reports of
underlying causes of death in death certificates refined.
These advances have resulted from the efforts of the
Brazilian Ministry of Health in partnership with states
and municipalities to improve death data collection by
the SIM. Some examples are the 2005 Project to Reduce
Ill-Defined Causes and the Projects to Reduce Regional
Inequalities and Child Mortality in the Northeastern states
and the ‘Legal Amazonia’ region.'® It is worth noting the
Project of Active Search for Death Data, which enabled the
definition of methodologies to redistribute underreported
deaths.’?° Those corrections are essential for the accurate
interpretation and comparability of historical series in
different regions of Brazil.

It is worth noting the important reduction in the
percentage of ill-defined causes of death in the SIM, which
results from the improvement in the quality of healthcare
services and the increase in healthcare coverage, especially
the advance of the family healthcare team to inner areas
of the country.®

In addition, the differences between the Corrected
SIM and the GBD Study 2017 can be explained by the
percentage of the codes of unspecific causes, named
‘garbage code’ in the international literature.® Although the
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Figure 5 - Percentage variation of standardized cardiovascular mortality rates from 2000 to 2017. Sources: SIM and Brazil GBD Study 2017.
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Table 2 - Standardized cardiovascular disease mortality rates for Brazil, its states and Federal District, in the years 2000 and 2017, as well as
their percentage variations in the period

Crude SIM Corrected SIM GBD 2017
Location
2000 2017 Variation (%) 2000 2017 Variation (%) 2000 2017 Variation (%)

Acre 122.4 155.4 26.9 199.1 167.6 -15.8 203.9 158.5 223
Alagoas 159.5 210.7 32.1 261.7 225.7 -13.8 253.6 211.9 -16.4
Amapa 149.7 136.1 9.0 200.9 160.8 -20.0 2427 157.2 -35.2
Amazonas 124.2 128.6 35 188.4 156.0 -17.2 177.5 147.0 174
Bahia 134.8 137.6 241 2356 173.8 -26.2 210.0 162.9 224
Ceara 139.6 158.5 13.6 219.7 165.6 -24.6 194.1 152.4 215
Federal District 233.1 135.6 -41.8 251.2 142.1 -43.4 3015 175.4 -41.8
Espirito Santo 2204 156.0 -29.2 2786 158.6 -43.1 2758 165.8 -39.9
Goias 2155 161.4 -25.1 2473 166.6 -326 2523 163.9 -35.1
Maranh&o 83.5 179.3 114.8 2255 21141 6.4 190.3 184.6 -3.0
Mato Grosso 2284 152.1 -33.4 258.1 163.7 -36.6 240.2 162.8 -322
Mato Grosso do Sul 2401 165.1 -31.2 2705 177.0 -34.6 274.6 198.6 21.7
Minas Gerais 204.6 132.9 -35.1 2426 146.3 -39.7 2284 154.5 -324
Para 132.1 156.0 18.1 2239 182.4 -18.5 200.9 168.6 -16.1
Paraiba 98.2 168.7 7 2333 188.3 -19.3 213.0 190.9 -10.4
Parana 2874 152.8 -46.8 306.6 167.8 -45.3 297.0 188.3 -36.6
Pernambuco 206.0 183.2 1141 282.0 205.6 271 263.2 2146 -18.5
Piaui 136.5 190.6 39.6 269.0 201.9 -24.9 227.8 175.1 -23.1
Rio de Janeiro 252.1 168.1 -33.3 2927 194.9 -33.4 296.0 207.7 -29.8
Rio Grande do Norte 121.9 145.7 19.6 196.6 156.0 -20.7 185.9 159.2 -14.3
Rio Grande do Sul 2634 138.6 -47.4 2771 154.6 -44.2 266.2 177.2 -334
Rondénia 191.7 157.3 -17.9 251.2 180.3 -28.2 253.0 184.8 -26.9
Roraima 190.5 177.5 6.8 2213 187.6 -15.2 305.9 196.3 -35.8
Santa Catarina 2373 138.6 -41.6 279.9 150.0 -46.4 277.6 170.2 -38.7
S&o Paulo 264.3 160.3 -39.3 285.6 172.7 -39.5 2833 185.6 -345
Sergipe 1417 154.0 8.7 234.8 170.2 -27.5 218.6 171.6 215
Tocantins 155.5 186.2 19.8 2594 193.2 255 294.6 173.9 -41.0
Brazil 2117 155.1 -26.7 263.9 172.0 -34.8 248.8 178.0 -28.5

rates provided by the Corrected SIM were not corrected
by the redistribution of GC, all GBD Study estimates were
corrected for death underreporting and redistribution of
ill-defined causes and of GC. Thus, the GBD estimated
rates differ from those of the other methods that do not
use GC redistribution. Some examples of GC causes
are as follows: septicemia; cardiac arrest; dehydration;
congestive heart failure. They are part of the train of
events leading to death, but are not the underlying cause
of death.? For the GC redistribution, the GBD Study uses
algorithms based on medical literature evidence, multiple
sources, expert opinions, analysis of multiple causes,
and mainly on statistical modelling techniques to define
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the weight of assigning each GC to the most probable
underlying cause of death, called target.®®

The SIM is a consolidated system, which the Brazilian
Ministry of Health has been perfecting via processes of
validation of internal inconsistencies and improvement
in death reporting. However, the classification requires
refinement, especially regarding the reduction in GC.
When comparing the mortality estimates of the GBD
Study with the Crude SIM data, the differences observed
are due to age and sex inconsistencies related to causes
of death, underreporting, and GC redistribution. The GC
redistribution has the greatest influence on the difference
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between corrected estimates and crude ones. Level 1 and
level 2 GC, those with little specification of the real cause
of death, correspond to 12% of the SIM records. When
level 3 and level 4 GC are considered to be redistributed in
the same group of causes, that is, with better specification
of the cause of death, the GC can reach 40%, which can
lead to differences in the estimates between the SIM and
the GBD.®®

This study indicates that the Crude SIM analyses are
biased, especially for the Northern and Northeastern
states. Therefore, its adoption is not recommended,
especially for the definition of regional policies, because
the rates are subject to estimation errors, such as those
due to underreporting and excessive proportion of ill-
defined causes. Methodological adjustments to coverage
and redistribution of ill-defined causes are necessary,
even more when it comes to the analysis of historical
series, involving a period in which the quality of SIM was
impaired.

In 2015, the United Nations Assembly approved the
Sustainable Development Goals, representing 17 global
challenges to achieve a better and more sustainable future
for all. One of the goals is to ensure good health and well-
being for all, at all ages. It includes the indicator “a 30%
reduction in premature mortality from CNCDs by 2030,
whose calculation involves a reduction in CVDs. Reducing
CNCDs and CVDs is a global challenge.?'-

To meet the goal to prevent and control CNCDs,
the World Health Organization has issued a document
recommending the adoption of interventions for health
promotion, with the implementation of public policies
within and across sectors that promote healthy practices,
such as healthy diets, low-sodium food products, open
public spaces and adequate infrastructure to support
physical activity, smoke-free environments, and alcohol
advertising regulation.?* In addition, it is worth noting the
importance of investing in primary care and access to
medium and high complexity technologies, when necessary,
aimed at the whole care of patients with CNCDs.?

This study shows an increase (GBD 2017) or stability
(Corrected SIM) in the mortality rates due the CVD from
2015 onwards. These data need to be revised because of
the short period analyzed. However, other studies have
reported worsening of health indicators in Brazil, which
has been attributed to the economic crisis, the increase in
poverty, and the cuts in health and social policies resulting
from the Constitutional Amendment 95/2016 and the freeze
on public expenses, health included, for 20 years.?*%°
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Short Editorial related to the article: Cardiovascular Disease Mortality According to the Brazilian Information System on Mortality and the

Clobal Burden of Disease Study Estimates in Brazil, 2000-2017

According to the 2030 Agenda of the World Health
Organization for Sustainable Development, member states
are committed to a 30% reduction in premature mortality
from non-communicable diseases, particularly cardiovascular
diseases (CVD) (ischemic cardiomyopathy and stroke), cancer,
respiratory diseases and diabetes.” These conditions account
for about 41 million deaths per year, i.e., 71% of deaths
worldwide.? To direct strategies for to prevent and treat these
with these diseases, information from reliable, transparent
and reproducible systems is essential. The analysis of mortality
trends is key for the effective development of health, social
security, investment and other policies.

The Global Burden of Disease (GBD) studies initiative is in
line with this agenda, as it aims to improve understanding of
diseases through the analysis of data on incidence, prevalence
and mortality in a consistent, updated and global manner,
both at a regional level and at a national level.> Over the
past few years, this methodological proposal has brought
practical information for reducing these diseases around
the world, overcoming challenges regarding methodology,
particularly the heterogeneity of records and data from
different countries.*> Through data from multiple sources
(health records, cohorts and prospective trials, administrative
data, verbal analysis and others) and applying complex
statistical models, the initiative has provided data by sex,
age and country, to more than 310 diseases and conditions,
with continuous methodological improvement.®

The importance of these new metrics is pointed out in the
article by Malta et al.” The authors compared historical series
of CVD mortality between 2000 and 2017, based on three
estimates: gross data from the Mortality Information System
(SIM), corrected for ill-defined causes and underreporting, and
those applied by the GBD. Over this period, on all databases,
there was a reduction in mortality from CVD mortality
in Brazil, by 27% in the gross SIM and 28% by the GBD.
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However, sub-analyses by state have shown how inaccurate
the SIM data can be. According to the SIM records, in 12
states, there was an increase in the number of deaths from
CVD, while according to the GBD estimates, in all states, there
was a reduction in mortality from these diseases. This fact is
relevant for the monitoring of prevention and control actions
by managers and society. However, a fact to be pointed out
is the high percentage, in some states, of death records and
ill-defined causes improperly filled out, and, in 2017, 42%
are still classified as garbage codes.

The methodology used by the GBD aims to internationally
standardize the causes of death, which, in their origin, are
established in a single medical record. Due to the wide
variability in these aspects, treatment with algorithms and
modeling allows a proportion of ill-defined deaths or deaths
classified as other causes to be reallocated to more probable
causes.® A sensitive point of the methodology is the inference
for some codes, called “garbage codes”. Some are intuitive,
like ill-defined causes or symptoms; others are subject to
interpretation and discretion. For example, heart failure is
understood as an intermediate cause of death, and deaths
attributed to this code are reclassified using a regression
model considering age, sex and location. The precision and
accuracy of these adjustments to each reality is something to
be explored. Certainly, the GBD methodology brings us light
to unveil the obscure cases of records. However, the dark
side exists and needs to be worked on continuously. To rely
more on these estimates, we must seek better quality in the
original baseline record.*®

Brazil is a country of continental dimensions, with one of
the greatest socioeconomic inequalities, a situation that is
inevitably related to higher mortality from non-communicable
diseases, especially CVD.? Population aging, globalization,
urbanization with increased obesity and physical inactivity
levels are determining factors in these numbers. Fortunately,
much has been achieved in the past few decades and we
have significantly reduced mortality from these conditions in
all states. However, we know that there is much to be done;
there are huge inequalities in these numbers, mostly related to
factors such as low level of structure and resources in health,
and low socioeconomic and cultural level of the population.
The most worrying thing is to know that in conditions of
scarce resources, the costs of treating CVD end up depleting
the existing resources even more, generating a vicious circle
of more poverty and delayed growth.

Our challenge is taking this data beyond academia and
scientists. How can the estimates of prevalence, incidence
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and risk factors for cardiovascular diseases be used by
managers and politicians in their decision-making efforts?*’
The first step, taken by Malta et al.,” is to transform existing
records into relevant and valid information that can guide
objective actions to control CVD. Accepting that local gross
records are insufficient for this purpose is extremely relevant.
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Abstract

Background: Excess Weight and Cardiovascular Diseases are health problems with increasing prevalence among children
and adolescents, hence the need to investigate the issues related to them to better deal with the problem.

Objective: To investigate the influence of excess adiposity on the levels of apolipoprotein B and A1 in children and
adolescents.

Methods: A systematic search was conducted in the PubMed, Embase, Lilacs, Web of Science, Ovid and Science direct
databases, searching for cohort eligible studies and evaluating their results, methodological quality and risk of bias;
combinable studies with good quality and low risk of bias were evaluated by meta-analysis. The summary measure used
was the weighted mean difference (WMD) with its respective 95% confidence interval.

Results: 8 articles attended the eligibility criteria including individuals with age mean varying from 9 to 15.7 years of age.
The meta-analysis included 4 articles with a total of 7,974 children and adolescents. It was observed a mean increase
of 4,94mg/dL (95%Cl: 4,22 to 5,67) in the ApoB levels in individuals with excess of body adiposity. For the ApoA1, we
identified a mean reduction of -8,13mg/dL (95%Cl: -9,09 to -7,17 mg/dL) in its levels in children and adolescents with
higher body adiposity. Beside this, the influence of excess adiposity on the ApoB and ApoAT1 levels was higher between
adolescents than children.

Conclusions: The excess of body adiposity influenced both the reduction of ApoA1 values and the increase of ApoB

levels, being these changes more relevant among adolescents. (Arq Bras Cardiol. 2020; 115(2):163-171)

Keywords: Child; Adolescent; Obesity; Overweight; Waist Circumference; Apolipoproteins; Meta-Analysis

Introduction

The growing prevalence of excess body adiposity in children
and adolescents is a worldwide health problem."* According
to an editorial published by The Lancet,’ obese children and
adolescents are at increased risk of developing chronic non-
communicable diseases (NCDs) in adulthood, such as obesity,
heart diseases, type 2 diabetes, stroke; in addition to social
and psychological problems, such as lack of self-esteem and
stigmatization. Thus, efforts to face the high occurrence of excess
body adiposity are justified by the link with the development of
cardiovascular disease (CVD), one of the NCDs responsible for
the high burden of morbidity around the globe. The factors that
contribute to the development of CVD are called cardiometabolic
risk factors,* and include excess adiposity, high blood glucose,
lipid changes (LDL cholesterol and high triglycerides, low HDL
cholesterol), high blood pressure, smoking and physical inactivity.
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Excess of adipocytes stimulates cells, cytokines and pro-
inflammatory proteins to produce other inflammatory cells,
interleukin 6 and tumor necrosis factor alpha (TNFa), which
cause inflammation and promote endothelial dysfunction.
There is also the action of Apolipoproteins B (ApoB), which
adhere to endothelial cells and favor a greater expression
of endothelium adhesion molecules, and such effects have
a response on the formation of atherosclerotic plaques and
other cardiovascular events.**

Evidence indicates that excess adiposity is strongly
correlated with lipid disorders, such as elevated plasma ApoB
levels and reduced apolipoprotein AT (ApoA1)."%"" Despite
this well-established evidence in adults, such knowledge in
regard to children and adolescents is still incipient. Therefore,
this study aimed to investigate other longitudinal studies that
assessed the influence of excess body adiposity on serum levels
of ApoB and ApoA1 in children and adolescents.

Method

Identification and Selection of Articles

This is a systematic review with meta-analysis, carried out
according to the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyzes (PRISMA)."
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Search Strategies and Eligibility Criteria

Two independent researchers searched the articles in the
PubMed, Embase, Lilacs, Web of Science, Ovid and Science
Direct databases from December 16, 2016 to July 20, 2017
using descriptors as proposed in the Medical Subject Headings
(MESH): exposure (body adiposity and related terms: “obesity”
OR “overweight” OR “Abdominal obesity” OR “Central
obesity” OR “Waist circumference”), and the outcome (ApoB
and ApoAT1 levels and related terms: Apolipoprotein OR
ApoB OR “Apo B” OR “Apoprotein B”; ApoA OR “ApoA” OR
“Apoprotein A"). The descriptors were combined with Boolean
operators “or” and “and” in all databases. The search strategy
considered the orienting question of investigation, structured
by the acronym Population, Exposure, Comparison and
Outcome (PECO). Only the terms for the Exposure (E) and
Outcome (O) components were defined, in order to avoid
unwanted specificity, restricting the selection of studies.

The eligibility criteria for inclusion of an article in the study
were: original studies conducted with humans, prospective
observational design involving children and adolescents aged
between 5 and 19 years old and analysis of the relationship
between adiposity and ApoB and ApoAT levels.

The studies were supposed to provide information on
exposure and outcome, with the adoption of mean as a
measure of occurrence and respective standard deviation.
There were no restrictions as to year, place and language
of publication. The selection of articles was based on the
information displayed in the heading and abstract, adopting
the eligibility criteria available in a standardized form.
Duplicates were removed manually. In the following step, the
articles that were maintained were read in full.

In case of disagreements, a third reviewer was invited for
a consensus meeting. We performed manual search in the
reference lists of the selected articles to identify possible studies
not included in the electronic search.

Exclusion Criteria

Studies conducted with pregnant women, nursing mothers,
individuals with CVD, diabetes mellitus, arterial hypertension
and who had undergone bariatric surgery were excluded.
The gray literature—defined mainly as abstracts of congresses
and conferences, and academic, governmental and industry
reports'*—was included only in the search on Ovid. The
authors of the articles that did not report the mean ApoB and
ApoAT serum levels and the standard deviation according to
adiposity were contacted via email and, in case of no response,
they were kept in the systematic review and excluded from
the meta-analysis.

Data Extraction

Two independent reviewers read all the eligible articles in
full and listed in a standardized spreadsheet the ones meeting
the criteria, taking note of the first author’s surname, year of
publication, sample size, mean age of participants, sex, and
body fat measurement, data on presence or absence of excess
adiposity in the end of follow-up, mean and standard deviation
of serum ApoB and ApoAT1 of participants with and without
excess adiposity in the end of follow-up.
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Bias risk Assessment

Two independent reviewers assessed the risk of bias
according to the Research Triangle Institute Item Bank (RT!I
— Item bank)." This tool is organized into 29 items, aimed
at assessing bias in observational studies, of which six of
them were applied in this study: Q1 — study design; Q2 —
explicit inclusion and exclusion criteria; Q3 — inclusion and
exclusion criteria with valid and reliable measures; Q5 —equal
recruitment strategy; Q6 — sample size; Q7 — level of detail
in the description of the exhibition; and Q14 — exposures
assessed using valid and reliable measures. For all questions,
answers considered were 1) yes, 2) no or 3) not applicable. A
high risk of bias was identified when the study had two or more
negative or not applicable answers; and low risk of bias when
it presented less than two negative points or not applicable.

Methodological Quality Assessment

Methodological quality was assessed using the criteria
proposed in the Newcastle Ottawa'® scale, which consists
of three domains: 1. Selection: in this domain, sample
representativeness, determination of exposure and absence
of selection bias are identified (article can be scored with
up to four stars); 2. Comparability between groups: articles
can be scored with up to two stars; 3. Outcome: analysis of
outcomes, evidence of exposure, assessment of losses and
adequacy of follow-up time (article can be scored with up
to three stars), totaling nine stars. For this work, a minimum
of six stars was adopted to classify an article with good
methodological quality."”

Statistical Analysis

Four studies were selected to perform the meta-analysis.
According to Higgins & Green,' the meta-analysis can be
performed by combining two or more different studies. Thus,
the descriptive data of the outcome variables according to
body adiposity at the end of the follow-up were collected by
two independent authors and input in an Excel® spreadsheet.

The simple measure used in the meta-analysis was the
difference between the weighted mean (Weighted Mean
Difference-WMD) of ApoB and ApoA1 between individuals
with and without excess body adiposity, and respective
confidence intervals (Cl), afterwards put in a forest plot
graph. This measure can be used as summary statistics in
meta-analyses when the outcome measures in all studies are
on the same scale.™

To calculate the global WMD, random effects models
were used, appropriate for studies with high heterogeneity.
This model assumes that studies were conducted differently,
forming a random sample of hypothetical population, so there
is not one value only that estimates the measure of association,
but rather a distribution of values.

It is known that heterogeneity is common in observational
studies and this influences the measure of association. Thus,
the assumption of homogeneity was tested by the Q-Cochran
test and the magnitude of heterogeneity was interpreted by
the percentage of variation between the studies considered,
measured with [? statistic (Higgins inconsistency test). An
12 less than 50% was considered indicative of moderate
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heterogeneity.?” In case of high heterogeneity (I? greater than
50%), meta-regression was used.

Considering that less than ten studies were included in
the meta-analysis, it was not possible to analyze publication
bias with the Egger test and the Funnel plot. However, the
comprehensive, sensitive and unrestricted search based on
language and year contributed to reduce publication bias.

For all analyses, a p-value less than 5% was adopted as
statistically significant. They were performed in the statistical
package Stata for Mac version 12 (Stata Corp, College Station,
TX, USA), using the command “metan” to obtain the WMD.

Results

Results of the Systematic Review

Selection of Studies

In the systematic search, 7,116 articles were identified,
of which 3,978 were duplicated. After reading heading and
summary and verifying eligibility, 3,118 articles were excluded.
Thus, 20 articles were selected for full reading, being 12
excluded for the following reasons: did not present data on

ApoB, ApoAT according to excess adiposity (three studies);
sample composed of individuals with CNCD (hypertension,
diabetes, metabolic syndrome or dyslipidemia — nine studies).
In total, eight articles were chosen for the systematic review.
Four had all the information about exposure and outcomes
and were, therefore, included in the meta-analysis (Figure 1).

Study Characteristics

The main characteristics of the eight studies included in
the systematic review are described in Table 1. As to origin,
one study was carried out in Japan, two in Australia, one in
the United States of America, two in England, one in Sweden,
and one in Canada, having been published between 2001 and
2016. The sample size ranged from 59 to 7,589 individuals of
both sexes, totaling 15,835 individuals, with mean age of 9 to
15.7 years. The minimum follow-up time was 12 months and
the maximum was 144 months, periods that are sufficient for
the phenomenon to occur.

Risk of Bias

The articles were evaluated using six questions from RTI,
with all eight articles considered to be at low risk of bias.

=
‘% 7,116 titles identified that presented the
& search strategy
: ;
= *- ------------------------------- * 3,978 duplicates excluded
3,138 articles selected
g
= fee ] 30118 articles excluded after reading
§ i of heading and abstract
3 *
20 articles selected for full reading
i """ 12 articles deleted after full reading
v
2 8 articles selected for
3 systematic review
& T
- :
i e 3 did not evaluate ApoB or adiposity
1 had different objective
Bl ¥
= 4 articles included in the
-% meta-analysis.
)
A=

Figure 1 - Flowchart of the systematic review.
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Table 1 - Main characteristics of studies included in the systematic review *Body Mass Index (BMI); T Dual-energy X-ray absorptiometry (DXA)

Follow-up Adiposity

Author and year Country Mean age Sample by exposure group General sample (months) measure
With excess Without excess
adiposity adiposity

;gasche"i etal. England 9.9 years 1,602 5,087 7,589 120 *BMI
Larsson et al. Sweden 10 years 29 115 144 120 BMI
2010
Benson et al.
2012 USA 12 years 87 75 162 12 BMI
Wilke et al. 2016 Canada 11.7 years 218 412 630 48 BMI and tDXA
Yamazaki 2008 Japan 12 years 19 60 79 144 Adiposity rebound
Bogaert et al. " ; R
2003 Australia 8.6 years 59 12 BMI
Howe et al. 2010 England 9.9 years - - 7.033 120 DXA
Mehta et al. 2002 Australia 15.7 years - - 139 120 BMI

Source: author.

All studies had adopted a prospective design (Q1), partially
presented the inclusion and exclusion criteria (Q2), used valid
and reliable measures (Q3), had a high level of detail in the
description of the exposure (Q7), used appropriate indicators
and valid and reliable means of measure (Q14). Two articles
used the strategy of recruiting participants between groups
(Q5) and, in six other articles, this item was not applied
because there was no separation by groups. Only one article21
did not state the exclusion criteria (Q2).

Methodological Quality Assessment

Among the eight studies included in the systematic review,
all showed good methodological quality, reaching eight*'-*
and seven stars.?*2® The main limitation observed in studies
with a score of seven was the lack of description of control
factors in terms of comparability of cohorts. The results are
shown in Table 2.

Results of the Meta-analysis

This meta-analysis included data from 7,974 individuals,
whose outcomes are shown in Figures 2 to 5. When assessing
the influence of excess body adiposity on serum ApoB values,
an average increase of 4.94 mg/dL was observed (95%Cl: 4.22
to 5.67 mg/dL) at the levels of this biochemical marker in
individuals with excess body adiposity. An average reduction
of -8.13 mg/dL (95%Cl: -9.09 to -7.17 mg/dL) was identified
in the serum levels of ApoAT1 in children and adolescents with
excess body adiposity (Figures 2 and 3).

Considering the age of the individuals followed up in
the original studies, we could carry out a subgroup analysis.
According to the results, described in Figure 4, the mean
increase in serum ApoB values in individuals with excess body
adiposity was greater in the population aged ten years or older
(adolescents), when compared to those younger than ten years
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Table 2 - Evaluation of methodological quality of the studies
included in the systematic review according to the Newcastle
Ottawa Scale

Comparability of

Study Selection  cohorts based on Outcome of ~ Total

desi . each study stars
lesign or analysis

Benson et al.

(2012) 4 stars SP 3 stars 7

Bogaert et al.

(2003) 4 stars 1 star 3 stars 8

Falaschetti et

al.oor) Ao > e 7

Howe et al.

(2010) 4 stars 1 star 3 stars 8

Larssonetal sp 3 stars 7

(2010)

Mehta et al

(2002) 4 stars 1 star 3 stars 7

Wilke et al.

(2016) 4 stars SP 3 stars 7

Yamazaki

(2008) 4 stars SP 3 stars 7

(WMD 10.60 mg/dL [95%Cl: 7.47 to 13.73] and 4.62 mg/dL
[95%Cl: 3.88 to 5.37], respectively).

Also for ApoAT1, excess body adiposity was associated with
a greater mean reduction in the serum values of this marker
in adolescents aged ten years or older (WMD -10.43 mg/
dL [95%Cl: -14.35 to -6.51]), compared to children under
ten years old (WMD -7.99 mg/dL [95%Cl: -8.98 to -6.99])
(Figure 5) .
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Figure 2 - Forest plot of the influence of excess body adiposity on the difference of weighted mean of ApoB in children and adolescents. Falaschetti et al. 1 and 3:
correspond to overweight and obese boys, respectively. Falaschetti et al. 2 and 4: correspond to overweight and obese girls, respectively.
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Figure 3 - Forest plot of the influence of excess body adiposity on the difference of weighted mean of ApoA1 in children and adolescents. Falaschetti et al. 1 and 3:
correspond to overweight and obese boys, respectively. Falaschetti et al. 2 and 4: correspond to overweight and obese girls, respectively.
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Figure 4 - Forest plot of the influence of excess body adiposity on the difference from the weighted mean of ApoB, according to the age of children and adolescents.
Falaschetti et al. 1 and 3: correspond to overweight and obese boys, respectively. Falaschetti et al. 2 and 4: correspond to overweight and obese girls, respectively.

Heterogeneity and Meta-regression

The studies had high heterogeneity, with an I? greater than
50%. Possible sources of heterogeneity were investigated
through meta-regression, including the variables: gender
(95%Cl -0.76 to 0.71), mean age (95%Cl -2.06 to 1.71),
mean BMI (95%Cl -0.17 to 0.33) and sample size (95%Cl:
0.12 to 0.36). None of these covariables could explain the
wide heterogeneity between studies (data not shown in table).

Discussion

The results indicated that children and adolescents with
excess body adiposity have an inadequate profile of ApoB
and ApoA1 markers. These changes were also found to be
more pronounced in adolescents than in children. These
variations in serum values of apolipoproteins are clinically
important and indicate that children and adolescents with
excess body adiposity tend to present an inadequate profile
of such markers, which can predict higher cardiovascular risk
and comorbidities in future life cycles.

Thus, based on the available evidence on the subject and
the results of this meta-analysis, the likelihood of a higher
cardiometabolic risk in later life cycles should be considered
for this population group. Results of some studies have
indicated an association between excess body adiposity
and increase in atherogenic particles or decrease in non-
atherogenic particles in children and adolescents.?**° There
has also been a higher mean of ApoB in overweight and
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obese children compared to eutrophic children.?* This same
study?® found a positive correlation between ApoB, thickness
of epicardial adipose tissue and serum triglycerides, placing
ApoB as a cardiometabolic marker with a strong correlation
with body fat profile.

The persistence and worsening of the risk of ApoB over
time has been observed in young adults identified with a more
pronounced BMI/Age ratio and greater volume of epicardial
fat. The authors observed that this association became more
pronounced 12 years after exposure, suggesting that the risk
of excess adiposity tends to remain throughout life.”!

ApoAT and ApoB are important structural and functional
proteins of the HDL and VLDL/LDL lipoprotein particles,
respectively. These proteins are essential for the integrity of
particles during processing and to lead them to their metabolic
destination. When there is a change in the physiological
route, the atherogenic particles are directed to organs and
systems, compromising their physiological functions, such as
the forwarding of VLDL/LDL cholesterol to the artery wall,
leading to pathological impairment, as occurs with the etiology
of atherosclerosis. Excessive body adiposity is related to a
high serum concentration of ApoB. This particle is oxidized
on the vessel wall, giving raise to an inflammatory process
with local accumulation of macrophages, involving LDL and
ApoB residues in the subendothelial space of the vessel, and
culminating in endothelial dysfunction, atheroma formation
and thickening of the vascular wall.3233
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Figure 5 - Forest plot of the influence of excess body adiposity on the difference of the weighted mean of ApoA1 according to the age of children and adolescents.
Falaschetti et al. 1 and 3: correspond to overweight and obese boys, respectively. Falaschetti et al. 2 and 4: correspond to overweight and obese girls, respectively.

High concentrations of ApoB and LDL are associated
with atherosclerosis and stroke in adults.** Recent evidence
indicates that children and adolescents with high ApoB and
low ApoAT concentrations may show signs of atherosclerosis
at earlier ages than those of the same age with normal
concentrations of these biochemical parameters.*

Scientific evidence highlights that exposure to these
risk factors in the first cycles of life can contribute to the
development of cardiovascular changes in later periods
of life.313¢

Applicability of Evidence

It is known that CVDs have a great impact on the
population’s morbidity and mortality, and therefore
require substantial public investment in health care. When
determining the robust relationship between excess adiposity
and apolipoproteins—investigated in this study—, the results
may have important implications from the point of view of
formulating policies for the prevention, screening and early
detection of subjects at risk, favoring the construction of
measures to cope with this health problem.

Potential Biases in the Review Process

Although this investigation was well designed and
conducted, it has limitations inherent to meta-analysis
studies, especially with regard to the lack of information,

in primary studies, on the variables that would allow
investigating high heterogeneity between studies. In this
study, the influence of the variables age, sex, mean BMI
and sample size on the meta-regression was investigated,
since only for these there was information available in all
studies. It is known that the presence of hypothyroidism
can raise ApoB levels,>*8 an important variable to assess
possible causes of heterogeneity; however, none of the
studies included in our analysis referred to the presence
or absence of this disorder in the individuals evaluated.

The small number of studies addressing this object limited
the possibility of analyzing the risk of publication bias by funnel
plot. However, some authors question the real usefulness
of this instrument for this purpose, considering that the
interpretation of its asymmetry is subjective, and there may be
errors of interpretation regarding the risk of publication bias.
In addition, some effect estimates (OR or mean differences)
produced using the funnel plot are naturally correlated with
their standard errors, which can produce a false asymmetry
and confusion with publication bias.*

Many studies had a cross-sectional design, which did
not allow the phenomenon of interest to be evaluated,
which is naturally longitudinal. Studies with a prospective
design, but which measured ApoB and ApoA1 in a single
moment, were included under the justification that, in
children under nine years old, these changes were not
clinically important,? a situation that can lead to selection
and underreporting bias.
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Quality of Evidence

Evidence from 4 studies with 7,974 individuals followed
for 12 to 144 months was included in the meta-analysis,
enough time for the phenomenon to occur. Despite the
limitations, this meta-analysis was well designed, based on the
use of appropriate tools to assess the risk of bias, analyzing
methodological quality and conducting statistical analyses
that allowed investigating possible sources of heterogeneity.

Conclusion

Our findings suggest that excess body adiposity influences
the reduction of ApoA1 values and increase in levels of ApoB
in children and adolescents, these changes being even more
relevant among adolescents. However, considering the low
number of longitudinal studies found in this meta-analysis,
we suggest further prospective studies that can identify the
influence of body adiposity on these important markers of
cardiovascular risk in adolescents, considering their negative
effects throughout life.
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Short Editorial: Body Adiposity and Apolipoproteins in Children and Adolescents: A Meta-Analysis of Prospective Studies

Obesity and overweight are considered a global public
health problem and contribute strongly to several chronic
non-communicable diseases (NCDs), including metabolic
syndrome, diabetes mellitus (DM), cardiovascular diseases
(CVD) and cancer. More than 1.9 billion overweight adults
are estimated, representing 39% of the world population,
and 13% of obese adults. The World Health Organization
estimated, for 2019, more than 38 million overweight or
obese children under the age of five. Childhood obesity is
associated with higher chances of premature death, increased
risk of high blood pressure, DM and cancer. Besides, obese
children have early CVD markers, increased risk of fractures,
breathing difficulties and insulin resistance.’

Obesity, as an independent risk factor for cardiovascular
diseases,? is related to increased levels of apolipoproteins B
(ApoB) and consequent endothelial dysfunction. The presence
of obesity and dyslipidemia during childhood reflects the
development of cardiovascular morbidities in adulthood.?

Excess of body adiposity is related to the presence of
dyslipidemia, identified from the increase in the levels of total
serum cholesterol and low and high-density lipoproteins. Also,
assuming that atherogenic dyslipidemia and atherosclerotic
disease can start in childhood and be accompanied by obesity,
they must be analyzed as risk factors associated with the
presence of coronary heart disease (CAD) in adulthood.? #°

High concentrations of ApoB and low concentrations
of ApoAT have been identified as biochemical markers for
atherosclerosis even at earlier ages,” being associated with
waist circumference, adiposity and family history of CAD.8
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Apolipoproteins AT and B are essential proteins for the
metabolism of lipoprotein particles and their serum levels
are recognized as risk predictors for atherosclerotic disease.
Evaluation of plasma levels can help to identify increased risk
and to adopt early intervention strategies. Therefore, they can
add clinical information that goes beyond that obtained by
the evaluation of LDL and HDL.>™

In adults, high rates of ApoB are strongly associated with
metabolic syndrome and obesity and are better predictors of
cardiovascular risk than traditional blood lipid measurements.
In the young population, the conventional lipid profile is not
a good predictor of CAD in adulthood.”%12

In the systematic review “Body adiposity and apolipoproteins
in children and adolescents: meta-analysis of prospective
studies”,"* ApoB was recorded as a cardiometabolic marker
associated with body mass among adolescents and children,
indicating changes in the profile of apolipoproteins in this
population.

The relevance of this study' is due not only to the
clinical finding, defining relationships between morbidities
and biomarkers, but also to the fact that it was aimed at a
population of children and adolescents. The findings raise
awareness of the need for strategies for collective coping
of problems of global magnitude, such as obesity and
cardiovascular diseases.

The inclusion of apolipoproteins in the standard evaluation
of the lipid profile, such as sensitive biomarkers for risk
identification, can be useful as a screening and early detection
strategy, in addition to the development of indicators for health
monitoring in this population.
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Abstract

Background: Although team-based care is recommended for patients with hypertension, results of this intervention in a
real-world setting are missing in the literature.

Obijective: To report the results of a real-world long-term team-based care for hypertensive patients we conducted this study.

Methods: Data of hypertensive patients attending a multidisciplinary treatment center located in the Midwest region of Brazil
in June 2017 with at least two follow-up visits were retrospectively assessed. Anthropometric, blood pressure (BP), follow-up
time, pharmacological treatment, diabetes and lifestyle data were collected from the last visit to the service. BP values < 140
x 90 mmHg in non-diabetics and < 130 x 80 mmHg in diabetics were considered controlled. A logistic regression model was
built to identify variables independently associated to BP control. Significance level adopted p < 0.05.

Results: A total of 1,548 patients were included, with a mean follow-up time of 7.6 *+ 7.1 years. Most patients were
female (73.6%; n=1,139) with a mean age of 61.8 =12.8 years. BP control rates in all the sample, and in non-diabetics
and diabetics were 68%, 79%, and 37.9%, respectively. Diabetes was inversely associated with BP control (OR 0.16;
95%Cl 0.12-0.20; p<0.001) while age = 60 years (OR 1.48; 95%Cl 1.15-1.91; p=0.003) and female sex (OR 1.38; 95%Cl
1.05-1.82; p=0.020) were directly associated.

Conclusions: A BP control rate around 70% was found in patients attending a multidisciplinary team care center for
hypertension. Focus on patients with diabetes, younger than 60 years and males should be given to further improve
these results. (Arq Bras Cardiol. 2020; 115(2):174-181)

Keywords: Hypertension; Blood Pressure/prevention and control; Exercise; Treatment Adherence and Compliance;
Sedentarism; Obesity; Life Style.

cardiovascular events and death in various clinical conditions
involving different BP levels, cardiovascular risk profiles, and
comorbidities.®” Despite that, uncontrolled HTN remains a
widely prevalent situation worldwide.®

Introduction

Hypertension (HTN) is defined as elevated blood pressure
(BP) levels based on an average of = two careful readings
obtained on = two occasions, or current use of BP-lowering
medications."? Although there is some debate on which
thresholds should be used to define HTN, there is no doubt
about the burden of HTN as a cardiovascular risk factor and
a major cause of disability and death.>*

Among the strategies aimed to improve BP control, team-
based interventions have shown to be highly promising.*'°
They consist of organizational, patient-centered, multifaceted
interventions, led by multidisciplinary teams, aimed at
improving the quality of HTB care. HTN team-based care

Elevated BP is the most important treatable risk factor
for stroke, atrial fibrillation and heart failure.> Reductions
in BP are effective to prevent target organ damage,

Mailing Address: Thiago de Souza Veiga Jardim *

Universidade Federal de Goids - Programa de P6s-Graduagao em Ciéncias
da Sadde - Primeira Avenida S/N Setor Leste Universitério,

Goiania, GO - Brazil

E-mail: thiagoloirin@hotmail.com

Manuscript received March 01, 2019, revised manuscript May 23, 2019,
accepted July 17, 2019

DOI: https://doi.org/10.36660/abc.20180384

includes patients, patient’s primary care providers, and other
professionals, such as cardiologists, nurses, pharmacists,
physician assistants, dietitians, social workers, community
health workers, and others. These workers complement
each other by providing process support and sharing
responsibilities.

Although team-based care is recommended for patients
with HTN by most guidelines,'>""? results of this intervention
in a real-world setting are missing in the literature. We
conducted this study aiming to report the results of a long-
term multidisciplinary treatment intervention for patients
with HTN, specifically assessing BP control rates and
associated factors.
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Methods

Data of all patients with HTN aged 18 years or
older, with at least two follow-up visits and attending a
multidisciplinary treatment center for HTN in the Central
West region of Brazil in June 2017 were retrospectively
assessed by convenience.

HTN was defined according to the 7th Brazilian
Guidelines on Hypertension: (1) office BP = 140 x 90
mmHg; ambulatory BP monitoring = 130 x 80 mmHg;
(3) home BP monitoring = 135 x 85 mmHg."* Patients
receiving HTN treatment were also considered hypertensive.

The center has been functioning for more than 25 years,
dedicated to the treatment of HTN, health professional
education and research. Patients with recently diagnosed
HTN or those with difficulties to control BP levels are
referred to the center and the total number of patients
enrolled in the study was 1,701. The multidisciplinary team
consists of physicians (general practitioners, cardiologists,
endocrinologists and nephrologists), nurses, dietitians,
physical therapists, physical educators, psychologists and
musical therapists. Aiming to improve treatment compliance
and reduce loss of follow-up, the maximum interval
between each patient appointment was three months.
The maximum interval between two medical visits was six
months, and regarding the other healthcare professionals,
there was no routine appointments, i.e., the visits were
scheduled according to patient’s needs determined by
clinical examination. Additionally, educational and health
promotion activities were performed every two weeks with
patients."* ' Since beginning of this multidisciplinary service,
consultations have been registered in a standardized form.
All'healthcare professionals directly involved in patients’ care
were routinely trained to complete this form, ensuring data
reliability and reproducibility throughout years.'®'”

Data collection

Data of the last visit to the service were collected,
regardless of the healthcare specialty. Additionally, the
dates of patient’s first visit registered in medical charts were
collected and used to calculate the follow-up time (difference
between the first and the last visit to the service), in years.

The following data were collected from the medical
records: sex; age: given in years and assessed by the difference
between birth date and date of last visit; anthropometric
data: weight, height and body mass index (BMI) calculated
using the Quetelet formula (BMI = weight in kg/height? in
meter). Nutritional status was classified according to BMI and
following the World Health Organization definitions: non-
overweight (BMI < 25kg/m?); overweight (BMI = 25 kg/m?
and < 30mg/kg?) and obese (BMI = 30 mg/kg?).

BP: a minimum of three BP measurements, with at
least 1-min interval, was taken. All measurements were
performed after 5 minutes of rest, on the upper limb, with
the individual sitting and the arm supported. Appropriate
cuffs were used depending on arm diameter. Mean values
of the last two measurements were considered for BP
control definition. BP measurements were performed with
oscillometric devices (OMRON semi-automatic equipment,

model HEM-705CP). This routine was adopted in the
service to avoid observer bias.

Lifestyle: smoking (current smoker or nonsmoker); alcohol
consumption (any alcohol consumption reported during the
last visit); leisure physical activity (regular: =3 times a week,
irregular: <3 times a week and sedentary: no activity).

Diabetes: definition followed the recommendations
of the most recent guidelines of the Brazilian Society of
Diabetes:'® (1) symptoms of polyuria, polydipsia, weight
loss and casual blood glucose (values obtained at any time
of the day regardless of meal times) = 200 mg/dL; (2)
fasting blood glucose = 126 mg/dL; diagnosis should be
confirmed by repeat testing on another day in case of small
blood sugar elevations; (3) 2-hour plasma glucose value after
a 75-g oral glucose tolerance test = 200 mg/dL. Diabetes
treatment registered in medical records was also considered
as diagnosis criteria.

Drug treatment: information whether patient was
receiving or not pharmacological HTN treatment and the
number of antihypertensive medications.

BP control definitions

Recommendations of the 7th Brazilian Guidelines on
hypertension (2016)" were adopted (BP values < 140 x 90
mmHg in non-diabetics and < 130 x 80 mmHg in diabetic
patients) for analysis of BP control.

Multidisciplinary service

Medical team: assessed symptoms, lifestyle habits and use
of medications; performed patients’ physical examination;
analyzed complementary tests and established patient
management (pharmacological and nonpharmacological
treatments prescription, complementary tests request, and
follow-up visits schedule); referred patients to emergency
care or hospitalization if acute clinical decompensation was
identified.

Nurses: assessed symptoms, vital signs, lifestyle habits
and use of medications; instructed about compliance to
both pharmacological and nonpharmacological treatments;
defined intervals of visits to the nurse; and referred patients
for medical consultation if clinically necessary or to ensure a
maximum interval of six months between two medical visits.

Dietitians: emphasized nonpharmacological aspects of
care, specifically the diet; collected dietary data; assessed
anthropometric data and vital signs. Management was aimed
at dietary guidance with emphasis on salt restriction and
prescription of diets for patients with specific diagnosis such
as diabetes and chronic kidney disease.

Physical educators: developed and assist patients in group
physical activities (strength training and aerobic exercise)
three times a week and emphasized the importance of
regular physical activity.

The other health care professionals did not conduct formal
appointments, but rather a series of educational interventions
to promote patients’ health. Physical therapists conducted
periodical meetings previously scheduled or saw with patients
at the waiting room and discussed preventive measures for
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injuries and falls. Similarly, psychologists and musical therapists
acted mainly in the waiting room, providing instructions and
interventions aimed at stress reduction and improve the
waiting time.

Statistical analysis

Statistical analysis was performed using the software
STATA V14 (StataCorp., College Station, Texas, USA).
The Kolmogorov-Smirnov test was used and determined
that the continuous variables were normally distributed.
Continuous variables are presented as mean and standard
deviation. Categorical variables are presented as n and %.
Unpaired T-test was used to compare continuous variables
and the chi-square test to compare categorical ones. A
logistic regression model was built to identify variables
independently associated to blood pressure control.
Diabetes, age = 60 years, female sex, alcohol consumption,

smoking, sedentary lifestyle, pharmacological treatment,
BMI (kg/m?) and total follow-up time (years) were used as
predictors in the model. The significance level adopted
was p < 0.05.

Results

A total of 1,548 patients were included, accounting for
more than 90% of all patients attending the center (153
were not included due to missing data on the first or last
visits). Mean follow-up time was 7.6 (£7.1) years. Most
patients were female (73.6%; n=1,139) and the mean age
was 61.8 (=12.8) years. Women were more likely to be
obese and sedentary, while less likely to consume alcohol
and smoke when compared to men. Additionally, lower BP
values were found in females when compared to males.
Characteristics of the study population, stratified by sex,
are presented in Table 1.

Table 1 - Characteristics of the study population stratified by sex (n=1,548), Goiania, Brazil

Factor Overall Male Female p-value’
N 1,548 (100%) 409 (26.4%) 1,139 (73.6%)
Age (years) 61.8 (+12.8) 62.0 (+13.8) 61.8 (+12.4) 0.750
Total follow-up time (years) 76 (x7.1) 1(46.7) 8(£7.2) 0.070
Height (m) 1.58 (+0.09) 1.67 (£0.08) 1.55 (+0.07) <0.001
Weight (kg) 73.8 (+16.5) 79.2 (£16.5) 71.9 (£16.1) <0.001
Body mass index (kg/m? 29.3 (#5.9) 28.3 (¢5.3) 29.7 (+6.0) <0.001
Nutritional status

Non-overweight 350 (22.6%) 105 (25.7%) 245 (21.5%) 0.084

Overweight 571 (36.9%) 174 (42.5%) 397 (34.9%) 0.006

Obese 627 (40.5%) 130 (31.8%) 497 (43.6%) <0.001
First systolic BP (mmHg) 146.3 (£24.0) 148.5 (+24.6) 145.5 (£23.8) 0.030
First diastolic BP (mmHg) 85.5 (+16.0) 87.2 (+15.6) 84.9 (£16.1) 0.014
Second systolic BP (mmHg) 144.5 (£23.1) 146.8 (£23.1) 143.7 (£23.0) 0.018
Second diastolic BP (mmHg) 83.3 (£13.1) 85.0 (£12.9) 82.7 (+13.1) 0.003
Third systolic BP (mmHg) 144.3 (£18.2) 145.1 (£18.4) 144.0 (£18.1) 0.320
Third diastolic BP (mmHg) 83.2 (£10.2) 84.4 (+10.4) 82.8 (£10.1) 0.009
Mean systolic BP (mmHg)t 144.4 (£19.1) 145.9 (£19.4) 143.8 (£18.9) 0.057
Mean diastolic BP (mmHg) 83.3 (£10.6) 84.7 (£10.7) 82.8 (+10.6) 0.002
Diabetes 412 (26.6%) 113 (27.6%) 299 (26.3%) 0.590
Alcohol consumption 206 (13.3%) 108 (26.4%) 98 (8.6%) <0.001
Smoking 177 (11.4%) 73 (17.8%) 104 (9.1%) <0.001
Physical activity

Sedentary 737 (47.6%) 172 (42.1%) 565 (49.6%) 0.009

Irregular 231 (14.9%) 70 (17.1%) 161 (14.1%) 0.150

Regular 580 (37.5%) 167 (40.8%) 413 (36.3%) 0.100
Pharmacological treatment 1,513 (97.7%) 399 (97.6%) 1,114 (97.8%) 0.770
Number of anti- hypertensive drugs 21(x£038) 28(x£0.7) 1.7 (x0.8) 0.369

Values given in means (£SD) or n (%). "unpaired t-test to compare continuous variables and chi-square test for comparison of categorical variables; statistically

significant at a<0.05. 'mean value of second and third readings .
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BP control rate in the study population was 68%, and
this value was higher when only non-diabetic patients were
considered (79%). On the other hand, assessing exclusively
diabetic patients, BP control rate dropped to 37.9%. Figure 1
shows a summary of BP control rates in our study.

Individuals with BP under control were more likely to be
females, older, with longer follow-up periods and lower BMI
when compared to those with uncontrolled BP. Additionally
those with controlled BP were less likely to be obese, diabetic
and sedentary in comparison to those without BP controlled.
Characteristics of the study population, stratified by BP control,
are presented in Table 2.

The multivariable logistic regression model built to identify
variables independently associated to BP control in this
population showed that diabetes was inversely associated
with BP control while age = 60 years and female sex were
directly associated (Table 3).

Discussion

We assessed data of more than 1,500 hypertensive patients
with regular follow-up in a team-based care center to show
the results of this multidisciplinary therapeutic strategy in a
real-world setting. All patients included in this study were
referred to a center specialized in hypertension treatment and
had their treatment fully covered by Brazil’s universal health
system. Additionally, baseline characteristics of the patients
were similar to those reported in the Brazilian Registry of
Hypertension,® showing the generalizability of the results
of the study. Almost 70% of the all patients had their BP

controlled, and those results went up to 79% considering only
the non-diabetic patients. BP control was inversely associated
with diabetes and directly associated with age = 60 years
and female sex.

Population studies conducted in Brazil showed that BP
control rates varied from 10.1% to 57.6% depending on
country region and patient characteristics.’ None of these
studies, however, used data from team-based care centers.
Our overall control rate (68%) was higher than those reported
in conventional treatments in Brazil. As compared to BP control
rates reported in other middle income countries like South
Africa (30 and 49%),%*** and even in a high-income country
like the United States of America (48%),** in the current study,
we found better results with a team-based intervention.

BP control in patients with HTN and diabetes is challenging;
control rates are usually lower than the ones found in
hypertensive patients without diabetes.”* Also, diabetic
hypertensive patients are more likely to develop resistant
hypertension.? Only 37.9% of our diabetic hypertensive
patients had their BP under control as opposed to the 79%
control rate among the non-diabetic patient. Additionally,
diabetes was independently and inversely associated to BP
control in this team-based care setting.

Older ages have been associated to BP control in different
populations.??” Our results reinforce these findings since
we found that age = 60 years was directly associated to
BP control. Besides that, the novelty of our findings is the
association between older ages and BP control in a team-
based care strategy.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Overall (n=1,548)

Non-diabetics (n=1,136)

Diabetics (n=412)

Uncontrolled 32,0

21,0

62,1

H Controlled 68,0

79,0 37,9

Figure 1 — Blood pressure control in the overall study population, non-diabetics and diabetics. Goiénia — Brazil. Blood pressure control - BP < 140 x 90 mmHg in non-

diabetics and < 130 x 80 mmHg in diabetics.
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Table 2 - Study population characteristics by blood pressure control* (n=1,548). Goiania - Brazil

Factor Controlled Uncontrolled p-valuet
N 1,053 495
Female sex 793 (75.3%) 346 (69.9%) 0.024
Age (years) 62.8 (£13.1) 59.8 (£11.9) <0.001
Total follow-up time (years) 8.1 (x7.4) 6.6 (£6.5) <0.001
Height (m) 1.58 (+0.09) 1.59 (£0.09) 0.059
Weight (kg) 724 (+16.6) 76.9 (£15.9) <0.001
Body mass index (kg/m2) 28.9 (£5.8) 30.4 (+6.0) <0.001
Nutritional status

Non-overweight 262 (24.9%) 88 (17.8%) 0.002

Overweight 399 (37.9%) 172 (34.7%) 0.230

Obese 392 (37.2%) 235 (47.5%) <0.001
First systolic BP (mmHg) 138.8 (19.8) 162.2 (24.4) <0.001
First diastolic BP (mmHg) 80.6 (14.7) 95.9 (13.4) <0.001
Second systolic BP (mmHg) 137.0 (18.8) 160.3 (23.4) <0.001
Second diastolic BP (mmHg) 77.7(9.9) 95.2 (11.0) <0.001
Third systolic BP (mmHg) 139.4 (15.8) 154.7 (18.5) <0.001
Third diastolic BP (mmHg) 79.58 (7.8) 91.3(10.1) <0.001
Mean systolic BP (mmHg)? 138.2 (+15.8) 157.5 (+18.9) <0.001
Mean diastolic BP (mmHg) * 78.6 (+7.7) 93.2 (+9.0) <0.001
Diabetes 156 (14.8%) 256 (51.7%) <0.001
Alcohol consumption 130 (12.3%) 76 (15.4%) 0.100
Smoking 119 (11.3%) 58 (11.7%) 0.810
Physical activity

Sedentary 479 (45.5%) 258 (52.1%) 0.015

Irregular 163 (15.5%) 68 (13.7%) 0.370

Regular 411 (39.0%) 169 (34.1%) 0.064
Pharmacological treatment 1,028 (97.6%) 485 (98.0%) 0.660
Number of anti-hypertensive drugs 3.00 (+0.81) 2.81(x0.76) 0.432

Values given in means (+SD) or n (%). *Blood pressure control - BP <140 x 90 mmHg in non-diabetics and < 130 x 80 mmHg in diabetics. 1 unpaired T-test to compare
continuous variables and Chi Square test to compare categorical ones; statistically significant at a<0.05. tmean value of second and third readings.

Table 3 - Variables independently associated to blood pressure control (n=1,548). Goiania - Brazil

Variables Odds Ratio [95% Conf.Interval] p-value
Diabetes 0.15 [0.11-0.20] <0.001
Age 2 60 years 145 [1.13-1.90] 0.005
Female sex 1.36 [1.09-1.88] 0.022
Alcohol consumption 0.80 [0.56-1.15] 0.183
Smoking 1.25 [0.80-1.80] 0.330
Sedentary lifestyle 0.78 [0.60-1.02] 0.053
Pharmacological treatment 1.12 [0.50-2.47] 0.741
Body mass index (kg/m2) 0.97 [0.95-1.01] 0.088
Total follow-up time (years) 1.01 [1.00-1.03] 0.098
Number of anti-hypertensive drugs 0.85 [0.68-1.01] 0.320
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Sex differences in BP control rates are controversial. While
studies have reported that women are more likely than
men to have uncontrolled HTN,? others have indicated an
association between female sex and appropriate hypertension
management.?? In our team-based care center, this is the first
time that female sex is directly associated with higher HTN
control rates.'®"”

Randomized controlled trials are often considered the best
scientific evidence for ascertaining efficacy and safety of a
treatment.?** Once the evidence is available and guidelines
recommend treatments, it is important to assess how such
interventions perform in a real-world setting. After all, the reality
of patient care in a randomized clinical trial is different from
usual clinical practice in many ways.*' In that sense, the positive
results shown here, particularly considering that our study was
conducted in a public healthcare setting from a country with
limited resources, reinforce the relevance of team-based care
on hypertension management.

The study design might be a limitation, since we conducted
a retrospectively single center study with no control group.
Despite that, all medical records are objective, and their
completion is exhaustively trained in this center, contributing
to reliability of the data. Additionally, although we acknowledge
that using a control group would be more appropriate, the
positive result found here can foster future studies and help
informing the healthcare community about a successful way
to manage patients with HTN.

Another potential limitation regards to physical activity
assessment. Only planned or formal physical activity — walking,
running, cycling, swimming, strength training, etc.), was
included in our definition. Therefore, daily physical activities
were not considered and our sedentary lifestyle results are
probably overestimated.

Costs of implementation and maintenance need to be
taken into account when considering a team-based care for
hypertension management. Despite that, economic assessment
of this intervention in high-income countries showed that team-
based care to improve BP is cost-effective.>* Same assessments
need to be conducted in low-to-middle income countries.

Given the positive results of the present study and previous
studies involving patients from the same HTN treatment
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Blood Pressure Control: The secret is...Team Work!
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Short Editorial related to the article: Blood Pressure Control and Associated Factors in a Real-World Team-Based Care Center

Hypertension is one of the leading causes of cardiovascular
death." Indeed, data from the Heart and Stroke Statistics
showed that 45% of the cardiovascular mortality is potentially
attributed to hypertension." This worrying scenario has not
been changing in the last decades despite the availability of
non-pharmacological interventions and the development of
several anti-hypertensive classes that effectively contributed
to blood pressure (BP) control.>* The reasons for our low
effectiveness in controlling BP at the population level are
multiple, including the lack of organized public policies
regulating salt consumption and increasing awareness, early
detection, and effective treatment. Additional challenges
include the asymptomatic characteristic of hypertension,
therapeutic inertia, among others.’

In this edition of the Arquivos Brasileiros de Cardiologia,
Jardim et al.® reported data from a retrospective study
exploring a multidisciplinary team strategy in the rate of BP
control (set at the traditional <140/90 mmHg). The authors
evaluated demographic and clinical data of 1548 hypertensive
patients from a specialized hypertension center who have
been followed up regularly for 7.6 = 7.1 years (mean age
62 years, 73.6% women). The multidisciplinary approach
described by the authors consisted by the availability of nurses,
nutritionists, occupational therapists, physical educators,
psychologists and music therapists working in conjunction
with the staff physicians (general practitioners, cardiologists,
endocrinologists, and nephrologists). The maximal interval
for medical outpatient visits was 3 months. According to the
patients’ needs (determined by the clinical evaluation), the
physicians scheduled visits to the professionals mentioned
above in a flexible demand. In addition, educational and
health promotion activities were performed every two
weeks with patients. All this information was recorded on a
standardized form. Using this strategy, the authors found that
this multidisciplinary team approach was associated with an
overall 68% BP control, being more prominent in those aged
=60 years (OR 1.45; 95% CI [1.13-1.90]), and females (OR
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1.36; 95% CI1[1.09-1.88]). In contrast, patients with diabetes
were associated with a lower probability of reaching the BP
target compared to patients without diabetes. Interestingly,
no significant differences in the number of anti-hypertensive
drugs were observed in the groups who controlled or
not BP. This finding suggests that the adherence of this
multidisciplinary approach may vary as usually observed
with any other intervention.

It is worth mentioning the merit of the related service,
whose multidisciplinary practice has been adopted, according
to the authors, for over 25 years.® The BP control is impressive,
considering the current estimates of BP control in Brazil
(usually lower than 30% in individual studies).® Overall,
this investigation’s major contribution is that the literature
is relatively scarce (particularly from large multicenter
observational or randomized studies) in addressing the
potential impact of a multidisciplinary team in patients with
hypertension. Previous studies involving modest sample sizes
suggested the importance of nurses in improving adherence
to anti-hypertensive treatments and white coat-effect.®"!
Similarly, the active approach from pharmacists, physical
educators, and nutritionists seem to contribute to improving
adherence and BP control.”>"3 However, it is crucial to
define if the whole team structure available (and not distinct
‘compartments’) may contribute to the effectiveness of BP
control. In other words, is the whole better than any individual
component or the sum of the parts? The study conducted by
Jardim et al. was not designed to address this question but
highlighted that the fight against hypertension is not based
on a single actor. Unfortunately, the lack of a control group
(for instance, patients from other centers with no access
to an organized multidisciplinary team approach) and the
retrospective design prevent any definitive conclusions but
pave the way for future investigations in this important research
area. Particular attention should be devoted to patients with
diabetes. The lower rate of BP control challenging us for extra
efforts for this high cardiovascular risk population.
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Abstract

Background: The effects of non-pharmacological interventions such as calorie restriction and exercise training on health
and prevention of cardiovascular diseases have been investigated in clinical and experimental studies.

Objective: To analyze the influence of intermittent fasting and exercise training on functional fitness, glycemia and
cardiac remodeling.

Methods: Wistar rats (n=60) were randomly divided into four groups: control, exercise training (ET), intermittent fasting
(IF) and exercise training plus intermittent fasting (ETI). Over 12 weeks, control and ET animals were fed daily a standard
commercial diet ad libitum, while IF and ETI animals were fed every other day. In addition, the ET and ETI groups were
submitted to a running protocol on a treadmill. After this period, functional fitness, nutritional parameters and blood
glucose levels were analyzed. In addition to heart morphology, myocardial protein expression of extracellular signal-
regulated kinase (ERK) and c-Jun N-terminal kinase (JNK) was assessed by Western-blot. The results were analyzed using
two-way ANOVA and Student-Newman-Keuls test. The level of significance considered was 5%.

Results: Exercise training increased functional fitness in the ET and ETI groups and promoted cardiac fibrosis. The
combination of intermittent fasting and exercise training resulted in a smaller area under the blood glucose curve and
reduced cardiomyocyte cross-sectional area and interstitial collagen fraction in the ETI group compared to ET. ERK and
JNK expression levels were similar among groups (p>0.05).

Conclusions: Intermittent fasting is associated with improved glucose tolerance and attenuates cardiac remodeling
induced by exercise training (Arq Bras Cardiol. 2020; 115(2):184-193)

Keywords: Diet; Calorie Restriction; Exercise; Running; Ventricular Remodeling; Glucose; Health Promotion.

Introduction

Classically, calorie restriction is a popular intervention for
health improvement, promoting multiple functional benefits
and increasing human longevity."* However, experimental
studies have reported controversial changes in cardiovascular
parameters in response to calorie restriction, which was found
to be associated with contractile dysfunction and myocardial
morphological damage.>® Some researchers demonstrated that
calorie restriction promoted ultrastructural injuries to cardiac
myofibrils and changes in intracellular calcium handling; these
responses were related to B-adrenergic system disorders and
myocardial contractile dysfunction.>”? Other morphological
changes included ventricular chamber dilation, cardiomyocyte

necrosis, interstitial fibrosis and mitochondrial swelling.'*'?

On the other hand, intermittent fasting (IF) intervention,
a model of calorie restriction, was associated with few
morphological changes and did not promote myocardial
dysfunction after a period of 12 weeks compared to 50%
calorie restriction."" In this dietary approach, food is available
ad libitum at intervals alternating with fasting periods, each
lasting 12 to 24 hours.>* However, the effects of IF on the
heart remain unknown. At the molecular level, the association
of mitogen-activated protein kinases (MAPKSs), important
mediators of cardiac remodeling,’® has not been studied in
calorie restriction models. MAPKs include three main subtypes,
extracellular signal-regulated kinase (ERK), c-Jun N-terminal
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kinase (JNK) and p38 kinase (p38K), which regulate the
gene transcription of several messengers involved in survival,
apoptosis, cell differentiation and cardiac remodeling.'>*

Regular exercise training is widely used as a procedure of
health promotion and prevention of different cardiovascular
conditions.''® However, different experimental studies have
reported controversial results, showing that exercise training
intervention did not affect or even reduced myocardial
performance 5% Moreover, potential effects of treadmill training
on cardiac remodeling in IF models have yet to be clarified.
Therefore, the aim of this study was to analyze the influence of
IF and exercise training on functional fitness and morphological
and molecular parameters of myocardial remodeling. Our initial
hypothesis is that exercise training increases functional fitness and
attenuates myocardial remodeling induced by IE

Methods

The experimental protocol was reviewed and approved
by the Animal Ethics Committee of the Federal University of
Mato Grosso do Sul (CEUA/UFMS; Protocol 615/2014), and
was in accordance with the guidelines of the Brazilian Society
of Animal Experimentation (COBEA).

Animals and Experimental Design

Male Wistar rats (Rattus norvegicus albinus; n=60), aged
30, obtained from the Animal Center of the Federal University
of Mato Grosso do Sul (UFMS), Campo Crande/MS, Brazil,
were used. The sample size was based on a previous study'®
and considered the probability of exercise refusal and/or
escape instinct during the test.?*?! The animals were randomly
divided into four groups: control, intermittent fasting (IF),
exercise training (ET) and exercise training plus intermittent
fasting (ETI). The control and ET groups were fed daily (ad
libitum) a standard commercial diet (Nuvilab®, Brazil), while
IF and ETl received a similar dietary intervention every other
day (intermittent fasting).

Besides nutritional support, animals of the ET and ETI
groups were also submitted to a treadmill running protocol
(Table 1), according to previous studies.'®** Five weekly
exercise sessions of physical exercise were held and the
experimental period lasted 12 weeks. The animals were kept
in cages with two to three experimental units per box at an
ambient temperature of 222 °C, humidity of 55+5%, 12-
hour light/dark cycle and free access to water.

Determination of Functional Fitness

Functional fitness was analyzed at the end of the
experiment using a multistage incremental test, according
to previous studies.?'?? The test was started with a 5-minute
warm-up at a speed of 5 m/min. After an interval of 1 min,
each animal was submitted to progressive effort at an initial
speed of 6 m/min, followed by increments of 3 m/min, lasting
3 min. The protocol was interrupted when the animal had
reached exhaustion or when coordination between steps
was difficult.?’

For the evaluation of lactate levels, 25 ul of blood was
collected from the animal’s tail at rest and after each exercise

Table 1 - Description of the treadmill exercise protocol

Period Speed (m/min) Duration (min)
Week 1-3 10 40-60
Week 4-6 15 40
Week 7-9 18 35
Week 10-12 19 15-25

stage. The blood samples were immediately transferred to
Eppendorf tubes containing 50 ul of 1% sodium fluoride
(NaF), refrigerated, and stored in a freezer (-20 °C) until the
time of analysis. Lactate was measured in an YSI 150 Sport
electrochemical analyzer (Yellow Springs Instruments®, Ohio,
USA), with standard error of the measurement of + 2%.

The results are reported in mmol/L. The anaerobic lactate
threshold (LT) was determined by graphically plotting lactate
concentrations during the test. The LT was determined from
the time of linearity breaking as a function of load increase,
obtained by visual inspection. Functional capacity was assessed
by the speed at the lactate threshold (SLT), distance covered
and blood lactate concentration at the lactate threshold (LacLT)
and at exhaustion (LacE), determined during the exercise test.
In addition, for a more detailed analysis of lactate kinetics, the
relative variation (%) in lactate levels was also obtained from
the LacLT and LacE values.

Metabolic Characterization

For analysis of glycemia, the animals were fasted for 8-12
hours and blood samples were collected from the caudal
artery to measure glucose at baseline. Next, a 20% glucose
solution (Glucose Monohydrate, Merck, Sao Paulo, Brazil) was
administered intraperitoneally at a dosage of 2 g/kg. Blood
glucose levels were then evaluated after 15, 30, 60, 90, 120
and 180 minutes.”'® Clucose was measured with an Accu-
Chek Go glucose meter (Roche Diagnostic Brazil Ltda., Sdo
Paulo, Brazil).?*2*

Nutritional Characterization

Nutritional characterization consisted of the measurement
of food intake, calorie intake, and feed efficiency. Food intake
was measured daily and calorie intake was calculated from
food intake X energy density of the diet.?* Body weight (BW)
was measured once a week using a digital scale. BW gain
was obtained as the difference between initial and final BW.
To analyze the ability to convert ingested energy into BW,
feed efficiency was calculated as the ratio between total BW
variation (g) and total calorie intake (kcal).?**

After the experimental period, the animals were fasted for
8 hours and anesthetized by intraperitoneal administration of
ketamine hydrochloride (50 mg/kg; Dopalen®, Sespo Industria
e Comércio Ltda — Vetbrands Division, Jacarei/SP, Brazil)
and xylazine hydrochloride (10 mg/kg; Anasedan®, Sespo
Indistria e Comércio Ltda — Vetbrands Division, Jacarei/
SP, Brazil). After euthanasia by decapitation, thoracotomy
and median laparotomy were performed in order to remove
heart and white adipose tissue from the retroperitoneal and
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epididymal compartments.?* The sum of the two adipose
sites in absolute and relative values was considered for the
determination of body adiposity.

Characterization of Cardiac Morphology

To assess macroscopic morphology, the atrial and left and
right ventricular weights were measured in absolute values
and compared to BW and tibia length. Samples of the left
ventricle were obtained through a transverse incision 6 mm
from the apex. The myocardial fragments were immersed
in 10% buffered formaldehyde for 48 hours. Each tissue
specimen was then rinsed under running water and stored in
70% ethanol solution for more 48 hours. After the fixation step,
the specimens were embedded in paraffin blocks. Histological
slides were prepared from 4-7 um thick tissue cross-sections
and stained with hematoxylin/eosin and picrosirius red. For the
morphometric analysis of cardiomyocytes, the cardiomyocyte
area and the myocardial interstitial collagen fraction were
measured as described previously.?*%

Hematoxylin/eosin-stained slides were used for
the measurement of cardiomyocyte area. At least 100
cardiomyocytes were sampled per animal. Picrosirius red-
stained slides were used to determine interstitial collagen
fraction. Once the image field was fixed, components of the
cardiac tissue were identified according to the highlighted
color. Collagen filaments appeared red, while cardiomyocytes
appeared yellow. The interstitial collagen fraction corresponds
to the percentage of collagen content throughout the tissue
specimen. A minimum of 20 fields were used and perivascular
regions were disregarded.

For myocardial morphometry, the histological sections
were analyzed at a 40-fold magnification with a microscope
(LEICA DM LS) coupled to a digital video camera on an IBM
microcomputer, equipped with the image analyzer program
Image Pro-plus (Media Cybernetics, Silver Spring, Maryland,
USA).

Analysis of MAPK Expression

MAPK protein expression levels were determined using
Western blot procedures and specific primary antibodies
(Santa Cruz Biotechnology Inc., CA, USA): p-JNK (sc-6254),
total JNK1/2 (sc -137019), p-ERK1/2 (sc-16982), total ERK
1 (sc-93). The protein levels obtained were normalized to
the expression of GAPDH (6C5, sc-32233). The sample
preparation methods and electrophoresis conditions have
been described previously.?#2¢

Statistical Analysis

The Sigma-Stat software was used for data analysis.
Firstly, the results were subjected to normality analysis by
the Kolmogorov-Smirnov test. Since the variables had a
parametric distribution, measures are presented as mean
and standard-deviation and were analyzed using two-way
analysis of variance (two-way ANOVA), complemented by the
Student-Newman-Keuls comparison test. The cross-sectional
area results of cardiomyocytes were divided into categories
according to the measurement range using Sturges formula.?”
Absolute and relative proportions were analyzed using the

Arq Bras Cardiol. 2020; 115(2):184-193

Goodman multiple proportions test.?® The level of significance
was set at 5%.

Results

The results of the functional fitness exercise on a treadmill
[total distance (m) and final speed (m/min)] are shown
in Figure 1. Exercise groups ET and ETI achieved greater
total distance and final speed than control and IF animals.
Intermittent fasting did not affect functional fitness (p>0.05)
(Figures 1A and 1B).

Regarding results of lactate measurements, exercise
training exerted a statistically significant effect (p=0.04) on
LacE (control and IF: 8.16+0.94; ET and ETI: 5.34+0.88
mmol X L"), without the occurrence of factor interaction. The
LT was similar among groups (control: 2.51+1.18; IF: 3.90
+ 0.64; ET: 2.70+0.23; ETI: 3.04+1.33 mmolxL"). The
variation in lactate levels between the inflection point and
the end of the test was greater (p=0.04) in the sedentary
groups (control and IF: 156+19; ET and ETI: 98+18%).

The areas under the glucose tolerance curve are shown
in Figure 2. Considering the individual effect of dietary
intervention (Figure 2A), intermittent fasting was associated
with smaller areas of glycemic response. There were no
significant differences in the individual effect of exercise
training (Figure 2C). On the other hand, ETI animals showed
a smaller area under the glucose curve than ET (Figure 2B).
No differences were found for the other statistical
comparisons.

With respect to nutritional variables, food consumption
and caloric intake were lower in the IF and ETI groups
compared to the respective controls. As individual factors,
intermittent fasting and exercise training were associated with
reduced energy efficiency and lower BW gain. Although BW
gain was lower in the IF group compared to control, adiposity
levels were similar between the groups (Table 2).

Analysis of cardiac morphology results showed that
intermittent fasting per se was associated not only with lower
atrial weight (0.063+0.002 vs. 0.053=0.002 g; p=0.006),
but also with reduced left ventricle weight, in absolute terms
(0.475+0.011 vs 0.420%+0.011 mg; p<0.001) and compared
to the tibia length. In addition, intermittent fasting reduced
heart weight (0.677+0.013 vs. 0.597+0.013 g; p<0.001)
(Table 2).

Descriptive measurements of myocardial morphometry
are shown in Figure 3. The combination of intermittent
fasting and exercise training resulted in a significantly smaller
cellular area in the ETI group compared to the ET and IF
groups (control: 248+46; IF: 255+21; PE: 260%30; PIF:
225%26 um?). Considering the frequency distribution of
cardiomyocytes, most results were classified within the
first two classes, delimited to 327.5 um?. However, the ETI
group showed a higher proportion of fibers in the 1 class
of values (up to 190.1 um?) compared to the other groups
(p<0.05) (Figure 3B).

A statistically significant interaction between intermittent
fasting and exercise training was obtained in the interstitial
collagen fraction analysis (p=0.01). The fraction of interstitial
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Figure 1 - Functional fitness measurements expressed as mean + standard error; (A) distance covered; (B) final speed; Control: sedentary rats receiving the control diet
ad libitum; IF: sedentary rats undergoing intermittent fasting; ET: rats exercising and receiving the control diet ad libitum; ETI: rats exercising while intermittent fasting. *

p<0.05 vs. control; 1 p<0.05 vs. IF (two-way ANOVA and Student-Newman-Keuls test).

collagen was greater in the ET group compared to control
(control: 5.32%1.02; IF: 5.25+0.66; ET: 7.31+2.94; ETI:
4.43+0.79%), while ETI exhibited a lower concentration of
interstitial collagen than ET (Figure 4A-B).

Tables 3 shows the myocardial expression levels of MAPK-
ERK and JNK. No differences were found in the expression
of MAPK proteins between the groups (p>0.05).

Discussion

Restrictive dietary interventions are commonly used
to reduce susceptibility to chronic diseases, such as
obesity, type 2 diabetes, dyslipidemia, hypertension and
cardiovascular diseases. In the present study, intermittent
fasting was associated with higher food and energy intake

on the days the diet was offered, as well as with lower
total caloric intake and lower BW measurements. Higher
food intake due to intermittent fasting can be explained
by changes in satiety.>*

The hypothalamus is an important regulator of body
homeostasis and promotes several adjustments, including
satiety induction. Changes in the lateral hypothalamus result
in aphagia (starvation), whereas alterations in the medial
hypothalamus are associated with hyperphagia (increased
appetite). As observed here, other studies'** have shown
that intermittent fasting increases food intake during
feeding days. Likewise, Dorighello et al.*" demonstrated
that intermittent restriction reduced total calorie intake,
in agreement with our findings. The period of exercise
training did not affect food or calorie intake in the ETI
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Figure 2 - Area under the glucose tolerance curve (AUC), according to condition and dietary intervention. (A) Individual effect of intermittent fasting; CT: groups submitted
to control diet; IF: groups submitted intermittent fasting; *p<0.05 vs. CT. (B) Combined effect. Control: sedentary rats receiving the control diet ad libitum; IF: sedentary
rats undergoing intermittent fasting; ET: rats exercising and receiving the control diet ad libitum; ETI: rats exercising while intermittent fasting; 1 p<0.05 vs. ET. (C)
Individual effect of physical exercise training. SD: sedentary groups; ET: exercised groups Two-way ANOVA and Student-Newman-Keuls test.

group. Buthani et al.,** in a study on humans, showed that
trained volunteers, even with increased hunger, did not exhibit
a significant increase in food intake.

According to our initial hypothesis, exercise training
on a treadmill attenuates metabolic disorders and cardiac
remodeling induced by intermittent fasting. In addition to
reducing energy efficiency, intermittent fasting modified
glucose tolerance, which may be associated with better insulin
sensitivity. The fact that insulin promotes lipogenic effects in
the adipose tissue** may explain why the groups undergoing
intermittent fasting did not show significant differences in body
adiposity compared to the respective controls (Table 2). Insulin
release increases in the presence of greater nutrient availability,
such as during the postprandial period. Improvement in insulin

Arq Bras Cardiol. 2020; 115(2):184-193

sensitivity by adopting an intermittent fasting regime was also
found in a recent study on mice.**

On the other hand, the combination of intermittent fasting
and exercise training reduced body adiposity in the ETI
group. Exercise training promotes cardiorespiratory, neural
and hormonal adaptations and adjustments.”'>'® Within
the endocrine context, hormone secretion is also altered by
exercise. In the study by Evans et al.,* aerobic exercise for 12
months improved insulin sensitivity, with a 19.4% decrease
in the area under the oral glucose tolerance curve in older
adults. Therefore, the interaction between intermittent fasting
and exercise training may have potentiated hormonal effects
of insulin metabolism, as supported by the findings obtained
for the ET and ETI groups.
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Table 2 — Nutritional characteristics and cardiac morphology

Group Factor (p-value)
Charscterstcs Control IF ET ETl Diet Exercise Interaction
n=15 n=15 n=15 n=15
FC (g/day) 23.30£0.88 17.64 £1.00 * 22.88 £0.65 17.88+0.77 ¢ <0.001 0.682 0.126
@ Cl (kcallday) 84.81+3.20 64.20 +3.63 * 83.23+2.38 65.10+2.80 1 <0.001 0.665 0.121
E TCI (kcal/day) 7124 + 269 5393 + 305 * 6980 + 192 5468 + 236 £ <0.001 0.602 0.100
é FE (kcallg) 0.023 +0.005 0.019+0.004*  0.020£0.004  0.017 £0.005 0.005 0.050 0.581
:‘E BW (g) 395 + 46 344 £37* 374 +£39 349+ 30 <0.001 0.400 0.202
2 BWV (%) 71.0+£17.8 428+12.0* 60.5+15.2 374+136% <0.001 0.043 0.498
Adiposity (%) 2.11+0.51 1.91+0.77 1.89+£0.72 1.89+0.79 0.584 0.508 0.578
AW (g) 0.059 +£0.012 0.052+£0.009  0.066+0.013 0.055+0.015% 0.006 0.126 0.422
RVW (g) 0.134 +£0.017 0.118+0.034  0.145+£0.040  0.130+0.020 0.055 0.143 0.950
» LYW(g) 0.482 + 0.066 0.404+£0.041*  0469+0.060  0.436 +0.059 <0.001 0.509 0.138
é AW/BW (mg/g) 0.152 +0.030 0.152+0.026  0.177+0.036  0.155+0.048 0.247 0.136 0.227
t—i RVWI/BW (mg/g) 0.345 +0.033 0.346 +0.101 0.380£0.076  0.368 +0.063 0.774 0.135 0.737
E’ LVW/BW (mg/g) 124 £0.14 1.18£0.10 1.24 £0.09 1.23+0.14 0.202 0.437 0.457
é‘ AWltibia (g/cm) 0.015+0.003 0.013+0.002  0.017+0.003  0.014 +0.004 £ 0.007 0.227 0.328
= RVWitibia (g/cm) 0.034 +0.004 0.030+£0.009  0.036+0.009  0.032 +0.004 0.065 0.246 0.982
LVWitibia (g/cm) 0.121£0.015 0.104+0.009*  0.117+0.015  0.109 +0.015 <0.001 0.892 0.170
Heart weight (g) 0.674 +0.083 0574+0.063*  0.680+0.086  0.621+0.058 <0.001 0.172 0.292

FC: daily food consumption; Cl; daily calorie intake; TCI: total calorie intake; FE: feed efficiency; BW: body weight; BWV: body weight variation; AW: atrial weight;
RVW: right ventricle weight; LVW: left ventricle weight; AW/BW: atrial-body weight ratio; RVW/BW: right ventricle-body weight ratio; LVW/BW: left ventricle-body weight
ratio; AW/tibia: atrial weight-tibia length ratio; RVWitibia: right ventricle weight-tibia length ratio; LVW/Tibia: left ventricle weight-tibia length ratio; * p<0.05 vs. Control;

1p<0.05 vs. ET (two-way ANOVA and Student-Newman-Keuls test).

Despite glycemic effects, intermittent fasting did not
alter functional fitness. Lactate measurement is one of the
parameters most used to estimate aerobic capacity and has
been effective to describe functional fitness.?> The lactate
threshold can be defined as the exercise intensity at which
the blood lactate concentration suddenly increases.?"*? In this
respect, the running protocol improved functional fitness in
the ET and ETI groups, which was supported by lower final
lactate values (LacE), less variation in lactate levels and higher
speed and distance covered during the final test. Therefore,
exercise training was associated with improved aerobic fitness,
as previously demonstrated.'®

Regarding cardiovascular features, exercise training
promoted myocardial interstitial remodeling. Intriguingly,
intermittent fasting attenuated these exercise-induced
effects, as demonstrated by lower values of tissue macro-
and microscopic morphometry in the ETI group. Multiple
factors stimulate myocardial remodeling, such as nutritional
disorders, angiotensin, aldosterone, endothelin, inflammatory
cytokines and catecholamines.** Morphological and
functional changes occur in response to prolonged exercise
training in order to improve cardiac performance, including
the blood volume pumped and oxygen supply to peripheral

muscles recruited during exercise.?"?? These adaptive
alterations induced by exercise training include left ventricular
hypertrophy to compensate for hemodynamic demand and
interstitial fibrosis.>**” Within this context, increased interstitial
collagen found in the ETI group may be an indicator of the
physiological ventricular remodeling process, although no
myocardial hypertrophy was observed. Indeed, some factors
can restrict the accuracy of microscopic morphometry, such
as tissue sectioning angle and the heterogeneous contractile
state of cardiac fibers.*® These factors may have contributed
to the lack of detection of cardiac hypertrophy induced by
exercise training.

Intermittent fasting resulted in lower values of macro
and microscopic morphology, which were not associated
with changes of MAPK protein expression. The phenotypic
changes induced by these peptides involve protein synthesis
and cell growth, triggering hypertrophy and interstitial fibrosis,
which may be associated with myocardial remodeling.”'*In
addition, MAPK activation is also subordinated to the action
of multiple growth factors, such as growth hormone and
insulin,?33 whose secretion is regulated by nutritional
behavior. However, it was not possible to verify association
between intermittent fasting and changes in MAPK
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Figure 3 - (A) Cross-sectional area of the cardiomyocytes (CSA); 1 p<0.05 versus IF; f p<0.05 vs. ET. Two-way ANOVA and Student-Newman-Keuls test. (B) Frequency
distribution of cardiomyocytes according to CSA class. Classes: | (52. 7-| 190.1 um?), Il (190. 1-| 327.6 um?), Il (327.6-| 465.0 um?), IV (465.0-| 602.4 um?) and V
(602.4-| 739.9 um?); * p<0.05 vs. Control; 1 p<0.05 vs. IF; f p<0.05 vs. ET. Goodman test for contrasts within and between multinomial populations. Control, sedentary
rats receiving the control diet ad libitum; IF: sedentary rats undergoing intermittent fasting; ET: rats exercising and receiving the control diet ad libitum; ETI: rats exercising
while intermittent fasting.

Table 3 - Protein levels of MAPK isoforms in myocardial tissue

190

Group

Protein Control IF ET ETI

n=6 n=6 n=6 n=6
p-ERK/ERK 100 +0.52 142 + 159 108 +0.48 1234078
p-ERK/GAPDH 100 +0.47 118+1.19 0.87 041 0.86 £ 0.32
ERK/GAPDH 100 £0.10 0.99%0.23 0.91%0.16 0.91£0.22
p-JNK/UNK 100 +0.39 100 +0.35 109 +0.61 103 £0.40
p-JNK/GAPDH 100+0.13 1114026 110£0.35 1154023
JNK/GAPDH 100 +0.46 104 +0.42 0.94 +0.31 0.96+0.32

Values expressed as mean * standard deviation. ERK: extracellular signal-requlated kinase; JNK: c-Jun N-terminal kinase. Two-Way ANOVA (p>0.05).
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Figure 4 — (A) Myocardial cross-sections stained with picrosirius red according to group. Control (C), sedentary rats receiving the control diet ad libitum; IF, sedentary rats
undergoing intermittent fasting; ET: rats exercising and receiving the control diet ad libitum; ETI: rats exercising while intermittent fasting. (B) Interstitial collagen fraction
(ICF); * p<0.05 vs. Control; 1 p<0.05 vs. ET. Two-way ANOVA and Student-Newman-Keuls test.

protein expression. In a previous study,*® intermittent fasting
attenuated cardiac hypertrophy and ventricular dilation in
infarcted rats, although it did not alter the gene expression
of fetal peptides.

The present findings provide evidence of cardiac
remodeling induced by exercise training, which was
attenuated by intermittent fasting. However, it is not possible
to confirm whether the potential effect of dietary restriction
is able to reverse pathological processes, such as arterial
hypertension and acute myocardial infarction. Likewise, the
impact of other experimental models, such as 25 and 50%

calorie restriction,>” should be further investigated in future
studies because they add limitations to the clinical outcomes
of the present investigation.

Conclusion

The combination of intermittent fasting and exercise
training intervention is associated with improved
glucose tolerance. Exercise training alone promotes
myocardial interstitial remodeling, which is attenuated
by intermittent fasting.
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Short Editorial related to the article: Intermittent Fasting Attenuates Exercise Training-Induced Cardiac Remodeling

The article entitled “Intermittent diet regulates physical
exercise induced cardiac remodeling” presents relevant
information concerning the effects of physical exercise (PE) on
cardiac remodeling, functional capacity, nutritional behavior,
and glycemic metabolism. The authors also analyzed the
expression of proteins related to cellular differentiation and
cardiac remodeling, such as extracellular signal-regulated
kinase (ERK) and c-Jun N-terminal kinase (JNK), to determine
the possible molecular mechanisms associated with the effects
of intermittent diet and PE. The main findings were that: (1)
PE increased functional capacity when isolated or combined
with an intermittent diet, (2) prescription of an intermittent
diet increased glycemic tolerance during PE programs, (3)
intermittent diet was able to reduce cardiac remodeling
induced by PE."

It is worth highlighting that this study used an experimental
model from Wistar rats to mimic an intermittent diet during
a long-term PE program (12 weeks)." The advantage of
animal experiments involving nutritional and physical
interventions is the possibility of controlling the confounding
variables that can affect the internal validity of the study,
such as food intake, lifestyle, and motivation for physical
training. In addition, animal models allow for the analysis
of morphological, functional, and molecular aspects of
cardiac muscle, which enables a more in-depth study of the
mechanisms related to the diverse treatments and physical
and nutritional interventions. Therefore, the results of this
study are highly consistent and relevant for the understanding
and improvement of prescribed PE programs, whether when
isolated or associated with intermittent diet. The study also
reveals a new path for research involving the effects of PE on
functional and morphological aspects of cardiac remodeling,
and the role intermittent diet in modulating these effects.

Researches aiming to understanding the beneficial
effects of isolated PE or the combination of PE with
nutritional strategies are fundamental for the prevention
and treatment of cardiovascular diseases. This topic has
received special attention in recent years, as the World
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Health Organization indicated approximately 17.2 million
deaths from cardiovascular diseases each year, which
indicates an important public health issue due to its high
costs with treatment and hospital admissions.? Risk factor
control and the maintenance of healthy lifestyle habits are
essential for the prevention and attenuation of cardiovascular
complications, highlighting the relevance of studies focusing
on PE and nutrition.

In this context, non-pharmacological interventions
involving PE and intermittent diet have been advocated
for decades to prevent and treat cardiovascular diseases.
The benefits of these strategies include improved quality of life,
body composition, and cholesterol and triglyceride levels, as
well as the prevention of hypertension and atherosclerosis.**
The positive impacts of the combination of an intermittent
diet and PE in several health conditions have been shown
in experimental and clinical researches.”” However, most
studies have evaluated the effects of PE and intermittent
diet separately. Thus, the effects of a combination of these
treatments are still not completely clear.

A recent study demonstrated the important role of
intermittent diet on the reduction of body weight, blood
glucose levels, and glycated hemoglobin levels, as well as
increasing insulin sensitivity in obese mice.® Similarly, aerobic
exercise has also been shown to increase muscle expression
of glucose transporter type 4 (GLUT-4) in 20 to 70%, both in
humans and rodents. This contributes to improving insulin
sensitivity and glycemic control.® Therefore, it is likely that
the combination of PE and intermittent diet could be a
more powerful strategy to improve glycemic metabolism.
This hypothesis is supported by a recent study that reported
greater effects of PE combined with moderate caloric
restriction than isolated PE on functional capacity, levels of
fatigue and disability, and glycemic control in obese elderly
individuals.' Similarly, in the article by de Basilio et al.” verified
improved functional capacity and glycemic metabolism in
rats that were submitted to isolated PE or combined with an
intermittent diet. These findings reinforce the health benefits
from isolated PE and its combination with a caloric-restricted.

Studies aiming to investigate the cellular and molecular
mechanisms involved in cardiac remodeling in response to PE
and caloric restriction are fundamental to the understanding
and application of these strategies in preventive programs and
cardiovascular function rehabilitation. The study de Basilio
et al." highlights the important evaluation of some mitogen-
activated protein kinase (MAPK)." Despite not being evaluated
in this study, p38 MAPK is one of the most important proteins
in the MAPK pathway due to its activity in response to stimuli
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like PE. It can modulate the function of cardiac fibroblasts,
extracellular matrix turnover, and paracrine induction of
cardiomyocyte hypertrophy."" Therefore, future studies are
needed to confirm the role of p38 MAPK in cardiac remodeling
induced by PE and an influence of intermittent diet.

Myocardial remodeling is regulated through a combination
of responses from cardiomyocytes, other cell types, and various
mechanosensitive pathways, which can modify the genetic
expression and protein synthesis, which cause the functional
modifications in the cells.’> Mechanosensitive stimuli like PE
affect cardiomyocytes and fibroblasts leading to alterations
in genetic expression and cellular remodeling. Studies have
shown the importance of integrins, angiotensin Il, calcium,
and transforming growth factor beta (TGF-p) regulating the
mitogen-activated protein kinase (MAPK) pathway with
fibroblasts activation and increased cardiac fibrosis.'>'3

The effects of caloric restriction on cardiac remodeling
have been extensively investigated in animal models
with cardiac alterations. It has been demonstrated an
improvement in cardiac dysfunction and chronotropic
reserves, and regarding molecular aspects, an improvement
in sympathetic cardiac innervation and levels of p-adrenergic
receptors in rats with myocardial infarction-induced heart
failure submitted to intermittent diet." Another study showed
that fasting/refeeding cycles resulted in beneficial cardiac
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effects and reduced myocardial damage due to the caloric
restriction in spontaneously hypertensive rats, contributing
to reduced cardiovascular risks and morphological
damage. In addition, fasting/ refeeding cycles led to slight
improvements in the transit of Ca?* and the beta-adrenergic
system." Although the study de Basilio et al.' did not aim
to investigate the effects of isolated PE or combined with
caloric restriction diet on Ca?* transport markers, it shows
possibilities for future researches on molecular adaptations
related to cardiac remodeling induced by PE." We emphasize
the importance of testing the findings of this study in other
populations associated with health and disease, including
groups with overweight, obese, and diabetic subjects such
conditions are related to changes in glycemic metabolism.

In conclusion, it is worth highlighting that the article,’
demonstrates valuable information concerning the
effects of isolated PE and the combination of PE with an
intermittent diet on morphological and metabolic aspects
involved in cardiac remodeling, such contributes to the
understanding and enhancement of prevention programs
and cardiac rehabilitation.
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Abstract

Background: Risk stratification for sudden cardiac death (SCD) in hypertrophic cardiomyopathy (HCM) is based on
different algorithms proposed by the 2011 ACCF/AHA and 2014 ESC guidelines.

Objective: To analyze the 2014 ESC model for SCD risk stratification and primary prevention ICD (implantable
cardioverter defibrillator) in HCM in comparison to the North American guideline.

Methods: An HCM cohort was evaluated and the ESC HCM-Risk SCD score was calculated. Agreement of ICD
recommendations criteria between the two guidelines was analyzed with Kappa coefficient. P<0.05 was adopted for the
statistical analysis.

Results: In 90 consecutive patients followed for 6+3 years, the mean calculated ESC risk score was 3.2+2.5%.
The risk predictors that have mainly contributed to the score calculation in the low (1.88% [1.42-2.67]),
intermediate (5.17% [4.89-5.70]) and high-risk (7.82% [7.06-9.19]) categories were: maximal left ventricular wall
thickness (1.60% [1.25-2.02]; 3.20% [3.18-3.36]; 4.46% [4.07-5.09]), left atrial diameter (0.97% [0.83-1.21]; 1.86%
[1.67-2.40]; 2.48% [2.21-3.51]) and age (-0.91% [0.8-1.13]; -1.90% [1.12-2.03]; -2.34% [1.49-2.73]). The European
model decreased the ICD recommendations in 32 (36%) patients. Among the 43 (48%) individuals with class lla
recommendation under the 2011 ACCF/AHA guideline, 8 (18%) were downgraded to class Ilb and 24 (56%) to class
11l. Low agreement was found between the two systems: Kappa=0.355 and p=0.0001. In 8 (9%) patients with SCD
or appropriate shock, 4 (50%) met class Ila indication with the 2011 ACCF/AHA guideline, but none achieved this
class of recommendation with the 2014 ESC model.

Conclusion: Low agreement was found between the two strategies. The novel ESC model decreased the ICD recommendations,
especially in those with class lla recommendation, but left unprotected all patients with SCD or appropriate shock. (Arq Bras
Cardiol. 2020; 115(2):197-204)

Keywords: Cardiomyopathy,Hypertrophic/genetics; Heredity; Death,Sudden, Cardiac; Arrhythmias, Cardiac; Syncope;
Defibrillators,Implantable; Cohort Studies

Introduction

Hypertrophic cardiomyopathy (HCM) represents the most
prevalent form of genetic heart disease, affecting one in 200
individuals.! Sudden cardiac death (SCD), presently estimated
at 0.5 to 1%/year, occurs at any age, although it predominates
in young subjects and athletes.?*

The risk stratification for SCD is the basis for the
recommendation of implantable cardioverter defibrillator
(ICD) in HCM, the only approach considered to be able
to modify the disease prognosis.*” There is a consensus
about the recommendation in patients with prior cardiac
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arrest. However, many questions persist regarding primary
prevention. Five risk factors identified in longitudinal
studies and validated in meta-analyses are recognized as
independent predictors of SCD: family history, unexplained
syncope, maximal left ventricular wall thickness (MLVWT)
=30 mm, non-sustained ventricular tachycardia (NSVT)
and abnormal blood pressure response to exercise.>"
In the 2003 American College of Cardiology (ACC)/
European Society of Cardiology (ESC) Consensus, the
ICD recommendation was based on the number of risk
markers." The criteria were updated in the 2011 American
College of Cardiology Foundation (ACCF)/American Heart
Association (AHA) guideline, in which modifying factors
were included: malignant mutations, late gadolinium
enhancement, left ventricular (LV) apical aneurysms and
outflow tract obstruction.” A novel mathematical and
statistical prediction model endorsed by ESC in 2014 and
accessible with an online calculator provides an estimate
of the absolute risk and five-year mortality rate, applying
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different weights to the former five independent predictors
mentioned above, in addition to LV outflow gradient, left
atrial diameter and age.'®"’

The purpose of the study is to analyze the impact of
the 2014 ESC model on the SCD risk stratification and the
recommendations of ICD primary prevention compared to
the previously proposed 2011 ACCF/AHA criteria.

Methods

Patient selection

A cohort of 108 subjects followed at a dedicated HCM
outpatient clinic of a tertiary center from March 2007 to March
2018 was retrospectively studied. All patients were submitted
to rest electrocardiogram, 24-hour Holter electrocardiogram
and echocardiogram. Cardiac magnetic resonance (CMR)
imaging was applied to 40 (45%) subjects. Molecular-genetic
testing was performed in 18 (20%) patients, whose results were
previously published.'® Diagnosis was established according
to the current guidelines''” based on the identification of
unexplained LV hypertrophy detected on echocardiogram
and/or magnetic resonance imaging by the presence of
MLVWT =15 mm measured at any segment, with septum/
posterior wall ratio =1.3 in the absence of chamber dilation
or other conditions capable of producing a similar pattern of
hypertrophy. Eighteen cases were excluded due to a follow-up
period <12 months or previous history of cardiopulmonary
arrest, ventricular fibrillation or ventricular tachycardia
with hemodynamic impairment. The following outcomes
were considered for the analysis: 1. Sudden cardiac death:
documented ventricular fibrillation, death one hour from
the onset of symptoms or at night without previous clinical
worsening; 2. Appropriate ICD shock for ventricular tachycardia
or ventricular fibrillation. The study was approved by the Ethics
Committee of the institution and performed under the principles
of the principles of the Declaration of Helsinki. Written informed
consent was obtained from all patients.

Risk stratification for sudden cardiac death

The following predictors were assessed: 1. Age; 2. Family
history of SCD in first-degree relatives, <40 years old or at
any age with previous diagnosis of the disease; 2. MLVWT
measured on echocardiogram; 4. Unexplained syncope
within the past 6 months; 5. NSVT defined as three or
more successive premature ventricular beats at a heart
rate =120 beats/min lasting <30 s; 6. Abnormal blood
pressure response to exercise defined as <25 mmHg rise
and/or 10 mmHg drop of maximal systolic blood pressure
during peak exercise; 7. Left atrial diameter obtained on
M-mode or two-dimensional echocardiogram; 8. Maximum
left ventricular outflow tract (LVOT) gradient at rest or
with Valsalva maneuver using continuous wave Doppler.
The following risk modifiers were considered: 1. LVOT
gradient = 30 mmHg; 2. Late gadolinium enhancement on
CMR; 3. LV apical aneurysm; 4. Malignant genetic mutations.

The probability of SCD in 5 years was calculated with the
ESC HCM-Risk SCD equation as follows:

Arq Bras Cardiol. 2020; 115(2):197-204

Probability of SCD in 5 years = 1 — 0.998epPrognostic index)

Prognostic index = [0.15939858 x maximal wall thickness
(mm)] - [0.00294271 x maximal wall thickness?2 (mm?2)] +
[0.0259082 x left atrial diameter (mm)] + [0.00446131
x maximal (rest/Valsalva) LVOT gradient (mm Hg)] +
[0.4583082 x family history SCD] + [0.82639195 x NSVT]
+ [0.71650361 x unexplained syncope] - [0.01799934 x
age at clinical evaluation (years)].

Recommendations of implantable cardioverter
defibrillator therapy

The following criteria for primary prevention ICD were
compared:

1. 2011 ACCF/AHA guideline: Class Ila - A family history
of SCD in a first-degree relative or MLVWT = 30 mm or
unexplained syncope. Class Ila - NSVT or abnormal blood
pressure response to exercise associated with other risk
factors or modifiers; Class Ilb: Isolated NSVT or abnormal
blood pressure response to exercise; Class Ill — absence of
the previously mentioned risk factors.

2. 2014 ESC guideline: Class lla = HCM Risk-SCD =6%;
Class Ilb - <6% and =4%; Class Il - <4%.

Statistical analysis

Normally distributed continuous variables were expressed
as mean=standard deviation and non-normally distributed
data presented as median and interquartile ranges (percentile
25 and 85). Continuous variables were tested for normality
using the Shapiro-Wilk test. Categorical variables were
described as absolute and relative frequencies. Continuous
variables were compared with Student’s t test or one-way
analysis of variance (ANOVA), categorical variables with
chi-square or Fisher’s exact test and differences among
categories with standardized adjusted residual analysis. The
Kappa coefficient was calculated to determine the agreement
between the 2011 ACCF/AHA and the 2014 ESC guidelines for
primary prevention ICD. The percentages achieved by each of
the risk predictors included in the ESC HCM Risk-SCD score
were calculated with the weighted average of the variation of
each predictor in the equation over the sum of the variations
of these predictors. The estimated survival of the sample was
determined using the Kaplan-Meier curve. The sample size
was estimated at 70 individuals for an expected Kappa=0.3,
considering the occurrence of agreement between the
guidelines, Kappa=0 for 90% power and p<0.05. SPSS
software version 20.0 (SPSS Inc., Chicago, lllinois, USA) was
used for the analyses. All comparisons were two-tailed and
p<0.05 was considered to be statistically significant.

Results

Clinical characteristics

The study population comprised 90 consecutive patients
with HCM, mean age 62+12 years, 85 (94%) =40 years and
56 (62%) females. The clinical characteristics of the study
patients are described in table 1. Along the follow-up period of
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63 years, 15 (17%) patients received an ICD for SCD primary
prevention. Two (2%) patients experienced appropriate shock,
6 (7%) experienced SCD and 6 (7%) had death unrelated to
HCM (Table 2).

Five and ten-year SCD or ICD appropriate shock free
survival rates were 93% and 92%, respectively, in the period.
Five and ten-year all-cause death-free survival in five and ten
years was 80%.

ESC HCM risk-SCD score for sudden cardiac death risk
stratification

The mean calculated ESC HCM risk-SCD was 3.2+2.5%
in the sample and it was estimated as low (<4%) in 67
(75%) patients, intermediate (=4%—<6%) in 11 (12%)
and high (>6%) in 12 (13%). The comparative analysis of
SCD markers adopted in the two guidelines between the
three risk ranges showed that NSVT [3 (4%) vs. 6 (54%)
vs. 8 (67%), p=0.0001], syncope [6 (9%) vs. 3 (27%) vs.
7 (58%), p=0.0001] and increased MLVWT (17 =3mm vs.
21£2mm vs. 218 mm, p=0.002) were predominant in
higher risk. The other predictors do not differ between
the groups (Table 3). SCD or appropriate ICD shock rates
were similar between low, medium and high-risk patients
[6 (8.8%) vs. 2 (18.2%) vs. 0 (0%), p=0.22].

Table 4 presents the percentages achieved by each of
the variables included in the ESC HCM Risk-SCD score in
the three risk categories. The risk factors that have mainly
contributed to the score calculation in the low, intermediate
and high-risk levels were MLVWT, left atrial diameter and age.
LVOT obstruction, family history of SCD, NSVT and syncope
reached lower weights.

Comparison between the 2011 American College of
Cardiology Foundation/American Heart Association and
the 2014 European Society of Cardiology guidelines

According to the 2011 ACCF/AHA criteria, 43 (48%)
patients received class Ila recommendation for ICD, 3 (3%)
class Ilb and 44 (49%) class III. In the 2014 ESC guideline,
12 (14%) patients received class lla recommendation
for ICD therapy, 11 (12%) class llb, and 67 (74%) class
[1l. Comparison of the classes of ICD recommendations
showed low agreement (Kappa=0.355, p=0.0001)
between the two guidelines. The ESC HCM risk-SCD
score decreased the ICD recommendations in 32 (36%)
patients, maintained in 57 (63%) and provided an
additional recommendation in only one (1%). Of the 43
(48%) individuals with class Ila recommendation under the
2011 ACCF/AHA guideline, the ESC risk score decreased
the class of recommendation for ICD therapy in 32 (74%)
patients, 8 (18%) for class Ilb and 24 (56%) for class III.
Only 11 (26%) remained in class Ila recommendation.
Of the 44 (49%) patients in class Il with the 2011 ACCF/
AHA guideline, the European model determined an ICD
unwarranted in 43 (98%) (Table 5). Figure 1 shows the
study summary and its main findings.

The mean calculated ESC risk score was 3+1.7% in the 8
(9%) patients experiencing SCD or appropriate shock. Four
(50%) had class lla recommendation for device implantation
with the 2011 ACCF/AHA guideline, but none achieved this

Table 1 - Clinical characteristics of 90 patients with hypertrophic
cardiomyopathy

Age (years) 62112
Age >40 years (n, %) 85 (94%)
Female sex (n, %) 56 (62%)
NYHA functional class

111 (n, %) 75 (83%)

AV (n, %) 15 (17%)
Coronary artery disease (n, %) 11 (12%)
Treatment
Betablockers (n, %) 70 (78%)
Amiodarone (n, %) 20 (22%)
Verapamil/diltiazem (n, %) 24 (27%)
Echocardiogram
LA diameter (mm) 4417
LV diastolic diameter (mm) 436
LV systolic diameter (mm) 3415
Septal diastolic thickness (mm) 1944
LV posterior wall diastolic thickness (mm) 1142
Ejection fraction (%) 719
E/E’ 1648
LVOT gradient at rest (mmHg) 28+31
LVOT gradient with Valsalva maneuver (mmHg) 3638
SCD risk factors
Family history of SCD* 23 (26%)
NSVT* 17 (19%)
Syncope* 16 (18%)
Abnormal BP response to exercise * 9 (10%)
MLVWT >30 mm* 1(1%)
LVOT gradient 230 mmHg * 44 (49%)
LGE on CMR! 1 (12%)
LV apical aneurysm’ 0
Malignant mutation* 0
Number of SCD risk factors

0 42 (47%)

1 32 (35%)

22 16 (18%)

*Independent predictors Modifying factors; NYHA: New York Heart
Association; LA: left atrium; LV: left ventricle; LVOT: left ventricular outflow tract;
SCD: sudden cardiac death; NSVT. non-sustained ventricular tachycardia;
BP: blood pressure; MLVWT: left ventricle maximal wall thickness; LGE: late
gadolinium enhancement; CMR; cardiac magnetic resonance.

class of recommendation with the 2014 ESC model, although
2 (25%) remained in class Ib.

The combination of risk factors that received class Ila
recommendation with the 2011 ACCF/AHA strategy was
associated with a downgrade in ICD recommendation with
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Table 2 - Cardiovascular outcomes in 90 patients with hypertrophic cardiomyopathy patients during a 6+3-year follow-up

Heart failure class IlI/IV 20 (22%)
Atrial fibrillation (n, %) 29 (32%)
Alcohol septal ablation (n, %) 9 (10%)
Surgical myectomy (n, %) 3(3%)
Dual-chamber pacemaker (n, %) 6 (7%)
ICD implantation (n, %) 15 (17%)
Appropriate ICD shock (n, %) 2 (2%)
Sudden cardiac death (n, %) 6 (7%)
HCM non-related death (n, %) 6 (7%)

ICD: implantable cardioverter defibrillator; HC:= hypertrophic cardiomyopathy.

Table 3 - Distribution of sudden cardiac death predictors in the three risk categories of the 2014 European Society of Cardiology guideline

ESC HCM Risk-SCD score
<4% 24%-<6 26% p
(n=67;75%) (n=11;12%) (n=12;13%)

Age (years) 64+11 60£17 57+13 0.156
Family history of SCD 14(21%) 4(36%) 5(42%) 0.177
Syncope 6(9%) 3(27%) 7(58%) 0.0001
MLVWT 230 mm 0 0 1 0.264
NSVT 3(4%) 6(54%) 8(67%) 0.0001
Abnormal BP response to exercise 8(12%) 0 1(8%) 0.595
LGE on CMR 8(12%) 1(9%) 2(17%) 0.822
LVOT 230 mmHg 31(46%) 7 (64%) 6(50%) 0.649
Left atrial diameter (mm) 467 489 48+8 0.545
MLVWT (mm) 1743 212 2148 0.002
Maximal LVOT gradient (mmHg) 33142 45+39 40444 0.77

SCD: sudden cardiac death, MLVWT: maximal left ventricular wall thickness; NSVT: non-sustained ventricular tachycardia; BP: blood pressure; LGE: late gadolinium
enhancement; CMR; cardiac magnetic resonance; LVOT: left ventricular outflow tract.

Table 4 - Contribution of sudden cardiac death risk predictors for the ESC HCM Risk-SCD score calculation

Low risk Intermediate risk High risk
<4% 24% - <6% 26%

Median p25 - p75 Median p25 - p75 Median p25 - p75
ESC HCM Risk-SCD 1.88% 1.42-2.67 517% 4.89-5.70 7.82% 7.06-9.19
MLVWT 1.60% 1.25-2.02 3.20% 3.18-3.36 4.46% 4.07-5.09
Left atrial diameter 0.97% 0.83-1.21 1.86% 1.67-2.40 2.48% 2.21-3.51
LVOT gradient 0.03% 0.01-0.24 0.34% 0.15-0.61 0.35% 0.02-1.00
Family history of SCD 0.00% 0.00-0.00 0.00% 0.00-0.70 0.00% 0.00-0.99
NSVT 0.00% 0.00-0.00 1.14% 0.00-1.30 1.64% 0.00-1.96
Syncope 0.00% 0.00-0.00 0.00% 0.00-1.09 1.41% 0.00-1.59
Age -0.91% 0.8-1.13 -1.90% 1.12-2.03 -2.34% 149-2.73

ESC: European Society of Cardiology; MLVWT: maximal left ventricular wall thickness; LVOT: left ventricular outflow tract; SCD: sudden cardiac death; NSVT: non-sustained
ventricular tachycardia.
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Table 5 - Comparison of implantable cardioverter defibrillator recommendations between the 2011 American College of Cardiology
Foundation/American Heart Association and the 2014 European Society of Cardiology guidelines

2014 ESC
lla llb i
n (%) 12 (14%) 11 (12%) 67 (74%)
lla 43(48%) 11(26%) 8(18%) 24(56%)
2011 ACCF/AHA Ilb 3(3%) 0 3(100%) 0
I 44(49%) 1(2%) 0 43(98%)

Kappa=0.355, P=0.0001

ACCF/AHA: American College of Cardiology Foundation/American Heart Association; ESC: European Society of Cardiology.

ICD primary prevention for SCD
90 patients with HCM

ACCF/AHA 2011 ESC 2014

lla  Family history of sudden cardiac death lla HCM-Risk SCD = 6%
Maximal left ventricular wall thickness 230mm

Recent unexplained syncope IIb HCM-Risk SCD 6 < and = 4 %

NSVT or abnormal BP response to exercise I HCM-Risk SCD <4 %

associated with other risk or modifier factors’

Ilb  NSVT or abnormal BP response to exercise HCM-Risk SCD score: 1 - 0.998%(Prognostic index).
Prognostic index = [0.15939858 x maximal wall thickness
(mm)] - [0.00294271 x maximal wall thickness? (mm2)] +
[0.0259082 x left atrial diameter (mm)] + [0.00446131 x
Il Absence of risk factors maximal (rest/Valsalva) left ventricular outflow tract gradient
(mm Hg)] + [0.4583082 x family history of sudden cardiac
death] + [0.82639195 x NSVT] + [0.71650361 x unexplained
syncope] - [0.01799934 x age at clinical evaluation (years)].

Low agreement (Kappa = 0.355)

Change of the ICD indication class in 36%

2011 ACCF/AHA lla 4|18%

[ | 1
2014 ESC lla 26% Ilb 18% 1l 56%

Figure 1 - Discrepancy between the 2011 ACCF/AHA and the 2014 ESC guidelines on sudden cardiac death primary prevention in hypertrophic cardiomyopathy
ICD = implantable cardioverter defibrillator, SCD = sudden cardiac death, HCM = hypertrophic cardiomyopathy, ACCF= American College of Cardiology Foundation,
AHA = American Heart Association, ESC = European Society of Cardiology, NSVT = non-sustained ventricular tachycardia, BP = blood pressure; "Modifier factors: 1.
Left ventricular outflow tract gradient 230 mmHg; 2. Late gadolineum enhancement on cardiac magnetic resonance; 3.Left ventricular apical aneurysm; 4. Malignant
genetic mutation.
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the 2014 ESC model (p=0.05). Family history of SCD and NSVT
associated with LVOT obstruction were the predictors that showed
the greatest decrease of ICD class recommendation under the
European guideline (Table 6).

Discussion

In this study, for the first time, we compared the SCD
primary prevention criteria established by the 2011 ACCF/AHA
and the 2014 ESC guidelines in a Brazilian HCM population
based on a non-referred outpatient clinical cohort. Our results
demonstrate low agreement between the two systems regarding
the recommendations for primary prevention ICD. The ESC/HCM
Risk-SCD score has lowered the class of implant recommendation
over ACCF/AHA in 36% of the patients. Among those in class lla
in the North American guideline, the ESC risk score decreased
the class of device recommendation in 74% of the patients,
determined an ICD unwarranted in 56% and maintained the
recommendation in only 26%. The European risk score has added
recommendation in only 1% of the patients. In almost all cases,
in which the implantation was not recommended with the North
American guideline, the European criteria reassured the decision.
The new model has excluded, from class Ila, the 8 (9%) patients
experiencing SCD or ICD appropriate shock along the observation
period, although 25% of them remained in class IIb.

HCM is an arrhythmogenic heart disease, whose
histopathological substrate characterized by hypertrophy, cell
disarray, fibrosis and coronary microvascular disease favors
the occurrence of lethal ventricular arrhythmias.>'%2 Risk
stratification for SCD is based on observational data obtained
in very selected populations. It is considered complex, due
to the heterogeneous character of the disease, and imperfect
because many deaths occur in the absence of risk predictors.>”
2! The limitations offered by the 2003 and 2011 algorithms
have been demonstrated in an international registry showing
no difference in appropriate shock rates between patients with
one, two, three or more predictors.?> A posterior validation

analysis of these criteria reports that the incidence of SCD
and appropriate discharge do not differ between patients with
none or only one predictor and that the initial algorithms have
limited power to discriminate between high and low risk and
could result in unnecessary implants.?

This study evaluated a HCM cohort with more advanced age
and low risk profile: 78% of the patients remained in functional
class I/1l, 47% presented no risk factors and 35% showed
only one. HCM patients aged =60 demonstrate reduced
morbidity-mortality and SCD rates, even in the presence of
risk predictors.® Five and ten-year SCD and ICD appropriate
shock-free survival rates achieved 93% and 92%, respectively,
and only 9% of the patients experienced these events along the
period. A multicenter longitudinal study presents similar results
and supports that HCM, when conveniently treated, shows
reduced mortality in adulthood with a ten-year survival rate
similar to that expected in the general population.?

The mean calculated ESC HCM risk-SCD score of 3.2+2.5
characterized 75% of the patients as low risk. NSVT, syncope
and increased MLVWT were more frequent in high-risk patients
compared to others.

In this study, we determine the percentages achieved by
each one of the score predictors in the tree risk categories with
the purpose of discriminating those that reached more weight in
order to justify the low agreement between the two guidelines.
We ascertained that the factors that have mainly contributed to the
calculation and reached increased values in the low, intermediate
and high-risk levels were MLVWT, left atrial diameter and age, the
latter with a subtractive effect. These findings may justify the low
agreement between the two guidelines, considering that MLYWT
as a continuous variable, left atrial diameter and age are not
included in the North American strategy. Family history of SCD or
syncope, both considered as an ACCF/AHA recommendation for
ICD therapy, showed lower contribution to the score calculation.

The combination of risk factors characterized as ACCF/AHA
class lla recommendation for ICD in the sample, mainly family

Table 6 - Sudden cardiac death risk profile in patients with hypertrophic cardiomyopathy in class lla for implantable cardioverter
defibrillator with the 2011 American College of Cardiology Foundation/American Heart Association guideline: restratification with

the 2014 European Society of Cardiology model

2011 ACCF/AHA / 2014 ESC

11a2011/11a2014

11a2011/11b2014 11a2011/1112014

n=11(26%) n=8(19%) n = 24 (55%)

Isolated family history of SCD 2 (12%) 2 (12%) 13 (76%)
Isolated syncope 5 (45%) 1(10%) 5 (45%)
Syncope + family history of SCD 2 (40%) 2 (40%) 1(20%)
Family history of SCD + MLVWT 230mm 1(100%) 0 0

NSVT + LVOT obstruction 1(17%) 3 (50%) 2 (33%)
Abnormal BP response + LVOT obstruction + LGE on CMR 0 0 3(100%)

P=0.05

ACCF: American College of Cardiology Foundation; AHA: American Heart Association; ESC: European Society of Cardiology; SCD: sudden cardiac death;
MLVWT: maximal left ventricular wall thickness; NSVT: non-sustained ventricular tachycardia; LVOT: left ventricular outflow tract; BP: blood pressure; LGE: late

gadolinium enhancement; CMR: cardiac magnetic resonance.
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history of SCD and NSVT added to LVOT obstruction, was
associated to a decrease of device recommendations with the
ESC risk score, reaching an ICD unwarranted in 55% of the cases.
Our results suggest that the downgrade in ICD recommendations
provided by the ESC model is mainly related to cases in which
the recommendation with the North American guideline is based
on the presence of a single predictor associated or not with a
modifying risk factor. These findings are justified by the fact that
the European model defines primary prevention on the basis of
a set of risk factors and not on the presence of a single marker.

The ESC HCM risk-SCD score has been independently
validated in the populations of three continents in observational
studies mostly showing that the new model contributes to the
improvement of risk stratification and clinical decision-making.2+2°
Other studies point out the sensitivity of low score for the
recognition of high-risk patients, the capacity to identify cases
with an ICD unwarranted and the similar event rates observed
in the three risk levels.>3? Our study supports these findings
demonstrating that the European model decreases the ICD
recommendations compared to the North American guideline,
leaves all patients with SCD or appropriate shock unprotected and
establishes major agreement in cases not requiring implantation.
Nevertheless, the metanalysis of six studies conducted with 7,291
patients demonstrates that in most cases, the five-year SCD risk is
properly estimated with the ESC score.*?

The European score settles the stratification for SCD using a
rigid statistical model in a complex disease with unpredictable
course. Methodological limitations may depend on left atrial
evaluation with diameter, LVOT obstruction with Valsalva
maneuver, and on exclusion of myocardial ischemia, late
gadolinium enhancement and LV apical aneurysm. Although
restrictions may be admitted to its performance, particularly
in high-risk patients, the European score should be assimilated
in clinical practice as a validated tool to guide therapeutic
decisions. The assessment of the percentages achieved by the
variables in the formula in each case may contribute to the
interpretation of results in clinical practice. In the present study,
the North American approach would protect a higher number
of individuals than the European criteria, although it could result
in unnecessary implants and could expose these populations
to device complications such as infections and inappropriate
shocks.*'>'7 Prospective studies equally validated in lower risk
populations are necessary to identify new predisposing factors
that may improve the indications of primary prevention ICD.
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Short Editorial

Which Risk Score Best Assesses Clinical Objectives in Patients with

Hypertrophic Cardiomyopathy?

Eduardo Alberto de Castro Roque’
Hospital Metropolitano,’ Serra, ES - Brazil

Short Editorial relatec to the article: Discrepancy between International Guidelines on the Criteria for Primary Prevention of Sudden Cardiac

Death in Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is a genetic disorder
characterized by commonly asymmetric unexplained left
ventricular hypertrophy, with greater thickening of the
basal interventricular septum. Left ventricular outflow tract
obstruction is present at rest in around one third of patients
and can be caused in another third. The histological features of
HCM include hypertrophy and myocyte disorder, in addition
to interstitial fibrosis. Hypertrophy is also often associated with
left ventricular diastolic dysfunction.

The first case of HCM was described by Henri Liouville
in 1869 in the Gazette Medecine Paris. In 1907, Dr. A.
Schmincke, a German pathologist, described two hearts with
left ventricular hypertrophy; both were seen in women in
their fifth decade of life. Levy and von Glahn, in 1944, from
the University of Colombia, in New York, published a series
of cases that resembled HCM. In 1949, William Evans, a
cardiologist from London, described the familial occurrence
of cardiac hypertrophy in a series of patients similar to those
described in the article by Levy and von Glahn. Dr. Eugene
Braunwald and Dr. Andrew Glenn Morrow published a series
of studies where they detailed the clinical and hemodynamic
aspects of this disease, allowing the establishment of
therapeutic objectives.'®

HCM has a relatively benign course in the majority of
patients. However, HCM is also an important cause of sudden
death (SD), particularly in adolescents and young adults, with
a risk of 0.5 to 2% per year, being the most frequent cause of
SD in adolescents.®” The prevention of SD events through a
device implantation seem obvious, since the clinical treatment
options for the prevention of severe fatal arrhythmia cannot
be reliably offered by pharmacological treatment. As a high-
cost therapy and one that is not exempt from adverse events
(infection and inappropriate shock), it became mandatory to
establish which groups would benefit from the indication of
therapy with an implanted defibrillator.
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Among the SD risk assessment scores to define which
patients would have the greatest benefit, the AHA risk
calculator published in 2011% and the risk calculator for
assessing SD by the European Society of Cardiology in
2015 were highlighted.® With different methodologies, both
proposed to assist the clinician in identifying a group of patients
that would have the greatest benefit.

An ideal classification system should be simple, have
few criteria, with each criterion being easy to interpret, be
reproducible based on existing practice, highly sensitive,
with high negative predictive value, capable of reducing risks
at the lowest possible cost. Although it meets all the above
requirements, we have to consider that the prognostic models
are developed to be applied to new patients, who may come
from different centers, have different ethnicities, habits,
different morbidities and with the most different microbiomes.
Therefore, new patients are commonly referred to as different,
but similar to the patients who were used to develop the
models. When can a new population of patients be considered
(sufficiently) similar to the developing population to justify
the validation and, possibly, the application of a model? The
answer to this question is totally dependent on medical records
that can revalidate tools used in our practice.™

The present study'" goes further and prospectively evaluates
a cohort of patients using the tools most frequently used
at present to validate which of them would be the most
accurate in our population, and also identifies the strengths
and weaknesses of our capacity to assess and predict future
events. The importance of the study goes beyond the topic,
since it demonstrates the need to obtain records, allowing
the scientific community to be able to revalidate the most
distinct clinical scores in our practice, with a huge impact on
efficacy (by reducing the occurrence of sudden deaths) as well
as efficiency (by allowing us to allocate resources to include
patients with the greatest chance of benefit).
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Abstract

Background: Takotsubo syndrome (TTS) is an acquired form of cardiomyopathy. National Brazilian data on this
condition are scarce. The Takotsubo Multicenter Registry (REMUTA) is the first to include multicenter data on this
condition in Brazil.

Objective: To describe the clinical characteristics, prognosis, in-hospital treatment, in-hospital mortality, and
mortality during 1 year of follow-up.

Methods: This is an observational, retrospective registry study including patients admitted to the hospital with
diagnosis of TTS and patients admitted for other reasons who developed this condition. Evaluated outcomes included
triggering factor, analysis of exams, use of medications, complications, in-hospital mortality, and mortality during 1
year of follow-up. A significance level of 5% was adopted.

Results: The registry included 169 patients from 12 centers in the state of Rio de Janeiro, Brazil. Mean age was 70.9 +
14.1 years, and 90.5% of patients were female; 63% of cases were primary TTS, and 37% were secondary. Troponin |
was positive in 92.5% of patients, and median BNP was 395 (176.5; 1725). ST-segment elevation was present in 28%
of patients. Median left ventricular ejection fraction was 40 (35; 48)%. We observed invasive mechanical ventilation
in 25.7% of cases and shock in 17.4%. Mechanical circulatory support was used in 7.7%. In-hospital mortality was
10.6%, and mortality at 1 year of follow-up was 16.5%. Secondary TTS and cardiogenic shock were independent
predictors of mortality.

Conclusion: The results of the REMUTA show that TTS is not a benign pathology, as was once thought, especially
regarding the secondary TTS group, which has a high rate of complications and mortality. (Arq Bras Cardiol. 2020;
115(2):207-216)

Keywords: Cardiomyopathy, Dilated; Cardiomyopathy Takotsubo/mortality; Heart Failure; Stress, Psychological;
Chest Pain; Dyspnea; Multicenter Study.
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Introduction

Takotsubo syndrome (TTS), also known as takotsubo
cardiomyopathy or broken-heart syndrome, is a reversible
regional dysfunction of the left (LV) and/or right ventricle
(RV) in the absence of obstructive coronary disease; a large
part of cases are caused by situations of acute stress. It was
first described by Sato et al. in 1990, in Japan, with a series
of 16 cases that presented clinical characteristics of acute
coronary syndrome; all of the patients’ coronary arteries
were, however, angiographically normal, and they had history
of stressful event preceding the chest pain. The name is due
to the similarity between the LV during systole and the “tako-
tsubo,” which is a trap used in Japan for capturing octopus.
In 2006, the American Heart Association classified it in the
group of acquired cardiomyopathies, under the name stress-
induced cardiomyopathy.

The main manifestations of TTS are chest pain, dyspnea,
ischemic ECG changes, slight increase in cardiac enzymes,
and impairment of segmental ventricular function, without
obstructive coronary disease." Due to the fact that its clinical
picture is similar to that of acute coronary syndromes, its
main differential diagnosis is acute myocardial infarction
(AMI), a clinical condition with high morbidity and mortality,
and there are currently no criteria that make it possible to
establish a clear distinction between the two pathologies
during initial medical care.

Retrospective studies have made it possible to establish
the most prevalent characteristics in individuals with TTS,
such as female sex (90%), age over 50 years, recent history
of physical or emotional stress, acute chest pain, ST-segment
elevation (STE) on electrocardiogram (ECG), and increased
serum levels of troponin.:

In 2016, the European Society of Cardiology (ESC) defined
the diagnostic criteria for this syndrome," which were utilized
in this registry. Subsequently, in 2018, the ESC updated their
diagnostic criteria. Essentially, the modifications were the
inclusion of pheochromocytoma as a specific cause of TTS
and the possibility of coexisting coronary disease and TTS.

The physiopathology of this syndrome is complex, and it
has not yet been fully made clear. Diverse studies indicate
excessive release of adrenergic hormones (epinephrine and
norepinephrine) secondary to extreme sympathetic activation
and the cardiovascular response to this sudden sympathetic
activation as the central factors in the physiopathology of
the disease.

Complications that result from TTS involve heart failure
with reduced ejection fraction, generally below 25%,
with apical hypokinesia (80%), moderate to severe mitral
regurgitation (15% — 20%), cardiogenic shock (10% — 15%),
in-hospital mortality (3% — 5%), and recurrence (5% — 10%).*°
Evolution tends to be benign when adequate support is
provided early, with reversal of ventricular dysfunction in
one to two weeks; reversal may, however, take up to three
months.*

The REMUTA study is the first multicenter registry
conducted in Brazil, involving 12 private centers in the
state of Rio de Janeiro. The objectives of this study were
to describe the clinical and epidemiological characteristics,

Arq Bras Cardiol. 2020; 115(2):207-216

complementary exams, prognosis, and in-hospital treatment
of patients admitted with TTS and to evaluate in-hospital
mortality and mortality during 1 year of follow-up.

(Veja comentdrio no texto original. A minha sugestao aqui
seria “diagnosed”)

Methods

Definition of Clinical Subtypes

Primary: Acute cardiac symptoms are the main reason
for seeking medical attention.

Secondary: This occurs in patients who were already
diagnosed to the hospital for a different, non-cardiac
reason; it is a complication of the primary condition or
treatment thereof.

Study Design

This is an observational study, with retrospective analysis
of medical records. For data on mortality, death certificate
records of the state of Rio de Janeiro were evaluated.

Inclusion and Exclusion Criteria

Patients who were admitted to private hospitals with
diagnosis of TTS according to the ESC criteria and those
who developed TTS while already in the hospital for another
reason were included in this study. Patients whose medical
records were incomplete regarding data fundamental to
analysis were excluded.

Data Collection

Clinical characteristics, laboratory data, chest X-ray,
echocardiogram, ECG, cardiac nuclear magnetic resonance,
and cardiac catheterization were collected from medical
records. Each center coordinator identified patients with
TTS in their clinical databases or in the database of the
echocardiography or hemodynamics service. Following
confirmation that patients met the inclusion criteria, an
individual form was filled out with the data previously
mentioned. Mortality data was collected from the death
database of the Secretary of Health of the state of Rio de
Janeiro.

Objectives

To describe the clinical and epidemiological
characteristics, complementary exams, prognosis, and
in-hospital treatment of patients diagnosed with TTS. To
evaluate in-hospital mortality and mortality during one
year of follow-up.

Statistical Analysis

Continuous variables were described as mean and
standard deviation (SD) or median and interquartile range.
We used unpaired Student’s t-test or Mann-Whitney test
to compare continuous variables and identify univariate
predictors of in-hospital mortality. Categorical variables were
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described as percentages. The Kolmogorov-Smirnov test was
used to test the distribution pattern of numerical variables. We
used Fisher’s exact or chi-square tests to compare categorical
variables and identify univariate predictors of in-hospital
mortality. Variables that were significant in univariate analysis
were included in multivariate analysis (logistic regression) in
order to identify independent predictors of mortality. P-values
< 0.05 were considered statistically significant.

Kaplan-Meier curves were constructed to estimate survival,
and they were compared using the logrank test. Cox uni- and
multivariate analyses were used to identify independent
predictors of mortality after hospital discharge.

The statistical program used was SPSS version 15.0.

Ethical Aspects

The study protocol was approved by the Research Ethics
Committee of the Casa de Sadde Sao José, Rio de Janeiro,
on November 26, 2017, under certificate (CAAE) number
80206417.5.1001.5664 and opinion number 2.399.599.

Results

A total of 172 patients were identified with the inclusion
criteria. After analysis of medical records, 3 patients were excluded,
because data fundamental to analysis were not registered in the
records. Therefore, analysis included 169 patients who were
hospitalized between October 2010 and October 2017, in 12
different centers in the state of Rio de Janeiro.

Average patient age was 70.9 = 14.1 years and 90.5% of
patients were female. The most prevalent symptoms were
chest pain (63.6%) and dyspnea (44.6%). History of emotional
stress was present in 38.8% of patients. Table 1 shows the
clinical variables of the study sample.

In etiological analysis, 63% of cases were primary
TTS, and 37% were secondary.

Upon admission, patients presented with clinical stability,
as reflected by systolic blood pressure (SBP) 126.73 = 25.2
(average = SD) and heart rate 86.30 = 20 (average = SD).

Regarding complementary exams, troponin | was positive
in 92.5% of patients, with median (interquartile range) of
2.37 (0.63; 4.3) for conventional and 24.3 (0.8; 2650) for
ultra-sensitive. Median BNP was 395 (176.5; 1725). STE was
present in 28% of patients, while ST segment depression (STD)
was present in 11.8%. Table 2 shows the population’s main
laboratory and ECG characteristics.

All patients underwent coronarography, and non-
obstructive coronary disease (< 50%) was present in 24.2%
of cases. The other 75.8% had angiographically normal
coronary arteries.

Regarding echocardiographic analysis, median left
ventricular ejection fraction (LVEF) was 40 (35; 48)% when
evaluated by the Simpson method and 48 (40; 62)% when
evaluated by the Teichholz method. Complete or partial
reversal of LV dysfunction was evaluated, and it was present
in 68.2% of cases. Table 3 shows the main echocardiographic
variables analyzed, and Figure 1 shows changes in segmental
contraction patterns.

Table 1 - Clinical variables of the sample

Variable REMUTA (N = 169)
Age (mean + SD) 709 141
Male sex (%) 9.47
Chest pain (%) 63.6
Dyspnea (%) 446
Arterial hypertension (%) 69.7
Diabetes (%) 24.2
Dyslipidemia (%) 37.6
Chronic renal disease (%) 54
AFfflutter (%) 212
Tobacco use (%) 17.6
Obesity (%) 18.2
Emotional stress (%) 38.8
SBP (mmHg) (average + SD) 126.73 £25.2
DBP (mmHg) (average + SD) 72.99 +15.6
MBP (mmHg) (average + SD) 90.50 +17.8
HR (BPM) (average % SD) 86.30 + 20.0
Length of hospital stay (days) (median/IQR) 7.5(5;16)

AF: atrial fibrillation; DBP: diastolic blood pressure; HR: heart rate; IQR:
interquartile range; MBP: mean blood pressure; SBP: systolic blood
pressure; SD: standard deviation.

Table 2 — Laboratory and electrocardiographic variables

Variable (recorded dataltotal N) Result
Positive troponin (161/169)(%) 92.5
Positive CK-MB (84/169) (%) 84.7
STE (161/169)(%) 28.0
STD (161/169)(%) 11.8
Complete LBBB (161/169)(%) 741
Changes in repolarization (161/169)(%) 52.6

BNP (45/169) (pg/ml)(median/IQR) 395 (176.5; 1725)

Pro-BNP (7/169) (mean + SD) 4068.57 + 6121.28
Troponin | (45/169) (median/IQR) 2.37(0.63;4.3)

US Troponin | (76/169) (median/IQR) 24.3(0.8; 2650)

BNP: brain natriuretic peptide; LBBB: left bundle branch block; CK-MB:
creatine kinase myocardial band; IQR: interquartile range; SD: standard
deviation; STD: ST-segment depression; STE: ST-segment elevation; US:
ultra-sensitive.

When analyzing medications used during the hospital stay
period, we observed that betablockers (76.2%), antiplatelet
agents (60.1%), angiotensin converting enzyme inhibitors or
angiotensin receptor blockers (59.5%), anticoagulants (42.6%),
and loop diuretics (40.9%) were predominant. Dobutamine
(17.7%) and noradrenaline (21.3%) were also used in a
relatively large portion of the population (Figure 2).
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Table 3 — Echocardiographic variables

Variable (n) Result
LVEF Teichholz (143) (median/IQR) 48 (40; 62)
LVEF Simpson (87) (median/IQR) 40 (35; 48)
Moderate to severe MR (167) (%) 6.6

LV or RV thrombus (167) (%) 3.0
Pericardial effusion (167) (%) 48
LVOT obstruction (166) (%) 4.2
Reversal of LV dysfunction (132) (%) 68.2

LV: left ventricle; LVEF: left ventricular ejection fraction;
LVOT: left ventricular outflow tract; MR: mitral regurgitation;
RV: right ventricle

Regarding in-hospital clinical evolution, we observed
that 40.5% of patients required non-invasive mechanical
ventilation, and 25.7% required invasive mechanical
ventilation. Acute pulmonary edema was observed in
24.1% of patients, and circulatory shock was observed
in 17.4%. Ventricular arrhythmia was present in 8.5% of
patients; cardiorespiratory arrest was present in 12.7%,
and mechanical circulatory support was used in 7.7% of
cases (Figure 3).

In-hospital mortality was observed to be 10.6%, and
mortality after 1 year was 16.5% (Figure 4). Only 1 patient
with primary TTS progressed to in-hospital death (0.91%), in
contrast with 17 patients in the secondary TTS group (28.3%).
Table 4 shows univariate analysis of clinical predictors and
complementary exams with their statistical significance.

For the variables with non-normal distribution (troponin,
BNP, and ejection fraction), we used the Mann-Whitney
test, and only ejection fraction calculated by the Teichholz
method showed significant different between the death and
survival groups (p = 0.001).

In multivariate analysis of predictors of death (forward
stepwise logistic regression), we observed that secondary TTS
(p = 0.035 and OR: 4.5) and cardiogenic shock (p < 0.001
and OR: 13.2) were independent predictors of mortality,
while the presence of chest pain was a protective factor (p <
0.011 and OR: 0.14). Table 5 shows this analysis. The survival
curve of these predictors is shown in Figure 5.

Discussion

This study is the first multicenter registry of TTS in Brazil.
The most important observations after analysis of data were
the following: 1) The majority of clinical and epidemiological
characteristics are similar to those in international registries,
namely, predominantly elderly women, with chest pain and
dyspnea as the most prevalent symptoms; 2) Emotional stress
was found in only 38% of cases; 3) We observed an elevated
rate of secondary TTS; 4) In-hospital mortality was elevated,
as was mortality after 1 year of follow-up, and 5) Secondary
TTS and shock were independent predictors of mortality, while
chest pain was a protective factor.
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In relation to triggering factors, emotional stress was
not present in the majority of patients. In the Intertak
registry, the largest registry of TTS published to date,® the
rate was 27.7%, showing that the absence of an emotional
factor preceding the clinical manifestation absolutely does
not exclude this diagnosis. Furthermore, TTS preceded
by physical stress generally has a secondary cause and a
worse prognosis.

BNP was shown to be elevated in our population. In
the Intertak registry,® the average value was 6 times the
cutoff limit for the test. These values are greater than
those observed in patients with acute coronary syndrome
but lower than those of the general population with
decompensated heart failure, such as in the BREATHE
registry where it was 1075 (518; 1890).

We observed a lower prevalence of STE than the 43.7%
seen in the Intertak registry.” On the other hand, out study
had a higher rate of STD (7.7% in the Intertak registry). A
multicenter Japanese registry of TTS showed an elevated
rate of STE of approximately 74% and negative T waves in
70% of cases. These data show that typical ischemic changes
may be absent in 25% to 70% of cases.

The degree of ventricular dysfunction, as reflected by
LVEF, was equal to that observed in the Intertak registry®
(41% = 11.8%). The mid-apical pattern was by far the one
most found, which is in consonance with the literature. It
is noteworthy that, in our registry, the biventricular pattern
held third place. This is not well described in other studies
on TTS, and it shows that we should pay more attention to
the assessment of the RV in this pathology. Non-negligible
rates of complications such as moderate to severe mitral
regurgitation, pericardial effusion, intra-ventricular
thrombus, and left ventricular outflow tract obstruction
were observed, showing that ventricular dysfunction is not
the only problem and that cardiac involvement may by more
complex in some cases. Another point worth underscoring
is that practically one third of our patients were discharged
from the hospital without an improvement in ventricular
function on pre-discharge control echocardiogram. It is
worth underlining that, although, by definition, dysfunction
ventricular is reversible in TTS, there is no specific time for
this improvement. In our sample, median length of hospital
stay was 7.5 days. This population should receive closer
outpatient follow-up in order to verify if longer ventricular
function recovery time has a prognostic impact.

The Swedeheart study, which evaluated 302 patients
with TTS, found cardiogenic shock in 5% of cases and
cardiac arrest in 3%, while these rates were much lower in
our registry. The use of inotropic and diuretic medications
was also 7% and 20%, respectively, in the Swedeheart
study,” which were much lower than the rates observed in
our registry, showing, once again, the much greater severity
in our cohort. Mortality in the Swedeheart study® was 4%
in 30 days; in the Japanese registry, it was 6.3% during the
in-hospital period, and in the Intertak registry® it was 5.6%
over 1 year. In addition to the significantly higher mortality
in our study, in comparison with international studies, we
also observed a high rate of complications such as shock,
acute pulmonary edema, need for invasive and non-
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Figure 2 - Medications used during hospital stay. ACEI: angiotensin converting enzyme inhibitors; ARB: angiotensin receptor blockers

invasive ventilation, and 7.7% use of mechanical circulatory
support. Analyzing predictors of mortality in our registry,
we found that secondary TTS was largely responsible for
this high mortality. These patients who developed TTS
within contexts where another disease was the reason for
hospitalization appear to have very different characteristics
from those with primary TTS. A recently published review
article shows that, in secondary TTS, the men-women ratio

is much more balanced than in primary TTS, namely 1:1 to
1:3 in secondary TTS, in comparison with 1:9 in primary
TTS. Another important difference is that the presence
of chest pain in primary TTS is 75%, while it is under
20% in TTS. This corroborates our finding that chest pain
was an independent protective factor against mortality.
Furthermore, patients with secondary TTS had higher
rates of shock (30% — 69% versus 9.9%) and in-hospital

Arq Bras Cardiol. 2020; 115(2):207-216

211



212

Almeida Junior et al.
Takotsubo Multicenter Registry (REMUTA)

Original Article

45

40

40.5

35

30

25

24.1 25.7

20

15

12.7

10 77

17.4

Circulatory Ventricular CRA

support  arrhythmia

Shock

APE IMV NIMV

Figure 3 - In-hospital complications. PCR: APE acute pulmonary edema; CRA: cardiorespiratory arrest; IMV: invasive mechanical ventilation; NIMV: non-invasive

mechanical ventilation.

0.8+

0.6

Survival

0.2+

T T T
0.000 2.000 4.000

T T T T
6.000 8.000 10.000 12.000
Time (12 months)

Figure 4 — Overall 1-year survival.

mortality (4.1% versus 35% — 50%). In the literature, there
is a scarcity of data on secondary TTS, for instance, even
simple data on the incidence of this subgroup in registries.
A recently published systematic review, involving 54
observational studies with a total of 4,679 patients with
TTS evaluating long-term prognosis showed an in-hospital
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mortality of 2.4%. The yearly rate of mortality during
follow-up (median of 28 months with interquartile range
of 23 — 34) was 3.5%. Multivariate analysis identified the
following 3 predictors of mortality: more advanced age,
atypical form of ventricular ballooning, and physical stress.
This corroborates our findings, namely, that this is not a
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Table 4 - Univariate analysis of clinical predictors and complementary exams

Variable N Survival Death P value
Age (mean + SD) 169 70+14 77414 0.056°
Sex

Female 153 135 18

Male 16 16 0 0.22*
Chest pain
Present 105 100 5
Absent 60 48 12 0.002#
Dyspnea
Present 74 63 1"
Absent 92 86 6 0.078*
Troponin
Positive 149 134 15
Negative 12 1 1 1.0*
STE
Present 45 41 4
Absent 116 105 1 1.0*
STD

Present 20 17 3

Absent 140 128 12 0.4*
Emotional stress

Present 64 63 1

Absent 101 85 16 0.003*
Secondary takotsubo syndrome

Present 60 44 16

Absent 105 104 1 <0.0001*
Biventricular involvement

Present 7 5 2

Absent 160 145 15 0.15*
Improved ventricular function

Present 90 83 7

Absent 42 34 8 0.77*
Non-invasive mechanical ventilation

Present 68 55 13

Absent 100 95 5 0.004*
Ventricular arrhythmia

Present 14 10 4

Absent 151 138 13 0.041*
Invasive mechanical ventilation

Present 43 28 15

Absent 124 121 3 <0.0001*
[‘aneF;rg";”:E?) 169 92417 81419 0.023°
Cardiogenic shock

Present 29 19 10

Absent 138 130 8 <0.0001*
Mechanical circulatory support

Present 13 8 5

Absent 155 142 13 0.006*

*Exact Fisher test; *Chi-squared test; ° Student’s t test; MBP: mean blood pressure; SD: standard deviation; STD: ST-segment depression; STE: ST-segment elevation.
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Table 5 - Multivariate analysis of predictors of death

Variable B P value OR Cl (95%)
Chest pain -1.99 0.011 0.14 0.03-0.6
Secondary takotsubo syndrome 15 0.035 45 1.1-18
Cardiogenic shock 2.6 0.001 13.2 3.0-59
OR: odds ratio; B: regression constant; Cl: confidence interval.
Type of takotsubo syndrome Shock
104 = + + + 1.0 i
i \ . +
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Figure 5 - Independent predictors of mortality. A: One-year survival according to type of takotsubo syndrome; B: One-year survival according to the presence
of shock; C: One-year survival according to the presence of chest pain at admission

benign pathology and that physical stress, which is closely
linked to secondary TTS, is an important prognostic factor.
The rate of physical stress in the systematic review'" and
the rate of secondary TTS in our study were very similar,
namely 36% and 37%, respectively. Furthermore, in the
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systematic review, the rate of cardiogenic shock was
19%, which is quite similar to our study, and the rate of
malign arrhythmia was 10%. It is worth emphasizing that
the systematic review did not include any studies from
South America.
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Limitations

This registry is a retrospective analysis of medical records.
For this reason, some data were missing, especially those
from complementary exams, whether due to their absence
from medical records or, more likely, because they were not
performed. Only 20 patients (11.8%) underwent magnetic
resonance (MR), but this is a common characteristic in
this type of study, and it reflects clinical practice. In the
Japanese registry, only 5.5% of patients underwent MR.
Although mortality data during long-term follow-up tend
to be quite reliable, we do not have data on post-discharge
clinical follow-up.

Conclusion

REMUTA is the first multicenter Brazilian registry of TTS. Its
results show that TTS is not a benign pathology, as was once
thought, especially in the secondary TTS subgroup which
has an elevated rate of complications and mortality. Specific
strategies for dealing with this subgroup should be developed
with the aim of improving care quality and clinical outcomes
for these patients.
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Short Editorial

Takotsubo Syndrome, Does it Exist as a Specific Disease?

Bruno Caramelli’

Universidade de Sao Paulo — Instituto do Coragao (InCor)," Sao Paulo, SP — Brazil
Short Editorial related to the article: Takotsubo Multicenter Registry (REMUTA) — Clinical Aspects, In-Hospital Outcomes, and Long-Term Mortality

The name syndrome combines two Greek roots to describe
a condition gathering a group of signs and symptoms existing
together in patients. It seems that Avicenna first used it in his
1025 publication “The Canon of Medicine”." In genetics,
the use of the name syndrome generally assumes that the
underlying cause of the disease is known. On the other hand,
in medicine, syndrome refers to conditions both with a known
and unknown cause.

Historically, associated signs and symptoms found to be
of improbable correlation were eventually known to have an
underlying cause responsible for all of them. Even after the
cause is unraveled, the original word remains, sometimes with
the name of the first describer, and this is probably the reason
for the existence nowadays of syndromes with identified and
unidentified causes.

In this number, Arquivos Brasileiros de Cardiologia publishes
the article entitled Takotsubo Multicenter Registry (REMUTA)
- Clinical aspects, in-hospital outcomes, and long-term
mortality.? The Takotsubo syndrome was reported initially
by Sato et al., in 1990, in Japan, describing 16 cases that
shared well-known signs and symptoms: typical chest pain
following a stressful event and “angiographically normal”
coronary arteries.

The Takotsubo Multicenter Registry (REMUTA) adopted the
diagnostic criteria from the task force on Takotsubo syndrome
of the Heart Failure Association of the European Society of
Cardiology, published in 2016.% According to these criteria, if
the culprit coronary lesion is identified, the diagnosis of acute
coronary syndrome is established, and Takotsubo syndrome
is discarded. In the REMUTA registry, all patients performed
coronary angiography, and 24.2% of them showed non-
obstructive coronary artery disease, defined by the authors
as less than 50% obstructions. The remaining 75.8% had,
according to the authors, “angiographically normal” coronary
arteries. However, there is no reference to the absence of a
culprit coronary lesion in the patients studied, a necessary
criterion for the diagnosis of Takotsubo syndrome, as stated
in the first 2016 consensus, adopted by the REMUTA study.
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Above, the expression “angiographically normal” has
quotes, on purpose, for one reason: the definition of
angiographically normal coronary arteries is challenging to
establish. There are limitations related to the resolution of
imaging methods and the well-known concept that even
subtle atherosclerotic plaques can trigger coronary thrombosis.
Moreover, endothelial dysfunction affecting epicardial
coronary arteries or its endocardial ramifications can be
responsible for the development of acute coronary syndromes
(ACS). Indeed, an International consensus about intracoronary
imaging, published in 2019, states that the culprit lesion
cannot be identified in 4-10% of the patients with ST-elevation
ACS and in >30% of patients non-ST-elevation.* Considering
all these caveats, even after modifications, the angiographic
definition for Takotsubo syndrome does not offer a confident
bedside criterion for clinical practice. Maybe for that reason, in
2018, the original definition of Takotsubo syndrome, suggested
by Sato et al. was modified again, and the new consensus
stated that significant coronary artery disease is not anymore,
a contradiction for the diagnosis of Takotsubo syndrome.®

In medicine, it is of paramount importance to have health
conditions with clear definitions for differential diagnosis, risk
stratification, and as reference for future studies in clinical
research. This principle paved the way for the establishment
of the now central concepts of ST-elevation and non-ST-
elevation acute coronary syndromes, for example. At the
bedside, modern cardiologists know how to stratify risk and
give adequate treatment for both conditions. This is not the
case for Takotsubo syndrome that cannot be undoubtedly
distinguishable from acute coronary syndromes. As can
be seen in Table 1, except for the increased prevalence in
postmenopausal women, all other criteria are present in
both syndromes, and the differences are based on subjective
opinions taken in front of the patient. In the absence of
objective criteria, differential diagnosis is challenging, and
the patients could be misdiagnosed. Despite considering very
important to have a National Registry of a specific disease (and
| congratulate the authors for that effort), the reader cannot
exclude the possibility that some patients in REMUTA had the
diagnosis of ACS instead of Takotsubo Syndrome.

In summary, the correct diagnosis of Taktsubo syndrome
often remains elusive. Conversely, recent data showed
that magnetic resonance has a promising role in Takotsubo
syndrome and could represent, in the future, the cornerstone
for the differential diagnosis.® Acute coronary syndromes
represent today a big and important group of heart diseases,
each one with specific characteristics and treatment. Takotsubo
syndrome, on the contrary, still lacks a definitive identity. Isita
specific, independent disease or a peculiar presentation of an
acute coronary syndrome? As in the Hebrew version of the story
of Jonah in the Bible, Takotsubo must swim faster, get stronger
and grow; otherwise, it will be swallowed by the giant fish.
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Table 1 - Diagnostic criteria comparison chart between Takotsubo and Acute coronary syndromes

Diagnostic criteria Takotsubo Acute coronary syndromes
Transient left ventricular dysfunction ++t +
Emotional/physical trigger ++ +
Neurological disorders as a trigger ++ +
New ECG abnormalities ++ +H
Elevated cardiac biomarkers + +H
Discard infection myocarditis + +
More frequent in postmenopausal women + -
Significant coronary artery disease + haa
"
f
AL LG
g .P_;

Figure 1 - As in the Hebrew version of the story of Jonah in the Bible, Takotsubo must swim faster, get stronger and grow; otherwise, it wi