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EDITORIAL

Int J Cardiovasc Sci. 2022; 35(2), 145-147

The Pathway to a High Impact Journal and Scopus Indexation — New Achievement of
the International Journal of Cardiovascular Sciences

Claudio Tinoco Mesquita'*?

Universidade Federal Fluminense,’ Niteroi, RJ - Brazil

Nuclear Medicine Department — Hospital Pré-Cardiaco,? Rio de Janeiro, RJ - Brazil

Hospital Vitdria,’ Rio de Janeiro, RJ - Brazil

"If everyone is moving forward together, then
success takes care of itself."

Henry Ford

The International Journal of Cardiovascular Sciences
(IJCS) has finally achieved its inclusion in one of the most
important abstract and citation databases: Scopus. This
international database is sponsored by Elsevier and was
launched in 2004. Scopus covers over 25,100 titles (over
23,452 peer-reviewed journals) from approximately 5,000
publishers. IJCS has made some important changes to be
accepted in Scopus, including an entirely new and highly
interactive website (jjcscardiol.org), a renovation of the
editorial board with a more diverse international team
of experts in cardiovascular sciences, adoption of open
science directives' and gender equity policies,” and a high
bar for evaluation of articles for publication. These changes
contributed to better results concerning the impact of the
journal. From 2017 to 2020, IJCS published 390 articles (191
original articles). I[CS articles were cited 493 times. IJCS’s
h-index is 13 (Google Scholar), and published articles had
573,736 accesses on SciELO. The rejection rate of IJCS is
46%, and average time for article acceptance is 77 days.

Inclusion in Scopus promotes long-term changes for a
scientificjournal; there is an increase in internationalization
and an improvement in the impact of the articles. Moed et
al found that, after a nationally oriented journal is included

Keywords

Cardiology; Periodicals as Topic/standards;
Abstracting and Indexing as Topic/methods; Editorial
Policies; Databases, Bibliographic/trends; Citation
Databases; Journal Impact Factor.

in Scopus, the use of English as publication language
and open access status are important determinants of
internationalization in the long term.* IJCS has been
compliant to these since 2018. Furthermore, the authors
showed that national journals from USA, Japan, Brazil, and
Iran evaluated after the year they entered Scopus revealed
a broadening of the citation impact compared to the
overall average.® This is important because IJCS now will
be ranked in Scopus in the cardiology and cardiovascular
medicine subject category and can be compared with its
partners. Elsevier publishes three journal metrics based on
the Scopus citation database: (1) the Source-Normalized
Impact per Paper (SNIP); (2) the Impact per Publication
(IPP); and (3) the SCImago Journal Rank (SJR). SJR is used
by the Brazilian Ministry of Education to qualify journals
for the evaluation of post-graduate programs. SJR accounts
for both the number of citations received by ajournal and
the importance or prestige of the journals from where such
citations come.*

Accessing the 2020 SJR rank, we can find 349 journals
in the cardiology and cardiovascular medicine subject
category, most from North America and Europe. There
are 12 journals in this subject from Latin America (Table
1). The best ranked journal from Latin America is Arquivos
Brasileiros de Cardiologia (ABC Cardiol), with SJR of 0.400.
Like IJCS, ABC Cardiol is sponsored by the Brazilian Society
of Cardiology. IJCS will be soon ranked by SCImago,
and authors and reader will be able to use the ranking
to evaluate the journal’s impact. Our aim is to increase
the impact factor of IJCS so that it will be comparable to
that of ABC Cardiol, which recently obtained the highest
ranking in its history.>

Journal rankings and scores are used for a list of
academic and economic activities: (1) by academic
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The Pathway to a High Impact Journal and Scopus Indexation

committees to assess performance of competitors, (2) by
scientists to choose journals to which they will submit their
research findings, (3) for professional promotion inside
scientific institutions, and (4) by publishers seeking to
promote their journals to attract submissions.* There are
many problems with impact factors and journal rankings,
and the Leiden Manifesto published in 2015 is a reference
for better science evaluation and interactions with society.
Research metrics are important, but the social impact
of this research is one of the most crucial aspects that
we can measure from a high-quality science evaluation
process. Four of the five most visited articles from IJCS are
dedicated to the impact of COVID-19 on the cardiovascular
system, and the two most visited are devoted to the
interactions between COVID and physical activity.”® IJCS
promoted several changes to facilitate COVID-19 papers to
be evaluated and published in a timely manner. The social
impact of these articles has been clearly demonstrated by

the interest created in the scientific community. We hope
that the association of good science, social driven impact,
and the internationalization related to Scopus indexation
will be significant steps toward IJCS becoming a high-
impact cardiovascular journal. By evaluating hundreds
of articles, sending thousands of emails to reviewers and
authors, and issuing hundreds of opinions and a critical
analysis of comprehensive cardiovascular scientific
production, we have managed to take the IJCS to a new
level of international visibility, make it more attractive to
high-quality science, and contribute to the transformation
of society. This is the objective of a scientific journal: to
bring high-quality information and peer-reviewed data
that can change the status quo. We still have a long way to
go, but we are confident that we will get there by working
as a team. Thank you very much to all who contributed for
the hard work done. Together we can make a difference in
a world that desperately needs solutions for its problems.

Table 1 - SCImago 2020 ranking information from cardiology and cardiovascular medicine journals

Title SJR Quartile H-index Country Publisher
Arquivos Brasileiros de . Sociedade Brasileira de
. i 0.400 Q3 53 Brazil . i
Cardiologia Cardiologia
Brazilian Journal of . Sociedade Brasileira de Cirurgia
. 0.324 Q3 26 Brazil .
Cardiovascular Surgery Cardiovascular
. . Sociedade Brasileira de
Jornal Vascular Brasileiro 0.224 Q3 15 Brazil . . . .
Angiologia e Cirurgia Vascular
Revista Latinoamericana de Sociedad Latinoamericana de
i X 0.210 Q3 7 Venezuela i .
Hipertension Hipertension
. . . . . Sociedad Argentina De
Revista Argentina de Cardiologia 0.155 Q4 11 Argentina . .
Cardiologia
Archivos de Cardiologia de . Instituto Nacional de Cardiologia
. 0.149 Q4 17 Mexico .
Mexico Ignazio Chavez
. . Sociedad Colombiana
Revista Colombiana de . . i L
. . 0.125 Q4 10 Colombia de Cardiologia y Cirugia
Cardiologia .
Cardiovascular
Revista de la Federacion . Federacion Argentina de
. . . 0.112 Q4 5 Argentina . i
Argentina de Cardiologia Cardiologia
. . . . . Asociacion Nacional de
Revista Mexicana de Cardiologia 0.108 Q4 5 Mexico . .
Cardiologos de Mexico
Revista Mexicana de Enfermeria . Sociedad Mexicana de
. X 0.105 Q4 2 Mexico . R
Cardiologica Cardiologia
Insuficiencia Cardiaca 0.101 Q4 5 Argentina Silver Horse S.R.L.
Revista Mexicana de Angiologia 0.101 Q4 3 México Sociedad Mexicana De Angiologia

Legend: SJR: SCImago Journal Rank. Source: https://www.scimagojr.com/.
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Science Gender Gap: Are We in theRight Path?
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Women are entering the medical and scientific
community in growing numbers, reaching and even
surpassing their male counterparts in medical schools.
However, a settled imbalance between men and women
is still a reality in the international cardiology community
despite these recent advances.! The female presence in
Brazilian medical schools was barely noticed until the
1960s; in the following years, there was a gradual increase
in the number of women in the medical field, mainly in
the first decade of the 21st century (59 % in 2020). In a 2020
demographic analysis of the Brazilian Federal Council of
Medicine , men still predominated, accounting for 53.4%
of all doctors in the country. Nevertheless, in the age-range
below 30-years-old, women are the majority, accounting
for 58.5%; the percentage of female doctors is inversely
proportional to the increase in the age group, with only
21% of women in the age group above 70 years old.?

In the USA, women represent less than 15% of the
cardiology workforce and less than 5% of interventional
cardiologists,” while in Europe, women account for
only one-third of cardiologists, and 18% of women are
interventionists.? Currently, Brazil has nearly 500 thousand
doctors, 17,802 thousand cardiologists, of which 31.1% are
females, and mostly concentrated in the southeast region.
In 2018, only 215 (8.6%) of a total of 2,062 cardiovascular
surgeons and 7.5% of 970 interventional cardiologists
were women.! The Brazilian Society of Cardiology had
two female presidents; and the Cardiovascular Surgery
Society, the Interventional Cardiology, and the Federation
of Portuguese Language Cardiology Societies had one
female president. Also, in the last five years, only one fifth

Keywords

Cardiovascular Disease; Cardiologists; Women; Ethics;
Gender Identity; COVID-19; Pandemic

of the speakers in the annual congress of the Brazilian
Cardiology Society were women.

There are more male than female doctors in the private
sector (23.9% vs. 14%), and more women in the public
and academic sectors (53% vs. 44% of men). Among the
professionals who work 20 and 40 hours a week, only 2.7%
of the women earn US$ 10,762 per month compared to 13%
of men. The likelihood of male doctors earning more than
US $ 10,762 is 17%, and of female doctors, only 4%. Wage
inequality between genders persist concerning workload,
and office and on-call hours.? In the USA, white women
earn 77 cents on the dollar, black women, 79 cents, and
Asian women 75 cents comparing with male physicians
in their own racial or ethnic groups. Although these data
come from academic medical institutions only, they reflect
the compensation of 60,000 physicians.® In an era when half
of the medical students are women, these professionals
will not succeed unless institutions make a commitment
to improve processes and reshape practices and patterns
at workplace that have been inadvertently benefited men
and detrimental to women; additionally, these practices
have upheld the unjustified and deeply troubling gender
pay gap-*

Gender gap in science and academic careers is not
new. According to US data, less than 30% of the world’s
researchers are women. Also, high-status awards and
positions are less likely to be given to women in science.”
A Brazilian study® found that female scientists who hold
a productivity scholarship and obtain more funding are at
the lower levels of the research ranking system. In addition,
only 14% of the Brazilian Academy of Science members
were women.? The authors pointed out several factors
that contribute to the underrepresentation of women in
higher positions and leadership. However, the primary
factor influencing women'’s career in science is still an
understudied topic: motherhood.?
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Another study analyzed the influence of gender,
parenthood, and race on academic productivity during
the pandemic period based on a survey responded by
3,345 Brazilian academics from various knowledge areas
and research institutions. The authors found that male
academics, especially those without children, were the least
affected group. In contrast, Black women and mothers were
the most impacted groups because of the uneven domestic
division of labor between men and women, exacerbated
during the pandemic.’

Results from the latest Organization for Economic Co-
operation and Development (OECD) International Survey
of Scientific Authors (ISSA2) showed that women are
underrepresented in research careers. On average, across
OECD countries, only nearly 40% of all the investigators
are women — ranging from 23% in Luxembourg to 56% in
Lithuania — and they are considerably less likely to be in
leadership positions. Only 30 % of corresponding authors
are women. Also, women authors earn on average 5 to 6%
less than their male counterparts, even after accounting for
individual and job-related characteristics."

In addition to productivity grants, we can also analyze
the Gender Gap in Science through the research supported
by the Department of Science and Technology (DECIT) of
the Secretariat of Science and Technology and Strategic

Inputs (SCTIE) of the Brazilian Ministry of Health, currently
under the leadership of a woman. Figure 1 shows the
distribution DECIT/SCTIE/HM-funded research projects
from 2010 to 2021 by sex and federative units. There are
significantly more projects coordinated by women, mainly
in the states of Rio Grande do Sul (RS), Minas Gerais MG),
and Bahia (BA). The number of projects coordinated by
men was higher in the states of Piaui (PI), Rio Grande do
Norte (RN), Roraima (RR) and Sao Paulo (SP).

In Figure 2, we can see the distribution of research
funding from the DECIT/SCTIE/MS by sex and geographic
region from 2010 to 2021. In this period, the average
funding for the total number of studies was R$ 248
thousand, except in the southeast region (average of R$
472 thousand). All other regions were below the national
average. Interestingly but unfortunately, the average value
per project coordinated by men was higher than those
coordinated by women, which was even more evident
in the north and south regions of the country, where the
average funding per project coordinated by men was twice
the value observed for women.

Figure 3 shows the distribution of the proportion of
resources invested, by sex, in the 20 most-funded areas
of research according to the National Agenda of Health
Research Priorities of the Brazilian Ministry of Health

3
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Figure 1 - Distribution of research projects funded by the Department of Science and Technology (DECIT) of the Secretariat of
Science and Technology and Strategic Inputs (SCTIE) of the Brazilian Ministry of Health from 2010 to 2021 by sex and federative
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Figure 2 - Distribution of average funding per research project funded by the Department of Science and Technology (DECIT) of the
Secretariat of Science and Technology and Strategic Inputs (SCTIE) of the Brazilian Ministry of Health in the period from 2010 to 2021
by sex and region.

Source: Management database of the Department of Science and Technology (DECIT) of the Secretariat of Science and Technology and Strategic Inputs
(SCTIE) of the Brazilian Ministry of Health. (1US$=R$5,24)
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Figure 3 — Distribution of resources invested in research by sex in the 20 most-funded areas according to the National Agenda of
Health Research Priorities of the Brazilian Ministry of Health (Agenda Nacional de Prioridade de Pesquisa em Satide, ANPPS
according to the 20 most funded ANPPS sub-agendas (*)

Source: Management database of the Department of Science and Technology (DECIT) of the Secretariat of Science and Technology and Strategic Inputs
(SCTIE) of the Brazilian Ministry of Health. (1US$=R$5,24)
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(Agenda Nacional de Prioridade de Pesquisa em Saude,
ANPPS). Again, a gender gap is observed. Also, it is
noticed that the themes “Maternal and Child Health”,
“Work Management and Health Education”, “Women's
Health”, and “Health of the Elderly” concentrate
more than 70% of the resources invested in research
coordinated by women.

In addition, a summary of research projects funded
by the DECIT (Table 1) shows that the gap persists, since
although female researchers hold more contracts, they
are granted less funding . The comprehensive depiction
of gender inequality in health sciences may provoke a
discussion about the sustainability of women’'s careers,
and provide a basis for decision-makers of health
policies.! The equitable presence of women in advisory

and administrative bodies of health favors the formation
of an environment based on societal and democratic

principles.'

To change the inequality setting, we have to invest in
public policies to identify the flaws and rearrange the
relations to value the differences, and make it sustainable
and inclusive, in a way that female researchers
could reconcile family, private and professional life.
Optimization of women’s participation in research
projects goes through more investment. Our compelling
task is to create a more favorable institutional and
healthier environment for women and men, without
losing the bigger picture of potentially introducing

fundamental changes in the Brazilian society.

Table 1 - Number of research contracts in force and total amount of funds invested by the Department of Science
and Technology (DECIT) of the Secretariat of Science and Technology and Strategic Inputs (SCTIE) of the Brazilian
Ministry of Health for male and female researchers from 2010 to 2021

WOMEN % MEN % Total
Contracts inforce 1,888 57.95 1,370 42.05 3,258
Funds invested US$ 68,642,246.21 44.42 US$ 85,896,666.52 55.58 US$ 154,538,912.73

Source: Management database of the Department of Science and Technology (DECIT) of the Secretariat of Science and Technology and Strategic Inputs

(SCTIE) of the Brazilian Ministry of Health (1US$=R$5.24)
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Implementation of a Telecardiology Service in a Health Unit in the City of Porto Alegre,
Brazil: A Pilot Study
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Abstract

Background: The implementation of Telecardiology in primary care in the city of Porto Alegre, Brazil, is a viable and
promising strategy. It would decrease the distance between patient and specialized professional services by reducing
unnecessary referrals and improving the quality of primary care and satisfaction of patients and health professionals.

Objective: To implement a Telecardiology service and assess user satisfaction using the CARDIOSATIS scale.

Methods: This was a pilot study developed by a partnership between the Institute of Cardiology and the Telehealth
Center of Rio Grande do Sul. The study was carried out at Eri Flores-Vila Vargas health center in the city of Porto
Alegre, from May to October 2019, and included 21 patients attending the health center. The descriptive analysis of
data was performed using the SPSS program (Statistical Package for the Sciences) version 23. Data normality was
checked using the Kolmogorov-Smirnov test. Statistical significance was set at 10%.

Results: Mean age of participants was 43.8 + 16.1 years. The most common risk factors in the sample were physical
inactivity (81%) and smoking (43%). Most patients had normal electrocardiogram (ECG) readings. The time elapsed
from the performance of the ECG test, transmission of the ECG traces to Telehealth, and return of the final ECG
report to the health center was 0-7 days. The CARDIOSATIS scale revealed a high prevalence of “very satisfied”
users for the general satisfaction domain, and only 14.3% of patients were dissatisfied with their health.

Conclusions: Telecardiology reduced the distance between patient and the specialized professional, with a high
level of patient and health professional satisfaction. Our study can serve as a basis for the implementation of a
telecardiology network in the city of Porto Alegre in the future.

Keywords: Telemedicine/methods; Cardiovascular Diseases; Electrocardiography; Telemedicine/trends; Telemedicine/ethics.

Introduction Porto Alegre, located in the south of Brazil, is the tenth

most populous capital in the country, with an estimated

In Western European countries and the United States,
morbidity and mortality from coronary artery disease
(CAD) is about three times higher than cerebrovascular
disease. In Brazil, cardiovascular diseases (CVDs) are
responsible for about one third of deaths according to
DATASUS.*2 This is particularly important considering
that as longevity of populations increases, chronic

diseases including CVDs become more frequent.

1,484,941 inhabitants. The primary care system in the
city covers areas of high social vulnerability and difficult
access to specialized services. In this context, reducing
geographicbarriers and optimizing referrals to secondary
and tertiary care would improve the provision of care
and favor the local economy.

Telehealth appears as an opportunity to respond to this
need using communication with information technology
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for information exchange. In Porto Alegre, together with
the Federal University of Rio Grande do Sul (UFRGS),
the Telehealth center aims to increase healthcare delivery
and improve professional satisfaction.

The Porto Alegre the Pontifical Catholic University of
Rio Grande do Sul (PUCRS) and the Institute of Cardiology
of Rio Grande do Sul (ICFUC-RS) have implemented a
telecardiology program, through Tele-ECG, and a special
second opinion service to identify susceptible CVD and
improve local health care.'* In this sense, telecardiology
emerges as an opportunity to improve local economic,
reduce the distance between the patient and specialized
health services, avoiding unnecessary referrals,*® and
improving the quality of care.”*

Based on these observations, this study aimed at
evaluating the implementation of a Telecardiology
Network that includes electrocardiogram (ECG) tests
in a primary care center in the city of Porto Alegre.
Also, we evaluated the level of user satisfaction using
the CARDIOSATIS Scale.’

Methods

This pilot study was conducted at Eri Flores Vila
Vargas health center in Porto Alegre from May to October
to 2019. The study was developed by a partnership
between the Institute of Cardiology (responsible for
interpreting the electrocardiogram tests) and the
Telehealth Center of Rio Grande do Sul that guided the
team.

The flowcharts of the implementation of the
telecardiology service and care program at the Eri Flores
Vila Vargas health center are shown in Figures 1 and 2.

The eligibility criteria were patients aged >18 years
attending the Eri Flores Vila Vargas health center,
with indication for ECG, CVD risk factors (smoking,
dyslipidemia, alcoholism, obesity, and sedentary
lifestyle), and comorbidities such as stroke, ischemic
heart disease, deep vein thrombosis and who agreed to
take part in the study.

The CARDIOSATIS-USER scale was used to
evaluate patient satisfaction. The instrument
evaluates the domains of general satisfaction, quality
of service facilities and team, access and agility,
problem-solving capacity, quality of care received
and satisfaction with health.

Data collection was performed using the RedCap®
(Research Electronic Data Capture), a secure web

application for managing online databases. ECG tests
were performed using a Wincardio equipment.

Around 10 ECG exams were performed per week.
The tests were then attached to the Telessatide-RS
platform, where it was evaluated and approved by a
collaborating cardiologist. As this is a study developed
within the Brazilian National Telehealth Program
(Programa Nacional Telessatide Brasil Redes), patients
needed to be registered in the Teledermatology
interface of the Telehealth Platform, adapted to the
study. Also, the ECG exams needed to be sent to
the teleconsultation center within 72 hours, following
the deadline established by the program . It is important
to remind that this study was not intended to evaluate
data from the return appointment.

For analysis of ECG results, the data were entered into
the platform by registered health professionals, using
a login and password, which was determined by the
management of the Telehealth center, allowing greater
security in accessing the platform.

Ethical principles were respected, according to the
ethical guidelines for research involving human subjects
(Resolution 466/12 of the Brazilian National Health
Council). The project was approved by the Research
Ethics Committee of the ICFUC and subjected to the Eri
Flores- Vila Vargas health center and the Rio Grande do
Sul Telehealth center coordinators” approval.

Statistical analysis

Continuous variables with normal distribution were
described as average and standard deviation, and those
without normal distribution as median and interquartile
range. Normality of the data was checked using the
Kolmogorov Smirnov test. Categorical variables were
described as absolute and relative frequencies. The
level of significance adopted was 10% and the data were
analyzed using the SPSS (Statistical Package for the Social
Sciences) program version 23.

Results

A total of 21 patients (71.4% women), with suggestive
cardiac signs and symptoms were evaluated. Mean
age was 43.8+16.1 years, and mean body mass index
(BMI) was 27.54£5.9 Kg/m?. Only two patients (10%)
had higher education.

Blood pressure was measured at rest according to
the 7th Brazilian Guidelines on Arterial Hypertension.®
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Flow diagram of Telecardiology Implementation at the Vila Vargas Health Unit
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Figure 1 - Flow diagram of the Implementation of the Telecardiology at the Eri Flores Vila Vargas health center, Porto Alegre, Brazil
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Figure 2 - Flow diagram of the Implementation of the care program at the Eri Flores Vila Vargas health center, Porto Alegre, Brazil
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Mean systolic and diastolic blood pressure was
123.3+7.9 mmHg and 75.5+4.97 mmHg, respectively.
The risk factors found were sedentary lifestyle (81%),
smoking (43%), dyslipidemia (14.3%), and obesity (5%).
The prevalence of diabetes mellitus was 86% in the study
group (Table 1).

Analysis of the ECG reports revealed that only four
patients had left ventricular hypertrophy and one had left
bundle-branch block. Most patients had a normal tracing.

The median time between ECG performance and
transmission of the ECG traces to Telehealth for analysis
by a specialist was 0 (0-7) day. In a certain period
of the data collection, it was necessary to migrate to
another teleconsultation interface, the telediagnosis
platform. It required adjustment and remote training
of the teleconsultant cardiologist, which caused delays
in sending the ECG images. The longest time for the

teleconsultant to send the ECG report back to the
health center was 26 days. It is worth pointing out that
consultation of a cardiologist for a second opinion was
not required .. Other results are described in Table 3.

The Cardiosatis Scale was used to assess patient
satisfaction with the use of Telemedicine to perform the
ECG test. Table 4 shows the percentage distribution of
user satisfaction by the Cardiosatis dimensions. In the
“general satisfaction” domain, most patients were very
satisfied, and 14.3% were dissatisfied with their health.

Discussion

The results in Table 1 show a prevalence of
females and an average age of 40 years in our sample.
Along with an increasing longevity, mortality rates
are decreasing in Brazil, although without the

Table 1 - Sociodemographic and clinical characteristics of the participants (n=21)

Variables Mean * standard deviation or Number (frequency %)
Age (years) 43.8+16.1
Female* 15 (71.4%)

Body mass index$
Education
Elementary’

High school

Superior’

Blood pressure (mmHg)
Systolic

Diastolic$
Comorbidities
Diabetes mellitus’
Stroke”

Ischemic heart disease’
Deep vein thrombosis’
Risk Factors
Alcoholism’

Sedentary lifestyle’
Smoking’

Obesity”

Dyslipidemia”

27.5+5.9

14 (66.7%)
5 (24%)

2 (10%)

123.3+£7.9

75.5+4.97

3 (86%)

17 (81%)
9 (43%)
1(5%)

3 (14.3%)
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Table 2 - Electrocardiographic results of the study sample (n=21)

Electrocardiographic parameters

Total

Normal ECG trace *

Left ventricular hypertrophy*
Sinus bradycardia*

Left ventricular overload*
Left atrial overload*

Left branch block*

11 (52.3%)
04 (19.04%)
03 (14.2%)
01 (04.7%)
01 (04.7%)
01 (04.7%)

* Variables described as absolute (n=21) and relative (%) frequency; ECG: electrocardiogram.

Table 3 — Time interval between electrocardiography performance and receiving of the electrocardiogram report from

the telehealth center
Time Median (IQR)*
Time from ECG performance to transmission of the electrocardiographic traces to Telehealth 0 (0-7) day

Time from transmission of the electrocardiographic traces to Telehealth to transmission of the

electrocardiography report to the healthcare center

15 (0-26) days

Time between sending and receiving the electrocardiography results 0 (0-2) day

*IQR: Interquartile Range

Table 4 — Percentage distribution of the user satisfaction by the CARDIOSATIS scale domains

Domains Very satisfied Satisfied Indifferent Dissatisfied . Ve‘ry.

dissatisfied

Satisfaction with the service provided* 19 (90.5%) 2 (9.5%) - - -
Quality of facilities and the team* 16 (76.2%) 4 (19.0%) 1 (4.9%) - -
Access and agility* 16 (76.2%) 5(23.8%) - - -
Capacity of resolution* 18 (85.7%) 3 (14.3%) - - -
Quality of received care* 18 (85.7%) 3 (14.3%) - - -
Satisfaction with health* 12 (57.1%) 6 (28.6%) - 3 (14.3%) -

* Variables described as absolute (n=21) and relative frequency (%)

desired quality of life. This statement comes from
the analysis of the 2018 disability-adjusted life year
(DALY) and allows us to infer that health policies have
been successful''? in controlling diseases that were
previously lethal, but still incurable.®

As a result, the average lifetime of the Brazilian
population increased by almost 12 years in the period.
Of the approximately 26 million people who were 60

years old or more, 13.8% were 80 years old or more.
However, it is known that with the advance of longevity,
more people live with chronic, disabling diseases, which
can compromise their autonomy and cause an economic
burden on cities and States."

In the study sample, blood pressure values were
within normal limits, in accordance with the 7th Brazilian
Guidelines on Arterial Hypertension.!” Among the
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comorbidities, a high prevalence of diabetes mellitus
was found, corroborating previous studies that reported
that at least 68% of diabetics aged 65 years or older die
from heart diseases, mainly coronary artery disease.'"!*

The prevalent risk factors described in this study
corroborate with the literature, and reinforce the
increased risk for CVD and importance of primary
and secondary prevention." In addition, the concern
with mortality from CVDs has been growing in
Portuguese-speaking countries. In 1990, CVDs were
the main cause of mortality in Brazil and Portugal,
and currently, these conditions are related to
socioeconomic conditions. Also, among the relevant
risk factors associated with CVD mortality are
systemic arterial hypertension and eating habits."

The implementation of health policies, including
the encouragement of healthy lifestyle habits, access
to primary and secondary prevention for CVD, and
treatment of cardiovascular events, is essential for the
control of CVD in all countries, including Brazil . In this
sense, the government of Brazil has been investing in
Telehealth as a strategy to provide support to primary
care health professionals in remote cities."” Take as
an example the network of teleassistance service
implemented in Minas Gerais State, Brazil; telecardiology
with ECG and cardiology shifts were chosen as the initial
focus, and later, a teleconsulting system in specialties
was incorporated.'® Using an efficiency indicator, studies
report that for every 100 telehealth activities taken by
this teleassistance service, 80 unnecessary referrals were
avoided and savings of R$4.27 were obtained for each
R$1.00 invested.'s*!

Analyzing the results found in this study, we realize the
importance of implementing telecardiology in primary
health care centers, which usually face difficulties in
providing fast, qualified care and appropriate handling of
patients with indication for ECG,”** as shown in Table 2.

Most patients in our study had normal ECG findings.
This is in line with a study conducted in Rio Grande do
Sul State, which described normal ECG findings in 69%
of the patients studied."® However, the frequency of left
branch block was lower compared to other studies.'®"

With a view to optimize the quality of primary care,
and to avoid unnecessary referrals, time-related variables
were evaluated (Table 3).

The longest time for the teleconsultant to send the
test result was 26 days; which is a worrying result.

There is a consensus in the literature that the earlier the
patient is seen and referred to appropriate treatment,
the greater the chance of an effective intervention, and
consequently reduced mortality from cardiac events.?**
However, the staff involved in the Telecardiology
program did not work exclusively in it; the activities
had to be adapted to their own routines, which may
have caused a delay in sending the ECG result to the
Telehealth team. However, it is of note that the ECG
report was sent back to the patient within 2 days, which
suggests a commitment to health.

Telecardiology is practiced worldwide aiming at
improving access to specialized care for users of the
Brazilian Unified Health System (SUS) living in remote
locations. Studies have assessed patient satisfaction with
telemedicine in many health specialties and,* although
most of them have reported that both patients and
health staff express satisfaction with the care received
or provided, these groups show different perceptions
related to professional demand and the time spent on
telemedicine practice.”®

Limitations

In this study, inadequate facilities, and the need to
change the interface of the teleconsultation platform
during data collection may have reduced the likelihood
of an effective intervention for the patient. Also, the
time for the teleconsultant who interpreted the ECG
to send back the report to the patient was longer than
initially expected.

Conclusions

Telecardiology reduced the distance between the
patient and the professional in the specialized service,
avoiding unnecessary referrals, and improving the
quality of care in primary care and patient and health
professional satisfaction. The screening performed by a
qualified nursing team aiming at optimizing the conduct
and improving clinical outcomes, reflect the positive
impact of the nurse's role on the health of SUS users.
Some studies describe the cost-benefit of telemedicine
for the local economy; however, this pilot project
conducted at the Eri Flores Vila Vargas health center
in the city of Porto Alegre may bring many economy
benefits. This suggests the need for an economic
analytical study at the municipal level.
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Editorial referring to the article: Implementation of a Telecardiology Service in a Health Unit in the City of Porto Alegre, Brazil: A Pilot Study

“Even when the road is hard, never give up” -
Tupac Shakur and The Outlawz

The above quote is from the hit song “Baby Don’t Cry”
immortalized by Tupac and The Outlawz. The song is
about a young woman who faces challenges and receives
encouragement to persevere and not give up. In a similar
way, telemedicine faces several challenges on an arduous
path. In this way, imbued with a tenacious spirit, its users
have had remarkable experiences. In the current issue of
the International Journal of Cardiovascular Sciences, Esmerio
and colleagues presented a successful application of a
telecardiology service. They emphasized that the work
contributed to reducing the distance between patients
and specialized professionals, and they highlighted a
high level of satisfaction for both patients and health
Professionals.! Experiences like this represent the relevant
role of telemedicine in providing quality health services
and generating value. However, these tools still face
important challenges that need to be overcome.

The first challenge is resistance. Some people
underestimate the potential of telemedicine, arguing
that it damages the doctor-patient relationship and can
harm patients. That is not true per se; however, using
telemedicine without respecting the ethical dictates
of the medical profession would be disastrous. In this
context, a fundamental point emerges in order to reduce
resistance. It is necessary to increase patients’ and
health professionals” literacy and to design studies that

Keywords

Cardiovascular Disease; Telemedicine/ethics,
Telemedicine/methods; Telemedicine/trends; Bioethic;
Telehealth; Women; Working; Distance Education; Brazil.

demonstrate its real benefits in clinical practice, such
as the successful example mentioned above. Literacy is
equally important in relation to the use of computing
resources to access telemedicine tools, which must be
user-friendly. Almufleh and colleagues, for example,
highlight the need to include telemedicine training in the
medical curriculum. They reiterate three fundamental
components of a telemedicine curriculum: the issue of
technology per se; examination and communication
skills; and the medicolegal/licensing aspects.

The second challenge concerns the limits of telemedicine.
It is necessary to specify, from the outset, what kind of
benefits can be provided to patients. If, for example,
during an appointment, a patient reports chest pain
with characteristics of an acute myocardial infarction,
it is mandatory for the patient to go to the emergency
room for clinical evaluation and complementary tests
to rule out or confirm the condition. In this hypothetical
case, the teleconsultation did not resolve the complaint;
nevertheless, it was fundamental in signaling the need
for emergency care. We clearly must not attempt to go
beyond what we can deliver. Furthermore, telemedicine
is complementary to face-to-face care, and it does not
represent a replacement; it must be practiced safely and
for a period that is compatible with what the clinical
circumstances require.* It is also necessary to respect limits
and explain to the patient that in-person consultation may
be necessary. Accordingly, the request to sign a free and
informed consent form plays a fundamental role.

The third challenge deals with data security and
reliability of electronic systems. This should be a constant
concern, as data leakage and access by unauthorized
persons could have catastrophic effects on patients’ lives,
including worsening their health issues. Specific legislation
on the subject has brought great progress, but there is still
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a long way to go. In addition, it is worth mentioning that
the data should be of good quality (healthy data).*

The fourth major challenge refers to the relationship
between telemedicine and other digital tools. It is
necessary to understand that artificial intelligence,
smartphone apps, electronic health records, blockchain,
wearables, and others constitute a continuum of solutions
that must be considered in an integrated manner and
aligned with the purpose of generating value. In addition,
it is essential for telemedicine activities to be properly
integrated into the practice of the multidisciplinary
health team.> The main idea is build a sustainable digital
ecosystem. If, on the one hand, telemedicine tools have
been used successfully in different contexts and are
capable of overcoming distances, on the other hand, a
significant portion of the Brazilian population cannot yet
access these benefits. Thus, the fifth challenge is to expand
patients” access to these tools. This implies several needs,
such as expansion of infrastructure and the development

of customized management models.
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The sixth challenge is about the need for continuous
evaluation of the tools and the development of evaluation
metrics. In the meantime, the work by Esmerio and
colleagues' exposes something fundamental: the need to
assess the degree of satisfaction of the patients for whom
the tool was designed. In addition, it is important to
validate these tools in different contexts and to encourage
sharing of experiences. Last but not least, patient
engagement with telemedicine care might help address
unmet health needs by more accurately identifying them.
In this context, it is important to design more tailored and
people-centered services. All this would not only help to
cut wasteful spending; more importantly, it would result
in healthier and more productive populations.

Resistance, limits to use, security and reliability of
systems, the relationship with other digital tools, access,
continuous evaluation, and engagement are important
challenges to be overcome and must be the object of
efforts on the part of the entire community. Surely, it is
an arduous task. However, we can quote Tupac again:
“Even when the road is hard, never give up”.
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Abstract

Background: There are divergences in the literature regarding the experimental model (Wistar-WIS or Wistar
Kyoto-WKY) to be used as a Spontaneously Hypertensive Rat (SHR) control. The characterization of these models
in terms of cardiovascular parameters provides researchers with important tools at the time of selection and
application in scientific research.

Objective: The aim of this study was to evaluate the use of WIS and WKY as a Spontaneously Hypertensive
Rat (SHR) control by assessing the long-term behavior of blood pressure and cardiac structure and function
in these strains.

Methods: To this end, WIS, WKY, and SHR underwent longitudinal experiments. Blood pressure and body mass
were measured every two weeks from the 8th to the 72nd. Echocardiographic analysis was performed in all groups
with 16, 48, and 72 weeks of life. After having applied the normality test, the Two-Way ANOVA of repeated
measures followed by the Tukey post hoc test was used. A significance level of 5% was established .

Results: The WIS group showed higher body mass (p<0.05), while the WKY and SHR presented higher body mass
variation over time (p<0.05). SHR exhibited increased values of systolic, diastolic, and mean blood pressure when
compared to WKY and WIS, whereas the WKY generally showed higher values than WIS (p<0.05). Regarding the
cardiac function, SHR showed reduced values, while the WKY presented an early decrease when compared to WIS
with aging (p<0.05).

Conclusion: WIS is a more suitable normotensive control for SHR than WKY in experiments to test blood pressure
and cardiac structure and function.

Keywords: Hypertension; Laboratory animals; Blood pressure; Heart.

Introduction is obvious and mandatory to adopt a control group in

their experiments.

Experimental animals are usually applied in the In this way, two experimental strains are nowadays used

as SHR’s controls, namely Wistar rats (WIS)*® or Wistar
Kyoto rats (WKY).*>* It is a well-known fact that WKY

study of human health and disease, including the use

of rodents as experimental models for the investigation

of biological phenomenon similar to those observed in
humans.”® Among them, the SHR is widely used as a
model for the investigation of essential hypertension.**

For those working with these experimental animals, it

was the SHR background and most used strain as SHR
control in scientific research.®'%1! However, the WIS strain
has also been used.***!> Moreover, some previous studies

have pointed out limitations in the use of both strains.!>®
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Regarding these limitations, Kurtz & Morris (1987)
studied the biological variability of WKY and SHR in
two laboratories in the USA over a 20-week period.
Differences in growth rate and mean arterial pressure
(MAP), i.e., in biological variability in the WKY, were
found.” In a second study, the same group tested the
genetic variability of these strains through genomic
analysis and found differences between the WKY of
different laboratories and even among animals from the
same laboratory.'® Evidence also points to the presence
of increased sympathetic activity in WKY, as shown
by baseline resting catecholamine concentrations
similar to the levels found in SHR."" In another study,
Aiello et al. performed a series of experiments in the
myocardium of WIS, WKY, and SHR, and found higher
left ventricle mass: body mass ratio in WKY when
compared to WIS, indicating a hypertrophic process.'
The study also found an increase in diastolic papillary
muscle stiffness and fibrosis in the left ventricle in the
WKY, which was similar to SHR but higher than WIS.*?

By contrast, limitations have also been highlighted
against the use of WIS. First, it is a fact that WIS is
not the SHR background." Furthermore, WIS have
higher body mass values compared to WKY and
SHR.* This difference brings to light an experimental
paradigm when selecting the control group, since
when choosing WIS as a control, the researcher will
assume that there are two groups with different body
weights.?!. To understand the growth behavior between
WIS, WKY, and SHR, a previous study analyzed their
physical development immediately after birth, during
suckling and weanling.” It was found that WIS showed
a higher body mass than WKY and SHR. Additionally,
WKY presented a body mass similar to SHR at birth and
a higher body mass between the 1% and the 6" weeks
of life.”? Searching the literature, there is a lack of data
that characterizes the two strains to help scientists to
select the appropriate control for their experiments.
For example, to the best of our knowledge, no study
has been conducted to specifically evaluate the use of
WIS as an alternative control for WKY.

Therefore, the present study aimed to evaluate the
use of WIS and WKY as an SHR control by assessing the
long-term behavior of blood pressure, cardiac structure,
and function in these strains. We hypothesized that WIS
is a more suitable normotensive control for SHR than
WKY in experiments to test blood pressure and cardiac
structure and function.

Methods

Animals

Male WIS, WKY, and SHR rats, in their 8% to 72
week of life, were used for all experiments. Each
experimental group was composed of eight animals
(n=8), and this number was defined using the sample
calculation proposed by Armitage and Berry.?® The
animals were housed in collective cages and allocated in
a controlled environment with a light/dark cycle (12/12h),
temperature at 22 + 2°C, and had free access to food and
water (ad libitum). The animals were obtained from the
central biotery of the Federal University of Vicosa (UFV).

Ethical approval

The experiments were conducted in accordance with
the Guide for the Care and Use of in Laboratory Animal
principles and approved by the UFV Ethics Committee
on the Use of Animals (logged under protocol number
09/2018). All procedures were conducted by a veterinarian.

Body mass

Body mass (g) was obtained every two weeks, from
the 8th to the 72nd week of life, on an electronic scale
(Rochelle, model 3252). To monitor the animals’ weight
gain behavior, body mass variation (A) was calculated.

Blood pressure

Systolic Blood Pressure (SBP in mmHg) and Diastolic
Blood Pressure (DBP in mmHg) were measured using the
noninvasive method of tail plethysmography (LE5001;
Panlab, Barcelona- Spain), as previously described.*
Briefly, animals were adapted to a tail cuff and a heating
apparatus during five consecutive days. After, animals
underwent blood pressure measurements each two
weeks. Each measurement was performed three times
and the median value was used. All measurements were
performed by the same researcher in a quiet environment.”
Mean Arterial Pressure (MAP in mmHg) was calculated
by the following equation: DBP + 1/3(SBP-DBP).

Echocardiogram

An echocardiographic analysis was performed in all
groups with 16, 48, and 72 weeks of life. The animals
underwent an anesthesia inhalation (Isoflurane 1.5%
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and 100% O, at constant flow rate of 1L/min controlled
by calibrated vaporizer; Isoflurane, BioChimio, R]J-
Brazil) and placed in a lateral decubitus position. Two-
dimensional tests were performed with rapid sampling
rate (frame rate) of 120 fps and M-mode, using the
ultrasound system (MyLabTM30 - Esaote, Genoa- Italy)
and 11.0 MHz nominal frequency transducers (phased
array). Two-dimensional transthoracic echocardiography
and M-mode were obtained at a scanning speed of
200 mm, adjusted according to heart rate. The images
were collected according to the recommendations of
the American Society of Echocardiography and stored
for further analysis.”® The left ventricle diameter in
diastole (LVDd in mm), left ventricle diameter in systole
(LVDs in mm), interventricular septum in diastole
(IVSd in mm), interventricular septum in systole (IVSs
in mm), posterior wall thickness in diastole (PWd in
mm), posterior wall thickness in systole (PWs in mm),
heart rate (HR in bpm), ejection fraction (EF in %), and
shortening fraction (FS in %) were measured using a
modified method recommended by the American Society
of Echocardiography for three consecutive cardiac cycles.
The examinations were performed by a trained researcher
through a single-blinded method. Left ventricle mass
(LVM in g) was calculated as follows:*” LVM= 0.8 (1.04
(IVSd + LVDd + PWd)? - (LVDd)?) 0.14. The ratio of LVM
to body mass (LVM:BM in mg:g) was calculated as an
index of ventricular hypertrophy.

Statistical analysis

The Shapiro-Wilk test was applied to analyze data
normality. Two-Way ANOVA of repeated measures,
followed by Tukey post hoc tests, was used to analyze
body mass, A body mass, blood pressure, and
echocardiographic results. A significance level of 5%
was established. Data are presented as mean + standard
deviation (SD). Statistical procedures were performed
using the SAEG (System for Statistical Analysis) software,
version 9.1, from UFV.

Results

Body mass and body mass variation. Figure 1A shows the
results for body mass. A strain effect for all groups was
found. WIS presented a higher body mass than WKY and
SHR during the entire period. Moreover, between the 8
and the 20" weeks, WKY presented a higher body mass
when compared to SHR. Figure 1B shows the results for
body mass variation. A strain effect for all groups was

found. SHR showed higher variation than WIS from the
22 to the 72" week and higher variation than WKY at
32t - 50t and 54 - 58" weeks. It was also observed that
WKY presented higher variation than WIS at 12 - 16",
24t _ 30t 34t - 44% and 60 - 64™ weeks.

Blood pressure. There was a strain effect for all groups.
Figure 2A exhibits the results of SBP. SHR presented
higher SBP than WIS and WKY during the entire
experimental period. WKY also presented a higher SBP
between the 10" and 16" weeks and in the 20™, 26" and
30t weeks, as well as between the 34" and 72"¢ weeks.
Figure 2B shows the results for DBP. SHR presented
a higher DBP than did WIS and WKY in the 8" week.
From the 16" week, SHR showed a higher DBP than
WIS. In the 18" week, and in-between the 224 and 72
weeks, SHR showed a higher DBP than did WKY. WKY
presented a higher DBP than did WIS from the week 40
on, specifically in the 40, 42", 46' — 50*, 56'" — 62¢, and
70™ and 72" weeks. Figure 2C shows the MAP results.
SHR presented a higher MAP value than did WIS during
the entire experimental period. Compared to WKY, and
in the 8%, 14, 18", 22, 24 and 30 — 72" weeks, SHR
presented an increased MAP. WKY presented a higher
MAP than did WIS in the 20, 26%, 28, 3274, 40t — 48,
54— 58", 70", and 72" weeks. Finally, in the SHR group,
a time-dependent increase was observed in SBP, DBP,
and MAP from the 28" week on.

Echocardiographic parameters. Figure 3 displays the
representative echocardiographic images of animals with
16, 48, and 72 weeks of life. Tab. 1 shows structural and
functional echocardiographic results. Concerning cardiac
structure, there was a strain effect for all groups for LVDd.
WKY presented a lower LVDd than did WIS and SHR in
the 16™ week. In the 48" and 72" weeks, WIS presented
a higher LVDd than WKY. An aging effect was also
observed. WIS and WKY showed an increase in LVDd in
the 48" and 72"! weeks when compared to the 16" week.
For LVDs, both strain and aging effects were observed.
SHR showed higher LVDs than WIS and WKY. WKY
presented lower LVDs when compared to WIS in the 16
week. WIS and WKY presented increased LVDs in the
48" and 72" weeks as compared to the 16" week. A strain
effect was observed for PWd. WKY and SHR presented a
higher PWd when compared to WIS in the 48" and 72
weeks. No differences were observed for PWs. When
analyzing the thickness of the interventricular septum,
no differences were found. For LVM, both strain and
aging effects were found. SHR presented higher LVM
when compared to WIS and WKY in the 16%, 48", and
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Figure 1 - Long-term behavior of ejection fraction (A) and shortening fraction (B) of WIS (n=8), WKY (n=8), and SHR (n=8) at 16, 48,
and 72 weeks. Data are presented as mean * SD. Statistical significance (p<0.05) is shown as follows: § = SHR vs. WKY; * = SHR vs.

72" weeks. WKY and SHR showed increased LVM in
the 48" and 72" weeks when compared to the 16" week.
A strain effect was found for LVM:BM. SHR presented
higher LVM:BM when compared to WIS and WKY in the
16t 48", and 72! weeks. Related to HR, no differences
were observed.

Figure 4 presents the cardiac function. Both strain and

aging effects were found for EF (Figure 4A). SHR displayed
a lower EF when compared to WIS and WKY at the 16

week. WIS showed a decreased EF in the 72" week when
compared to the 16" week, while WKY had a lower EF in
the 48" and 72" weeks when compared to the 16" week.
Regarding SF (Figure 4B), both strain and aging effects were
observed. SHR presented a lower SF when compared to
WIS and WKY in the 16" week. WKY exhibited a decreased
SF in the 48" and 72" weeks when compared to the 16
week, while WIS presented a decrease in SF only in the 72
week as compared to the 16" and 48* weeks.
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the moment of significant increase in SHR. Data are presented as mean * SD. Statistical significance (p<0.05) are showed as follows:
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WKY16; E= WKY48; F= WKY72; G= SHR16; H= SHR48; I= SHR72.

Figure 3 — Representative echocardiographic images of animals at 16, 48, and 72 weeks of life. A= WIS16; B= WIS48; C= WIS72; D=

Discussion

The present study assessed the long-term behavior
of blood pressure and cardiac structure and function
in SHR and both WIS and WKY as controls. For this
purpose, the present study assessed blood pressure,
cardiac structure, and function over a 72-week period.
The results confirmed our hypothesis that, regardless of
body weight variations, when the cardiovascular issue
is considered to select the control group, WIS is a more
suitable normotensive control for SHR than WKY.

Our main findings were: 1) The blood pressure values
in WKY were intermediate between SHR and WIS and
close to hypertension borderline. WIS showed pressure
values that were more consistent with those expected
for normotensive rats; and 2) WKY presented earlier
reductions in cardiac function when compared to WIS.

The correct choice of the control group is essential
and has great importance, as it allows one to analyze
one variable at a time, making it possible to isolate the
variable of interest.®®? For to achieve such purpose, the
scientific research must be systematically planned and
executed, using appropriate methods and tools.* Usually,
the use of SHR as a model of essential hypertension often
requires a normotensive group as a control.*>* However,

researchers face an experimental paradigm, since they
must choose controls that match by body mass or by
age’4, 21,22,32

Our study found important differences in the body
mass and body mass variation among the tested strains
over a 72-week period. During their entire life period,
WIS presented a higher body mass than did WKY and
SHR. However, body mass variation was higher in WKY
and SHR strains, which indicates accentuated growth in
these strains. A previous work evaluated the food intake
of five experimental strains, including WIS, WKY, and
SHR, and found increased food consumption in WKY and
SHR, which can explain the higher body mass variation
observed here.”> However, it is important to highlight
that the development of hypertension in SHR is age-
dependent rather than body mass-dependent.!

According to Okamoto and Aoki (1963), the reference
value to classify rats as hypertensive is SBP above 150
mmHg.!"? The experimental animals in the present study
were classified as follows: WIS — normotensive (116-126
mmHg); WKY — normotensive (132-146 mmHg); and
SHR - hypertensive (155-203 mmHg). This profile was
also reflected in altered MAP results. Despite the fact
that WIS and WKY were classified as normotensive,
it is important to note that the WKY presented higher
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SBP values than WIS and, more importantly, close to
a hypertension borderline. It is well-known that the
chronic increase in blood pressure can lead to such
consequences as left ventricular concentric hypertrophy,
arterial stiffness, stroke, myocardial infarction, and heart
failure.®3¢ Moreover, previous studies have shown
divergent blood pressure variability among the WKY
from different laboratories.'®!” Such differences have
been confirmed by several studies that classified WKY
as both normotensive®® and hypertensive.t”"120% It is

noteworthy that no previous work was found when

assessing the biological variability of WIS. Thus, the
long-term behavior of blood pressure observed in the
WKY group allows for its use, though it draws attention
and requires caution in the use of these animals as an
SHR control.

It is also important to mention the abrupt increase
in SBP, DBP, and MAP in SHR in the 28" week. Such
results may be explained by understanding the disease
progression in SHR.*>* Previous results show blood
vessel hypertrophy in the 4" week of life as the first
event related to the disease, although the SBP values are
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still more normotensive in nature.* Additionally, the
prehypertension stage can last up to 4th months of life.?
After, compensated hypertension sets in, in which the
SHR reaches the SBP of 150 mmHg with an increase in the
thickness of the cardiac walls coupled with the reductions
in the left ventricular internal diameter. This structural
rearrangement occurs to cope with the stress imposed
by pressure overload on the cardiac walls and promote
maintenance of systolic function, and may last until the sixth
month of life.***! Our data show that around the 6™ to ,7®
month established and balanced hypertension is observed,
characterizing the stage of decompensated hypertension.®*!
With disease progression, between the 18" and 24" months
of life, SHR reaches the heart failure stage.* In fact, 20-week-
old SHR presents a higher SBP when compared to that of
12-week-old animals,* and equivalent results have already
been demonstrated by others.**

Regarding the cardiac structure assessed by
echocardiography, it was observed that WKY at 16
weeks presented lower LVDd and LVDs when compared
to WIS and SHR. Moreover, LVDd was also lower in
WKY than in WIS animals at 48 and 72 weeks of life.
Both WIS and WKY presented increased LVDd and
LVDs with aging. In addition, WKY and SHR showed a
higher PWd when compared to the WIS in weeks 48 and
72. Left ventricular remodeling is a process by which
the cardiac chamber undergoes changes in its shape,
size, and function, and may occur as a result of either
physiology (i.e. physical training) or pathophysiology
(i.e. hypertension stimuli).*® Pathophysiological
hypertrophy is normally caused by a high blood
pressure overload in the cardiac chambers, leading to
reductions in the left ventricular diameter, accompanied
by increases in the ventricular walls” width.*

Morphological changes directly affect the
cardiovascular function. The long-term pathological
hypertrophy causes cardiac adverse remodeling of the
extracellular matrix, such as increases in collagen content,
which promote tissue stiffening, thus affecting the
diastolic function and leading to a systolic dysfunction.®
The left ventricle is responsible for blood ejection
and its morphology is crucial for pump appropriated
functioning.**¢ We demonstrated that the SHR group
presented higher values for LVM than did WIS and WKY.
With aging, both WKY and SHR exhibited significant
increases in LVM when compared to the 16" week. To
confirm the pathological hypertrophic process, the LVM/
BM ratio was calculated,® and hypertrophy was not
found in the WKY strain. Thus, probably the overload

imposed by the increased SBP was not enough to promote
pathological hypertrophy in WKY. However, a previous
work found that the hemodynamic cardiac load is more
evident in isolated cardiomyocytes than in an entire
ventricle.” In addition to left ventricle analysis, the PWd
of the WKY and SHR was larger when compared to the
WIS at weeks 48 and 72.

Concerning cardiac function, different from another
study that showed late decreases in the cardiac function
of SHR over lifetime,* in the present study, we found
decreases in both EF and FS in SHR from the 16" week on.
The WKY, however, presented normal values for EF and
FS in the 16" week, followed by reductions in the 48" and
72" weeks. This finding is in agreement with previous
studies, showing that WKY had diastolic dysfunction as
a consequence of increased pressure overload.” Finally,
cardiac dysfunction was observed in WIS only in the
727 week.

This work has some limitations. Since our proposal was
to verify the animals’ echocardiographic parameters in the
16" week of life, we did not perform an echocardiographic
examination in the 8 week, the pre-hypertensive stage.
Unfortunately, the lack of this information did not allow
the discussion of our results to expand into a broader age
range. Furthermore, the animals’ food intake was not
monitored, and this factor may have affected the weight
gain of the animals. Itis possible that differences observed
in the body mass may well be related to different values
of food intake. However, to confirm such a possibility,
future experiments of this nature are warranted.

Conclusions

In conclusion, Wistar rats are a more suitable
normotensive control for SHR than Wistar Kyoto rats
in experiments to test issues related to blood pressure,
cardiac structure, and function in different ages inasmuch
as Wistar Kyoto rats exhibit early reductions in cardiac
function and blood pressure values in the upper limit of
normal blood pressure.
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EDITORIAL

Are Wistar Rats the Most Suitable Normotensive Controls for Spontaneously
Hypertensive Rats to Assess Blood Pressure and Cardiac Structure and Function?

Nazareth Novaes Rocha'

Universidade Federal Fluminense (UFF)," Niterdi, RJ — Brazil

Editorial referring to the article: Is the Wistar Rat a more Suitable Normotensive Control for SHR to Test Blood Pressure and Cardiac Structure

and Function?

The first animal models of hypertension involved
constriction of renal arteries (the Goldblatt kidney) or
parenchyma (the Page kidney). Although these human
analogs closely mimicked the pathophysiology of the
disease, renovascular hypertension and the Page kidney
represent only a small fraction of human hypertension.

Most experimental studies of hypertension using
animals have focused on understanding the mechanisms
of primary hypertension. Models of primary hypertension
have been more difficult to develop. Some models may
have greater face validity than others with respect
to phenotypic aspects of hypertension such as age
at onset, temporal course, severity, variability, and
associated comorbidities. Given the clinical importance
of hypertension-related target organ damage, it is
noteworthy that models exhibiting face validity for left
ventricular hypertrophy, metabolic abnormalities, heart
failure, renal damage, and stroke (e.g., spontaneously
hypertensive rats [SHR] and Dahl salt-sensitive [DSS]
rats) are also available. However, other conditions such
as spontaneous development of atherosclerosis or acute
myocardial infarction are not typically observed in
current models.

Several rat genetic models of hypertension have
been used in genetic, (patho)physiological, and
pharmacological studies. Rat strains exhibiting genetic
hypertension include the SHR, DSS rat, the fawn-hooded
hypertensive (FHH) rat, the Milan hypertensive strain,

Keywords

Animal, Rats, Wistar; Epigenesis,genetic; Blood
Pressure; Hypertension/genetic; Constriction/pathologic;
Renal Artery; Heart Function Tests.

the Lyon hypertensive rat, the Sabra hypertensive rat,
the genetically hypertensive rat, and the inherited stress-
induced arterial hypertension rat model. Of these, the
most studied is the SHR. In the past 10 years, more than
4,500 articles have been indexed in PubMed under the
term spontaneously hypertensive rats. In contrast, the
next most-cited model, the DSS rat, has been indexed 585
times over the same time span, and the other genetic rat
strains indexed less frequently.!

Most of the genetically hypertensive rats have been
derived from outbred Wistar or Sprague-Dawley (SD)
breeding stocks with selection of hypertension-related
traits. The strain of SHR originated in Kyoto, Japan, from
the cross of an outbred Wistar male rat, which exhibited
spontaneously elevated blood pressure, and a female
rat with slightly elevated blood pressure. Subsequent
brother-sister mating was continued with selection
of animals with systolic blood pressure >150 mm Hg.
SHR are the pure line isolated from Wistar rats, which
spontaneously showed stable hypertension symptoms in
inbreeding offspring and developed high blood pressure
at 7-15 weeks of age.?

As controls for the SHR, most workers have used
normotensive descendants of Wistar rats of the colony
from which the SHR strain was derived (Wistar-
Kyoto rats, WKY). But the presumption that WKY are
serviceable controls for SHR rests on the tacit assumption
that all WKY constitute a single inbred strain. It appears,
however, that whereas the National Institutes of Health
distributed breeding stocks of SHR after they had
been fully inbred (i.e., after 20 generations of brother-
sister mating), the breeding stocks of WKY had been
distributed before they were fully inbred. Accordingly,
the biological variability of WKY may be greater than
that of SHR. Kurtz and Morris demonstrated that WKY
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rats, a common genetic control for the SHR, had profound
differences in phenotypes (growth rate and blood
pressure) when obtained from different commercial
suppliers. Moreover, all control strains are necessarily
limited in the absence of a complete understanding
of the genetic differences between the control and
hypertensive strains. This emphasizes the importance
of careful identification and consistent use of strains
when performing experiments. Equally important are
environmental influences on phenotypes.?

Rezende et al.,* evaluated the use of Wistar rats
(WIS) and Wistar WKY as controls for SHR by assessing
the long-term behavior of blood pressure and cardiac
structure and function in these strains. Their main
findings were: 1) blood pressure values in WKY
were intermediate between SHR and WIS and close
to hypertension borderline. WIS showed pressure
values that were more consistent with those expected
for normotensive rats; and 2) WKY presented earlier
reductions in cardiac function when compared to WIS.
Nevertheless, this work had some limitations; the authors
did not perform an echocardiographic examination

References

1. Lerman LO, Kurtz TW, Touyz RM, Ellison DH, Chade AR, Crowley SD
et al. Animal Models of Hypertension: A Scientific Statement From the
American Heart Association. Hypertension. 2019 Jun.;73(6):e87-e120.
doi: 10.1161/HYP.0000000000000090.

2. Zhang-James Y, Middleton FA, Faraone SV. Genetic architecture of
Wistar-Kyoto rat and spontaneously hypertensive rat substrains from
different sources. Physiol Genomics. 2013;45(13):528-38. doi: 10.1152/
physiolgenomics.00002.2013.

3. Kurtz TW, Morris RC Jr. Biological variability in Wistar-Kyoto rats:
implications for research with the spontaneously hypertensive rat.
Hypertension. 1987;10(1):127-31. doi: 10.1161/01.hyp.10.1.127.

Ot

in the eighth week, i.e., the pre-hypertensive stage.
Furthermore, the animals’ food intake was not monitored,
which may have affected weight gain, with the WIS group
showing higher body mass.*

During the last years there has been enormous growth
in the availability and quality of tools for genetic analysis.
While such tools emerged more rapidly for humans, they
now exist in a well-developed state for rats. However,
although it has been recognized that the ideal control
would have been a strain of rats identical to the SHR
except for the genes for increased blood pressure, this is
still away from reality.

The choice of a suitable animal model with spontaneous
versus induced hypertension will depend on a number
of factors, including the specific experimental question
and the investigator’s expertise available resources.
No individual model will recapitulate all features of
human hypertension and, regarding control models, a
consistent use of strain from a reliable and authorized
supplier should be considered. All these factors must
be taken into account in the design and interpretation

of experiments.®
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Abstract

Background: The wide range of clinical presentations of acute coronary syndrome (ACS) makes it indispensible
to use tools for risk stratification and for appropriate risks management; thus, the use of prognosis scores is
recommended in the immediat clinical decision-making.

Objective: To validate the Global Registry of Acute Coronary Events (GRACE) score as a predictor of in-hospital
and 6-month post-discharge mortality in a population diagnosed with ACS.

Methods: This is a prospective cohort study of consecutive patients diagnosed with ACS between May and
December 2018. GRACE scores were calculated, as well as their predictive value for in-hospital and 6-month post-
discharge mortality. The validity of the model was assessed by two techniques: discriminative power using the area
under the receiver operating characteristic curve (AUC) and goodness-of-fit, using the Hosmer-Lemeshow (HL)
test, at the 5% level of significance.

Results: A total of 160 patients were included, mean age 64 (+10.9) years; of which 60% were men. The risk model
showed to have satisfactory ability to predict both in-hospital mortality, with an area under the curve (AUC) of 0.76
(95% confidence interval [CI], 0.57-0.95; p = 0.014), and 6-month post-discharge mortality, with AUC of 0.78 (95%CI,
0.62-0.94), p=0.002. The HL test indicated good-fit for both models of the GRACE score.

Conclusion: In this study, the GRACE risk score for predicting mortality was appropriately validated in patients
with ACS, with good discriminative power and goodness-of-fit. The results suggest that the GRACE score is
appropriate for clinical use in our setting.

Keywords: Acute Coronary Syndrome; Mortality; Prognosis.

Introduction With this stratification, high-risk patients may

receive more aggressive antiplatelet and antithrombotic

Cardiovascular disease is the leading cause of therapy and early invasive intervention, whereas

mortality in Brazil and worldwide, and ischemic heart | 0. - patients may receive less aggressive

disease accounts for a large portion of this concerning treatments. >

scenario.! Among its forms of presentation, acute

coronary syndrome (ACS) has a wide range of severity.2 Based on the Global Registry of Acute Coronary Events

However, the use of validated mathematical models ~ (GRACE) report, the GRACE score was designed with
of clinical prediction is essential and recommended in 8 variables analyzed on patient's admission,® 5 semi-
national and international guidelines for the management ~ quantitative ones (age range, heart rate, systolic blood
of patients with ACS.>* pressure, plasma creatinine, and Killip class) and 3
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dichotomic ones: cardiac arrest at admission, ST-segment
deviation, and elevation of cardiac markers. The final
score can range from 0 to 372.

Therefore, the present study aimed to assess the
value of the GRACE score as a predictor of in-hospital
prognosis and 6-month post-discharge prognosis in
patients with ACS in our setting.

Methods

Sample Selection

All individuals admitted with a diagnosis of ACS at
Hospital de Clinicas de Passo Fundo (HCPF), Brazil, from
May to December 2018 were selected. Demographic,
clinical, and angiographic variables were prospectively
collected. The patients were treated according to the
criteria of the attending physician, without intervention
from researchers. The study was approved by the
Research Ethics Committee of Faculdade IMED, in
compliance with the Resolution 466/2012 of the National
Health Council.

Inclusion criteria were: age 18 years or older, symptoms
suggestive of acute coronary ischemia on admission, and
presence of at least one of the following characteristics:
changes suggestive of ACS on electrocardiogram (ECG),
elevation of serum biochemical markers of myocardial
necrosis, and/or documented previous coronary
artery disease with angiography showing coronary
obstruction = 50%. Patients whose ACS was triggered
by secondary factors, such as trauma or surgery, were
excluded. No patient refused to participate in the study,
and all of them provided informed consent to participate
in the research. Hospitalization outcomes were obtained
by phone interview or outpatient visit 6 months after
hospital discharge.

GRACE Score

The GRACE score was published in 2004 based on
the GRACE registry, which was designed to reflect
the full of patients with ACS. Data were obtained
in 14 countries (Europe, North and South America,
Australia, and New Zealand), including 94 hospitals,
of which 6 were Brazilian, with a total population of
17142 patients. The aim of the score was to develop
a tool to estimate of probability risk of 6-month

mortality or myocardial infarction so as to facilitate
the stratification of patients with ACS.

Based on the GRACE score, patients were classified
into low (<1%), intermediate (1 to 3%), and high risk
(>3%) for in-hospital mortality. For the 6-month post-
discharge prognosis, patients were divided into those
with low (<3%), intermediate (3 to 8%), and high
mortality risk (>8%).3*

Clinical outcomes

The primary outcome was defined as in-hospital
and 6-month post-discharge mortality. With regard to
secondary outcomes, the accuracy of the GRACE score
was assessed in the different presentations of ACS.

Statistical analysis

Categorical data were presented as frequencies
(percentages), and continuous variables were presented
as mean and standard deviation (SD) or median and
interquartile range (IQR). The Kolmogorov-Smirnov test
was used to verify of distribution. The level of significance
was set at p<0.05 for all analyses. The discriminative
power of the score with regard to in-hospital and 6-month
post-discharge was assessed using the C statistics.
The area under the receiver operating characteristic curve
(AUCQC) represented the accuracy of the GRACE score in
distinguishing survivors from non-survivors. Along with
this analysis, cutoff values were identified to define the
best prognostic sensitivity and specificity, with their 95%
confidence intervals (CI). Goodness-of-fit for the scores
was assessed by the Hosmer-Lemeshow test and by the
dispersion graph between predicted mortality at each
risk decile and the observed mortality. The analysis was
performed using the SPSS 20.0, Minitab 16 and MedCalc,
version 19.1 software.

Results

Sample characteristics

The sample consisted of 160 patients. Two patients
(1.25%) were lost to follow-up, due to absence of
outpatient follow-up and telephone contact failure.
Demographic and clinical characteristics with regard to
the prevalence of cardiovascular risk factors and initial
presentation are presented in Table 1.
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Table 1 - Sample characteristics

Variables Distribution
Sample 160
Age (years) 64 (10.9)
Male gender 96 (60%)
BMI (kg/m?) 28.2(5.1)

Treatment on SUS 142 (88.8%)
Diabetes 112 (70%)
Hypertension 121 (75.6%)
Sedentary 66 (41.25%)
Smoking 50 (31.25%)
Systolic blood pressure (mm Hg) 138 (29.1)
Heart rate (bpm) 78.7 (20.7)
Killip class>1 16 (10%)

ST-segment depression 43 (26.9%)

Creatinine (mg/L) 1.07 (0.94-1.25)
Positive HS troponin 100 (62.5%)
ACS

60 (37.5%)
UA

58 (36.25)
NSTEMI

42 (26.25%)
STEMI

GRACE score - Intra-hospital 111.5 (94.3-139.5)

GRACE score - 6 months after discharge 95.5 (80.5-117)

Creatinine and GRACE scores were expressed in median and
interquartile range. The remaining (continuous) variables were
expressed as mean (SD).

BMLI: body mass index; SUS: Brazilian Unified Health System
(Sistema Unico de Saiide); HS: high sensitivity; ACS: acute coronary
syndrome; UA: unstable angina; NSTEMI: non-ST segment elevation
myocardial infarction; STEMI: ST segment elevation myocardial
infarction; and GRACE: Global Registry of Acute Coronary Events.

Primary outcome

In-hospital mortality was 5.1% (8 deaths). Six
hospital deaths were caused by cardiogenic shock,
and 2 by infectious complications with septic shock.
The Hosmer-Lemeshow test for the in-hospital GRACE
score yielded a ¢ of 7.14 (p = 0.522) and an AUC of 0.76
(95% confidence interval (CI), 0.57-0.95). Six-month
post-discharge mortality was 7% (11 deaths). Among
the patients who died after hospital discharge, 2 had
sudden death, and 1 had a new episode of MI. The
results for the 6-month post-discharge GRACE score
showed c? of 4.53 (p=0.81) and AUC of 0.78 (95%ClI,

0.62-0.94). Therefore, both predictions exhibited a
good-fit (Figure 1).

According to the ROC curve, the best cutoff value for
the in-hospital GRACE score was 179, with sensitivity of
50% and specificity of 98%. Conversely, the best cutoff
value for the 6-month post-discharge GRACE score was
119.5, with sensitivity of 72.7% and specificity of 81.6%
(Table 2).

Secondary outcome

The accuracy of the GRACE score in the different
forms presentations of ACS was also tested. There was
no outcome UA to be analyzed.

With regard to the non-ST segment elevation myocardial
infarction (NSTEMI), mortality rate was 5.3%, all of which
occurred during hospitalization. The in-hospital GRACE
score had a ¢ of 5.96 (p=0.425) and an AUC of 0.64.
The cutoff value was 121.5, with sensitivity of 66.7%
and specificity of 74.1%. Conversely, the GRACE score
6 months after discharge had a ¢? of 5.6 (p = 0.102) and an
AUC of 0.59. The cutoff value was 98.5, with sensitivity of
66.7% and specificity of 63% (Figure 2 and Table 3).

In the ST segment elevation myocardial infarction
(STEMI), which had a mortality rate of 11.9%, the in-
hospital GRACE score had c* of 8.8 (p=0.359) and an
AUC of 0.78. The cutoff value was 179, with sensitivity
of 80% and specificity of 91.9%. Conversely, the GRACE
score 6 months after discharge, when cumulative
mortality was 19%, had a ¢* of 7.99 (p=0.435) and an
AUC of 0.77. The cutoff value was 135, with sensitivity
of 62.5% and specificity of 88.2% (Figure 2 and Table 3).

The hospital mortality rates for patients with
predicted low, intermediate, and high risk according to
the in-hospital GRACE score were 2.8% (2 deaths), 2%
(1 death), and 13.9% (5 deaths) respectively. Conversely,
for patients with predicted low, intermediate, and high
risk according to the 6-month post-discharge GRACE
score was 3% (3 deaths), 0% (0 death) and 22% (8 deaths),
respectively (Figure 3 and Table 4).

Discussion

The use of score risk for stratification and prognostic
is recommended in the clinical practice by the national
and international guidelines on NSTEMI and STEMI.?®
The GRACE score includes quantitative and qualitative
variables and has greater discriminative accuracy than
other prognostic tools, such as the TIMI risk.?
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Figure 1 - ROC curves for in-hospital and 6-month post-discharge GRACE scores.
AUC: Area under the receiver operating characteristic curve (C statistics).

Table 2 — Predictive accuracy of in-hospital and 6-month post-discharge GRACE scores

Area (AUC) Specificity Sensitivity p-value
In-hospital GRACE score 0.76 (0.57-0.95) 98% 50% 0.014
6-month post-discharge GRACE score 0.78 (0.62-0.94) 81.6% 72.7% 0.002

AUC: area under the receiver operating characteristic curve.

In our validation study, the GRACE score showed
a satisfactory discriminative power. The AUC was
0.76 for the in-hospital GRACE score and 0.78 for the
6-month post-discharge GRACE score. In the classical
study of Eagle et al. with 17.142 patients, this score had

a discriminative value of 0.81 in patients with ACS.®

With regard to the secondary outcome, the subgroup
of patients with STEMI showed an in-hospital AUC of
0.78. Two Brazilian studies were conducted with patients
with STEMI, one by Correia et al., who reported an
AUC of 0.867 in a sample of 152 patients, and another
by Sola et al., who shown an AUC of 0.803 in a cohort of
169 individuals from Salvador, state of Bahia.”® In these
national studies, it was not possible to compare 6-month

post-discharge outcomes, because they were not assessed.

International studies, such as that conducted by
Bargos et al. with an Argentinean cohort, found results
similar to those of our study for the in-hospital GRACE
score, with an AUC of 0.76.° Furthermore, a similar AUC
(0.6) for in-hospital mortality was observed em patients
with NSTEMI.

The Spanish study by Abu-Ass et al. validated the
6-month post-discharge GRACE score with an AUC of
0.861."

In our setting, in-hospital mortality was 5.1%.
However, it was 2.8%, 2% and 13.9% for patients with
predicted low, moderate, and high mortality risk,
respectively. In the Spanish study with 6997 participants
conducted by Cordero et al., mortality rate was 5.33% and
0%, 0.6% and 9.6%, respectively." Even with a smaller
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Figure 2 — Receiver operating characteristic (ROC) curves for in-hospital and 6-month post-discharge GRACE.
AUC: area under ROC curve (C statistics). NSTEMI: non-ST segment myocardial infarction; STEMI: ST segment elevation

sample, our study found values similar to those obtained

in the Spanish study.

The limitation of our study is the fact that there was
no exploratory analysis either of the factors related to

mortality in our sample or of the impact of the prescribed

pharmacological and interventional treatments.

Itis the first Brazilian study that showed the validity
of the GRACE score beyond in-hospital prognosis.
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Table 3 — Predictive accuracy of in-hospital and 6-month post-discharge GRACE scores in NSTEMI and STEMI subgroups

Area Sensitivity (%) Specificity (%) p-value
NSTEMI 0.64 (0.29-0.98) 66.7 74.1 0.432
In-hospital
STEMI 0.78 (0.49-1) 80 91.9 0.043
NSTEMI 0.59 (0.25-0.93) 66.7 63 0.592
6-month post-discharge
STEMI 0.77 (0.57-0.98) 62.5 88.2 0.018

Area under the receiver operating characteristic curve for in-hospital and 6-month post-discharge GRACE scores in the NSTEMI and STEMI subgroups,
with sensitivity and specificity for their cutoff values.
NSTEMI: Non ST-segment elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction.
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Figure 3 - Comparison of mortality rates according to risk stratification by in-hospital and 6-month post-discharge GRACE scores.
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Conclusion

The GRACE score was validated to predict in-
hospital and 6-month post-discharge mortality in
our setting in a non-selected sample of patients
with ACS. The discriminative power of the score
was found to be satisfactory, ratifying recent
guidelines that recommend using the GRACE score
in risk stratification and selection of intensive early
treatment strategies, as well as in the watchful post-

discharge follow-up.
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Table 4 - Number of deaths according to risk classification

Death Risk

Low Intermediate High
In-hospital 2 (2.8%) 1(2%) 5 (13.9%)
6-month post-discharge 3 (5%) 0 (0%) 8 (22.8%)

Ethics approval and consent to participate

This study was approved by the Ethics Committee
of the Faculdade Meridional — IMED under the protocol
number 2.531.453. All the procedures in this study
were in accordance with the 1975 Helsinki Declaration,
updated in 2013. Informed consent was obtained from
all participants included in the study.
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Editorial referring to the article: Validation of the Grace Risk Score to Predict In-Hospital and 6-Month Post-Discharge Mortality in Patients

with Acute Coronary Syndrome

Acute Coronary Syndrome (ACS) is the most common
cause of death worldwide.! Nevertheless, ACS represents
a heterogenous group of diseases, encompassing since
low-risk unstable angina (30-day mortality below 1%),
until patients with ST-elevation myocardial infarction
(STEMI) and cardiogenic shock (30-day mortality
around 50%). Multivariable prediction models have been
developed to classify short-term and long-term risk of
these patients (Table 1). For patients with the diagnosis
of ACS, the TIMI risk score and the Global Registry of
Acute Coronary Events (GRACE) score have been largely
used in clinical practice; the latter, despite being more
complex, has shown better performance as a prognostic
tool, including prognostic information not only about
the acute phase but also about the risk within six months

after the cardiac event.?

Neves et al.’ analyzed the performance of GRACE
score in 160 patients admitted for ACS in a single
center in Brazil. The results corroborate the good
discrimination and calibration of GRACE score for
in-hospital mortality in the Brazilian population and
added information regarding its performance for six-
month mortality.> Despite the limited number of events
and wide confidence intervals, the consistency of good
discrimination and calibration of this score in different
populations reinforces this model as an appropriate tool
to estimate the risk of patients with ACS.2?

Keywords

Acute Coronary Syndrome/mortality; Prognosis;
Forecasting; Models, Statistical.

Once a model has shown good performance in
estimating risk, it is important to determine if this
information may change the clinical practice. Patients with
STEMI usually receive a standard level of care and changes
in the approach are made more due to complications (e.g.
cardiogenic shock) than to risk scores. However, patients
with non-ST elevation ACS are more heterogenous, and
risk stratification models have exerted greater influence on
decision making (Table 2).*” High-risk patients (GRACE
score > 140) represent a group of patients who benefit from
an invasive approach in the first 24 hours,®” meanwhile
patients at low risk may be considered for treatment
outside the intensive care unit and early discharge.®
Other risk models have been developed, as the one
developed by the National Cardiovascular Data Registry
(NCDR®), whose accuracy can be further improved by
the continuous use of a very large and diverse database.®’
In addition to the individual risk estimation of patients
with ACS, these models can also be used to adjust the
risk of mortality in quality-improvement registries using
the observed/expected ratio, which is of great value for
epidemiological analysis.’

Finally, the use of artificial intelligence as machine
learning and the technique of deep learning may
represent the next step in risk prediction of patients with
ACS with the potential of integrating this information
into the decision-making process of diagnosis and
treatment.'® Until then, we should consider the traditional
prediction models as a support in situations where they
could provide useful information to the medical team and
the patient about the risk of mortality. Finally, the result
of a risk score should never be used apart from medical
judgment and the combination of both represents the
current good clinical practice.
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Table 1 - Risk scores for diagnosis and treatment of Non-ST Elevation Acute Coronary Syndromes

Risk Score Population Clinical Information
TIMI Risk Original derivation and validation studies in patients Risk at 14 days of all-cause mortality, new or recurrent myocardial
S|
S with ACS; also validated in patients with chest pain (with  infarction, or severe recurrent ischemia requiring urgent
core
alower performance compared to the HEART score) revascularization
Original derivation and validation studies in patients
GRACE with ACS (better performance compared to TIMI); Main outcomes predicted by the GRACE score are in-hospital mortality
also validated in patients with chest pain (with a lower and six-month mortality + myocardial infarction
performance compared to HEART score)
ACTION Developed in patients older than 65 years, with non-ST Predicts complications requiring intensive care — cardiac arrest, shock,
ICU risk elevation myocardial infarction and without cardiogenic high-grade atrioventricular block, respiratory failure, stroke, or death
score shock or cardiac arrest on presentation during the index hospitalization
Adult patients presenting with symptoms suggestive of Predicts six-week risk of major adverse cardiac event (acute myocardial
HEART score  ACS without new electrocardiographic changes or other infarction, percutaneous or surgical coronary revascularization and
condition that requires admission death)
. . o . Predicts 30-day major adverse cardiac events (myocardial infarction,
Adult patients with normal vital signs, chest pain K : . L.
EDACS istent with ACS and o chest pai cardiac arrest, cardiogenic shock, emergency revascularization,
consistent wi and no ongoing chest pain or
. gomg P cardiovascular death, ventricular arrhythmia and/or high
crescendo angina . .
atrioventricular block)
. X . . Predicts 30-day major adverse cardiac events (myocardial infarction,
Suspected ACS with chest pain longer than five minutes L . . K
ADAPT emergency revascularization, death, ventricular arrhythmia, cardiac

and planned observation

arrest, cardiogenic shock, or high-degree atrioventricular block)

TIMI: thrombolysis in myocardial infarction; GRACE: Global Registry of Acute Coronary Events; ACTION: Acute Coronary Treatment and
Intervention Outcomes Network ICU risk score; HEART: history, electrocardiogram, age, risk factors and initial troponin; EDACS: Emergency
Department Assessment of Chest Pain Score; ADAPT: indicates 2-hour accelerated, diagnostic protocol to access patients with chest pain symptoms
using contemporary troponins as the only biomarkers; ACS: acute coronary syndrome.

Table 2 — Current recommendations for the management of patients with suspected or confirmed Non-ST elevation acute

coronary syndromes based on risk-score*’

Guidelines

ESC

Population

Recommendations based on risk-score

An early invasive strategy within 24 h is recommended in patients with a GRACE score >140 (even

Confirmed ACS

without ECG or troponin abnormality); among patients with GRACE score < 140 and without ECG or

troponin abnormality, the invasive strategy is not routinely recommended

BSC

Confirmed ACS

An early invasive strategy within 24 h is recommended in patients with a GRACE score >140 (even without
ECG or troponin abnormality); among patients with a GRACE score between 109 and 140, the invasive
strategy is recommended within 72 hours

Suspected ACS

Patients with HEART scores <3 associated with negative troponin results, ECG without ischemic change, and no
history of coronary artery disease can be discharged from the emergency department for outpatient reassessment

ACC/AHA

Confirmed ACS

An early invasive strategy within 24 hours is recommended in patients with a GRACE risk score >140 (even
without ECG or troponin abnormality); among patients with a GRACE score between 109 and 140 (or a TIMI
score > 2), the invasive strategy is the standard but can be delayed until 72 hours; finally, a GRACE score <
109 indicates a standard non-invasive approach.

Suspected ACS

Patients classified as low risk using a clinical-decision pathway (HEART, EDACS, ADAPT or NOTR) could
be discharged without additional testing

BSC: Brazilian Society of Cardiology; ESC: European Society of Cardiology; ACC/AHA: American College of Cardiology/American Heart Association; ECG:
electrocardiographic; ADAPT: indicates 2-hour Accelerated, diagnostic protocol to access patients with chest pain symptoms using contemporary troponins as the
only biomarkers; EDACS: Emergency Department Acute Coronary Syndrome; HEART: pathway, history, ecg, age, risk factors, troponin; NOTR: no objective
testing rule; TIMI: thrombolysis in myocardial infarction.
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Acute Myocardial Infarction and Percutaneous Coronary Intervention: What does the
Epidemiological Data of the Last Years Indicate?

Gabriel Silvestre Minucci™ and Samuel Marques dos Reis

Universidade Federal de Séo Jodo del-Rei, MG - Brazil.

Abstract

Background: ST-segment elevation acute myocardial infarction (STEMI) is a pathological process that involves
cardiac muscle tissue death. Intravenous thrombolysis with fibrinolytics or primary percutaneous coronary
intervention (PCI), an invasive technique, can be performed for tissue revascularization. PCI has been preferred as
compared to non-invasive methods, although few studies have described its use in Brazil.

Objectives: The aim of the present study was to analyze data on the use of primary PCI and investigate the relevance
of hospitalizations for the treatment of STEMI in the country.

Methods: A descriptive, cross-sectional analysis of data from the Brazilian Unified Health system (SUS) Department
of Informatics (DATASUS) from 2010 to 2019 was conducted.

Results: Hospitalizations for STEMI represented 0.6% of all hospital admissions in Brazil in the analyzed period,
0.9% of hospital costs, and 2.1% of deaths. The number of hospitalizations due to STEMI was 659,811, and 82,793 for
PClIs. Length of hospital stay was 36.0% shorter and mortality rate was 53.3% lower in PCIL. The mean cost of PCI
was 3.5-fold higher than for treatment of STEMI.

Conclusions: Data on hospitalizations for STEMI treatment in Brazil revealed high hospitalization and mortality
rates, elevated costs, and long hospital stay. Although primary PCI is a more expensive and less used technique
than other methods, it can reduce the length of hospital stay and mortality in the treatment of STEML

Keywords: Cardiovascular Diseases; Myocardial Infarction; Risk Factors; Coronary Diseases; Angioplasty Balloon
Coronary/methods; Hospitalization; Mortality.

Introduction infarction, the diagnosis of AMI is based on acute changes

in cardiac enzyme curves, and evidence of ischemia

Coronary artery disease (CAD) is associated with  (clinical condition, electrocardiographic alterations, or

the obstruction of coronary arteries. It has, as an  abnormal angiography).2 AMI with ST-segment elevation

etiopathogenic substrate, atherosclerosis, and as a
possible outcome, ischemic syndromes — stable and
unstable angina and acute myocardial infarction (AMI).
These conditions have varying degrees of impairment
involving ischemia and injury, with the possibility that
the coronary arteries remain preserved.!

AMl is a pathological process that initially affects the
coronary arteries and is characterized by tissue death in
the cardiac muscle. According to the European Society of
Cardiology and the 4th universal definition of myocardial

(STEMI) comprises a condition of transmural ischemia
involving ST-segment elevation or left bundle-branch
block (LBBB) on the electrocardiogram, with acute
elevation of cardiac markers due to total occlusion of a
segment of the coronary vascular bed."” Once STEMI is
diagnosed, the course of action to be taken will depend
on the resources available at the health care center
and the time elapsed since the onset of symptoms. For
revascularization of the ischemic tissue, intravenous
thrombolysis with fibrinolytic agents as well as primary
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percutaneous coronary interventions (PCIs)? can be
carried out.

According to the literature, primary PCI has greater
efficacy and better results than fibrinolysis, especially
if performed within the first 90 minutes of symptom
onset. Despite the similarity with fibrinolytics regarding
the need for early intervention for good results, the
invasive technique has been preferred over the non-
invasive method,* given its association with higher
rates of recanalization of the culprit vessel, lower rates
of reocclusion and bleeding, in addition to improved
ventricular function and survival.*”

However, progress has been made in the treatment
for the stabilization of atherosclerotic plaques in
the coronary arteries. Studies such as COURAGE?2,
ISCHEMIA, and CAPTIM have reported similar results
concerning drug therapy, percutaneous intervention,
and revascularization surgery in prospective follow-up
of patients after the acute period.®*

Thus, the main aim of this study was to analyze data
on the use of primary PCI as an alternative in STEMI
episodes compared with pharmacological treatment in
Brazil. The scarcity of data and the importance of this
issue justify studies for a better understanding of the
Brazilian reality in this regard. Another objective was
to investigate factors related to hospitalizations for the
treatment of STEMI - total number of hospitalizations,
hospitalization costs, and in-hospital mortality.

Methods

This was a descriptive, cross-sectional study. Data were
collected from the “Hospital Admission Authorization”
(AIH) form, a document filled out by the physician upon
hospital admission recorded in the Hospital Information
System (SIH/SUS), available in the free online database of
the Brazilian Unified Health System (SUS) Department
of Informatics (DATASUS). Data were collected from
January to March 2020 and tabulated and analyzed using
the TABNET program.

To perform an analysis of a 10-year period, data
between January 2010 and December 2019 were
examined. We evaluated total hospital admissions in
Brazil and hospitalizations for the treatment of ischemic
syndromes, STEMI, and for referral for primary coronary
angioplasty. The following variables were collected from
the records: number of admissions, total hospitalization
costs, average cost per admission, mean length of hospital
stay, number of deaths, mortality rate, and categories

of hospitals by ownership (public - federal, state, and
municipal hospitals, or private (contracted by SUS,
philanthropic, and union hospitals).

All procedures were classified according to the
codes included in the SUS table, maintaining the
original nomenclature: 0303060190 - Treatment of
Acute Myocardial Infarction; 0303060280 - Treatment
of Acute Coronary Syndrome; 0303060204 - Treatment
of Arterial Failure with Critical Ischemia; 0406030049 -
Primary Coronary Angioplasty. Codes 0303060280 and
0303060204 were considered as Ischemic Syndromes.

Since the information was obtained from a public
domain database, this study did not need ethics
committee approval.

Results

Data obtained for the period between 2010 and 2019
are described in Table 1.

The rate of hospital admissions over the years can be
viewed in the graph below (Figure 1).

When analyzing the data related to the treatment of
STEM]I, the year with the highest number of admissions
was 2019, with 80,516 hospitalizations, which represented
12.2% of the total. Overall, there was a 40.2% growth
between 2010 and 2019. The federal state with the highest
number of hospitalizations was Sao Paulo, with 198,593
admissions, corresponding to 30.1% of all hospital
admissions for the treatment of STEMI in the country.

Among the total admissions for STEMI treatment,
only 12.5% were for primary referral for PCIL. The
highest number of procedures was registered in the year
2019, with 11,099 hospitalizations (13.4% of the total
number of hospital admissions for primary PCI). A 49%
increase in the use of this technique was observed in
the analyzed period. The federal state with the highest
number of hospitalizations was also Sao Paulo, with 2,329
admissions, which corresponds to 21.2% of the total.

Regarding the type of hospital (whether public or
private), in 46.7% of cases the type of hospitalization
for the treatment of STEMI was not recorded; 27.4%
(n=180,507) admissions occurred in public hospitals,
and 25.9% (n=170,939) of hospitalizations took place in
the private hospitals. Data on the use of primary PCI
indicated that most procedures were performed in the
private sector (31.1%; n=25,717), while 15.3% (n=12,699)
took place in the public sector. Note that in 44,377 (53.6%)
cases, the type of hospital was not recorded.
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Table 1 - Data on hospitalizations for the treatment of ischemic syndromes, myocardial infarction with ST elevation

(STEMI), and referral for primary percutaneous coronary intervention in Brazil from 2010 to 2019

Total hospitalizations in

Hospitalizations due to

e Hospitalizations for
Hospitalizations for i
primary coronary

the country ischemic syndromes STEMI treatment ;
angioplasty
Number of
hospitalizations 117,122,623 1,573,632 659,811 82,793
(n%)
Percentage in
o 100% 1.34% 0.56% 0.07%
hospitalizations *
Hospital expenses
(Brazilian R$132,996,086,776.43 R$2,184,781,851.10 R$1,217,030,068.19 R$534,204,650.74
currency)
Percentage in
100% 1.64% 0.91% 0.40%
value spent *
Number of deaths
4,631,633 123,806 95,874 5,615
(No.)
Percentage in
100% 2.67% 2.06% 0.12%
deaths *
Mortality rate 4.05% 6.08% 14.53% 6.78%
Average cost
per procedure
. R$1,135.44 R$4,055.65 R$1,844.54 R$6,452.29
(Brazilian
currency)
Percentage in
100% 357.18% 162.45% 568.26%
average cost
Average length of
5.6 6.4 8.3 5.3
stay (days)
Percentage in
average length 100% 114.28% 148.21% 94.64%

of stay

* In relation to total national values

The mean length of hospital stay for primary PCI
was 36% shorter compared with the duration of
hospitalizations for the treatment of STEMI.

Hospital costs for the treatment of STEMI increased by
62.4% during the analyzed period. The highest hospital
costs were observed in Sao Paulo state, BR$378,783,670.64,
corresponding to 31.1% of the total national costs, which,
in turn, showed a 10.1% increase over the years. Total
hospital expenses for PCI admissions corresponded
to 43.9% of the total costs for the treatment of STEMI,
which showed a 101.83% increase in the analyzed
period. Again, the federal state with the highest costs
was Sao Paulo, with BR$120,791,951.46, accounting for
14.02% of the costs with PCl in the country. The average
cost per PCI procedure was 3.5-fold higher than that

for STEMI treatment, with a 13.87% increase during
the analyzed period.

Regarding mortality rate, the national in-hospital
mortality rate for treatment of STEMI reduced by 15.2%
in the period from 2010 to 2019. As for primary PC], in-
hospital mortality rate was 53.33% lower than for STEMI
treatment, with a reduction of 17.2% in the analyzed
period.

Of the 1,895 types of hospital procedures described
in DATASUS, hospital admissions for the treatment of
STEMI occupied the 40th position in terms of number
of cases when compared to hospitalizations for primary
PCI, which ranked the 175% position. Considering
the hospital costs per procedure, costs related to the
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treatment of STEMI was the 26th most expensive in
the country, and costs related to PCI occupied the 48™
position. In addition, the treatment of STEMI ranked the
9th position in the number of deaths in the country, and
PCI the 88™ position.

Discussion

The data obtained herein evidenced the discrepancy
between the numbers of hospital admissions for
the treatment of STEMI and for primary coronary
angioplasty in the country. Although the number of
isolated primary PCI procedure was low, the use of this
technique considerably increased in Brazil during the
analyzed period, with a growth of 49% from 2010 to 2019.
Such increment can be related to the greater support from
scientific literature, investments in the field, refinement
of the technique, as well as the larger availability of
technology for its use in the country.’®!! Nevertheless,
this number corresponds to a small percentage of all
hospitalizations for the treatment of STEMI during the
analyzed period (12.54%).

Improvements in the technique and technology, such
as the adoption of drug-eluting stents and more potent
antiplatelet drugs (including surface glycoprotein IIb/
IIla receptor inhibitors), also justify the increase in
hospitalization costs and supplemental health services
in angioplasty interventions.!? These advances are
accompanied by increasing rates of therapeutic success
and reduced mortality.'®

When compared to fibrinolytics, primary PCI is
associated with better short- and long-term clinical
outcomes, including greater ability to reestablish
coronary flow, and reduced rates of recurrent ischemia,
reinfarction, and stroke. Thus, this is the treatment
of choice when there is the possibility of transferring
the patient to a hospital capable of performing this
procedure,®417 and should be preferably performed
within 90 minutes after the diagnosis of STEMI.>!¢18

North American studies with registries from the
National Registry of Myocardial Infarction (NRMI)
1, 2, and 3, reported a significant increment in the
use of angioplasty compared with fibrinolytics, and
a concomitant decrease in morbidity and mortality of
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patients with sustained STEMI. This is related to advances
in technology and interventional cardiology, justified by
investments in technology and greater experience of the
medical teams in countries like the United States."

The growing use of primary PCI in Brazil has been
observed since the late 1990s.1? In a Brazilian study
published in 2010, Piegas and Haddad ' conducted a data
survey and showed an increasing performance of PClin
Brazil, with some referral centers presenting mortality
rates comparable to international values.!*

In the study by Widimsky et al.,* conducted in Europe
between 2007 and 2008, 37% to 93% of STEMI patients
received some kind of reperfusion treatment, varying
from country to country, with primary PCI as the most
prevalent therapy in most countries.?! In a study carried
out in the United States between 2007 and 2009 with
patients with infarction, primary PCI was adopted in 81%
of the cases in which reperfusion treatment was applied.?!

According to the ACCEPT trial, carried out in
Brazil between 2011 and 2012, among the 846 patients
admitted in hospital centers with STEMI, 83.3% (n=705)
received reperfusion therapy, with 10% (71) being
treated with thrombolytic agents and 90% (634) with
primary angioplasty.?

Considering that the present study was a national
analysis covering different tertiary care hospitals,
the collected data indicate that 12.54% of the
hospitalizations for STEMI treatment were for primary
angioplasty, evidencing a possible contrast in relation
to the ACCEPT trial.

Regarding mortality due to primary coronary
angioplasty, Canadian studies analyzing data between
2000 and 2005 showed a mortality rate of 1.4%.%
Meanwhile, in North American studies carried out
between 1998 and 2000, the mortality rate was 0.78%,%
whereas other studies conducted in the same country
between 2004 and 2017 revealed a mortality rate of
1.27%.** Data from Brazilian studies reported mortality
rates between 2% and 6%,'"** however, the present
study found national values close to 6.8%.

In contrast with the findings commonly described in
the literature regarding morbidity and mortality rates
of the two main revascularization techniques, studies
such as CAPTIM, in France, and WEST, in Canada,
showed that the mortality rates in one year were not
different between the groups of patients who received
fibrinolytics and those who underwent primary PCI.

The two studies claim that participants who underwent
fibrinolysis within two hours of symptom onset had
better one-year survival when compared to those who
received PCI in the same period; after two hours, no
difference was observed.3!

As for costs, although percutaneous angioplasty
represented only 12.5% of hospitalizations for treatment
of STEM], the procedure corresponded to approximately
43.9% of the total expenses. However, the mortality
rate in hospital admissions for primary angioplasty
(6.8%) was around 53.3% lower than for the treatment
of STEMI (14.53%). Therefore, it is possible to correlate
primary PCI with lower mortality rates and higher costs.
Nonetheless, we cannot rule out that discrepancy in
these numbers may have been influenced by disparities
in hospital centers.

The obtained data also showed that the mean length
of stay of patients treated with angioplasty (5.3 days)
was shorter than that registered for the treatment of
STEMI (8.3 days). On the other hand, it is of note that
the angioplasty procedure is more costly since it requires
specific technologies and interventional cardiology team.

Regarding the relevance of hospitalizations for
STEMI in the country, in the present study among
the 1,895 types of procedures, the treatment of STEMI
occupied significant positions in the national ranking
of hospital admissions, costs, and deaths. The impact of
cardiovascular diseases and, especially, STEMI on death
rates and costs in Brazil is well established in the medical
literature. In 2009, cardiovascular ischemic syndromes
accounted for more than 7% of all deaths in the country
and 19% of the total costs with hospitalizations in the
SUS budget.'3534

It is important to highlight that there are several
limitations regarding the quality of health services
in Brazil, which may have influenced the use and
effectiveness of different techniques, and hence on data
obtained. Among these limitations, the following may
be considered: different availability of hemodynamic
laboratories; poor coordination of the health network;
low efficacy of patient transport; and limited access or
low availability of imaging tests, medications, resources,
and technologies.?*%

Another aspect that can also be considered a
limitation in this study was the dependence on data and
designations attributed by the DATASUS platform to the
analyzed categories.
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Conclusion

Based on the collected data, primary coronary angioplasty
hasbeen scarcely performed considering all the total number
of hospitalizations for the treatment of STEML. Despite the
higher costs, the procedure promotes a shorter hospital stay
and a lower mortality rate compared to other treatments
for infarction. The significant increase in the use of primary
angioplasty (by more than 49% in the past 10 years),
concomitant with increases in the cases of STEMI, indicate
that this alternative method can be further exploited in Brazil.

The statistical and epidemiological importance of data
on STEMI hospitalizations, costs, and mortality rates
can assist in measuring the impact of this disease on our
society. Thus, the present study is of significant value for
public health managers, as well as hospitals and medical
teams that apply the PCI technique.

More studies in this field are needed in the country,
considering particularities of each region and how health
networks are organized to provide PCI for eligible patients
in a timely manner and with qualified professionals.
From an economic viewpoint, it would be interesting to
compare PCl-related costs in Brazil with those in other
countries where this technique has been used for a longer
time to verify whether there is a trend of cost reduction
with the advancement and greater accessibility of the
technology required for this intervention.
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Abstract

Background: Physical Fitness Tests (PFTs) are part of military routines and are usually administered to applicants
for the Brazilian corps member, including the civil police.

Objective: To identify in the literature, scientific articles aimed at assessing physical fitness of police and military
personnel in Brazil, using PFTs.

Methods: This was a systematic review, using the PRISMA systematization, using the following search keywords
"police", "military", "physical fitness test" and " PFT", in English and Portuguese. The databases used were
ScienceDirect, PubMed, BVS (Lilacs) and Scielo. Only original works performed with police and military personnel

in Brazil were selected, through the application of inclusion and exclusion criteria.
Results: After the screening process, 11 articles were selected from a total of 1,487.

Conclusions: The data collected from the selected articles suggest that older age is related to a decrease in physical
fitness, and better performance in the tests is related to a lower risk of comorbidities. Although high-intensity
training improves physical fitness and anthropometric data, it is associated with injury rates; physically active
lifestyle is associated with better flexibility.

Keywords: Police; Military Personnel; Exercise Test; Brazil.

Introduction

The Armed Forces are in charge of guaranteeing of
the Brazil State, and their performance is based on the
existence of the state, enforcing constitutional norms and
principles throughout the territory.' The military police
act in direct contact with the civilian population and
work to protect their lives and freedom based on their
rights and duties.? The civil police act in the judicial police
branch of the criminal justice system.?

The police and military work require a wide range
of physical abilities, and basic physical fitness must be
displayed by all staff members.** In this context, the

assessment of physical abilities, by means of Physical
Fitness Tests (PFTs), is routinely performed among the
military personnel, and is also part of the tests for entry
into the corps including the civil police.®”

However, although PFT may be present in military
routines and is usually administered to eligible
applicants, periodic follow-up examinations are not
common. In this sense, studies aimed at clarifying the
purposes and applicability of PFTs and contributing to
develop standardized protocols seem necessary .

The main objective of this study was to identify in the

literature, scientific articles published from inception
until May 17, 2020, related to physical fitness tests applied
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among the police and military personnel in Brazil. The
secondary objective was to present the main results
and conclusions obtained from the selected articles and
discuss the purposes of the PFTs. This article sought to
answer the following guiding questions: 1) What are
the most commonly used tests? 2) What did the authors
conclude from the results? 3) When available, how were
anthropometric parameters assessed, and how did they
affect the results?

Methods

This study was approved by PROSPERO (identification
code CRD42020186880). First, a search was conducted
in the ScienceDirect, PubMed, BVL (Lilacs) and Scielo
databases to identify articles on the topic. The first phase
of the search conducted on May 17, 2020, and considered
all articles published up to that date. The keywords, in
Portuguese and in English, used for the search, are listed
in Table 1.

The following resources were used in the databases:
“Research Articles” in ScienceDirect; “Clinical Trial” and
“Randomized Controlled Trial” in PubMed; “Aptidao

fisica”, “Militares” and “Policia” in BVS (Lilacs); “Health
Sciences” and “Biological Sciences” in Scielo.

Data of articles retrieved from the search were exported
to the EndNote® program. The systematic review was
made using the PRISMA flow diagram.® In the screening
stages, the inclusion and exclusion criteria described in
Table 2 were used. The first screening was made based
on titles and summary/abstract of the exported citations.
The remaining articles were downloaded and included in
the EndNote® program for the second screening, based
on full reading of the articles.

After the screening phases, a total of seven parameters
were extracted from the selected articles — author, year
of publication, sample characteristics, methods adopted,
tests used, results obtained and main conclusions.

Results

The processes of data acquisition and sorting are
shown in a flowchart in Figure 1. The search for articles
in the Portuguese language yielded fewer articles than
the search for articles in the English. General results of
the search in each database are presented in Figure 1.

Table 1 — Search terms and databases used in review

Keywords by database

ScienceDirect; PubMed; Scielo; BVS (Lilacs)

((police) or (military)) and (fitness test) and not (review)

Scielo; BVS (Lilacs)

((policia) or (militar)) and ((teste de aptidao fisica) or (taf)) and not (revisao)

Source: Author.

Table 2 — Inclusion and exclusion criteria for study selection

Inclusion criteria

Exclusion criteria

¢ The study sample was composed of police and/or military personnel in Brazil

* Animal experiments

e Studies involving physical fitness tests.

e Studies where physical fitness tests were used to assess
patients with diseases or pathological conditions

* Original, complete articles published in scientific journals.

e Studies evaluating the performance of police or military
personnel in specific sports or physical exercises

® Only studies with active police and/or military personnel.

¢ Interventions on nutritional supplementation

® Review articles, guidelines, and positioning articles

Source: Author.
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Identification’ ‘exassansense ScienceDirect . PubMed . Scielo . Scielo oy Total=14g7
707 citations 730 citations 19 citations 31 citations citations
. 5 . Aptidao fisica 1.132 citations
Research Articles - Clinieal Trial 1., Elcalih Seieaces - Miliares <% excluded afier
. Randomized Controlled Trial . Biological Sciences o N
= Policia applying the filters
Articles Exported to EndNote®: sssssasss > 246 citations 74 citations 18 citations 17 citations s 355 citations
Deleted refergu_\‘e ?ypes Boyk L 6 Excluded articles
Remaining: 349 citations
Duplicate articles excluded [ ..o 7 Duplicate items
Remaining: 342 citations deleted
- I
Application of inclusion and exclusion criteria and
screening after reading the title and abstract ~ fsssssssssassasssinnsinsiniina. 325 Excluded articles
Remaining : 17 citations
Screening stages ‘
Application of inclusion and exclusion criteria and full
reading of the article =~ preseeseseeressssssssisssssssssnnnnnn 6 Excluded articles
Remaining : 11 citations
= ]
SELECTED ARTICLES
11 citations
Figure 1 - PRISMA flow chart of screening and selection process

After exporting the data, six citations, specified as
“Book Selection”, were excluded. Eleven articles were
selected and included in this study; the oldest article
published in 2006 and the most recent published in
2020. Table 3 summarizes methodological characteristics,
results and main conclusions of each article.

The most reported tests were one-minute sit-ups
(1 MA)?13151619 and 12-minute run/walk, both in
eight articles (72.7%);%'>'*"* followed by push-ups in
five articles (45.5%);'%1"12131 pull-ups in four articles
(36.4%);%1%1318 Flexitest (FT) in two articles (18.18%);'5%
and running tests (3,200m, 1,600m, or 50m),'*'"?
treadmill stress test (TST),!! shuttle run (SR)" test, the
Wells bench (WB)'" test, and 100-meter swimming test
(100mST)"® in one article each (12.5%).

As for the experimental design, five (45.5%)'1>151819
articles with descriptive statistics were identified, four
(36.4%)'>1416 registry data evaluation, two (18.2%)!01
made comparisons between groups, one (9.1 %)
comparison between tests and one (9.1%)’ comparisons
between conditions before and after intervention, and
one articles used more than one of methods.’

Nine articles used anthropometric evaluation nine
involving measurement of body mass index (BMI)
(81.8%)* 1113141619 four %BF (36.6%)111118 three waist

circumference (WC) (27.3%)'*'"* and one waist-
hipratio (9,1%)'. One article reported hemodynamic
data on systolic blood pressure (SBP) and diastolic
blood pressure (DBP) (9.1%)"; and one evaluated
perception of effort (9.1%)", and one article (9.1%)°
evaluated injuries during the intervention.

Among the selected articles, in five the deleterious
effects of aging sensitive to the performance of the
TAF were reported.!012131519

Discussion

The present study presented studies involving PFTs
applied to police and military personnel in Brazil, with
no comparisons with data from other countries.

We did not find any article with civilian police officers,
possibly because PFTs are not part of the routine of these
policemen during their career.

Anthropometric and hemodynamic assessments are
performed during the health examination, separate from
the PFT. However, anthropometric, and hemodynamic
measures may change after completion of the PFT .2

To answer the guiding questions of this study, the
selected articles will be discussed starting from the PFTs,
followed by a kinesiological analysis, and presentation
of the main conclusions drawn from the data collected.
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The most reported tests in the selected articles
were IMA and 12-minute walk/run (72.73%). In the
1IMA test, the subject lies down on the back, with the
knees bent, the soles of the feet resting on the ground,
and arms crossed over the chest. Participant’s feet
are firmly held down by another person. In the up
position, the subject should touch elbows to knee
and then return down until their shoulder blades
contact the floor. The participant performs as many
correct sit ups as possible in 60 seconds.” 315161 In
the article by Rodrigues et al.’® the numbers of sit
ups were considered inadequate, which was related
to high values of BMI. In the article by Esteves et
al." conditioning was also considered inappropriate,
however, BMI was classified as normal, and thus, the
relationship between BMI and physical fitness was
found. In the other articles, the values of the IMA test
were considered satisfactory. The data suggest that
BMI may negatively influence the performance of the
1MA test, but it is not decisive.

In the 12-minute run/walk test, participant lines up
behind the starting line. After a command, the watch is
started, participants should walk or run, and the longest
distance covered in 12 minutes is recorded. Then,
estimated VO2 Max results are calculated by specific
formulas.”'*'*" Results of the selected articles suggest
that the increase in age, BMI and %BF negatively affect
the performance in the 12-minute walk/run test.'>!618
Also, individuals with better performance had lower
BMI and Waist Perimeter (WP).!

The 3,200m, 1,600m, 20m ST and TST (9,1%) were
also used for cardiac evaluation. In the 50m, 3,200m
and 1,600m tests, the time required to cover the
distances of 50m, 3,200m and 1,600m, respectively is
recorded.”’®"” The shuttle run test of running back and
forth, repeatedly, a distance of 20 meters, controlled
by a sound stimulus.'” TST was performed following
a specific protocol, monitored by electrocardiography;
the test was performed which made it possible to
collect hemodynamic data.! The VO2max calculations
were based on doubly indirect assessments. Despite the
methodological differences, these studies supported
the statement that cardiorespiratory performance
decreases with increasing age.'01%131519

Push-up test was the third most reported (45.5%).
Before beginning the push-up movement, participants
assume the front-leaning rest position by placing the
hands comfortably and feet together. The body should
form a straight line from the shoulders to the ankles,

with the elbows extended. Push-ups are begun by
bending the elbows and lowering the entire body until
the upper arms are at least parallel to the ground.
Then participants return to the starting position by
raising the body until the arms are fully extended. The
movement is repeated continuously until failure. For
women, the exercise may be adapted by performing the
exercise with the knees on the floor (knee push-ups).
10-121519 T the test, the number of correct repetitions
is counted. The activity load is based on body mass,
therefore, the anthropometric characteristics interfere
with the test performance. A In that test the number
of repetitions is counted to compose the test score
and higher values represent the performance. As the
activity load is based on body mass, anthropometric
characteristics influence the test performance. This
is corroborated by the study by Esteves et al.,'' who
reported inadequate levels of physical condition in
highway police officers. In addition, other studies
reinforced the negative effect of age on the performance
in push-up tests.!®!?!519 According to Pereira &
Teixeira," there should be an age categorization when
applying the test and evaluating performance.

In the pull-up test (36.4%), the participant stands
below a pull-up bar and, with elbows fully extended,
place their hands in pronation in the bar. Then,
participant bends the elbows and raises the upper
body up toward the bar until the chin is over the
bar. The movement is repeated until failure or until
completing 60 seconds. An alternative or adapted
version consists of maintaining the elbows at 90° in
isometry; higher repetition values represent higher
scores or better performance.”'*'® This test aims to
assess muscle strength or endurance depending on
the level of training and body mass.?**

The 100mST (9.1%) consists of performing a free
swimming test in a 50 meter-pool. Participants start by
jumping from a platform, touch the opposite end and
swim back to the staring edge. Shorter times indicate
better performance.”® Medeiros et al.® also reported
a decrease in the performance in the 100mST with
increasing age.

Two articles used flexibility tests, the WB test and
the FT (9.09%). In the BW test, also known as the
sit and reach test, participants sit on the floor with
the legs stretched out together, and knees extended.
With the hands superimposed and palms facing
downwards, participants reach forward along the
measuring line as far as possible, performing hip
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and trunk flexion. The participant has three attempts
to reaches the maximum distance; greater distances
correspond to better performance.’” The FT is a test
that qualitatively evaluates joint amplitudes in five
movements — extension with adduction of the shoulder,
horizontal adduction of the shoulder, flexion of the
trunk, flexion of the hip and the abduction of the hip.
The movements are rated from 0 to 4 and provide a
global score called Flexindex. According to Domingos-
Gomes et al.,' flexibility can be influenced by lifestyle,
and sedentarism is associated with less flexibility.
Although older age can contribute to lower flexibility,
it does not appear to be as determinant as in other
physical capacities. Higher BMI values are related to
lower mobility.'>*

Aratjo et al.,’ used a 54-week intervention protocol,
including 90 minutes of aerobic, recreational and
sports activities, twice a week and during. Results
of PFTs and anthropometric assessment showed
improvements after the intervention protocol. In that
article, a high rate of injuries was also observed during
the intervention protocol, which was related to high
training intensity.

BMI was the most common anthropometric
parameter measured in the studies selected, assessed in
nine of the 11 studies included.***141¢1° BMI is suitable
for assessing the nutritional status of populations, and
widely applied in samples with certain homogeneity.*

The %G can present personalized data of the subjects
evaluated. This parameter was assessed in three of
the 11 articles included, in 52, 50 and 41 participants.
This relatively small number of participants made the
individual evaluation viable.!%'"

Subjective perception of exertion (SPE), also known
as the Borg Scale, is not a PFTs, but rather a scale-based
instrument used to measure an individual’s effort and
exertion during physical work. The instrument was
used in one article only."”

Measures involving WC, WHR, SBP and DBP were
used to assess the risk of comorbidities.!*!"!* Esteves et
al."'identified, in a sample of highway police officers,
low performance in PFTs and worrying data regarding
these measurements. Results of the selected articles
suggest that better results in PFTs are related to better
values of WC, WHR, SBP and DBP, i.e., lower risk of
comorbidities.

It is important to note that this review study had
some limitations in its construction, such as the scarcity

of articles on the developed theme, as well as the great
heterogeneity regarding the protocols applied in the
PFTs of the selected studies. Thus, it is evident that
there is no standard protocol to be followed in PFT
applied to military personnel in Brazil.

Conclusion

The present study brought to light studies
involving PFTs in police and military personnel in
Brazil. The most used tests were 1IMA, the 12-minute
run walk test, push-ups, pull-ups, the FT, running
tests (3,200m, 1,600m, and 50m), TST, SR test, WB
test, and 100mST. The tests aimed at assessing
cardiorespiratory fitness, strength, muscular
endurance, flexibility, running speed and swimming
speed. No articles with civil police officers were
found, but only with military police officers.
Age and length of service were related to decreased
physical fitness, whereas better performance in PFTs
were related to decreased risk of comorbidities.
Training protocols involving high intensity may
be related to significant improvements in PFTs and
anthropometric data, however, they can generate
high injury rates. More physically active lifestyle
can be related to greater flexibility. Further studies
involving PFTs with military personnel should be
carried out, especially clinical trials, to determine
which tests are the most suitable to assess and
measure the various physical capacities involved
in military service, and allow the development of
a single, standardized PFT protocol to assess this
population in the various military forces in Brazil.
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Text Messages to Promote Secondary Prevention after Acute Coronary Syndrome (IMPACS trial)
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Abstract

Background: Short message service (SMS) to promote healthcare improves the control of cardiovascular risk
factors, but there is a lack of evidence in low and middle-income countries, particularly after acute coronary
syndromes (ACS).

Objective: This study aims to evaluate whether the use of SMS increases risk factor control after hospital discharge
for ACS.

Methods: IMPACS is a 2-arm randomized trial with 180 patients hospitalized due to ACS at a tertiary hospital in
Brazil. Eligible patients were randomized (1:1) to an SMS intervention (G1) or standard care (G2) upon hospital
discharge. The primary endpoint was set to achieve 4 or 5 points in a risk factor control score, consisting of a cluster
of 5 modifiable risk factors: LDL-C <70mg/dL, blood pressure (BP) <140/90mmHg, regular exercise (=5 days/week,
30 minutes/session), nonsmoker status, and body mass index (BMI) <25 kg/m2] at 6 months. Secondary outcomes
were components of the primary outcome plus rehospitalization, cardiovascular death, and death from any cause.
Results are designated as significant if p<0.05.

Results: From randomized patients, 147 were included in the final analysis. Mean age was 58 (51-64) years, 74%
males. The primary outcome was achieved by 12 (16.2%) patients in G1 and 15 (20.8%) in G2 (OR=0.73, 95%CI
0.32-1.70, p=0.47). Secondary outcomes were also similar: LDL-C<70 mg/dl (p=0.33), BP<140/90 mmHg (p=0.32),
non-smoker (p=0.74), regular exercise (p=0.97), BMI (p=0.71), and rehospitalization (p=0.06). Death from any cause
occurred in three participants (2%), including one cardiovascular death in each group.

Conclusion: SMS intervention did not significantly improve cardiovascular risk factor control when compared to
standard care in patients discharged after ACS in Brazil.

Keywords: Acute Coronary Syndrome; Text Messages; Risk Factors; Telemedicine.

Introduction

Ischemic heart disease is the leading cause of death
and loss of cardiovascular health worldwide.! In Brazil,
although age-standardized cardiovascular mortality
rate has declined in recent decades, coronary heart
disease also remains the leading cause of death.?
The increasing prevalence of cardiovascular risk
factors, due to growing urbanization, is involved in

this scenario.*

The twentieth century has witnessed a remarkable
evolution in the understanding of pathogenesis, treatment,
and clinical consequences of coronary atherosclerosis.®
Despite the progress that has been achieved, the risk of
reinfarction or death after the first coronary event remains
high.® Given the importance of secondary prevention after
an acute coronary syndrome (ACS),” several electronic
health tools are available for use. Therefore, short message
service (SMS) is a simple and low-cost alternative tool that

enables encouragement of healthy living habits.!’
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A previous randomized study developed in a
high-income country, the “TEXT ME” trial,!* showed
positive results of using SMS in patients with coronary
heart disease. Despite the promising results, there is
insufficient evidence to draw definite conclusions about
SMS interventions in low and middle-income countries
(LMIC), not only because most studies were performed
in high-income countries,'*"? but also because significant
barriers can hamper the successful application of mobile
Health (mHealth) in this setting.” Furthermore, good
adherence to drug therapy is associated with positive
health outcomes,™ and treatment adherence after SCA
continues to be an important condition to achieve optimal
targets.® The IMPACS (Impact of text Messages to Promote
secondary prevention after Acute Corornary Syndrome) study
aims to further assess this gap through a randomized
clinical trial, evaluating whether the use of SMS increases
risk factor control after hospital discharge for ACS at a
tertiary hospital in Brazil.

Methods

Design and Participants

The IMPACS trial is a two-arm, parallel, double-
blind randomized trial involving patients admitted
due to ACS at the University Hospital of Universidade
Federal de Minas Gerais (UFMQG), a tertiary, public, and
general hospital in Belo Horizonte, a capital city located
in southeast Brazil. Details of the trial design have been
previously published,” and the protocol was approved
by institutional review boards.

Patients of 18 years of age or older, who were
hospitalized with a diagnosis of ACS, were discharged
for outpatient follow-up, and were able to receive SMS
in their own mobile phone, were eligible to participate
in this study. Eligible patients were identified by
daily assessment in the Coronary Intensive Care
Unit and followed up during hospitalization for data
collection. Data were collected in standard protocols by
previously trained cardiologists and medical students.
Exclusion criteria included the refusal or inability
to sign the Informed Consent, as well as complete
illiteracy (the inability to read and write). Included
patients were also participants of the “Good Practice
Program in Cardiology / Get With The Guidelines”,*
a joint quality improvement program of the Brazilian
Cardiology Society, Ministry of Health (Brazil) and
American Heart Association (US).

Randomization

After obtaining informed written consent, data
from each patient was entered into an online database
(RedCap). A blocked randomization was provided in
blocks of four patients each, following the date of patient
enrollment, following a uniform 1:1 fashion. Researchers,
data collectors, and physicians who provided medical
care were blinded to the treatment allocation. Dedicated
software developed by the Telehealth Center of UFMG'’s
University Hospital sent one-way SMS between a server
(Microsoft Windows®, Redmond, WA, US) and the
participant’s mobile phone,"” The software had a bank of
185 text messages that allowed for the identification and
scheduling of the submission of SMS on predetermined
dates. Interactive communication was not available.

Interventions

The usual care group (IMPACS control group) received
standard discharge care after ACS. The intervention group
(IMPACS intervention group) also received standard
discharge care, plus the SMS intervention program. The
usual discharge care in the first 6 months of follow-up
after ACS consisted of at least two medical appointments
with the attending cardiologist, one appointment with
a clinical pharmacist, and one appointment with the
physical therapy group. All discharged patients were
given the opportunity to participate in the hospital
cardiovascular rehabilitation program, which consists
of supervised physical exercise for three consecutive
months. More appointments could occur, according to the
evaluation of the attending health professionals. IMPACS
researchers were independent of attending physicians
and did not interfere with patient care.

A total of 185 SMS was developed by the research
group, offering advice, motivation, and information
about medication adherence, increase in regular physical
activity, adoption of healthy dietary habits, and smoking
cessation (if appropriate). The Intervention group was
divided into four subgroups (“modules”), according
to baseline characteristics of participants: Module
1, nonsmokers and free of diabetes; Module 2, non-
smokers and diabetic patients; Module 3, smokers and
non-diabetic patients; Module 4, smokers and diabetic
patients. Semi-personalized SMS were sent out foud
times per week for six months, with the first SMS being
sent immediately after hospital discharge. The system
could not inform whether the patients read the messages.
No cross-over between modules was permitted, even
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if the patient stopped smoking or developed diabetes.
Examples of text messages can be seen in the previously
published trial protocol.®

Outcomes

Outcomes were evaluated 6 (+1) months after hospital
discharge, in a pre-scheduled follow-up appointment.
The primary endpoint was set to achieve 4 or 5 points in
a Risk Factor Control Score, which combined the cluster
effect of five main modifiable risk factors for ACS (Low
Density Lipoprotein Cholesterol (LDL-C) <70mg/dL,
blood pressure <140/90 mmHg, regular exercise [>5 days/
week x 30 minutes of moderate exercise per session], non-
smoker status, and body mass index (BMI) <25 kg/m?).

Pre-specified secondary endpoints were: plasma
LDL-C levels, level of physical activity (measured by a
“direct” question [participants who reported exercising
5 or more days per week x 30 min/d of moderate
exercise], and by Portuguese version of the International
Physical Activity Questionnaire Short Form (IPAQ-
SF)®® - Supplementary Material, which was planned
to be validated by using accelerometers in one-fifth
of the participants), blood pressure levels, medication
adherence "(measured via the "Medida de Adesao aos
Tratamentos" - Treatment Adherence Measure [MAT]
form'), proportion of non-smokers (self-reported
and confirmed by a Carbon Monoxide Meter Breath
Test), BMI, rehospitalization, cardiovascular death,
and death from any cause. Additional analyses were
done using a Health Literacy questionnaire (The Short
Assessment of Health Literacy for Portuguese Speaking
Adults - SAHLPA-18,* with a score ranging from 0 to
18, with <14 indicating inadequate health literacy), and
a follow-up questionnaire (self-reported acceptability
and understanding). Both instruments were applied
for a better interpretation of trial results due to LMIC’s
barriers and particularities.

Statistical methods

A sample size of 160 patients was calculated to provide
80% power to detect a difference of at least 19% between
the intervention and the control groups in achieving
4 or more of the 5 modifiable risk factors (Risk Factor
Control Score), with a two-sided significance level of
0.05, considering a loss to follow-up of 20 patients.
This calculation was based on findings from the TEXT
ME trial."" Pre-specified interim analysis, performed
before the end of patient allocation, found follow-up

losses higher than expected, and the sample size was
recalculated to 180 patients to maintain an 80% power
in the outcome analyses.

Analyses were performed according to the intention-
to-treat principle. For the baseline characteristics,
continuous variables were summarized as mean*
standard deviation (SD) or as median and first and third
quartiles (Q1, Q3), as appropriate, and groups compared
using unpaired Student’s t-test or Mann-Whitney test,
based on the distribution pattern (Shapiro-Wilk test
was used for this purpose). Categorical variables were
expressed as proportions and groups compared by chi-
square test. The primary and secondary outcomes were
compared between groups by means of the chi-square
test, and the results were presented as odds ratios with
95% confidence intervals (CI). For the additional analyses,
the questionnaires were expressed as categorical
variables, and the groups were compared by the chi-
square test for the primary outcome, when appropriate.
A per-protocol analysis was done using the results of the
follow-up questionnaire.

A longitudinal post-hoc analysis was carried out
considering the baseline values. Marginal models
for longitudinal data were adjusted via generalized
estimation equations — with independent correlation
matrix and robust variance (sandwich estimator). The
link function used here was the identity for continuous
responses and logit for binary responses, which allows
for interpretation in terms of mean differences and
odds ratios, respectively. The models included the main
effects of group and time in addition to the group x time
interaction, which, being statistically significant, would
indicate a different evolution of the groups over time.
Statistical significance was set at a=0.05 for all analyses.

The statistical analysis was conducted using SPSS
Statistics, version 20.1 for Windows (IBM Corp, Armonk,
NY, US), and the R statistical software, version 3.6.3,
expanded by the packages foreign, tidyverse, ggplot2,
gridExtra, and geepack.

Results

From December 2017 to December 2018, 310 eligible
patients were screened. A total of 180 patients were
randomly assigned to receive either usual care or usual
care plus SMS intervention. At +6 months after hospital
discharge, 13 participants in the intervention group
(14.4%) and 17 participants in the control group (18.9%)
did not attend the scheduled appointment, even though
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they were personally contacted through their cell phone.
Including losses due to death (n=3), a total of 15 patients
in the intervention group (16.7%) and 18 patients in the
control group (20.0%) did not complete the planned
follow-up. The last 6-month follow-up visit was done in
June 2019, and 147 patients were included in the primary
analysis (Figure 1).

During the index hospitalization, baseline
characteristics were similar between groups, including
the characterization of ACS, coronary artery disease

severity, clinical data, and medications upon discharge
(Table 1).

The primary endpoint was achieved by 12 participants
(16.2%) in the intervention group and by 15 participants
(20.8%) in the control group (p=0.473) (Table 2).

The incidence of secondary endpoints is also shown in
Table 2. All pre-specified endpoints were similar between
the intervention and control groups, including the LDL-C
level <70mg/dL (p=0.335), blood pressure <140x90mmHg
(p=0.324), performing regular exercise (more than 150
min/week) (p=0.973), nonsmoker status (p=0.741), BMI
<25 Kg/m? (p=0.710), and medication adherence (p=0.297).
Rehospitalization occurred in 39 participants (26%), with
a trend to lower hospitalization rates in the intervention
group (p=0.062). Death from any cause occurred in three
participants (2%) in the entire study, including one
cardiovascular death for each group.

At the 6-month follow-up visit, the intervention
and control groups had, respectively, similar results in
the measures of median LDL-C, mean systolic blood
pressure, mean diastolic blood pressure, and median
BMI. Medications at 6 months, including aspirin, statin,
and beta-blockers, as well as achievement of 3 to 5 points
in the Risk Factor Control Score were similar between
the groups (Table 3).

In view of a small sample size, a longitudinal
post hoc analysis was carried out. Different lines
were estimated for each group, connecting baseline
and 6-month follow-up data, not assuming baseline
equality despite randomization (Figure 2). Taking
this model into account, time interaction (effect of
time) was observed for the primary outcome and for
four of the five secondary components of the primary
outcome: LDL-C level <70mg/dL, blood pressure
<140x90mmHg, performing regular exercise (more
than 150 min/week), nonsmoker status. BMI<25 Kg/
m? was the only outcome without time interaction.

Otherwise, no statistical significance was found
when the treatment x time interaction was considered
(group effect), which indicates that the intervention
and control groups followed lines that did not differ

over time.

Regarding the health literacy evaluation, 79 (43.9%)
participants in both groups achieved more than 14 points
in SAHLPA-18 (Table 1). For the primary outcome,
achieving 4 or 5 in a Risk Factor Control Score occurred
in 10 participants (15.9%) in the group with adequate
literacy and in 17 participants (20.7%) in the group with
inadequate health literacy (OR=0.72; 95% CI 0.30-1.70;
p=0.456).

The follow-up questionnaire (acceptability and
understanding) applied at +6 months showed that
20 participants in the intervention group (27%) did
not receive IMPACS SMS (Table S1 - Supplementary
material), by self-report, although the SMS were
sent by the software. Given these findings, a per-
protocol analysis was performed: participants in the
intervention group who confirmed that they had
received SMS were compared to the control group
plus participants in the intervention group who did
not read SMS. The primary and secondary outcomes
were similar between the two (Table 4), except for the
rate of rehospitalization (p=0.026), which proved to be
lower in the intervention group.

The results of the IPAQ-SF and accelerometer users
are shown in Supplementary material (Table S2 and S3,
respectively). Baseline characteristics of participants who
used accelerometers for physical activity analyses were
similar between the groups (Table S4 - Supplementary
material). Moderate physical activity measured by
accelerometer was higher in the intervention group (225
min/week) than in the control group (114 min/week)
(Mean Difference 111 min/week; 95% CI 33-189; p=0.007),
although IPAQ-SF Questionnaire results were similar
between the two.

Discussion

In this randomized clinical trial involving patients
hospitalized with ACS and discharged for outpatient
follow-up at a public general university hospital in Brazil,
the primary composite outcome —achieving 4 to 5 points
in a Risk Factor Control Score — was similar between
patients under usual care compared to those additionally
receiving an SMS intervention program for secondary
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310 Patients assessed for eligibility

130 Excluded

21 Complete illiteracy

27 Did not own mobile
phone

26 Declined to participate
09 ACS diagnosis was not
confirmed

14 Incapable to
participate because of
mechanical ventilation or
deliriurm

14 Died during index
hospitalization

15 Other reasons

180 Underwent randomization

l

80 Randomized to receive text
message Intervention

period

at &-mo visit*®

02 Died during intervention

13 Refused / did not attend

75 Assessed at b-mo visit and
included in primary analysis

l

S0 Randomized to receive usual

care

01 Died during intervention

period

17 Refused / did not attend
at 6-mao visit™

72 Assessed at 6-mo visit and
included in primary analysis

Figure 1 - Enrollment of Participants in the IMPACS Trial

* All patients were contact by phone at 6 months after hospital discharge, and they were still alive. However, some of them refused to come to the 6-month
Sfollow-up appointment; others did not attend the scheduled appointment exceeding the expected follow-up period of the study (6 months + 1 month).
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Table 1 - Baseline Characteristics

Characteristic Total (180) Intervention (90) Control (90) p-value
Median age (IQR) — yr 58.0 (51.0-64.0) 57.5 (50.7-63.0) 58.0 (51.0-65.0) 0.601
Male sex — no. (%) 134/180 (74.4) 65 (72.2) 69 (76.7) 0.494
Education level (<9 years) — no. (%) 107/130 (59.4) 51 (56.7) 56 (62.2) 0.448
Household Financial Indicator (<5 Brazil minimum

155/180 (86.1) 73 (81.1) 82 (91.1) 0.052
monthly salary) — no. (%)
Hypertension 128/180 (71.1) 69 (76.7) 59 (65.6) 0.100
Dyslipidemia 63/180 (35) 31 (34.4) 32 (35.6) 0.876
Diabetes 39/180 (21.7) 18 (20.0) 21 (23.3) 0.587
Use of insulin for diabetes 16/180 (8.9) 5(5.6) 11 (12.2) 0.116
Peripheral artery disease 4/180 (2.2) 2 (2.2%) 2 (2.2%) 1.000
Disease history - Smoker (former and current) 124/180 (68.9) 64 (71.1) 60 (66.7) 0.520
no. (%) Current smoker 65/180 (36.1) 36 (40.0) 29 (32.2) 0.277
Previous myocardial infarction 41/180 (22.8) 21 (23.6) 20 (22.2) 0.827
Previous PCI 25/180 (13.9) 13 (14.4) 12 (13.3) 0.829
Family history of CAD 78/180 (43.3) 42 (46.7) 36 (40.0) 0.367
Use of statin 59/180 (32.8) 24 (26.7) 35 (38.9) 0.081
Use of aspirin 50/180 (27.8) 22 (24.4) 28 (31.5) 0.296
STEMI 122/180 (67.8) 58 (64.4) 64 (71.1)
Description NSTEMI 33/180 (18.3) 20 (22.2) 13 (14.4) 0.403
Unstable angina 25/180 (13.9) 12 (13.3) 13 (14.4)
Primary PCI 48/122 (39.3) 21 (23.9) 27 (30.0)
ACS — no. (%) STEMI 0.368
Thrombolytic therapy 49/122 (40.1) 23 (26.1) 26 (28.9)
Killip class >II 45/180 (25) 19 (21.1) 26 (28.9) 0.623
PCI 105/180 (58.3) 48 (53.3) 57 (63.3) 0.174
CABG surgery 9/180 (5%) 7(7.8) 2(2.2) 0.169
No significant coronary stenosis 26/177 (14.7) 14 (15.9) 12 (13.5)
CAD severity 1-Vessel disease 66/177 (37.3) 29 (33.0) 37 (41.6)
(>_70% stenosis) 0.648
_ o 2-Vessel disease 47/177 (26.5) 26 (29.5) 21 (23.6)
no. (%)
3-Vessel disease 38/177 (21.5) 19 (21.3) 19 (21.6)
Left ventricular ejection fraction 52.3 (£12.1) 52.4 (£11.9) 52.2 (£12.3) 0.937
Exercising regularly 29/179 (16.2) 11 (12.4) 18 (20.0) 0.165
BMI -- Kg/m? 28.4 (+4.7) 28.3 (+5.0) 28.6 (+4.5) 0.715
Total Cholesterol — mg/dL 170.8 (+45) 173.4 (+48.1) 168.2 (+41.7) 0.443
Clinical Data— LDL-C— mg/dL 99.7 (+41.7) 103.8 (+44.3) 95.8 (£38.9) 0.203
Mean (SD), no.
] HDL-C— mg/dL (IQR) 42.0 (35.0-49.0) 42.0 (35.0-49.0) 41.5 (34.7-49.2) 0.466
(%), mediam

IOR Triglycerides— mg/dL 129.0 (90.7-181.7, 124.5 (96.2-188.7) 139.5 (87.7-177.2) 0.748

(IQR) gly 8
Systolic Blood pressure— mmHg 113.0 (102.0-124.0) 114.5 (104.2-124.7) 110.0 (100.0-119.2) 0.067
Diastolic Blood pressure— mmHg 70.5 (+10.9) 71.5 (x11.6) 69.4 (+10.2) 0.200
Heart rate— /min 70.0 (62.0-81.0) 70.0 (61.0-80.0) 72.0 (63.7-81.0) 0.212
Creatinine level —md/dL 1.02 (0.86-1.19) 1.04 (0.86-1.19) 0.98 (0.85-1.17) 0.612
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Aspirin 169/180 (93.9) 82 (91.1) 87 (96.7) 0.120
Clopidogrel 147/180 (81.7) 75 (83.3) 72 (80.0) 0563
Medications at Beta-blocker 153/180 (85) 73 (81.1) 80 (88.9) 0.144
discharge — no.
o tatin . R . .
%) Stati 166/180 (92.2) 84 (93.3 82 (91.1 0.578
ACE inhibitor or AR blocker 144/180 (80) 67 (74.4) 77 (85.6) 0.062
Oral anticoagulant 21/180 (11.7) 13 (14.4) 8(8.9) 0.246
LDL-C <70 mg/dL 42/176 (23.9) 20 (23.0) 22 (24.7) 0.788
Blood Pressure <140/90 mmHg* 166/180 (92.2) 79 (87.8) 87 (96.7) 0.026
Achieved Exercising regularly 29/179 (16.2) 11 (12.4) 18 (20.0) 0.165
Risk Factor
Control Score* Nonsmoker 115/180 (63.9) 54 (60) 61 (67.8) 0.277
(at the index BMI <25Kg/m? 37/179 (20.7) 19 (21.3) 18 (20.0) 0.824
hospitalization)
— no. (%) Achieved 5 0/180 (0) 0 0 1.000
Achieved 4 12/180 (6.7) 5 (5.6) 7 (7.8) 0555
Achieved >3 59/180 (32.8) 26 (28.9) 33(36.7) 0.266
Health Literacy
Questionnaire > 14 points (good level of Health
i 79/178 (43.9) 37 (41.6) 42 (47.2) 0.451
(SAHLPA-18)— literacy)
no. (%)

BMLI: body mass index; CABG - coronary artery bypass graft; CAD: coronary artery disease; HDL-C: high density lipoprotein cholesterol; IQR:
interquartile range; STEMI: ST elevation myocardial infarction; LDL-C: low density lipoprotein cholesterol; NSTEMI: non-ST elevation myocardial
infarction); PCI: percutaneous coronary intervention; ACE: Angiotensin-converting enzyme; AR: Angiotensin II Receptor;

* Risk Factor Control Score is a cluster of 5 modifiable risk factors: LDL-C <70mg/dL, blood pressure (BP) <140/90mmHg, regular exercise (=5 days/week,
30 minutes/session), nonsmoker status, and body mass index (BMI) <25 kg/m2]. A patient who achieves all risk factor control would have a combined risk

factor of 5, a patient achieving none of them would be at 0.

The p-values refer to chi-square test for categorical variables, unpaired Student’s t-test for continuous variables with normal distribution,
and Mann-Whitney test for continuous variables with non-normal distribution.

cardiovascular prevention at 6 months. Secondary
outcomes, findings of additional analyses, and post hoc
analysis were consistent with the results of the primary
outcome. We concluded that SMS intervention did not
improve cardiovascular risk factor control in this setting,
consisting of a population from a LMIC in a hospital fully
embedded in a quality improvement program.

One of the most important mHealth studies in patients
with coronary heart disease, the TEXT ME trial," had
positive results using SMS intervention, differently from
what was found in IMPACS. After 6 months of follow-up,
authors found modest reductions in cholesterol levels,
but clinically important impacts in blood pressure levels,
BMI, physical exercise, and smoking cessation. Adequate
control of four or more modifiable risk factors in the TEXT
ME study was also more frequent in the intervention
group (28.9%) versus the control group (10.3%). Although
IMPACS was designed to answer a similar question to that
of TEXT ME, the two studies address different contexts.

IMPACS enrolled only patients after ACS, and reasons
for non-adherence in this setting are complex, which is
different from chronic coronary disease.”** Moreover, a
better adherence to medication in both IMPACS groups
may well have minimized the differences between them.

It is important to highlight the significant improvements
with the usual care observed in IMPACS, a study developed
in a hospital that is part of a pre-established ACS system of
care in the city of Belo Horizonte, Brazil® LDL-Cand HDL-C
levels in IMPACS were similar to those in the intervention
arm of the TEXT ME, and IMPACS patients had a better
blood pressure control, regardless of SMS intervention, when
compared to the Australian study." Rates of blood pressure
control and smoking cessation, regular physical exercise, and
medication adherence (aspirin/statin/beta-blocker use) in the
IMPACS were similar to those found in such studies as the
medical arm of the COURAGE trial *

An important novelty of IMPACS design was to
measure healthy literacy by a validated questionnaire.
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Table 2 — Primary and Secondary Endpoint Analyses at 6-Month Follow-up (intention-to-treat)

Outcome

Intervention (75)

Odds Ratio

Control (72)
(95% CI)

Primary endpoint

Achieved 4 or 5 points in a risk factor control score’ 12 (16.2) 15 (20.8) 0.73 (0.32-1.70)
Secondary endpoints

LDL-C <70 mg/dL 34/75 (45.3) 27/72 (37.5) 1.38 (0.71-2.67)
Blood pressure <140/90 mmHg 60/74 (81.1) 62/72 (86.1) 0.64 (0.27-1.55)
Exercising regularly 30/75 (40.0) 29/72 (40.3) 0.99 (0.51-1.91)
Nonsmoker* 62/75 (82.7) 58/72 (80.6) 1.15 (0.50-2.65)
BMI <25 Kg/m? 14/75 (18.7) 15/71 (21.1) 0.86 (0.38-1.93)
Medication adherence 66/75 (88.0) 67/72 (93.1) 0.55 (0.17-1.72)

Achieved 5 3/75 (4.0) 1/72 (1.4) 2.96 (0.30-29.12)
Achieved Risk  Factor

Achieved 4 9/75 (12.0) 14/72 (19.4) 0.56 (0.23-1.40)
Control Score?

Achieved 23 43/75 (57.3) 40/72 (55.6) 1.07 (0.56-2.06)
Rehospitalization 15/77(19.5) 24/73 (32.9) 0.49 (0.23-1.05)
Cardiovascular death 1/77 (1.3) 1/73 (1.4) 0.95 (0.06-15.43)
Death from any cause 2/77 (2.6) 1/73 (1.4) 1.92 (0.17-21.63)

LDL-C: low density lipoprotein cholesterol; BMI: body mass index);

* Two patients who said “no” to the question “are you smoking after hospitalization?” were reclassified as smokers by a Carbon Monoxide Meter Breath Test

(one patient in the intervention group and one patient in the control group);

t Risk Factor Control Score is a cluster of 5 modifiable risk factors: LDL-C <70mg/dL, blood pressure (BP) <140/90mmHg, regular exercise (=5 days/week,
30 minutes/session), nonsmoker status, and body mass index (BMI) <25 kg/m?]. A patient who achieves all risk factor control would have a combined risk

factor of 5, a patient achieving none of them would be at 0.

The groups were compared by chi-square test and the results presented as odds ratio, including the 95% confidence interval (95% CI)

Understanding of SMS sent to patients in LMIC might
not be the same as in high-income countries, possibly
leading to worse results from m-Health intervention."
The applied questionnaire (SAHLPA-18) showed that less
than half of the patients enrolled in this trial had adequate
health literacy. This data, added to the economic-
educational context described in Table 1, reveal that the
lowest educational level of the population in Brazil was
studied in IMPACS. Despite lower health literacy, this
condition did not influence the primary endpoint in an
additional analysis.

Despite being exploratory, some findings should
be further investigated in a study with adequate
power for such an analysis. In the intervention group,
hospitalization rates tended to be lower in the intention
to treat analysis as well as in the per-protocol analysis.
Lower hospitalizations after ACS are clinically important,
since they may result in fewer deaths and lower costs.®’

Another interesting finding was the higher rate of
moderate exercise by accelerometer analysis in the group
receiving SMS. This data is in agreement with other
published studies which showed evidence, although not
definite, of short-term benefits of using SMS aimed at
increasing the level of regular physical exercise.?”

There is a significant effort to translate cardiovascular
science into guidelines to assist health professionals
in the management of coronary disease. Given
these aspects, the IMPACS study strengthens the
importance of organized systems of ACS care that
should also include outpatient care after discharge - an
underused effective strategy that must be encouraged.
The costs involved and infrastructure required —
markedly, a specialized healthcare staff - may limit the
development of such a model of care in low resourced
region,s and SMS strategies may be a good solution in
this adverse condition.
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Table 3 — Follow-up Characteristics (at 6-month visit)

Characteristic Total (147) Intervention (75) Control (72) p-value
Aspirin 135 (91.8) 68 (91.9) 67 (93.1) 0.790
Clopidogrel 116 (78.9) 58 (77.3) 58 (80.6) 0.632
Beta-blocker 125 (85.0) 60 (80.0) 65 (90.3) 0.081
Medications at
Statin 135 (91.8) 70 (93.3) 65 (90.3) 0.499
6-month follow up —
o ACE inhibitor or AR
no. (%) 126 (85.7) 64 (85.3) 62 (86.1) 0.893
blocker
Oral anticoagulant 21 (14.2) 10 (13.3) 11 (15.3) 0.736
Insulin 13 (8.8) 5(6.7) 8 (11.1) 0.343
Body mass index 28.0 (26.0-31.0) 28.0 (25.8-31.1) 28.7 (26.0-30.9) 0.576
Total-Cholesterol — mg/
150.0 (128.0-176.0) 147.0 (126.0-173.5) 151.0 (129.0-183.0) 0.583
dL
LDL-C— mg/dL 77.0 (57.0-99.0) 77.0 (60.0-100.0) 77.0 (54.0-104.0) 0.815
Clinical Data —Mean HDL-C— mg/dL 40.0 (34.0-47.0) 39.0 (34.0-47.0) 41.0 (35.0-49.0) 0.203
(SD), no. (%), median Triglycerides— mg/dL 149.5 (110.0-202.2) 150.0 (109.0-200.0) 149.0 (110.0-207.0) 0.795
(IQR) Systolic Blood
121.2 (17.3) 121.5 (¥19.0) 121.0 (+15.4) 0.860
pressure— mm Hg
Diastolic Blood
73.5 (x11.3) 73.7 (¥12.3) 73.2 (¥10.3) 0.813
pressure— mm Hg
Heart rate— /min 67.0 (61.0-76.0) 68.0 (61.0-77.0) 67.0 (61.0-75.2) 0.813

HDL-C: high density lipoprotein cholesterol; IQR: interquartile range; LDL-C: low density lipoprotein cholesterol; ACE: Angiotensin-converting enzyme;

AR: Angiotensin Il Receptor.

The p-values refer to chi-square test for categorical variables, unpaired Student’s t-test for continuous variables with normal distribution, and
Mann-Whitney test for continuous variables with non-normal distribution.

Limitations of our study should be considered. First,
we decided to use a combined surrogate outcome. Second,
most of our patients used simvastatin, 40 mg/day, as the
access to a high-intensity statin is limited for patients in
the Brazilian public health care system, which may have
affected the achievement of LDL-C goals. Third, although
the IPAQ-SF is a validated questionnaire, it has important
limitations, which have been previously debated,* and
only a few patients could use an accelerometer for a
better analysis of their physical exercise level. Fourth, 20
participants (26.6%) in the intervention group reported
not having received IMPACS SMS, though our system
confirmed that they had been sent, which may have
contributed to the loss of study power, raising the
possibility of a type II error. The recent widespread use
of cellphone messaging apps, instead of SMS — which are
charged in some plans —may have additionally accounted

for this. However, different analyses performed in
IMPACS were consistent with the primary outcome result,
reinforcing our findings. Furthermore, as 13 of the 20
participants (65%) changed their telephone contact number
during the study or provided a non-personal phone upon
enrollment (Table 4), this limitation is inherent to the use
of mHealth tools. In this sense, messaging apps have the
advantage of not being linked to mobile numbers. And
finally, the results should not be extrapolated to centers
with different ACS follow-up care and to other regions of
Brazil, especially those with different socioeconomic and
healthcare backgrounds.

On the other hand, our study has a number of
strengths that should also be considered. First, IMPACS
was a randomized trial that targeted a low-income
population with low indices of adequate health literacy,
which is an important gap, since most SMS studies came
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Figure 2 - Longitudinal post hoc analysis — primary outcome and components of the primary outcome p-value was calculated using

from high-income countries.'” Second, the development
of a dedicated software to send one-way SMS overcomes
an important barrier to the implementation of this
simple and inexpensive technology in LMIC. Third, the
messages addressed, at the same time, several essential
conditions for cardiovascular prevention, all with a
language adapted to the cultural and social levels of the
target population. Therefore, 90% of those who reported
receiving the SMS declared that they understood and
considered the messages helpful for their treatment.

Conclusion

In patients discharged after ACS, the SMS intervention
did not significantly improve cardiovascular risk factor
control at 6 months compared to standard care in a

Brazilian public university hospital, where post-ACS
outpatient care is already structured. However, the
number of patients studied was small, and the results
cannot be considered definitive.

Author contributions

Conception and design of the research: Passaglia
LG, Brant L, Ribeiro A. Acquisition of data: Passaglia
LG. Analysis and interpretation of the data: Passaglia
LG, Brant L, Ramos B, Ribeiro A. Statistical analysis:
Passaglia LG, Brant L, Silva JLP, Ramos B, Ribeiro
A. Writing of the manuscript: Passaglia LG, Brant L,
Ramos B, Ribeiro A.Critical revision of the manuscript
for intellectual content: Passaglia LG, Brant L, Silva JLP,
Ramos B, Ribeiro A.



Int J Cardiovasc Sci. 2022; 35(2), 202-213
Original Article

Passaglia et al.

Text messages after acute coronary syndrome

Table 4 - Primary and Secondary Endpoint Analyses at 6-Month Follow-up (per-protocol)

Outcome Intervention (55) Control (92) O((;:;ﬂRCaIt; °

Primary endpoint
Achieving 4 or 5 points in a risk factor control score* 10 (18.2) 17 (18.7) 0.97 (0.41-2.30)
Primary endpoints
LDL-C <70 mg/dL 26 (47.3) 34 (37) 1.53 (0.78-3.01)
Blood pressure <140/90 mm Hg 47 (85.5) 75 (81.5) 1.33 (0.53-3.33)
Exercising regularly 21 (38.2) 38 (41.3) 0.88 (0.44-1.74)
Nonsmoker 46 (83.6) 74 (80.4) 1.24 (0.51-3.00)
BMI <25 Kg/m? 10 (18.2) 19 (20.9) 0.84 (0.36-1.98)
Medication adherence 49 (89.1) 84 (91.3) 0.78 (0.25-2.37)

Achieved 5 2 (3.6) 2(2.2) 1.70 (0.23-12.41)
égiltf;’fgclzlif Factor Achieved 4 8 (14.5) 15 (16.3) 0.87 (0.34-2.22)

Achieved 23 35 (63.6) 48 (52.2) 1.60 (0.81-3.18)
Rehospitalization® 9(15.8) 30 (32.3) 0.39 (0.17-0.91)
Cardiovascular death 1(1.8) 1(1.1) 1.64 (0.10-26.79)
Death from any cause 2(3.5) 1(1.1) 3.34 (0.30-37.76)

LDL-C: low density lipoprotein cholesterol; BMI : body mass index;

* Risk Factor Control Score is a cluster of 5 modifiable risk factors: LDL-C <70mg/dL, blood pressure (BP) <140/90mmHg, regular exercise (=5 days/week, 30
minutes/session), nonsmoker status, and body mass index (BMI) <25 kg/m?]. A patient who achieves all risk factor control would have a combined risk factor

of 5, a patient achieving none of them would be at 0; T P=0.026.

The groups were compared by chi-square test and the results presented as odds ratio, including the 95% confidence interval (95% CI)
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Abstract

Background: Various studies are ongoing related to the radioprotective agents. Herbal preparations are currently
becoming popular because of their beneficial effects with fewer side effects compared to the synthetic/semi-
synthetic medicines, and Nigella sativa oil (NSO) is only one of them.

Objective: To investigate NSO for its antioxidant effects on the heart tissue of rats exposed to ionizing radiation
(IR).

Methods: Thirty six male albino Wistar rats, divided into four groups, were designated to group I (IR plus NSO
group) that received both 5 Gray of gamma IR to total cranium and NSO; group II (IR alone group) that received IR
plus saline, group III (control group of NSO) that received saline and did not receive NSO or IR; group IV (control
group) that received only sham IR. Alterations in Total antioxidant status (TAS) and Total oxidant status (TOS),
Oxidative stres index (OSI), Sulhydryl group (SH), Lipid hydroperoxide (LOOH), Paraoxonase (PON) levels,
Arylesterase (ARE) and Ceruloplasmin (CER) activities in homogenized heart tissue of rats were measured by
biochemical methods.

Results: In heart tissue of the rats in the IR alone group (group II) LOOH, TOS and OSI levels were found to be
higher, ARE activity and TAS level were found to be lower than all of the other groups (p <0.01). These results also
support that IR increases oxidative stress and NSO's protective effect.

Conclusion: NSO would reduce the oxidative damage in the irradiated heart tissue in the experimental rat model.

Keywords: Rats; Radiation; Radiation, Effects; Nigella Sativa Oil; Plants, Medicinal; Anti-Inflammatory Agents/
therapeutic use.

Introduction Efforts to reduce the toxicity of irradiation to normal

tissues, organs, and cells have led to the investigation

Radiotherapy is animportant treatment method fora wide
variety of malignancies. Ionizing radiation (IR) is known to
generate free radicals in irradiated tissues.! Mammalian cells
have both enzymatic and non-enzymatic cleansing systems to
remove reactive oxygen species (ROS) and reactive nitrogen
species (RNS), respectively.? An imbalance favoring the
prooxidants and disfavoring the antioxidants, potentially

leading to damage, has been called “oxidative stress.”

of cytoprotective agents.* Many dietary components
may have either direct antioxidant activity, such as
flavonoids, melatonin, nigella sativa oil (NSO), and
thymoquinone(TQ),® or indirect antioxidant activity, such
as zinc,® manganese, and selenium.” NSO is commonly
known as ‘black seed” and has strong antioxidant properties
against oxidative damage.® Many studies have reported
that it has various pharmacological properties, including
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antioxidant, hepatoprotective, neuroprotective, antidiabetic,
anti-inflammatory, nephroprotective, and anticarcinogenic.’
This study aimed to investigate the effects of NSO
supplementation on oxidant/antioxidant parameters
simultaneously in the heart tissue of rats exposed to IR.

Methods

Rats and experiments

Thirty six male albino Wistar rats, 10-12 weeks old,
weighing 200 6 25 g at the time of radiation, were used
for the experiment. Power analysis was performed for
the study, and it was found to be 0.80. The rats were
quarantined for at least one week before gamma IR and
fed standard laboratory chow and water ad libitum. All rats
were divided into four groups with equal probability by
simple randomization and designated to group I (IR plus
NSO group), which received both 5 Gray of gamma IR to
total cranium and NSO; group II (IR only group), which
received IR plus saline; group III (control group of NSO),
which received saline and did not receive NSO or IR;
and group IV (control group), which received only sham
IR. Before total cranium IR, all rats were anesthetized by
the administration of 80 mg/kg of ketamine HCI (Pfizer
llac, Istanbul, Turkey) and placed on a tray in the prone
position. The rats in the IR and the IR plus NSO groups
received IR, using the Cobalt-60 teletherapy unit (Picker,
C9, Maryland, NY) from a source-to-surface distance of
80 cm by 53 5 cm anterior fields with the total cranium
gamma IR as a single dose of 5 Gy, whereas the rats in
the control and sham control groups received sham IR.
The dose rate was 0.49 Gy/min. The central axis dose was
calculated at a depth of 0.5 cm. This study was approved
by the local ethics committee of the Gaziantep University.

Biochemical analysis

Ten days after IR, all animals were killed by decapitation,
and their heart tissues were removed. The heart tissues
were homogenized in physiological saline solution (IKA-
NERKE, GmBH KB D-79219, Staufen, Germany). The
homogenate was centrifuged at 10,000 g for 1 hour to
remove debris. The clear supernatant was collected, and all
assays were carried out on this fraction. All the procedures
were performed at 48°C.

Total Antioxidant Status (TAS) and Total Oxidant
Status (TOS) levels were measured using a method that
was introduced by Erel.'® The results were expressed

as a millimolar Trolox equivalent per liter for TAS and
micromolar hydrogen peroxide equivalent per liter for
TOS. The ratio of TOS to TAS was accepted as the Oxidative
Stress Index (OSI). For the calculation, the resulting unit
of TAS was converted to umol/gr protein, and the OSI
value was calculated according to the following formula:"

OSI (arbitrary unit) = [TOS (umol H,0, equivalent/gr
protein)/ TAS (umolTrolox equivalent/gr protein)] x 100.

Paraoxonase (PON) activity was measured; the rate of
paraoxon hydrolysis was measured by monitoring the
increase by absorbance at 412 nm at 37°C. The amount of
generated p-nitrophenol was calculated from the molar
absorptivity coefficient at pH 8, which was 17,000 M/cm.'?
PON activity was expressed as U/gr protein. Phenylacetate
was used as a substrate to measure Arylesterase (ARE)
activity by monitoring the increase in absorbance at
270 nm at 37°C. Activity was calculated from the molar
absorptivity coefficient of the produced phenol, which
was 1310 M/cm.'® Ceruloplasmin (CER) enzymatic
activity was measured according to Erel’s method.™
The results are expressed as U/gr protein. The Sulhydryl
group (-SH) of the liver tissue were assayed according to
Ellman’s method, as modified by Hu et al.!> The results
are expressed as mmol/gr protein. Lipid hydroperoxide
(LOOH) levels were measured using the ferrous ion
oxidation-xylenol orange method, and the results are
expressed as pmol/gr protein.1¢

Statistical analyses

All of the statistical analyses were performed using SPSS
23 for Windows (SPSS Inc., Chicago, IL, USA). Distribution
of data was evaluated using the Shapiro-Wilk test or
Kolmogorov-Smirnov test. Non-normally distributed data
were shown as median (quartile deviation). The Kruskal
Wallis test and Dunn's multiple comparison test were used
to compare variables that are not normally distributed in
four groups. p<0.05 was considered significant.

Results

In Tables 1 and 2, oxidant and antioxidant variables are
sorted by groups. In the rat heart tissues in the IR only
group (group II), LOOH, TOS, and OSI levels were found
tobe higher, ARE activity and TAS levels were found to be
lower than all of the other groups (p <0.01). It is remarkable
that oxidative stress and antioxidant activity in the group
that received NSO and received IR was similar to that
which received the sham IR and the control group.
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Table 1 - Anti-Oxidative parameters of groups

TA 1
Total-SH (mmol/ S

Groups ARE (U/g protein) CER (U/g protein)  brotein) Trolox equivalent/ PON (U/g protein)
&P gr protein)

IR plus NSO

9.55 (0.53) 103.4 (5.6) 0.059 (0.01) 0.064 (0.02) 1.18 (0.2)
(group )
IR

9.15 (0.47) 95.6 (5.0) 0.056 (0.01) 0.037 (0.01) 1.19 (0.1)
(group 1II)
Control

9.45 (0.48) 100.4 (5.8) 0.053 (0.01) 0.055 (0.01) 1.08 (0.2)
(group III)
Sham Control

9.73 (0.33) 99.1 (1.9) 0.054 (0.01) 0.054 (0.01) 0.97 (0.1)
(group 1V)
p value 0.013* 0.051 0.091 0.001* 0.019*

*p<0.05 is significant. Abbreviations: IR group: irradiation group; IR plus NSO group: irradiation plus Nigella sativa oil group; TAS: Total antioxidant
status; ~SH: Sulhydryl group; PON: Paraoxonase; ARE: Arylesterase; CER: Ceruloplasmin.

Table 2 — Oxidative parameters of groups

TOS (umol H202 equivalent/

Groups LOOH (umol/gr protein) g1 protein) OSI (ArbitraryUnit)

IR plus NSO

1.15 (0.08) 1.80 (0.22) 3.18 (0.8)
(group I)
IR

1.71 (0.06) 3.30 (0.33) 8.50 (1.1)
(group II)
Control

1.06 (0.01) 1.61 (0.37) 2.96 (0.8)
(group III)
Sham Control

1.02 (0.05) 1.79 (0.23) 3.07 (0.8)
(group 1V)
p value 0.001* 0.001* 0.001*

*p<0.05 is significant. Abbreviations: IR group: irradiation group, IR plus NSO group: irradiation plus Nigella sativa oil group, TOS: Total oxidant

status, OSI: Oxidative stres index, LOOH: Lipidhydroperoxide.

Level of PON in the rat heart tissues in the sham control
group (group IV) was found to be lower than NSO (group I)
and IR (group II) (p <0.05). It is believed that this difference
might be due to oral administration (saline or NSO). No
statistical difference was detected among the groups (I,
II, 11, and IV) with respect to the levels of total-SH and
enzyme activity of CER in heart tissues of the rats (p>0.05).
Table 3 contains multiple statistical comparisons of variables
among the groups. Highness of oxidative stress parameters
and lowness of antioxidant activity in the IR group are

remarkable. The group that received NSO and received

IR did not differentiate much from the sham control and

control groups.

Discussion

The results of the present study support the research
hypothesis that the systemic administration of NSO would
reduce oxidative damage in irradiated heart tissues in an
experimental rat model. In vivo when ROS occurs, it has
been reported that the development of certain diseases may

be prevented due to the presence of various antioxidants,
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Table 3 — Multiple comparisons of groups

Variables IR-Control IR-NSO IR-Sham Control-NSO Control-Sham NSO-Sham
ARE 0.035* 0.028* 0.002* 0.982 0.315 0.312
TOS 0.001* 0.001* 0.001* 0.607 0.763 0.839
TAS 0.009* 0.001* 0.006* 0.273 0.880 0.346
OSI 0.001* 0.001* 0.001* 0.890 0.880 0.770
LOOH 0.001* 0.005* 0.001* 0.513 0.303 0.087
PON 0.269 0.850 0.005* 0.357 0.093 0.008*

*p<0.05 is significant. Abbreviations: IR group: irradiation group, IR plus NSO group: irradiation plus Nigella sativa oil group, TAS: Total antioxidant
status, —SH: Sulhydrylgroup, PON: Paraoxonase, ARE: Arylesterase, TOS: Total oxidantstatus, OSI: Oxidative stres index, LOOH: Lipidhydroperoxide.

which are enzymatic and non-enzymatic, such as GSH-Px,
SOD, vitamin E, melatonin, and zinc, all of which may be
able to reduce the deleterious effects of ROS with advancing
age.'” It is important to protect normal tissues in the
treatment area. The nature and extent of such side effects
depends on the radiation dose and the sensitivity of the
irradiated organs. A radiation-induced increase in xanthine
oxidase activity, an oxidant enzyme, was prevented by
NSO/TQ. Results of this study are in agreement with the
results of the previous study with melatonin,* ginkgo biloba,
L-carnitine, and vitamin E, which prevented a radiation-
induced increase in xanthine oxidase activity in rats.'®

Radioprotective agents are synthetic compounds or
natural products that are applied shortly before irradiation
in order to reduce the damage caused by radiation. Various
studies related to the radioprotective agents are ongoing.
Herbal preparations are currently becoming popular and
NSO is only one of them. In one study, Floyd et al."” found
that peroxynitrite levels that indicate nitrosative stress
increased in the irradiation only group when compared to
the groups treated with NSO or TQ. For many centuries,
NSO has been widely used as a traditional medicine for
a wide range of diseases. NSO has been confirmed to
have antioxidant properties by cleansing ROS/RNS.20
Many chemical components contained in NSO, such as
flavonoids, fatty acids, sterols, and other volatile oils, are
responsible for its antioxidant effect. NSO and TQ, the
volatile component of NSO seed, were shown to improve
antioxidant capacity induced by several agents in different
animal tissues by suppressing oxidative/nitrosative stress,
Nitric oxide (NO*) overproduction, and inducible NOS
expression. Abdel-Zaher et al. 2! reported that NSO can
protect the brain against tramadol-induced tolerance
and dependence in mice through the blocking of NO*

overproduction and oxidative/nitrosative stress induced
by the medicine.

Fathy et al.?2 have shown the chemopreventive
effects of NSO by showing the protective effect of NSO
on diethylnitrosamine-induced hepatocarcinogenesis
in rats by inhibition of the NOS pathway. Umar et
al.”? have demonstrated the antiarthritic ability of TQ
in collagen-induced arthritis. They found that TQ
significantly suppressed the increase of LPO products,
NO¢, and myeloperoxidase activity; enhanced the activity
of antioxidant enzymes; eliminated the accumulation and
activation of polymorphonuclear cells; and maintained
homeostasis in the cytokine imbalance. Gilhotra et
al.?* investigated the role of GABAergic and nitriergic
modulation in the antianxiety effect of TQ in mice under
unstressed and stressed conditions, and demonstrated that
TQ decreased plasma nitrite, a stable metabolite of NO* in
stressed mice, and showed anxiolytic effects.

Both in vitro and in vivo anti-inflammatory, antioxidant,
and antineoplastic effects of NSO and TQ were reported in
many studies. The antioxidant/anti-inflammatory effects
of these agents have been studied in a variety of disease
models, including cancer, sepsis, atherosclerosis, asthma,
and carcinogenesis.?

Study Limitations

The small sample size is the main limitation of our
study.

Conclusion

NSO is likely to be a valuable substance to
protect against gamma-IR and/or may be used as an
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antioxidant against oxidative stress and other severe
side effects occurring in the patients treated with
radiotherapy.
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Abstract

Background: Cardiotoxicity is the main complication related to cancer therapy. Studies indicate that global longitudinal
strain is an early detector of subclinical dysfunction of the left ventricle, preceding the decline in ejection fraction (EF).
However, the reproducibility of such methodology has not been tested outside specialized centers.

Objectives: To assess the frequency of subclinical cardiotoxicity and to compare global longitudinal strain and EF
measurements during the clinical course of patients undergoing chemotherapy for breast cancer.

Methods: This was an observational prospective study of 78 adult women who underwent serial echocardiograms
(baseline and 1, 3, and 6 months after the beginning of chemotherapy), to evaluate biplane and 3D EF and global
longitudinal strain. Cardiotoxicity and subclinical dysfunction were defined according to American Society of
Echocardiography/European Association of Cardiovascular Imaging criteria. Statistical significance was set at p <0.05.

Results: The mean age of the patients was 50.1 + 11.48 years. The frequency of subclinical cardiotoxicity (defined
by global longitudinal strain) was 14.9% after 30 days of chemotherapy, 16.7% after 3 months, and 19.7% after
6 months, compared to 4.5%, 3%, and 6.6%, respectively, when clinical cardiotoxicity was determined according
to EF. The group that developed subclinical cardiotoxicity by 30 days (group A) had a higher frequency of clinical
cardiotoxicity at 3 months (p=0.028) and a lower mean biplane EF after 30 days (p= 0.036) than the group that
showed no evidence of subclinical cardiotoxicity (group B).

Conclusion: Subclinical cardiotoxicity was frequent and began early, being associated with a drop in EF during the
clinical course.

Keywords: Breast Neoplasms; Drug Therapy; Ventricular Dysfunction; Echocardiography/ methods; Strain.

Introduction (LVEF) by echocardiography has been recommended.**

However, studies have shown that LVEF, despite being
Although most chemotherapy agents have adverse  a robust predictor of cardiac events in general, has low

side effects, the most feared, due to its morbidity and  sensitivity for detecting changes in LV function,’ with a

mortality, is cardiotoxicity. Its main etiological agents
are anthracyclines and trastuzumab, both of which are
widely used in breast cancer treatment. '~

Several methods have been proposed to diagnose
and assess cardiotoxicity secondary to cancer treatment.
Currently, determining left ventricular ejection fraction

detectable drop in LVEF occurring only after damage to
a large amount of myocardial tissue.’

Large studies have found myocardial strain to be an
ideal parameter of myocardial deformation for early
detection of subclinical systolic dysfunction, ie, even
before cardiotoxicity is diagnosed through a drop in
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LVEF.*” However, despite the concrete evidence of
its sensitivity, few studies have used the American
Society of Echocardiography/European Association
of Cardiovascular Imaging (ASE/EACVI) definition
of subclinical dysfunction, in which a drop in global
longitudinal strain (GLS) is considered a strong predictor
of future cardiotoxicity, which is evidenced by LVEF.’

Thus, the objectives of the present study were to assess
the incidence of subclinical cardiotoxicity according to the
ASE/EACVI criterion, identifying the time of occurrence
and associated factors, in addition to comparing GLS
with LVEF in the clinical course of patients undergoing
chemotherapy for breast cancer.

Methods

Study Design and Population

The population of this observational, longitudinal,
analytical, and prospective study consisted of women
over 18 years of age with breast cancer who were
referred from a variety of public and private institutions
to the echocardiography service of a reference hospital
prior chemotherapy with anthracyclines. The patients
underwent four echocardiographic examinations,
the first of which was performed before the initiation
of chemotherapy, and the others occurred 30 days,
3 months, and 6 months after chemotherapy began.
A tolerance of approximately 15 days was allowed for
the date of each exam. The aforementioned intervals for
the echocardiograms were based on previous studies
assessing the effects of anthracyclines on LV function.'*!

Patients who underwent at least two of the four
echocardiographic assessments during the study period
were included. Exclusion criteria used were: previous
structural heart disease, a subnormal baseline LVEF
(<53%),” an inadequate acoustic window, and previous
chemotherapy or radiotherapy.

Clinical and Socio-demographic Variables

The collected data included clinical information,
physical examination results, echocardiographic data,
and the proposed treatment;

All patients received anthracycline in one of
the two chemotherapy regimens chosen by the
responsible oncologist:

a) ACT (doxorubicin, cyclophosphamide and paclitaxel)
protocol: doxorubicin 60 mg/m? and cyclophosphamide
600 mg/m? administered in 4 cycles every 21 days,
followed by paclitaxel 80 mg/m?in 12 weekly cycles, both
for adjuvant and neoadjuvant treatment.

b) EFC (5-fluoracil, epirubicin and cyclophosphamide)
protocol: 5-fluoracil 600 mg/m? epirubicin 90 mg/m?;
cyclophosphamide 600 mg/m? in 4 cycles every 21 days,
followed by docetaxel 75 mg/m? also in 4 cycles
every 21 days.

Trastuzumab therapy began in eligible patients
after the anthracycline cycles ended. However, none
of the patients began using the monoclonal antibody
in time. Furthermore, the maximum cumulative dose
of anthracycline (doxorubicin, 240 mg/m?, epirubicin,
360 mg/m?) was not exceeded in any patient.'

Doppler echocardiographic procedure

An EPIQ 7 ultrasound system (Philips, Amsterdam,
Netherlands) with an X5-1 matrix transducer and
Automated Cardiac Motion Quantification (aCMQ)
software were used.”® The monitoring protocol for
chemotherapy treatment was established by the ASE/
EACVI?

The sector and depth were adjusted for an optimal
view of the entire LV myocardium at the highest possible
frame rate. The images were acquired at the end of
expiration. Three cardiac cycles from AP3L (Three
Chamber Longitudinal Apical), AP4L (Four Chamber
Longitudinal Apical), and AP2L (Two Chamber
Longitudinal Apical) were acquired and recorded for
subsequent analysis.!

A LVEF >53% was considered a normal value.” LVEF
values were obtained by the following methods:

a) Biplane disc (Simpson’s method): aCMQ software
was used to determine the AP3L, AP4L, and AP2L strain
with automatic delineation of the edge, which was then
manually corrected.”

b) Three-dimensional method: volumetric method of
greater accuracy that acquires the entire LV, maximizing
the temporal resolution without compromising the
spatial resolution using the full-volume."

Two-dimensional LV GLS was calculated using
speckle tracking. Cardiac cycles were acquired and
selected using aCMQ software. The strain was then
calculated beginning with the AP3L cycle, followed
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by the AP4L and AP2L cycles. The measurements
were manually adjusted whenever necessary and,
after calculating the myocardial deformation in each
cycle, the GLS was graphed in a polar map (bull's eye).”®

Based on the ASE/EACVI consensus,’ the following
definitions and diagnostic criteria for cardiotoxicity
were applied:

a) Subclinical cardiotoxicity: > 15% relative reduction
in GLS compared to the baseline value;

b) Clinical cardiotoxicity: an absolute reduction in LVEF
>10% to a value <53%. As in other studies comparing GLS
and LVEF, only biplane EF was considered. Moreover,
the acoustic window of some patients was inappropriate
for three-dimensional EF acquisition.

Patients who developed subclinical cardiotoxicity
during the study period were considered group A, and
those who did not were considered group B.

All tests were performed by a single experienced
observer and the variables were routinely remeasured,
with the means used in the analysis. Each echocardiogram
was sent to the patient’s oncologist.

Ethical Aspects

This study was approved by the Human Research
Ethics Committee of the University Hospital/Federal
University of Sergipe (No. 2,659,902, CAAE number
87240718.9.0000.5546) in accordance with Resolution
466/2012 of the National Health Council. All participants
provided written informed consent.

Statistical analysis

The study had an initial non-random sample of 82
consecutively selected patients to minimize sampling bias.
The Kolmogorov-Smirnov test was used to assess data
normality. Numerical variables were described as mean +
standard deviation. Categorical variables and simple and
relative frequencies were used with their respective 95%
confidence intervals. Pearson's chi-square test or Fisher's
exact test was used for categorical variables. A paired
Student's t-test was used to compare groups with and
without cardiotoxicity. Statistical significance was defined
as p < 0.05. In addition, the internal consistency of GLS
measurements was analyzed using Cronbach's a. SPSS
23.0 was used for the statistical calculations.

Results

Study population

Of the 82 patients eligible for the study, 3 did not
return for any subsequent evaluations and 1 had an
inadequate echocardiographic window for baseline
values. Thus, 78 patients with breast cancer were
included, whose general characteristics are shown
in Table 1.

Only 49 of the patients returned for all 3 subsequent
assessments (30 days, 3 months, and 6 months). A total
of 67, 64, and 61 patients attended the 30-day, 3-month,
and 6-month evaluations, respectively.

The mean age of the patients was 50.1 (SD, 11.48) years
with a minimum of 21 and a maximum of 77 years. Five
(6.4%) patients died between 30 days and 3 months after
the start of treatment.

The behavior of echocardiographic parameters that
define cardiotoxicity

Each patient was assessed for cardiotoxicity over
time in each of the 3 recommended echocardiographic
parameters (Table 2). It was observed that subclinical
cardiotoxicity occurred earlier and more frequently
when defined according to GLS than when defined
according to EF, with the 95% CI demonstrating the
statistical power of this difference. Furthermore, after an
initial peak, the prevalence of cardiotoxicity remained
similar over time in all 3 methods (GLS, biplane EF,
and 3D EF). The behavior of these echocardiographic
parameters over the four periods can be seen in Figure 1.

In addition, the internal reliability of the GLS
measurements (baseline, 30 days, 3 months, and
6 months) was assessed, showing a Cronbach's a value
of 0.855, which indicates high internal reliability.

Assessment of subclinical cardiotoxicity and GLS

During the first month of treatment, 10 (14.9%) of
the 67 patients already met the criteria for subclinical
cardiotoxicity (group A), and two also met the criteria
for clinical cardiotoxicity. As shown in Table 3, there
was no difference in the baseline characteristics between
the two groups. However, clinical cardiotoxicity within
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Table 1 - General characteristics of the sample

Characteristic N =78 (%)
Age (years) 50.1+11.48
Asymptomatic at the 1 evaluation 76 (97.4)
SAH 30 (38.5)
Diabetes Mellitus 4(.1)
Hypercholesterolemia 22(28.2)
Obesity 10 (12.8)
Smoking 4(5.1)
Family history of CAD 10 (12.8)
ACEI or ARB 24 (30.8)

Values expressed as a percentage (%).
SAH: systemic arterial hypertension; CAD: coronary artery disease; ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker.

Table 2 — Frequency of cardiotoxicity according to echocardiographic parameters, measured before and
during chemotherapy

Cardiotoxicity at 30 days Cardiotoxicity at 3 months Cardiotoxicity at 6 months
GLS 14.9% (10/67) 16.7% (11/66) 19.7% (12/61)
CI: 9-22.4% CI: 10.1-25.8% CI: 11.5-27.9%
Biplane EF 4.5% (3/67) 3% (2/66) 6.6% (4/61)
CI: 0-10.4% CI: 0-7.6% CL: 1.6-13.1%
3D EF 4.9% (3/61) 7% (4/57) 5.9% (3/51)
CIL: 1.6-8.2% CI: 3.5-10.5% CIL: 0-13.7%

CI: 95% confidence interval; EF: Ejection Fraction; GLS: Global Longitudinal Strain.
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Figure 1 - Graphic representation of the clinical course of global longitudinal strain, 3D ejection fraction, and biplane ejection
fraction measurements over six months.
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Table 3 — Comparison of variables between patients who did and did not develop subclinical cardiotoxicity after 30 days

of chemotherapy
Group A: WITH Group B: WITHOUT
Characteristics subclinical cardiotoxicity subclinical cardiotoxicity p-value
at 30 days (N =10) at 30 days (N =57)

Age (years) 53.4+11.58 49.73+11.82 0.368
Baseline BP EF 63.92+5.65 62.95+5.61 0.617
30-day BP EF 57.41+4.18 60.55+4.93 0.048
3-month BP EF 58.81+4.56 60.91+5.27 0.248
6-month BP EF 58.31+4.62 59.8545.15 0.389
Clinical cardiotoxicity at 30 days 10% (1/10) 3.5% (2/57) 0.389
Clinical cardiotoxicity at 3 months 20% (2/10) 0% (0/47) 0.028
Clinical cardiotoxicity at 6 months 20% (2/10) 4.8% (2/42) 0.163
SAH 60% (6/10) 33.3% (19/57) 0.157
Diabetes 0% (0/10) 7% (4/57) 1

Hypercholesterolemia 40% (4/10) 26.3% (15/57) 0.452
Obesity 10% (1/10) 12.3% (7/57) 1

Smoking 10% (1/10) 3.5% (2/57) 0.389
Previous CAD 0% (0/10) 15.8% (9/57) 0.335
ACEI or ARB 20% (2/10) 31.6% (18/57) 0.711
Asymptomatic 70% (7/10) 78.9% (45/57) 0.681
Dyspnea 0% (0/10) 12.3% (7/56) 0.583
Edema 0% (0/10) 5.3% (3/57) 1

Palpitations 10% (1/10) 5.3% (3/57) 0.485
Chest pain 0% (0/10) 1.8% (1/57) 1

Asthenia 30% (3/10) 10.5% (6/57) 0.125

values expressed as a percentage (%); bold font indicates significant values; BP EF: biplane ejection fraction; SAH: Systemic Arterial Hypertension;
CAD: coronary artery disease; ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker.

3 months was more frequent in group A. It should also
be pointed out that the mean biplane EF after 30 days
of treatment was also considerably lower in group A,
although most of the group did not yet meet the criteria
for clinical cardiotoxicity.

At the 6-month evaluation, group A had a higher mean
age, as well as a lower mean biplane EF, allowing clinical
cardiotoxicity to be more clearly determined at this stage.
The only clinical characteristic that differed between the
two groups was the prevalence of hypercholesterolemia,
which was higher in group A. Table 4.

Table 5 shows the behavior of GLS in both groups.
Although the mean baseline GLS was equal between the
groups, patients who developed clinical cardiotoxicity at 6
months had a lower mean GLS in the 30-day and 3-month
assessments. At 3 months there was a relevant difference
in GLS reduction between patients who had developed
clinical cardiotoxicity by 6 months and those who had
not. This difference did not occur for biplane EF. Of note,
in the patient with the greatest relative decrease in GLS,
this reduction occurred between the third and sixth month,
while EF remained at normal levels (Figure 2).
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Table 4 — Comparison of variables between patients who did and did not develop subclinical cardiotoxicity after

6 months of chemotherapy

Group A: WITH

Group B: WITHOUT

Characteristics subclinical cardiotoxicity subclinical cardiotoxicity p-value
in 6 months in 6 months

Age (years) 55.91+9.63 47.83+10.86 0.022
Baseline BP EF 61.70+5.73 62.89+5.80 0.525
30 day BP EF 59.05+4.05 60.15+5.09 0.527
3 month BP EF 59.22+5.07 60.15+5.36 0.601
6 month BP EF 56.15+4.97 60.55+5.00 0.008
Clinical cardiotoxicity at 30 days 0% (0/10) 4.8% (2/42) 1

Clinical cardiotoxicity at 30 days 9.1% (1/11) 2.2% (1/44) 0.357
Clinical cardiotoxicity at 6 months 25% (3/12) 2% (1/49) 0.022
Asymptomatic 41.7% (5/12) 61.2% (30/49) 0.330
SAH 58.3% (7/12) 30.6% (15/49) 0.098
Diabetes 16.7% (2/12) 2% (1/49) 0.096
Hypercholesterolemia 58.3% (7/12) 24.5% (12/49) 0.036
Obesity 8.3% (1/12) 12.2% (6/49 1

Smoking 16.7% (2/12) 4.1% (2/49) 0.170
Previous CAD 8.3% (1/12) 12.2 (6/49) 1

ACEI or ARB 25% (3/12) 28.6% (14/49) 1

Asthenia at 30 days 30% (3/10) 7.1% (3/42) 0.077
Asthenia at 6 months 33.3% (4/12) 12.2% (6/49) 0.096

Values expressed as a percentage (%); bold font indicates significant values; BP EF: biplane ejection fraction; SAH: systemic arterial hypertension;
CAD: coronary artery disease; ACEL angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.

Discussion

In the present study, the frequency of subclinical
cardiotoxicity was high from the first month of
anthracycline chemotherapy, unlike the results of
myocardial dysfunction analysis based exclusively on EF
(biplane and 3D). Furthermore, the general cardiotoxicity
assessment showed a peak frequency in the first month
of treatment, which remained approximately constant
until the sixth month.

Population and risk factors

The only risk factors associated with cardiotoxicity
were age and hypercholesterolemia. It should be
pointed out that the prevalence of SAH was higher at all
assessments in the group that developed cardiotoxicity

(subclinical or clinical). Among studies assessing the
risk factors for myocardial failure after chemotherapy,
SAH was the factor most consistently associated with
this outcome.'*!®* A major review by the American
Society of Clinical Oncology lists other important risk
factors, such as: a radiotherapy field that includes the
cardiac area, a history of structural heart disease, high
doses of anthracyclines, trastuzumab therapy, diabetes,
smoking, and obesity."? In our study, radiotherapy was
not analyzed because many patients could not undergo
it in time; this was also the case with those eligible for
trastuzumab therapy. No patient received high doses
of anthracyclines. Although a history of structural
cardiac disease was an exclusion criterion in the present
investigation, its prevalence was relatively low in the
population, which could explain the lack of associations.
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Table 5 — Comparison of variables between patients who did and did not develop clinical cardiotoxicity after 6 months

of chemotherapy
WITH WITHOUT
apparent cardiotoxicity apparent cardiotoxicity p-value

Age 48.5+5.56 49.49+11.35 0.864
Baseline GLS -19.15£1.96 (N = 4) -20.03+2.24 (N =57) 0.444
30-day GLS -16.42+2.10 (N = 4) -18.87+2.19 (N = 48) 0.037
3-month GLS -15.70+1.92 (N = 4) -18.65+2.40 (N = 52) 0.020
6-month GLS -15.45+1.04 (N =4) -18.38+2.75 (N = 57) 0.039
GLS reduction at 30 days 12.98+17.96 (N=4) 5.57+9.94 (N=48) 0.186
GLS reduction at 3 months 17.7149.68 (N=4) 6.99+9.66 (N=52) 0.037
BP EF reduction at 30 days 3.91+11.88 (N=4) 4.72+8.78 (N=45) 0.864
BP EF reduction at 3 months 7.13+7.58 (N=4) 4.01+8.66 (N=45) 0.491
SAH 75% (3/4) 33.3% (19/57) 0.129
Diabetes 0% (0/0) 5.3% (3/57) 1

Hypercholesterolemia 50% (2/4) 29.8% (17/57) 0.582
Obesity 0% (0/0) 12.3% (7/57) 1

Smoking 25% (1/4) 5.3% (3/57) 0.243
Previous CAD 0% (0/4) 12.3% (7/57) 1

ACEI or ARB 0% (0/4) 29.8% (17/57) 0.322
Asymptomatic 75% (3/4) 56.1% (32/57) 0.629
Edema 25% (1/4) 24.6% (14/57) 1

GLS: Strain Longitudinal Global; BP EF: biplane ejection fraction. SAH: systemic arterial hypertension; CAD: coronary artery disease;
ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.
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Figure 2 — Polar map of the clinical course of a patient from the third to the sixth month of follow-up.
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A further analysis involved the use of angiotensin-
converting enzyme inhibitors or angiotensin-receptor
blockers, drugs known to provide protection against
early decline in global LV function.' Interestingly, in this
study, baseline treatment with angiotensin-converting
enzyme inhibitors or angiotensin-receptor blockers
did not decrease the occurrence of cardiotoxicity.
As shown by Laufer-Perl et al.," this is due to the fact
that the treatment was not administered to prevent LV
dysfunction, but as a therapy for SAH, which would put
these patients at greater risk of LV dysfunction.

Definitions and incidence of cardiotoxicity

Several definitions of cardiotoxicity have been
developed, making it difficult to standardize and estimate
its incidence as an outcome. The present study was based
on ASE/EACVI guidelines.’

The incidence of clinical cardiotoxicity in our sample
was relatively low, which can be explained, in part, by the
fact that our definition was more specific than that of most
publications.?** Another possible explanation is that our
study only included patients treated with anthracycline,
while other studies have investigated associations with
multiple cardiotoxic drugs.'®?! Such hypotheses are
corroborated by the results of studies with designs similar
to ours, which obtained similar results regarding the
incidence of clinical cardiotoxicity.?**

In our study, echocardiographic parameters of systolic
function during chemotherapy behaved similarly to
those of other studies that performed this analysis.
The early drop (by 30 days) in GLS and EF (3D and
biplane) and their subsequent lower mean values has
also been demonstrated in other cohorts that evaluated
the cardiotoxicity of chemotherapy.!*?*

GLS and Subclinical Cardiotoxicity

As for the occurrence of subclinical cardiotoxicity,
few studies have evaluated it as a categorical variable
(mostly investigating only the behavior of the GLS values
themselves) and fewer still have done so according to
the ASE/EACVI definition. The frequency of subclinical
cardiotoxicity was relatively high in this study, being 15.2%
30 days after the start of chemotherapy and unaccompanied
by a significant reduction in EF (biplane or 3D). This agrees
with the results of other studies, such as Laufer-Perl et
al and Santoro et al., in which the mean frequency of
subclinical cardiotoxicity was approximately 20% at the end
of 3 and 12 months of follow-up, respectively.

Another pertinent analysis concerns the relative reduction
of GLS and EF. When divided into groups, it was observed
that the GLS reduction after 3 months compared to baseline
was greater in those who developed clinical cardiotoxicity at
6 months. However, EF did not also drop during the same
period, which suggests that this echocardiographic parameter
has a lower sensitivity. Similar results were also found in a
cohort of 49 Brazilian patients.* Moreover, between patients
with and without clinical cardiotoxicity at 6 months,
GLS differed significantly 30 days after the beginning of
the chemotherapy and continued to do so in all subsequent
assessments, which reinforces the fact that GLS changes are
early when myocardial aggression occurs.®

In general, this behavior can be explained by the fact
that GLS reductions precede EF reductions, making
the former a more sensitive method.®”® Several factors
explain why GLS is a better early indicator of
cardiotoxicity. In dysfunction related to cancer therapy,
certain segments of the myocardium may be more
affected than others, leading to early changes in GLS.
The unaffected areas of the myocardium can then
compensate for the damaged segments, thus preserving
LVEF.* However, GLS, which assesses myocardial
deformation, can be measured more accurately."

Study limitations

One limitation of this study was the short and
non-homogeneous follow-up. Thus, an objective
assessment of long-term LVEF behavior in relation to the
occurrence of subclinical cardiotoxicity was not possible.
Furthermore, the low number of patients who appeared
for all assessments reduced the statistical power of the
results. However, such scenarios are inherent to the study
population. Another limitation was the fact that the study
was conducted by a single researcher. Nevertheless, the
Cronbach's a analysis indicated high internal reliability,
which minimized the possibility of measurement bias.

Conclusion

Subclinical cardiotoxicity had a high frequency and
began early in this sample. It was associated with a
significant drop in EF during the course of treatment
but was not associated with known risk factors.
The value of assessing GLS at early stages of exposure to
anthracyclines was also apparent, which is in line with
the ASE/EACVI definition of subclinical cardiotoxicity.
It is expected that identifying subclinical cardiotoxicity
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will be of great value in daily clinical practice, identifying
patients at higher risk of overt cardiotoxicity.
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Overview of Cardiovascular Disease Risk Factors in Adults in Sao Paulo, Brazil:
Prevalence and Associated Factors in 2008 and 2015
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Abstract

Background: Cardiovascular diseases (CVDs) are the main cause of morbidity and mortality in Brazil.
Objective: To provide population-based data on prevalence and factors associated with CVD risk factors.

Methods: Individuals aged >20 years from two editions of the cross-sectional Health Survey of Sao Paulo focusing
on Nutrition (ISA-Nutrition), performed in Sao Paulo city in 2008 (n=590) and 2015 (n=610), were evaluated for:
obesity, central obesity, waist/height ratio, high blood pressure (HBP), dyslipidemia, diabetes, and number of
CVD risk factors >3. Prevalence was estimated according to complex survey procedures. Factors associated with
cardiovascular risk factors were assessed using logistic regression, with statistical significance of p<0.05.

Results: Obesity and older age were associated with higher odds of all cardiovascular risk factors investigated,
except for dyslipidemia. HBP was positively associated with being Black/Brown and negatively associated with
being physicaly active in leisure time. Women were more likely to have increased adiposity indicators and three
or more cardiovascular risk factors than men. Those with higher education had lower chances of having diabetes,
HBP and dyslipidemia, and those with higher income had higher chances of having three or more risk factors.
Former smokers had higher odds of diabetes, obesity, and high waist/height ratio, and smokers had higher odds of
high non-HDL cholesterol levels. From 2008 to 2015, there was an increase (p<0.001) in the prevalence of diabetes
(6.9% to 17.3%), HBP (31.9% to 41.8%), dyslipidemia (51.3% to 67.6%), and number of CVD risk factors >3 (18.9%
to 34.1%).

Conclusion: This study shows increasing prevalence of CVD risk factors in adult population in Sao Paulo and may
support the definition of target groups and priority actions on CVD prevention and treatment.

Keywords: Cardiovascular Diseases/epidemiology; Risk Factors; Urban Health Services; Prevalence; Mortality;
Morbidity

Introduction and the economy, monitoring CVD risk factors become

) ) . imperative for both CVD prevention and control.?
Cardiovascular diseases (CVDs) are the main cause of . .
Moreover, many risk factors for CVDs are also risk factors

morbidity and mortality worldwide, including in Brazil, ¢ \ter non-communicable diseases (e.g., cancer), and

where approximately 395,700 deaths (30% of total deaths)
registered in 2018 were due to CVDs.! Considering the

negative impact on individual’s health, health systems,

are associated with worse outcomes and increased risk
of death in patients with infectious diseases (e.g., SARS-
CoV-2, responsible for the COVID-19 pandemic).**
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Several factors can be related to the genesis and
prognosis of CVDs.?*¢ Some of them are not modifiable,
such as aging, hereditary factors, and sex, while others
are related to behavioral factors, such as unhealthy diet,
physical inactivity, stress, tobacco use, and harmful use
of alcohol. Also, some factors are related to underlying
social determinants, such as globalization, urbanization,
poverty, air pollution, and access to health services.
To some extent, all of them are related to intermediate risk
factors that can be evaluated and adequately monitored
in primary health care, (e.g. elevated blood glucose levels,
high blood pressure, dyslipidemia, overweight and
obesity), and indicate an increased risk of developing
heart failure, stroke, heart attack, or other complications.?

In the last decades, Sao Paulo, the largest city of Brazil,
has witnessed substantial changes in the lifestyle of its
inhabitants and socio-demographic profile, many of them
associated with an increase in cardiovascular risk factors.”
This study aimed to evaluate intermediate CVD risk factors,
by analysis of population-based data from Sao Paulo, which
may support primary and secondary prevention through
evidence-based planning of health policies.

Methods

Population and study design

The study assessed data from two cohorts of the
cross-sectional Health Survey of Sdo Paulo focusing on
Nutrition (ISA-Nutrition study), a sub-sample of the
Health Survey of Sao Paulo (ISA-Capital), carried out
in 2008 and 2015. ISA-Capital is a population-based
survey aiming to evaluate population health status and
use of health services, using a probabilistic sample of
individuals aged 12 years or more living in households in
the urban area of Sao Paulo city. Sociodemographic data,
and information on morbidity, use of health services, and
lifestyle were obtained using a structured questionnaire
administered by trained interviewers in the households,
to 3,271 individuals (2,086 aged >20 years) in 2008, and
4,024 (3,165 aged >20 years) in 2015. The samples of both
surveys were independent of each other. Details of both
editions were previously described.®!

The ISA-Nutrition aimed at evaluating lifestyle-
related CVD risk factors in the population of Sao Paulo.”
Anthropometric data, blood pressure measurements, and
blood samples were obtained by trained nurses during
a second visit to the participant’s household. Dietary

intake was assessed by two 24-hour recalls. The 2008’s
and 2015’s editions comprised 750 individuals (590 aged
>20 years) and 901 individuals (610 aged >20 years),
respectively. For this analysis, only individuals aged at
least 20 years were evaluated (n=1200).

Anthropometric and cardiometabolic risk factors

Detailed protocols for laboratory, blood pressure
and anthropometric measurements were published
elsewhere.'” Body weight, height, and waist
circumference were measured in triplicate, and the
average of three measures was calculated for analyses.
Central obesity was defined as waist circumference >88
cm for women and >102 cm for men." Waist-to-height
ratio was considered elevated when >0.52 for adult men,
>0.54 for adult women, and >0.55 for older adults.'?
According to body mass index (BMI=weight (kg)/height
(m)?), participants were categorized as: normal weight,
overweight (adults: 252BMI>30 kg/m? older adults:
28<BMI<30 kg/m?),'* or obese (BMI>30 kg/m?)."* High
blood pressure was defined as elevated systolic (=140
mmHg) or diastolic (290 mmHg) blood pressure, or use
of antihypertensive drugs."

Diabetes was defined as fasting plasma glucose
2126 mg/dL, use of oral hypoglycemic drugs or
insulin therapy.'” Variables related to dyslipidemia
were isolated hypercholesterolemia (low-density
lipoprotein cholesterol [LDL-C] 2160 mg/dL), isolated
hypertriglyceridemia (triglycerides >160 mg/dL), mixed
hyperlipidemia (LDL-C >160 mg/dL and triglycerides
>160 mg/dL), low-HDL (high-density lipoprotein
cholesterol [HDL-C] <40 mg/dL for men or HDL-C <50
mg/dL for women), high non-HDL cholesterol (2160
mg/dL), and dyslipidemia (elevated LDL-C, elevated
triglycerides, low HDL-C, or drug treatment for
dyslipidemia).®

Participants were categorized according to the number
of CVD risk factors present (less than 3 or equal to or
more than 3), that is, diabetes, or high fasting plasma
glucose (2100 mg/dL), or insulin resistance (homeostatic
assessment of insulin resistance [HOMA-IR = fasting
glucose (mg/dL) x fasting insulin (uU/L)/405) >2.71];"
high blood pressure; dyslipidemia; and obesity.

Statistical Analysis

The variables analyzed were: sex (male/female);
age (adults: 20-59 years/older adults: 260 years); self-
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reported skin color (white/black/brown/other); per capita
household income (<1 minimum wage / 21 minimum
wage, according to the survey year); educational
attainment (<9 years: completed elementary school /
>9 years of study: high school or more); smoking status
(smoker/former smoker/do not smoke); physical activity
at leisure time (obtained from the International Physical
Activity Questionnaire, IPAQ long version, adapted to
the Brazilian population:* follow/do not follow WHO
recommendations).'®

Categorical variables were described as frequencies
and 95% confidence intervals, weighted according to the
survey sample design. Differences were verified using the
Rao-Scott chi-square test. Adjusted odds ratios and 95%
confidence intervals were estimated for characteristics
associated with CVD risk factors using logistic regression
models. Models were well-calibrated according to the
Hosmer-Lemeshow goodness-of-fit test for deciles of risk.
Fitted models for the responses were used to estimate
the adjusted prevalence of risk factors whose prevalence
increased from 2008 to 2015. Sample weight and complex
survey data analyses for population representativeness
were performed using Stata-13 (https://www.stata.com)
with statistical significance of p<0.05.

This study was conducted according to the guidelines
established in the Declaration of Helsinki. The surveys
were approved by the Ethics Committee on Research of
the School of Public Health, University of Sao Paulo. All
participants provided informed written consent before
data collection in each stage of the study.

Results

Table 1 shows the prevalence of CVD risk factors in the
population of Sao Paulo in 2008 and 2015, stratified by
age group and sex. Older adults had a higher prevalence
of diabetes, high blood pressure, central obesity, higher
waist/height ratio, and CVD risk factors>3 than adults in
both survey years (2008 and 2015), and a higher prevalence
of isolated hypercholesterolemia, mixed hyperlipidemia,
high non-HDL cholesterol, and obesity in ISA-2008.
Compared to adult men, older men had more diabetes,
high blood pressure, high waist/height ratio, and central
obesity in both survey years, higher prevalence of obesity
in ISA-2008, and of CVD risk factors>3 in ISA-2015. Older
women also had a higher prevalence of high non-HDL than
adult women in both ISA studies, higher dyslipidemia in
ISA-2015, and higher isolated hypercholesterolemia and
CVD risk factors>3 in ISA-2008.

Among adults, the prevalence of central obesity in both
surveys and low-HDL in 2008 were higher in women than
men. Among older adults, older women showed a higher
prevalence of dyslipidemia in both periods, and higher
prevalence of diabetes, isolated hypercholesterolemia,
obesity and CVD risk factors > 3 compared with older
men in ISA-2015. Older men showed a higher prevalence
of isolated hypertriglyceridemia than older women in
ISA-2008.

Comparing the prevalence of CVD risk factors in the
population between 2008 and 2015, there was an increase
in the prevalence of individuals with diabetes, high blood
pressure, dyslipidemia, low-HDL and CVD risk factor=3,
and a decrease in the prevalence of mixed hyperlipidemia
and high non-HDL cholesterol. Examining the differences
according to sex and age groups, there was an increased
prevalence of individuals with three or more CVD risk
factors in all groups, and an increased prevalence of
dyslipidemia and low-HDL in all groups, except in
adult women. The prevalence of diabetes increased
only in older adults (men and women), while high
blood pressure increased in both age groups. However,
a significant difference in high blood pressure was
observed between sexes only in the older group. Also,
in this group, the prevalence of mixed hyperlipidemia
(for men and women) and non-HDL cholesterol (total
individuals) was lower in 2015 than in 2008.

Logistic regression models indicated that women
had higher chances of presenting elevated adiposity
indicators (i.e. high BMI, elevated waist circumference,
and high waist/height ratio) and three or more CVD risk
factors than men (Table 2). Older age was associated
with higher odds of all risk factors analyzed, except
dyslipidemia. Excess body weight was associated with
higher odds of presenting all risk factors analyzed.
Individuals who self-identified as black or brown had
higher chances of presenting high blood pressure.
Those with higher education levels had lower odds
of diabetes, high blood pressure and dyslipidemia.
Individuals with higher income had higher chances
of having three or more cardiovascular risk factors.
Former smokers were more likely to have diabetes,
obesity, and a high waist/height ratio; while smokers
had higher odds of high non-HDL cholesterol levels.
Individuals who were physically active in leisure time
had lower chances of having high blood pressure.

Among the cardiovascular risk factors evaluated by

logistic regression models in 2008 and 2015, there was
a significant increase in the prevalence of four factors:
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Figure 1 - Adjusted prevalence of risk factors for cardiovascular disease with increasing trends (p <0.05) from 2008 to 2015 in Sao
Paulo city, using multiple logistic models (Table 2) and considering sample complex design. ISA-Nutrition 2008 and 2015; vertical bars
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implementation of tobacco control policies and expansion
of access to primary health care. In Sao Paulo, there was
a reduction of 34% in the prevalence of smokers — from
20.9% to 13.7% — between 2008 and 2015,*'# for example.

Despite the positive results observed in mortality due
to CVD, the prevalence of intermediate factors of CVD
does not follow the same decreasing trend. From 2006
to 2019, Brazil experienced an increase in the prevalence
of self-reported diabetes, hypertension, and obesity in
the population aged 18 years and older.” The results
presented in this study also showed a significant increase
in the prevalence of diabetes, high blood pressure, and
dyslipidemia in the population aged 20 years and older
in Sao Paulo municipality from 2008 to 2015. Despite
the absence of significant difference in the prevalence
of obesity between 2008 and 2015, the increase in the
prevalence of obesity among adults, in the long run,
showed a statistically significant difference between 2003
and 2015.** The decrease in mortality rates from CVD
may be a result of improved health care; however, the
concomitant increase in the risk factors for CVD causes
a negative impact on life expectancy and quality of life,
and disability-adjusted life years (DALYs),"® in addition

to increased medical costs. This hypothesis could be
illustrated by the fact that women, who are usually
more prone to use health services® and have a longer life
expectancy compared with men,* had higher prevalence
of several CVD risk factors in our study. Additionally, a
recent study showed an increase (GBD 2017) or stability
(Corrected SIM) in the mortality rates due to CVD in
Brazil from 2015 to 2017, which could be explained by
the increasing prevalence of these intermediate factors
in combination with the economic crisis, marked by
an increase in poverty, and cuts in health and social
policies.? This data should be revised in future studies
to evaluate if this trend is confirmed in the long term.

In addition, the different methods used to assess
the risk factors and outcomes may result in different
prevalence rates across studies. The prevalence of
hypertension in the study of Malta et al.,”” using data
from the National Health Survey, was 21.4% (95% CI
20.8 - 22.0) using the self-reported criteria, while the
measurement of hypertension yielded a prevalence
of 22.8% (95% CI 22.1 - 23.4) and the measurement of
arterial hypertension and/or reporting of medication use
resulted in a prevalence of 32.3% (95% CI 31.7 - 33.0). In
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the study ISA-Capital 2008, the sensitivity of self-reported
diabetes was 85.8% (95%CI 70.7-93.8) in older adults and
only 42.1% (95%CI 22.4-64.6) in adults.”® Therefore, an
advantage of the present study refers to the adoption of
direct measurement of risk factors, e.g., anthropometry
was assessed by the determination of adiposity measures,
while blood pressure and blood samples were used to
define high blood pressure, dyslipidemia and diabetes,
in combination with information on medication use
(confirmed and registered by a nurse in the household
visit). This procedure probably resulted in higher values
of prevalence compared with other studies based on self-
reported information.

Among the characteristics associated with intermediate
risk factors for CVD, two should be highlighted: age and
adiposity. Aging is associated with progressive loss of
tissue and organ function over time, and accumulation
of oxidative damage to macromolecules (lipids, DNA,
and proteins) by reactive oxygen species, resulting in
several acute and chronic pathological processes, such
as CVD.” As we age, another important aspect to be
addressed is inflammaging — a state of chronic low-
grade systemic inflammation —, which is associated
with immunosenescence, metabolic inflammation, and
increased insulin resistance and consequently, increased
risk of type 2 diabetes.® In fact, in the present study,
older age was associated with higher chances of having
diabetes, elevated blood pressure, non-HDL cholesterol
and adiposity, and presenting three or more CVD risk
factors. In terms of public health, Brazil, including Sao
Paulo municipality, has been experiencing a sharp
demographic transition,® marked by population aging
and consequent increase in social and economic burden.
Such increase in health care demands may represent a
real challenge, which requires public policy planning in
health and economy.

Another important challenge for the Brazilian health
system is the alarming prevalence of excess adiposity,
which leads to an inflammatory condition that is directly
involved in the etiology of cardiovascular diseases
and type 2 diabetes. It should be noted that one in
four people aged 20 years and older in the city of Sao
Paulo is obese and half of the population has high waist
circumference. In accordance with previous studies,'*
excess body weight (overweight and/or obesity) was
positively associated with all characteristics associated
with CVD risk factors, besides being a risk factor itself.
High adiposity, especially obesity, is an important health
problem worldwide and, during the last decades, little

progress has been made, considering that no country has
shown decreasing trends in population obesity.*

Besides sex, age and adiposity, other conditions
were associated with intermediate risk factors for
CVD in this study, such as skin color and high blood
pressure. Other studies have also shown that black
and brown ethinicity is an important risk factor
for high blood pressure.** Although hereditary
predisposition may be involved,* socioeconomic
conditions and lifestyle may play more important
roles in this association.'*%”* This evidence highlights
the importance of the social determinants of health
in the context of CVDs,* such as education, which
was inversely associated not only with high blood
pressure, but also with diabetes and dyslipidemia
in the present study, and is the most consistent
social determinant related to CVD outcomes. Lower
levels of educational attainment has been associated
with higher prevalence of many cardiovascular risk
factors, higher incidence of cardiovascular events,
and higher cardiovascular mortality, independent of
sociodemographic factors.*#!

The risk factors for CVD usually occur together, due
to a substantial overlap between disease etiology and
mechanisms.* It has been estimated that, for every
4.5 kg of weight gain, there is a 20% increase in the
risk of hypertension.® In the present study, subjects
with overweight and obesity were 1.5 and 2.4 fold,
respectively, more likely to have high blood pressure.
Besides, weight reduction promotes a decrease in
blood pressure both in normotensive and hypertensive
individuals.* The prevalence of subjects with three or
more risk factors for CVD increased from 18% to 35%
in the city of Sdo Paulo, which may result in increased
mortality, functional decline, and lower quality of life
in a substantial proportion of the population, leading
to an increasing demand of health care services during
the following decades.*

Additionaly, the risk factors investigated are also
related to the worse health outcomes and increased
risk of mortality due to infectious diseases, like the
new coronavirus disease (COVID-19).* Recent studies
have shown that obesity, hypertension, diabetes, and
cardiovascular disease greatly affect the prognosis
of the COVID-19.454 Also, social strategies adopted
to fight the COVID-19 pandemic (e.g. lockdown and
self-isolation) can even worsen the occurrence of
obesity and other metabolic diseases due to physical
inactivity and anxiety.*’*® Therefore, evaluating and
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adequately controlling these risk factors is a good
strategy in public health, since it can be easily made
in primary care and have a low cost compared with
the management of CVD consequences.?

The main limitation of this study is its cross-sectional
design, which limits the evaluation of some associations,
such as the higher likelihood of former smokers having
obesity and diabetes. Although there is evidence
regarding the relationship between smoking cessation
and weight gain,* the results should be interpreted
considering the study design, due to the possibility of
reverse causality. Additionally, other aspects potentially
associated with CVD were not investigated in the
present research. Alcoholic beverage intake (yes/no) and
diet quality (using the revised version of the Brazilian
Healthy Eating Index) were evaluated, but excluded
from the models due to the absence of effect or statistical
significance. Future research should explore these and
other associations in detail using methods specific to
CVD risk factors in the Brazilian population.

Despite these limitations, the present study has
strengths, such as the use of direct measurements to
estimate the evaluated parameters, with methodological
rigor, to obtain high-quality information. In addition,
important confounders were taken into account in the
analysis, such as income, education, and physical activity.
Finally, this study evaluated the population in the urban
area of the biggest city in Brazil, with more than 12 million
habitants and a high degree of genetic admixture.”

Conclusion

The prevalence of intermediate CVD risk factors in
a population sample from Sao Paulo varied according
to non-modifiable (age, sex, skin color) and modifiable
characteristics (physical activity, smoking status,
income, education). From 2008 to 2015, there was an
important increase in the prevalence of diabetes, high
blood pressure, dyslipidemia, and invidiuals with three
or more CVD risk factors, whereas adiposity parameters
(e.g. obesity) had no significant increase, despite their
high prevalence. The results may support the selection
of target groups and priority actions on CVD prevention
and treatment, considering the current health scenario
of the high prevalence of CVD, associated with
population aging, which exposes epidemiological and
mechanistic relationships with cardiometabolic risk
factors (abnormal adiposity, dysglycemia, dyslipidemia,
and high blood pressure).
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Abstract

Background: Atherosclerosis is a serious health problem, and several factors contribute to its occurrence.
Longitudinal and qualified monitoring of primary health care (PHC) may contribute to the management of
atherosclerosis and reduction of avoidable hospital admissions.

Objective: To estimate the trend in hospitalizations for atherosclerosis and the impact of PHC coverage on its
evolution from 2008 to 2018 in Brazil.

Method: An ecological time series analytical study based on the outcomes of hospital admissions for atherosclerosis
in Brazil. Time in years, PHC coverage, and Family Health Strategy (FHS) services were considered independent
variables. A Prais-Winsten model was used to estimate the outcome trend, and « < 0.05 was adopted.

Results: We observed a mean increase of 1.81 hospitalizations for atherosclerosis per 100 000 inhabitants annually
(p = 0.002) in Brazil. This growth was evidenced in the Northeast (p < 0.001), Southeast (p = 0.003), and South
(p < 0.001) regions, being stable in the North (p = 0.057) and Midwest (p = 0.62) regions. Men presented twice the
growth in hospitalizations from the fifth decade of life on (p < 0.01). An inversely proportional relationship was
observed for PHC coverage (B =-0.71; p < 0.001) and the proportion of FHS services (B =-0.59; p < 0.001) with the
rate of admissions due to atherosclerosis in Brazil.

Conclusion: Although hospitalizations for atherosclerotic complications are increasing in Brazil, they present
regional and individual gender and age discrepancies, as well as a mitigating effect exerted by PHC coverage.

Keywords: Atherosclerosis/ complications; Population; Brazil/ epidemiology; Ecology; Ecosystem; Environmental
Health; Time Series Studies.

Introduction

Atherosclerosis is a chronic inflammatory disease
of multifactorial etiology. It results from endothelial
aggression and affects the tunica intima of medium and
large caliber arteries.'” Several factors that contribute to
the development of this disease are modifiable, such as
systemic arterial hypertension, diabetes, dyslipidemia,
smoking, obesity, and sedentary lifestyle. The main
non-modifiable risk factors are genetics, male gender,

and age.’

The atherogenic process begins in the early stages of
life and, together with the spread of Western habits, is
considered responsible for the increased prevalence of
dyslipidemias in childhood and adolescence in several
countries.* This scenario requires longitudinal monitoring
of those at risk, based on modifiable and non-modifiable

factors, in order to mitigate these events.

Mortality from cardiovascular diseases (CVD) is
on the rise, mainly due to population growth and
ageing, as well as to the failure of health systems. In
Brazil, CVD is the leading cause of death.> High rates
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of atherosclerosis represent a serious life-threatening
health problem, as complications of this disease include
mitral regurgitation, ventricular fibrillation, stroke,
heart failure, ischemia of the lower extremities, among
other conditions.® The early diagnosis of atherosclerosis
is capable of providing great benefits to the patient’s
health as treatment can be initiated at early stages, which
reduces the risk of premature cardiovascular events.”

Brazil is currently going through a demographic
transition, in which the older population is projected to
numerically surpass the young population.® In addition,
the country suffers from a triple burden of diseases
(infectious, chronic, and external causes), with a
predominance of chronic non-communicable diseases
(CNCDs). This health scenario demands the presence of
robust health care networks, with foundations in primary
health care (PHC), as desired for the Brazilian Unified
Health System (SUS).°

PHC development, especially considering the
Family Health Strategy (FHS), has major implications
in the prevention and treatment of atherosclerosis.
Its strengthening not only favors the implementation of
SUS’ principles and guidelines,'® but also brings several
other positive results to the country, such as a reduction
in potentially avoidable hospital admissions through
longitudinal monitoring."

Therefore, this study aimed to estimate the temporal
trend of complications from atherosclerosis that led to
hospitalization and the impact that PHC coverage and
FHS, through actions to promote health and prevent
atherosclerosis risk factors, had on its evolution from
2008 to 2018 in Brazil.

Method

This is an ecological study of mixed design: time series
and multiple comparison, with an analytical approach
conducted between 2008 and 2018. The collected
information covered all Brazilian regions.

Data collection

In order to study the number of hospitalizations
for atherosclerosis and a possible relationship of these
events with PHC coverage and the proportion of FHS
services within this system, we analyzed authorizations
for hospital admissions with the I-70 diagnostic
code according to the International Classification of
Diseases, 10th edition (ICD-10). This information was

retrieved from the Hospital Information System of the
Information Technology Department of the Unified
Health System (DATASUS),"? which contains secondary
data without patient identification. It is noteworthy
that this information is freely available to the public,
therefore this study did not require approval by an
ethics committee according to Resolution 510/2016 of the
National Health Council.

To obtain the number of hospitalizations for
atherosclerosis, we used functions of epidemiological
information and general hospital morbidity by place of
residence. Demographic data were collected from the
Brazilian Institute of Geography and Statistics (IBGE)
database.” Data on PHC coverage and the proportion
of FHS services were collected from the Primary Care
Information and Management System (e-Gestor AB).!

Data on hospitalizations for atherosclerosis were
stratified according to region, sex, and age group.
Stroke and acute myocardial infarction events were
excluded from the analysis. The annual cumulative
incidence rate was obtained through the ratio between
the number of hospitalizations for atherosclerosis
per year and the estimated population for that year
according to the IBGE, multiplied by the constant for
every 100 000 inhabitants. To avoid possible errors
when collecting information from the databases,
an audit was carried out by a second group of
researchers using a random sample from the bank.

Statistical analysis

The dependent variable in this study was the
accumulated incidence of hospitalization for
atherosclerosis, and the independent variables were
year, PHC coverage (proportion of population coverage
by PHC), and the relationship between FHS coverage
and PHC coverage (FHS/PHC coverage). The “year”
variable (year-2013.5) was adjusted by the mean year of
the time series so as not to produce a serial correlation
with the outcome and modify the intercept of the analysis
curve. The “PHC coverage” variable was expressed as
the percentage of covered population, and the “FHS/
PHC coverage” variable revealed the proportion of PHC
services that were FHS.

In the process of analyzing data trends, regression
modeling used the Prais-Winsten method due to its high
statistical relevance and greater ease of interpretation;
we also extracted from the model the effect of the serial
correlation of the time series. Therefore, a linear y = BO
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+B1x equation was estimated, where x represented the
“year” independent variable.

The mean outcome observed in the period, regardless
of the year, was characterized as BO; B1 was the
regression coefficient, which informed the mean annual
evolution and the slope of the line. The sign of the slope
determines an increasing trend (+) or decreasing trend (-)
of the outcome. In addition to the equation, the adjusted
coefficient of determination (R?, 4jus) 18 presented, which
specifies the degree of explanation of the model with the
observed data, ranging from 0 to 1.

To verify the impact of the interaction between PHC
coverage and the proportion of FHS coverage within
PHC services ("PHC-FHS coverage interaction" variable)
on the trend of hospitalizations for atherosclerosis in
Brazil, we used a generalized estimating equations
approach, an extension of generalized linear models
(GLM) for correlated data. A robust covariance matrix
and an autoregressive (ARIMA) or unstructured
working correlation matrix were assumed to estimate
the effects of independent variables, depending on
the quality of the model based on the quasi-likelihood
independence criterion (QIC) of the model. The gamma
link function was used to connect independent
variables and the outcome in the model. The sign of
the model coefficients (B) would indicate the effect
of the independent variables and their significance
estimated by the Wald chi-squared test (x?). R software
was also used to adjust the polynomial curves and build
the GLM. A 5% significance level was considered to
minimize type I error in curve adherence and modeling
processes. R software was used for data analysis.

Results

Figure 1 shows the pattern of hospitalizations for
atherosclerosis in Brazil and allows us to analyze the
situation considering this disease. A constant increase
is seen in cases in men and an initial decline is observed
among women, with subsequent growth from 2012 on.
An average increase of 1.81 cases per 100 000 inhabitants
(B=1.81; p=0.002) is seen in the general population, with
cases among men (p < 0.001) growing more than twice
those in women (p = 0.019) (Table 1).

When analyzing the time series by the country’s
regions, a relatively steady scenario is identified in the
Midwest (p = 0.62) and North (p = 0.057) regions, with
evidence of a decline in hospitalizations for atherosclerosis
among women (B=-0.02; p=0.013). Conversely, the South

(B =0.65; p <0.001), Southeast (B = 0.61; p = 0.003), and
Northeast (B = 0.56; p < 0.001) regions showed a growth
in hospitalizations for atherosclerosis (Table 1).

Atherosclerosis complications thatled to hospitalization
were decreasing in men under the age of 40 (p <0.01) and
in women under 50 (p < 0.01). Both sexes showed an
increase in hospitalizations starting at the fifth decade
of life (p < 0.01). However, between the fifth and eighth
decade of life, men showed almost twice the increase in
hospitalizations presented by women (Table 2).

Despite the context of increased hospitalizations for
atherosclerosis in the Brazilian population, greater PHC
coverage and the proportion of FHS services within PHC
showed inverse relationships with hospitalization rates
(Bpye=-0.71; By ppe = -0.59), thus exerting a mitigating
effect on these acute events in Brazil. These effects were

more prominent in the North (B, = -1.62; B

-1.38) and Midwest (B, =-0.99; B, ;¢ .., = -0.80) regions,

PHC
followed by the Northeast (B, = -0.67; B, .., = -0.55)

and Southeast regions (B,,,.=-0.41; B =-0.31). The

PHC FHS/PHC

South region (B,,,.= 0.41; B = 0.47) was the only

PHC FHS/PHC
one that did not show a mitigating effect of PHC on

PHC FHS/PHC =

hospitalizations for atherosclerosis (Table 3).

Discussion

We aimed to estimate the trend of hospitalizations
for atherosclerosis in the Brazilian population and the
effects of PHC coverage on its evolution. An increase in
atherosclerosis complications requiring hospitalization
was observed, especially in men and people aged over
50 years. Regional discrepancies were also evident:
the South, Southeast, and Northeast regions showed the
worst evolutions. However, this scenario is alleviated by
the performance of PHC services, which mitigated the
growth of these complications.

The increase in hospitalizations for atherosclerosis in
the Brazilian population, especially from 2012 on, may be
areflection of 3 main aspects: the progressive population
ageing taking place in the current demographic
transition®; an increase in Brazilian family incomes
accompanied by changes in food consumption and the
adoption of urban and less healthy lifestyle habits'; and
public health policies limited by funding and public-
private partnerships'®, which interact with each other
and form a complex causal network.

Population ageing is a paradigm that has been
experienced since the 1960s-1970s in Brazil and
was expressed in this research with the growth of
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Figure 1 - Time series of atherosclerotic complications treated in hospitals or hospitals associated with the Unified Health System

atherosclerotic complications in individuals aged 50 years
and older, both men and women. The current challenge
seems to be related to reversing the health worsening
that men and women over the age of 50 have experienced
throughout their lives and that inflates hospitalizations
for atherosclerosis in this population.

Only recently has the Brazilian State, through the
SUS, been concerned with harmful events produced
by population ageing. Therefore, more efficient
pharmacological strategies and approaches to therapeutic
adherence, along with non-pharmacological actions, will
have to be implemented to mitigate harmful events and
a reduction in quality of life in this population. This is
a generation that requires differentiated care from the
health system.

Younger people (under 50 years old) show a decline
in atherosclerotic events and this may be directly linked
to the adoption of healthier lifestyles in this age group
in recent decades, such as a reduction in smoking rates,
regular physical activity, and protective health policies
for childhood and adolescence. It is important that these

trends continue in the nextlife cycles and are consolidated
in the coming decades in order to counterbalance the
effects of aging and an unfavorable social context.

However, the evolution of hospitalizations for
atherosclerotic events was not homogeneous in men and
women. Complications increased to a lesser extent in
women, which is probably due to social aspects of gender
(such as the greater tendency of women to seek health
services)” and biological features, such as protective
factors for cardiovascular events in fertile women'®.
Estrogens have a cardiovascular protective effect, act
on lipid metabolism, and contribute to the stabilization
of atheromatous plaques. Women of reproductive age
are at low risk of CVD, especially considering diseases
related to the carotids.'® Seeking health monitoring may
also be a determining factor for the development of CVD
and other diseases, and men present a low adherence to
health care practices.”

Another contribution to discrepancies in sex and age
arises from ecological/contextual conditions such as those
provided by the country’s regions. The regional analysis
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Table 1 - Trend modeling of hospitalizations for atherosclerosis in Brazil and its regions between 2008 and 2018

Region equation B R2adjus p Trend

BRAZIL Total 1.81x -39.34 0.84 0.64 0.002 Increasing
Men 2.55x+43.70 0.89 0.75 <0.001 Increasing

Women 1.09x+35.03 0.71 0.39 0.019 Increasing

NORTH Total -0.15x +2.41 -0.61 0.22 0.057 Stationary
Men -0.08x+2.35 -0.53 0.11 0.100 Stationary

Women -0.02x+2.31 -0.71 0.46 0.013 Decreasing

NORTHEAST Total 0.56x + 6.60 0.99 0.98 <0.001 Increasing
Men 0.64x+6.68 0.98 0.96 <0.001 Increasing

Women 0.48x+6.54 0.99 0.97 <0.001 Increasing

MIDWEST Total 0.10x + 6.86 0.17 0.21 0.620 Stationary
Men 0.19x+7.24 0.30 0.13 0.390 Stationary

Women 0.01x+6.33 0.02 0.24 0.940 Stationary

SOUTHEAST Total 0.61x+9.62 0.82 0.60 0.003 Increasing
Men 0.77x+10.93 0.83 0.62 0.003 Increasing

Women 0.45x+8.29 0.81 0.56 0.005 Increasing

SOUTH Total 0.65x +13.93 0.98 0.96 <0.001 Increasing
Men 0.95x+16.65 0.98 0.95 <0.001 Increasing

Women 0.38x+11.31 0.97 0.94 <0.001 Increasing

B: standardized regression coefficient; R: adjusted linear coefficient of determination; p: statistical significance.

Table 2 - Modeling the trend of hospitalizations for atherosclerosis in Brazil by region and sex between 2008 and 2018

Men Women
Equation B P [Ro—- Trend Equation B p I Trend
<19 years -0.009x+0.17 -0.71 0.020 0.38 Decreasing  -0.017x+0.18 -0.83 0.003 0.61 Decreasing
20-29 years -0.038x+0.53 -0.92 <0.001 0.81 Decreasing  -0.056x+0.54 -0.88 0.001 0.72 Decreasing
30-39 years -0.047x+1.32 -0.70 0.020 0.37 Decreasing ~ -0.117x+1.45 -0.79 0.007 0.53 Decreasing
40-49 years -0.019x+4.39 -0.19 0.590 -0.20 Stationary  -0.100x+4.49 -0.72 0.010 0.41 Decreasing
50-59 years 0.69x+18.91 0.86 0.001 0.67 Increasing  0.296x+11.86 0.80 0.005 0.54 Increasing
60-69 years 3.257x+50.79 0.92 <0.001 0.82 Increasing  1.130x+29.04 0.85 <0.001 0.67 Increasing
70-79 years 3.964x+81.09 0.89 <0.001 0.74 Increasing ~ 1.875x+54.46 0.92 <0.001 0.82 Increasing
>80 years 2.949x+92.56 0.73 0.010 0.42 Increasing  2.271x+72.32 0.76 0.010 0.47 Increasing

B: standardized regression coefficient; R* adjusted linear coefficient of determination; p: statistical significance.
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Table 3 — Association of primary health care (PHC) coverage and the proportion of family health strategy (FHS) services
within PHC with hospitalizations for atherosclerosis in Brazil and its regions between 2008 and 2018

Srandard Wald 95% CI Hypothesis test
Parameter B
Gy Inferior Superior x*> Wald df p
BRAZIL
Interception 52.96 5.069 43.03 62.90 109.17 1 <0.001
Year 0.03 0.007 0.01 0.04 17.72 1 <0.001
PHC coverage -0.71 0.074 -0.86 -0.572 93.95 1 <0.001
FHS/PHC coverage -0.59 0.066 -0.72 -0.467 80.74 1 <0.001
Interaction FHS/PHC coverage 0.009 0.001 0.007 0.011 80.50 1 <0.001
Scale 0.002
MIDWEST
Interception 7248 4.993 62.69 82.26 210.68 1 <0.001
Year 0.07 0.020 0.03 0.11 12.34 1 <0.001
PHC coverage -0.99 0.072 -1.13 -0.85 189.32 1 <0.001
FHS/PHC coverage -0.80 0.048 -0.89 -0.70 268.04 1 <0.001
Interaction FHS/PHC coverage 0.01 0.0007 0.01 0.01 251.98 1 <0.001
Scale 0.02
NORTHEAST
Interception 54.61 12.777 29.56 79.65 18.26 1 <0.001
Year 0.09 0.001 0.09 0.09 6515.56 1 <0.001
PHC coverage -0.67 0.152 -0.97 -0.37 19.62 1 <0.001
FHS/PHC coverage -0.55 0.136 -0.82 -0.28 16.36 1 <0.001
Interaction FHS/PHC coverage 0.007 0.001 0.004 0.01 18.82 1 <0.001
Scale 0.002
NORTH
Interception 115.66 1.620 112.49 118.84 5093.87 1 <0.001
Year -0.09 0.018 -0.12 -0.05 25.08 1 <0.001
PHC coverage -1.62 0.011 -1.64 -1.59 19994.23 1 <0.001
FHS/PHC coverage -1.38 0.014 -1.41 -1.35 8639.16 1 <0.001
Interaction FHS/PHC coverage 0.02 7.71.10-5 0.01 0.02 64387.21 1 <0.001
Scale 0.01
SOUTHEAST
Interception 27.89 0.949 26.03 29.75 863.70 1 <0.001
Year 0.12 0.003 0.11 0.12 1305.91 1 <0.001
PHC coverage -0.41 0.007 -0.43 -0.40 2907.77 1 <0.001
FHS/PHC coverage -0.31 0.018 -0.35 -0.27 277.59 1 <0.001
Interaction FHS/PHC coverage 0.005 0.0002 0.005 0.006 677.81 1 <0.001
Scale 0.002
SOUTH
Interception -30.82 9.271 -48.99 -12.65 11.05 1 0.001
Year 0.09 0.004 0.08 0.10 474.71 1 <0.001
PHC coverage 0.41 0.111 0.19 0.63 13.79 1 <0.001
FHS/PHC coverage 0.47 0.128 0.22 0.72 13.68 1 <0.001
Interaction FHS/PHC coverage -0.006 0.001 -0.009 -0.003 14.47 1 <0.001
Scale 0.003

B: adjusted regression coefficient; CI: confidence interval; x*: Wald chi-squared test; df : degrees of freedom; p: statistical significance; PHC coverage:
proportion of the population covered by primary health care; FHS/PHC coverage: proportion of FHS coverage within primary health care; interaction
FHS/PHC coverage: interaction between the proportion of Family Health Strategy coverage within PHC and PHC coverage.

248



249

Silva etal.

Atherosclerosis complications in Brazilian PHC

Int J Cardiovasc Sci. 2022; 35(2), 243-252
Original Article

of hospitalizations for atherosclerosis demonstrates
clear differences, probably due to characteristics that
are inherent to each country region, which include
economic, demographic, cultural and social dimensions."®
Comparing the five Brazilian regions, the South and
Southeast had more hospitalizations for atherosclerosis
as these regions have historically had greater economic
development and were thus associated with contextual
effects of urbanization and a precarious lifestyle;'*?!
their populations are also older. A smaller effect of PHC
coverage was observed in these regions when compared
to the others, which limits longitudinal monitoring of
individual and collective health necessary for the control
of chronic health conditions.

On the other hand, there is a large offer of
predominantly private outpatient medical services in
the Southeast and South regions of Brazil.*? This scenario
is a consequence of the public-private relationship in
the health sector of the most economically developed
regions of Brazil,' where a socioeconomic ecosystem
pressures the health system to follow models of
individual-outpatient-curative actions provided by
private services/insurers, whereas less longitudinal
and preventive follow-up is offered by the public
system, especially PHC. This is driven by less public
funding for health protection due to the bias of greater
private access to health. However, the objectives of
the private subsystem are to minimize expenses,
reducing service provision, and to transfer health
responsibilities to the individual.'®

In addition to economic and organizational aspects
of the health system, the Southeast and South regions of
Brazil present individual factors such as an atherogenic
diet and excess abdominal adiposity,* a high prevalence
of smoking (24.5% among men and 19.7% among
women), and a prevalence of hypertension above 30%.
Regarding obesity, its prevalence was higher than
the national average, and the physical inactivity rate
was 41.73%; cardiovascular risk was thus classified as
moderate for women (11.8%) and high for men (24.7%).*

In the South, older women presented lack of physical
activity as the most prevalent cardiovascular risk factor.
Among men, the main cardiovascular risk factor was the
limited intake of fruits and vegetables, although alcohol
abuse and smoking were also significant.” The Southeast
region had similar results, where men aged 20 to 49 years
had 2 or more risk factors for cardiovascular disease,*
mainly obesity and physical inactivity.”

The Northeast region had the greatest PHC coverage
in the country. However, this coverage was not able
to prevent the progression of complications caused by
atherogenic disease, despite mitigating their damage.
Greater health service coverage also requires social
support actions for the adoption of healthy behaviors, as
well as intersectoral measures that improve quality of life
and access to food, which are still limited in the SUS.'°

The confluence of strong PHC and impacting
intersectoral policies could circumvent factors such
as low educational and economic levels among PHC
users in the Northeast and North of Brazil,?® as CNCDs
more intensely affect people from vulnerable groups.”
A study with students from Campina Grande-PB
indicated a percentage of regular or occasional
smokers of 9.8% and 31.3% of experimental smokers.*
A study in the state of Sergipe indicated that 77.5%
of the participants practiced insufficient physical
activity, 57.5% drank soft drinks excessively, 15.5%
were overweight or obese, and 49.2% claimed to have
consumed alcohol in the previous 30 days.* In the
analysis of older age groups, the scenario was also
severe, with sedentary lifestyle being reported by 39%
of adults and 67.5% of the older population.*

Despite the growing number of hospitalizations
for atherosclerosis in Brazil, it is worth highlighting
the role of PHC, and specifically FHS services, in the
clinical management, management of risk factors,
and detection, treatment, and planning of preventive
actions. From the perspective that Brazil will have
21.7% of the population aged over 60 years by the year
2040, obesity and diabetes control, as well as individual
and collective anti-smoking approaches, become a
priority within PHC and FHS practices, such as the
promotion of physical activities, dietary guidance, and
longitudinal monitoring.*

The adoption of such measures can not only reduce
the rate of hospitalizations for CVDs but also minimize
spending on health care, given that CVDs are responsible
for most costs of hospital admissions in the SUS.** It is
stipulated that a 10% reduction in worldwide mortality
from CVDs could result in savings of up to 25 billion
dollars per year.*® Considering that this is the second
leading cause of death in Brazil, the amount saved
nationally could be invested in expanding the coverage
of the health network, strengthening primary and
specialized care and increasing disease prevention and
screening.
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Based on a more complex approach to the concept of
health, valued by the work process and ways of caring
within the FHS, the important impact of this health
care model on the frequency of CVD in the population
is noticed.” The biological, sociocultural, and economic
multi-causality in the manifestation of CNCDs, especially
CVDs, indicates the need for action on social determinants
of health, in addition to the clinical aspects that are inherent
to atherosclerosis and other CVDs. In this sense, the FHS
becomes an important health care tool for the Brazilian
population.® Educational interventions aimed at the most
affected population evaluated in this study can be valuable
instruments for the empowerment of these people and for
strengthening social support networks, thus generating
capital and social cohesion to reduce risk factors and
encourage healthier lifestyle habits.*’

As for the limitations of this study, it is possible
that the ability to diagnose acute events associated to
atherosclerosis without complementary examinations
is limited in the most economically vulnerable regions,
which could lead to underdiagnosis because of the
difficulty in accessing sensitive complementary exams
related to the cause of acute events. Furthermore, it is not
possible to infer that individuals from a region with more
records of atherosclerosis complications are at greater risk
of developing it, which would constitute an ecological
fallacy. Studies with other methodological designs are
important to directly define cause and risk relationships
for atherosclerosis.

Conclusion

The incidence of atherosclerosis complications
in Brazil is rising, possibly motivated by individual
lifestyle and health care aspects as well as ecological
conditions related to geographic regionalization and
distinct socioeconomic and cultural components within
the country. There is an evident need for public health
policies that are differentiated by age group and sex due
to the different magnitudes of hospitalization trends for
atherosclerosis, especially from the fifth decade of life on.

The effect of PHC in mitigating the progression of
atherosclerotic complications is noteworthy, being
notably influenced by its coverage potential and,
possibly, by its quality of care. This result could be
expanded with the implementation of comprehensive
and intersectoral policies that address conditions
of production and work, food, leisure, and physical
activity, given that more socioeconomically developed
regions had the worst trends in hospitalizations in
standardized comparisons.
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Abstract

The regular practice of physical exercise as a non-
pharmacological treatment of arterial hypertension
(AH) has been encouraged due to causing a series of
physiological responses in the cardiovascular system,
such as the production of vasoactive substances, including
nitric oxide (NO). NO is a relaxation factor released by
the endothelium, and the decrease in its bioavailability is
related to coronary and arterial diseases, such as AH. This
study aimed to perform an integrative literature review
to elucidate the effect of physical training on NO levels in
patients with AH and to establish a relationship between
these levels and blood pressure (BP) control. A literature
review was was performed by searching PubMed /
MEDLINE, Lilacs, Scielo, Cinahl and Embase databases.
The search string used was ("arterial hypertension” OR
hypertension) AND (exercise OR "physical exercise" OR
"aerobic exercise" OR "exercise training" or "physical
activity") AND ("nitric oxide"). We included fully
available controlled and uncontrolled clinical trials
published in English and Portuguese languages in the
last 10 years. The review consisted of 16 articles, of
which 13 reported an increase in NO production after the
physical training intervention, and three studies found no
change. In addition, 15 studies observed a reduction in

Keywords

Blood Pressure; Hypertension; Exercise; Physical
Conditioning Human; Nitric Oxide; Endothelium
Dependent Relaxing Factors; Vasoactive Substances;
Cardiovascular System.

BP after the intervention. In conclusion, regular practice
of physical exercises, advocating moderate intensity,
can improve NO bioavailability in pre-hypertensive and
hypertensive individuals, which seems to be one of the
mechanisms responsible for BP reduction.

Introduction

Arterial hypertension (AH) is characterized as a
multifactorial clinical condition and considered one
of the main risk factors for cardiovascular morbidity
and mortality. In addition to a sustained elevation
in blood pressure (BP), AH is also associated with
metabolic disorders and functional and structural
changes in target organs, which can be aggravated by
the presence of other risk factors and is responsible
for several other complications.'

The practice of physical exercise as a non-
pharmacological therapeutic approach to AH has been
increasingly encouraged by health professionals, as it
causes many physiological responses in body systems,
especially in the cardiovascular system.? Physical
training, when performed regularly, causes important
autonomic and hemodynamic adaptations, as well as
humoral changes related to the production of vasoactive
substances, such as nitric oxide (NO).? These changes are
responsible for the reduction or even normalization of the
BP levels in patients with mild to moderate hypertension,

using or not using medications.**>

NO, a relaxation factor released by the endothelium,®
is a gaseous mediator responsible for a variety of
physiological phenomena,” and a decrease in its
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bioavailability is related to coronary and arterial diseases,
among others. In systemic AH, the increase in oxidative
stress and endothelial dysfunction promotes a reduction
in the bioavailability of NO and its action on the vascular
wall, affecting vascular relaxation.®?

In this sense, moderate physical exercise can be an
effective non-pharmacological medicated means to
increase NO bioavailability and, hence, mediate positive
adjustments in the tissues. The main functions of NO in
the cardiovascular system include regulation of vascular
tone by the vasodilating action on smooth muscle cells;
inhibition of platelet activity; leukocyte aggregation;
and proliferation of smooth muscle cells in the vascular
endothelium,'® which altogether contribute to BP control
and prevention or control of cardiovascular diseases.>'!!?

Therefore, for an effective clinical application of
physical training in the management of hypertensive
individuals, it is necessary to know the effect of
different physical exercises on NO and BP levels. In this
regard, defining the study population and clarifying
issues related to exercise — type (aerobic or anaerobic),
intensity and training duration®'*'*is crucial to guide the
therapeutic approach by health professionals. Therefore,
this study aimed to conduct a literature review to
elucidate the effect of physical training on NO levels in
patients with AH and to establish a relationship between
NO levels and BP control in this population.

Methods

An integrative review was performed by searching
PubMed / MEDLINE, Lilacs, Scielo, Cinahl and Embase
databases, using terms indexed in the DeCS — Health
Sciences Descriptors — which was developed from the
Medical Subject Headings of the US National Library
of Medicine, to allow the use of common terminology
in Portuguese, English and Spanish. The search string
used in all databases was ("arterial hypertension” OR
hypertension) AND (exercise OR "physical exercise” OR
"aerobic exercise" OR "exercise training" or "physical
activity") AND "nitric oxide".

The search was conducted between October 2019
and April 2020, covering studies published in the last 10
years, i.e., from October 2009 until the present moment.
Fully available controlled and uncontrolled clinical
trials published in English and Portuguese languages
were included in the review. We selected articles that
evaluated the effect of physical training on blood / urinary
concentrations of NO or its metabolites, activity of the

enzyme nitric oxide synthase (NOS), or BP levels of pre-
hypertensive or hypertensive individuals. Studies on acute
physical training only and those that included individuals
with pulmonary hypertension were excluded.

Two independent researchers participated in the
four steps of the review: literature search; duplicate
analysis; reading of titles and abstracts; and full reading
of each article. In the 3rd and 4th steps, each researcher
classified the articles in a binary way, with zero (0) for
articles that did not meet the inclusion criteria or had
any of the exclusion criteria and one (1) for articles that
fulfilled the inclusion criteria. Articles that scored one
(1) from both researchers carried on to the next step, and
those articles that were already at the fourth step were
included immediately. Articles that scored zero from
both researchers were immediately excluded. Articles
that were assigned zero from one researcher and one
(1) from the other researcher were evaluated by a third
reviewer to ultimately determine if the article would be
included (or moved to the next step) or not.

Results

Figure 1 presents the flow diagram of identification
and selection of the articles included in this review,
according to the PRISMA flow diagram."” A total of 16
articles were included, with the main results described
in Table 1.

Population

The number of individuals studied ranged from 11%
to 60,% and mean age was equal to or older than 50 years
in eleven articles, 6182224262931 between 40 and 50 years in
three®” and below 30 years in one study."” The studies
included individuals with stage I or Il hypertension (nine
articles'®181922242931) - prehypertensive and hypertensive
individuals (two articles?*?!), normotensive and
hypertensive (three articles*?’), prehypertensive,
hypertensive and normotensive individuals® and only
prehypertensive individuals."”

Intervention

Aerobic exercise was the most common intervention,
identified in 11 of the 16 articles included, 1819212531 three
of which addressed high-intensity aerobic training.'*'!
In addition, two studies performed resistance exercise,
one of which combined aerobic and resistance exercises.”®
Four studies addressed training with different techniques
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Articles identified through electronic database searching
PubMed =236
Lilacs = 10
Scielo =12
Cinahl = 50
Embase =391
(n=699)

l

(n=581)

Articles after duplicates removed

l

Articles excluded after
title and abstract review
(n =548)

Full-text articles assessed
for eligibility (n = 33)

l

Studies included in the
review
(n=16)

Full-text articles
excluded
(n=17)

Reasons for exclusion:
Articles addressing acute
physical exercise (n=5)
Study population was not
pre-hypertensive or
hypertensive subjects

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]

BP: Blood Pressure; NO: Nitric Oxide

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /ltems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure 1 - PRISMA Flow diagram of article selection and inclusion/exclusion process.

(n=6)

No measurements of NO
(n=3)

No measurements of BP
(n=3)

such as vibrating platform,” yoga,® Tai Chi practice*

and mat Pilates.”

In the studies that used aerobic physical training,
different parameters and percentages were used to measure
training intensity, ranging from 60% to 100% of maximum
heart rate (HR__ ),***% 30% to 100% of maximum
oxygen consumption (VO, _),'"®*#% 50% to 90% of HR
reserve'*®3 and between 11 and 13 points on Borg's rating

scale of perceived exertion.”!

Duration of exercise training varied between six'#'" and
24 weeks,»** most often three to four days a week, 6192122531

with sessions from 20 min®?® to 60 minutes.”?>242%31

Outcomes

Regarding the effect of physical exercise on NO, 13 out
of the 16 studies analyzed reported an increase in NO or
NOS production after the intervention.!®22*3! In these
cases, exercise modality, time and intensity was not
homogeneous throughout the studies. The other three

studies found no change.?%%

With respect to BP, only one article carried out with
African American individuals did not report a reduction
in this variable after the intervention, most likely because
the parameters of normotensive and hypertensive
individuals were analyzed together. Despite this, there
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was an increase in plasma NO levels and an improvement
in vascular structure and function after training.” On the
other hand, three studies showed a decrease in BP, but
unrelated to changes in NO or NOS production.?*%
In these studies, the hypotensive effect was associated
with an improvement in the balance between vasodilator
and vasoconstrictor factors, with changes in prostanoids
levels,”* increased hydrogen sulfide-producing enzyme
(cystathionine gamma-lyase) and reduced thromboxane,*
or with decreased levels of total cholesterol and LDL.*

Discussion

In the present review it was verified that physical
training was able to increase NO production and reduce
BP in hypertensive and prehypertensive individuals.
Most studies used an exercise intensity ranging from
60% to 100% of HR _, 50% to 100% of VO, __, 30% to
90% of HR__ reserve, and between 11 and 13 points on
the scale of perceived exertion (Borg). Based on analysis
of the relationship between these parameters, we can
verify that exercises of intensities of 60-79% of HR__,
50-74% of VO,__ or reserve of HR__ and Borg of 12-13
are considered of moderate intensity.?>%

Based on the literature, approximately 75% of
hypertensive individuals when submitted to physical
training, mainly of moderate intensity, have reduced BP
levels.* The practice of physical exercise may be responsible
for promoting several adaptations, such as attenuation of
vascular and cardiac sympathetic activity, decrease in serum
levels of vasoconstrictor factors and increase in endothelial
dilating factors, resulting in a reduction of peripheral
vascular resistance.®?

The time, frequency and duration of training are also
important factors to be considered. Despite the great
discrepancy between the training protocols of the selected
studies, ranging from 20 to 60 min per session, three to
four days per week, and from six to 24 weeks, this did not
affect the results on NO concentrations. In this context,
the Brazilian Society of Cardiology (Sociedade Brasileira de
Cardiologia) recommends that individuals diagnosed with
AH initiate regular exercise programs, three to five times
a week, in sessions of at least 30 min, with ideal duration
between 40 and 50 minutes.! Furthermore, aerobic exercises
are preferred, of light to moderate intensity, between 60%
and 80% of HR _, or between 50% and 70% of VO

max’ 2max’

complemented by resistance exercises."**”

and

Dynamic or isotonic resistance training should be
performed with caution, since there are still few randomized

and controlled studies with this type of exercise in AH, and
itsisolated effect on resting BI is not yet well established.**
In this case, it is recommended an overload of up to 50-60%
of one-repetition maximum (1RM) from two to three times a
week, one to three series, 8 to 15 repetitions up to moderate
fatigue, and passive breaks of 90 to 120 seconds.! In this
sense, the study by Tomeleri et al.,* evaluated the effect of
resisted exercise — series of 10 to 15 repetitions according
to IRM, twice a week — in pre- and hypertensive women.
Although they did not specify the length of breaks and the
percentage of RM, the parameters used in this study were
consistent with the recommendations of the Hypertension
Guideline' and indicated an increase in plasma NO levels
with resistance training.

Three articles included in the present review showed
improvement in NO levels and consequent decrease in
BP due to increased vascular mechanical stress imposed
by high-intensity interval training (HIIT) in hypertensive
patients.!*'#? HIIT consists of alternating short periods of
high-intensity aerobic exercise (85-100% VO, _ ) with active
periods of moderate to low intensity exercise. Hence, blood
flow varies between high and low intensities, representing a
greater challenge to the heart, improving cardiorespiratory
fitness.” The authors justify that in this type of training, the
increase in shear stress induces an increase in the apelin
pathway, which is positively correlated to the increase
in NO production, generating a vasodilatation with a
consequent reduction in BP.” Nevertheless, this type of
training is still best suited to healthy adult individuals, as
described by the Update of the Cardiovascular Prevention
Guideline of the Brazilian Society of Cardiology.*

The shear stress caused by the increased unidirectional
blood flow during physical exercise is the main mechanism
of improvement of endothelial function.**! This mechanical
stress produced by the friction between red blood cells and
endothelial cells activates endothelial NOS, increasing the
production of NO. NO diffuses into the underlying vascular
smooth muscle and activates the enzyme guanylate cyclase.
This, in turn, induces the cGMP production that activates
the metabolic pathways of cGMP-dependent protein kinase
G (PKG), causing vascular relaxation.” Thus, shear stress is
considered a powerful stimulus for the release of vasodilator
factors produced by the vascular endothelium.*!

In addition to its potent vasodilating action, NO
can induce other important vascular, renal and cardiac
effects, including inhibition of platelet aggregation,
modulation of glomerular filtration rate, and an effect on
vascular and cardiac remodeling.* On the other hand, the
endogenous reduction of NO synthesis is related to several
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pathophysiological disorders or associated conditions, such
as reduction of endothelium-dependent vasodilation in
patients with hypertension, hypercholesterolemia, diabetes
or arteriosclerosis.*

Studies have shown that the responses in BP control
are related to humoral mechanisms, especially with
involvement of NO. In fact, in the studies by Firoenza et
al'® Pan et al.* Nyberg et al.,” and Hansen et al.,*® it was
observed that hypertensive individuals had lower levels of
muscle eNOS and plasma NO compared to normotensive
individuals. In addition, Pan et al.** and Tomeleri et al.®
demonstrated a negative correlation between NO and BP
values. Also, there is evidence that one cause of AH is the
presence of products analogous to endothelial L-arginine,
which hampers its action on eNOS, resulting in a substantial
decrease in NO production.” Furthermore, the increase in
BP is not only caused by elimination of the vasodilating
action of NO, but also by elimination of its influence in
central regions of the autonomic cardiovascular control,
especially of the sympathetic nervous system.*

Therefore, characteristics of physical exercise, i.e., its
intensity, duration, frequency, and the muscle groups
involved (larger or smaller muscle groups), can be
determinant in the greater production of NO and in the
control of BP in hypertensive patients.**” The increase in
NO bioavailability promotes relaxation of smooth muscle
cells in the blood vessel wall, leading to an increase in its
diameter and a decrease of vascular resistance and systemic
BP.° Besides, the decrease in sympathetic activity induced
by physical exercise also suggests that the increase in
NO production promotes a buffering action to the low-
frequency oscillations in BP, acting in opposition to the
vascular sympathetic modulation.**°

In 2018, Pagan et al.*' published an editorial addressing
the role of exercise in endothelial function, with emphasis
on NO, and discussed the studies with animal models that
obtained improvement of this function associated with
increased levels of NO,™* also in hypertensive animals.>
The authors emphasized the need to establish better training
intensity, type, and duration for this objective. In the present
integrative review, a diversity of training parameters in
humans was found, as also pointed out by Pagan et al.*!
Therefore, among the limitations of this review, we can point

out the lack of information and standardization of tests and
training protocols, which made it difficult to interpret the
effectiveness of exercise intervention on NO bioavailability.

Therefore, we concluded that the regular practice of
physical exercises in pre-hypertensive and hypertensive
individuals can increase the bioavailability of NO and,
consequently, cause a hypotensive effect. Thus, we
can establish a relationship between NO levels and BP
control in hypertensive individuals, that is, the greater
the NO production, the lower the BP values. However,
it is important to note that the higher bioavailability of
NO depends on the type — different by controlled, and of
moderate intensity — of physical exercise and the muscle

mass involved.
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We need to talk about why we don't talk about exercise!
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Editorial referring to the article: Effect of Physical Training on Nitric Oxide Levels in Patients with Arterial Hypertension: An Integrative Review

We usually avoid subjects that make us feel
uncomfortable. As in general these subjects are
those we cannot deal with, the consequences of
such omission can be really bad. Problems with our
children are classical examples of topics we avoid.
Published in 2003, “We Need to Talk About Kevin”
is a novel written by Lionel Shriver, adapted to the
big screen in 2011. The film addresses the vicious
cycle of problems caused by the mother who neglects
her child with overt psychopathy, culminating in a
catastrophe. In this fiction, avoiding the subject cost
the lives of many people.

This introductory metaphor was the preamble to
the following question: based on available evidence,
why do we not have proper conversation about
exercise with our patients? Why is physical exercise
little addressed in medical visits? Why are healthcare
providers not concerned about individual and
collective consequences of physical inactivity?

It is, of course, nothing new to affirm that physical
inactivity is harmful to health, but at least I bring current
information on that — physical inactivity accounts
for 7.2% of premature deaths annually.' In other
words, every year, 7.2% of deaths would be avoided
if people practiced 150 minutes of moderate-intensity
exercise or 75 minutes of vigorous exercise per week
(recommendation adopted by the authors). It is worth
pointing out that, despite being published in 2022,
these data do not include the COVID pandemic.

Keywords

Blood Pressure; Hypertension; Exercise; Physical
Conditioning Human; Nitric Oxide; Endothelium
Dependent Relaxing Factors.

Most of these deaths (69% or 2.5 million) are in
middle-income countries like Brazil. Data from the
Health Surveillance Secretary of the Brazilian Ministry
of Health published in 2020* showed that 47.2% (95%
CI 45.7-48.6%) of Brazilian people are insufficiently
physically active. In addition, 14.9% (95%CI 13.9-15.9%)
of people are physically inactive, i.e., do not practice any
physical exercise, and when the life stage where the risk
of chronic diseases attributable to sedentary lifestyle is
considered, this percentage is greater than 30%.

The causes of taking such an unhealthy behavior like
physical inactivity are multiple. The lack of a structured
guidance by primary health care providers is only one
of them. However, the problem will persist unless
due attention is paid to it. It is to say that (collective)
public policies aimed at physical inactivity will occur
only if health professionals (individually) counsel their
patients about regular physical activity. In the United
States, counseling about exercising in primary care has
increased,’ although the numbers are still modest (less
than one third of medical consultations). Also, the reasons
why physical activity is a topic neglected by healthcare
professionals are many.*

A reduction in the risk of death associated to regular
exercise, at doses recommended, is grounded on the
fact that this practice has been shown to decrease
the risk of diseases with the highest mortality,®
notably cardiovascular diseases.

Primary and secondary prevention of arterial
hypertension is among the mechanisms by which
exercise reduces cardiovascular morbidity.® At the
previously mentioned doses, exercise can cause a
decrease in systolic pressure by 5-7 mmHg, and a
reduction in mortality from coronary disease and

stroke by 9% and 14%, respectively.”
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We need to talk about exercise

The benefits of (aerobic and resistance) exercise on arterial
pressure are linked to the modulation of the autonomous
nervous system and of vascular function and structure® In the
latter, the increase in nitric oxide (NO) bioavailability plays
a very important role. Initially thought of as an atmospheric
pollutant, NO was discovered in 1772 by the English chemist
Joseph Priestly and it took more than 200 years for its role
in the modulation of vascular dilator tone to be identified.’

In this issue of the IJCS, in a systematic review of
16 clinical trials, Facioli et al."” evaluated the response to
different exercise interventions on NO production and
its impact on blood pressure. Thirteen studies showed an
increase in NO production and 15 reported a reduction
in blood pressure levels. Intervention was aerobic
exercise in most of studies (11 of 16), and only three used
high-intensity exercises. Despite the high heterogeneity
among parameters of exercise intensity (60% to 100% of
maximum heart rate; 50% to 100% of maximum VO, etc)
and volume (20-60 minutes; 3-4 days per week; 6-24 week-
duration), this seemed not to influence NO production.

In summary, the findings of Facioli et al.,' add to the
mass of evidence that supports, explains, and details the
benefits of regular exercise for human health.
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Every year, 2.5 million people die prematurely due
to physical inactivity; any person is shocked by this
number. However, being shocked is not synonym
of taking action, which reminds me of another film,
“Hotel Rwanda”, which addresses the genocide of the
Tutsi minority by the Hutu ethnic majority in 1994.
In an excerpt from the film, the hotel manager Paul
Rusesabagina (Don Cheadle), who saved more than
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thanked the journalist Jack Daglish (Joaquin Phoenix),
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his people suffered; he was certain that international
help would come after the world sees those scenes.
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Abstract

Introduction

In 1907, Carlos Chagas was designated to fight
paludism in the Rio das Velhas region along the Central
do Brasil railroad. During his field research, Chagas
discovered a hematophagous insect (Panstrongylus
megitus) carrying a new trypanosomatide, which he
named Trypanosoma cruzi. On April 14th, 1909, he
found the same parasite in the blood of a febrile child,
submitting the announcement of his discoveries to the
Brasil Médico scientific journal.

Here, we discuss the early stages in the establishment
of a new human morbid entity during the first decades
after its discovery with a definite influence from its
discoverer, Carlos Chagas, as well the first collaborators.
Moreover, we cover the importance of the Center for the
Study and Prophylaxis of Chagas Disease in Bambui
(MG), unraveling the most advanced developments in
research within the disease’s habitat and the widening
perspectives for modern research that have emerged after
the 1960s and continue to improve to this day.

In this revisitation to the history of Chagas disease, we
begin at Manguinhos (R] ), making our way to Lassance
(MG), where the discovery took place. Then, we travel back
toRio de Janeiro in the beginning of the twentieth century
and Brazilian republic until the current day, revealing
milestone publications that settled Chagas disease both as
asource of pride for Brazilian medicine and as a challenge
with important aspects that remain to be clarified. Any
similarities to our country’s politics and economy in the
twentieth century are not mere coincidences.

Keywords

Chagas Disease/ history; Chagas Disease/ etiology;
Trypanosoma Cruzi/ Chagas, Cardiomyopathy.

Carlos Chagas’s research in the semi-arid region of
Minas Gerais began in 1907 with the campaign against
paludism in the Rio das Velhas river valley, aiming to save
the lives of workers who worked in the expansion of the
Central do Brasil railroad. The finding of a hematophagous
insect (Panstrongylus megitus), strictly adapted to the
domestic environment, with nocturnal habits and
commonly known as the “barber bug” or “kissing bug”
surprised Chagas, who intensified his research and found,
in this insect, a new trypanosomatide named Trypanosoma
cruzi. The further identification of T. cruzi in the blood of
domestic animals and in the human blood directed Carlos
Chagas to systematize a new human morbid entity.

The choice of Carlos Chagas for the noble mission
of battling malaria was due in great part to his
strong scientific background on the theme with the
completion, in Manguinhos, of his doctoral thesis named
“Hematological studies of paludism,” presented in 1903.
This knowledge prompted him to systematize, in 1905,
the household theory of infection by paludism. In 1907,
Chagas participated in the group of scientists conducting
the most brilliant research at the time, being designated
to the anti-paludism campaign in Minas Gerais where,
in Lassance, his path became the track for one of the
most fascinating discoveries in the history of Medicine.
Raquel Lewinsohn' and Berning? consider that Carlos
Chagas, through his example, his life, and the aspects of
his discovery, is unique in the history of Medicine, thus
reflecting his international recognition.

Carlos Chagas is the author of an unprecedented fact
in the history of Medicine because he included the whole
cycle of a disease in his discovery: the etiological agent
T. cruzi and its life cycle, the vector insect (kissing bug),
its domestic reservoirs, and the pathology.
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Itis worth mentioning Oswaldo Cruz’s declaration on
Carlos Chagas’ discovery: “The discovery of this illness
constitutes the most beautiful example of the power of
logic in service of science. To this day, in the domains
of biological research, such a complex and brilliant
discovery had never been made and, what is more, by a
sole researcher.”

To better understand the greatness of the events at
the time, it is necessary to revisit the euphoric climate
and atmosphere in Manguinhos in the beginning of the
twentieth century due to successive discoveries and to
the density of projects lining up as needs of a new era of
science in Brazil and worldwide. To cite a few examples,
a new vaccine against the plague, the pathognomonic
liver injury in yellow fever patients, published works
on the differentiation between smallpox and variola
minor, the treatment of lymphogranuloma venereum, the
cure for cutaneous leishmaniasis, the determination of
the nuclear division process in amoeba, the discovery of
the extra-erythrocyte life cycle of Haemoproteus columbae
(responsible for pigeon malaria), the description of
hundreds of new species, the study of the biology and
morphological characterization of vectors of the main
tropical diseases and their therapies, among other great
scientific breakthroughs. This way, we can comprehend
how the genius of Carlos Chagas is not an isolated
factor in the tropics, but instead comes from a solid
scientific background and is the product of an institution
named Instituto Oswaldo Cruz, which is compared
and recognized as equivalent to the institute created by
Wilhelm Ostvald in the turn of the century in Munich,
where the greatest names in physical chemistry in Europe

made residence.

Chagas disease

We can thus systematize the essential factors for
comprehending Chagas disease, whose etiological
agent is T. cruzi. This organism uses 2 hosts in its life
cycle: an invertebrate (hematophagous triatomine)
and a vertebrate (mammals, including humans). Being
initially an infection of wild animals, this pathology
became a zoonosis because the vector insect adapted
promptly to the human habitat, especially in regions
with poor housing conditions such as the popular wattle
and daub houses.

Chagas disease was initially considered a rural
endemic and was later characterized by the occupation
of the outskirts of large cities, acquiring urban aspects

pressured by agriculture mechanization, which was a
great determinant aspect of internal migrations. The most
common transmission routes are: natural, transfusion-
associated, transplacental, oral, and accidental.

T. cruzi life cycle

By analyzing the biological cycle of this parasite, we
observed that it develops within the insect’s gut a few
hours after the ingestion of infected blood. Subsequently,
the differentiation of trypomastigote life forms into
epimastigotes takes place, and these multiply by
binary fission. In the insect’s hindgut, these life forms
suffer a new differentiation process into metacyclic
trypomastigotes, which will be released with the feces
when the insect bites the mammal host.

From an experimental viewpoint, after the ingestion of
infected blood by the vector, the full T. cruzi life cycle is
completed within 30 to 60 days. It is known that different
T. cruzi strains determine many differences, whether
in the susceptibility of vectors or in their degrees of
infectivity, parasitemia, and pathogenicity. In the host,
after inoculation, trypomastigotes invade macrophages
and other tissues, transforming into amastigotes and
multiplying in the cell cytoplasm by binary fission.
Various division cycles then take place, where parasites
differentiate into trypomastigotes that in turn will be
able to invade neighboring cells or even be taken by the
blood stream to other tissues after cell rupture.®. (Figure 1)

In the acute phase of human Chagas disease, many
parasites are present in the blood circulation; however,
with the installation of the chronic phase, there is a
tendency towards the disappearance of parasites from
the peripheral blood. Carlos Chagas” discovery has, in
its natural progression, very characteristic aspects: by
studying the natural history of Chagas disease in Bambui
(MG), Dias observed an incidence of acute cases of 10%°
, and Teixeira* observed that only 35% of patients in
the acute phase presented an overt form of the disease,
of which most were mildly symptomatic and went
unnoticed.

The acute phase of the disease has a benign character
and is mildly symptomatic, requiring observation and
complementary examinations for its confirmation. Its
clinical course is generally favorable: mortality is low®
(around 5%) throughout the natural history of the disease;
the clinical, radiological, and electrocardiographic picture
improves in a few months, signaling a return to normality
when fever ceases and parasitemia is no longer observed
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at direct examination. Some factors such as young
age, congestive heart failure, and electrocardiographic
alterations such as frequent multi-focal ventricular
extrasystoles and intraventricular bundle branch blocks
limit prognosis in the acute phase. An acute, diffuse, and
intense myocardiopathy with high levels of parasites is
the basic anatomopathological substrate found in the
acute form of chagasic heart disease.®!

The mortality of acute Chagas disease stems from
the occurrence of acute heart disease associated or not
with meningoencephalopathy due to Schizotrypanum
infection.’ According to Dias® in his anthological
longitudinal study in Bambui, more than 75% of the
recorded deaths in the acute phase of the disease refer
to children aged less than 3 years, with lethality varying
between 1.3% and 45% of the published cases®. In 313
cases recorded in Bambui, mortality was 8.3% with a
significant predominance in younger age groups.’

As trypanosomes disappear from the blood circulation,
turning the direct examination of peripheral blood

negative for trypanosomes, and as anti-trypanosome
antibodies (IgG) begin establishing themselves in the
circulation, we consider that Chagas disease is entering
its chronic period.

This period begins with the so-called “undetermined”
phase, where infection remains active but asymptomatic,
and it could progress to a determined phase of chronic
heart disease, digestive disease, mixed form, or remain
indefinitely in the more benign undetermined phase.
The undetermined phase may last from 10 to 20 years
in most patients, who remain asymptomatic and
serologically positive. No evidence of spontaneous cure
has been demonstrated by serial xenodiagnoses!*!4
and the persistency of serological results in chronic
patients.*'*'® Data demonstrate that the disease persists
in its latent form in this period, as observed through
studies with patients in the undetermined phase who
died accidentally or by other causes (that not Chagas
disease) showing myocarditis foci and a reduction in
cardiac parasympathetic neurons.®
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In the longitudinal study by Dias® in Bambui, a follow-
up of 117 patients with Chagas disease observed that,
after 10-20 years of disease progression, 60.3% of patients
remained in the undetermined phase; with a mean period
of 27 years after the acute phase, 33.9% of patients were
still in the undetermined phase.

In general, more than 70% of individuals with
Chagas disease aged less than 20 years are in the
undetermined chronic phase, according to various
field investigations.!*'”!8 Patients in the undetermined
phase who are in their third decade of life have a risk of
progressing to chronic heart disease of around 2% to 5%,
according to various longitudinal studies.>"”192

Patients in the undetermined phase present only
discrete focal myocarditis at microscopic examination
and, according to experimental studies, the cyclic clinical
course of these myocarditis foci is related with parasitic
stimulus, with resolution by apoptosis of inflammatory
cells and reabsorption of the excess extracellular matrix.
This progression may happen throughout a long period,
without greater repercussions on the patient as long as
the immunopathological pattern does not change.

The trigger for progression to a determined phase
such as chronic chagasic heart disease is related with
multiple factors, among which we include the nature
and preferential localization of injuries, the T. cruzi strain,
and the extent of the aggression during the acute phase.
For comprehending the pathogenesis of Chagas disease,
controversial aspects in the literature should be analyzed,
such as the direct tissue injury caused by the parasite,
microvascular disease, immunological reactions, and
the neurogenic theory involving the autonomic nervous
system. The transition from the undetermined phase to
its determination, whether it be cardiac, digestive, or
nervous, constitutes a challenge in the comprehension of
this true scientific gap in the history of Chagas disease.

Decades after the infection, 10%-30% of patients
present one of two main clinical manifestations: heart
disease associated with myocarditis and fibrosis resulting
in heart failure, the formation of thrombi and strokes,
or the digestive form with clinical manifestations of
megacolon and/or megaesophagus, possibly associated
with gastrointestinal disturbances such as regurgitation,
malnutrition, and severe constipation.

The immune response results in an inflammatory
process in the target tissues during the acute phase
of infection by T. cruzi and is essential to the control
of parasitism and the equilibrium of the parasite/host

relationship, which is observed in most patients with
Chagas disease. We have observed that, in around 30% of
patients, progressive inflammation results in cardiac and/
or digestive dysfunctions. In this process, we highlight
the absence of parasites in the affected tissues and the
apparent lack of correlation between their presence and
that of inflammatory infiltrate in these tissues, which
resulted in the elaboration of some theories such as:

The parasympathetic dysautonomia theory

Koberle?, a pioneering scholar studying the autonomic
nervous system, adopted in the 1950s the neuron
count technique, recording a numeric reduction in
parasympathetic nervous cells and thus considering
chagasic heart disease to happen due to parasympathetic
dysautonomia, with sympathetic predominance.

Autoimmunity

The challenge involving the transition from the
undetermined to the determined cardiac phase motivated
the hypothesis that “damage to the myocardium
would be secondary to a delayed hypersensitivity
process directed to the cardiac tissue, mediated by the
lymphomononuclear inflammatory infiltrate universally
associated with injury. According to this hypothesis,
the autoimmune response directed to the myocardium
would be caused by a cross-reaction triggered during the
immune response against a T. cruzi antigen homologous

to cardiac structures.”?

However, Kierszenbaum?® performed an extensive
review of the autoimmunity theory, raising doubts
about the relevance of autoimmune recognition in the
pathogenesis of chronic manifestations of Chagas disease.

Polyclonal activation

Polyclonal B and T lymphocyte activation, observed
in the acute phase of the chagasic infection, may be
considered a trigger for the pathology found in the
chronic phase. The proliferative activity of T cells and the
intense polyclonal activation of B cells during the acute
phase of an experimental infection by T. cruzi lead to the
production of IgM and IgG antibodies with reactivity and
multi-reactivity against myosin, myoglobulin, keratin,
and other self-proteins. This polyclonal expansion may
result from the activation of cell clones that react to a
wide variety of parasite antigens or to superantigenic
molecules of the parasite. This process may represent a
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step in the loss of tolerance preceding an autoimmune
response in chronic Chagas disease.?

Genetic polymorphism

Infection by 7. cruzi with clinical manifestations of
Chagas disease varying from asymptomatic patients to those
with severe heart failure or of the digestive form, with the
formation of megacolon or megaesophagus, already represents
strong evidence of the influence of genetic factors in the
susceptibility to infection by 7. cruzi. Fernandez-Mestre and
colleagues, as mentioned by Lannes-Vieira,* studied the
genetic polymorphism of DRB1 and DQB1 molecules in
Venezuelan patients with Chagas disease. They observed
a decreased frequency of the DRB1*14 and DQB1*0303
alleles in comparison with uninfected individuals,
suggesting an independent protective role of these
molecules against chronic infection. The study of patients
with or without heart disease revealed higher frequencies
of DRB1*01, DRB1*08, and DQB1*0501 alleles and a lower
frequency of DRB1*1501 in patients with arrhythmia and
congestive heart failure. These data suggest that HLA
class Il genes may be associated with the development of
chronic infection and chronic damage to cardiac tissue.

Microvascular alterations

Rossiand colleagues, as cited by Lannes-Vieira,* reported
that microvascular alterations result from thromboembolic
processes that play an important part in the origin of chronic
chagasic heart disease. The microangiopathy characterized
by platelet aggregation and occlusive thrombosis in small
vessels of the epicardium and myocardium would cause
myonecrosis and focal degeneration with inflammatory
infiltrates and contribute to the development of apical
aneurysm and cardiomyopathy.

The participation of cytokines

Experimental models have demonstrated that
inflammatory cells such as macrophages and T cells, as well
as the cytokines produced by them, play important roles
in the protective response and immunopathogenesis of
parasiticinfections. Studies show that cytokines, just as other
inflammatory mediators (prostaglandins, thromboxanes,
leukotrienes, platelet aggregation factors) play an important
role in regulating the immune response during infection by
T. cruzi and are involved both in infection resistance and
mechanisms related with the progression of Chagas disease.**

Participation of cell adhesion molecules

D’ Avila Reis and colleagues, Higuchi and colleagues,
and Tostes and colleagues, as mentioned by Lannes-
Vieira,* described a predominance of T CD8+ cells in
the myocardium of patients in the chronic phase of
Chagas disease; however, the molecular mechanisms
determining the prevalence of CD8+ cells in this cardiac
tissue remain undiscovered. Most inflammatory cells in
the myocardium of patients with chronic Chagas disease
express cell adhesion molecules such as LFA-1 (leukocyte
function-associated antigen-1; CD11a/CD18), ICAM-1
ligand (intercellular adhesion molecule-1; CD54), CD44
ligand of fibronectin and hyaluronic acid and VLA-4
(Very late antigen-4; CD49d/CD29, a431) VCAM-1
ligand (vascular cell adhesion molecule-1;CD106) and
fibronectin. This way, D’Avila Reis and colleagues
suggest that these molecules would contribute to the
progression of the inflammatory reaction by mediating
the adhesion of lymphocytes to the endothelium of
cardiac tissue vessels activated by cytokines and by
being important in cell infiltration and localization at
inflammation sites.

Participation of chemokines

Plasmatic chemokine concentrations have been
correlated with disease worsening in patients with
heart failure. Elevated plasma levels of the CCL2/MCP-
1 chemokine, but not of CCL3/MIP1a, were directly
correlated with heart damage in patients with chagasic
heart disease in a study by Talvani and colleagues, as
cited by Lannes-Vieira.?«

Apoptosis

Lopes and colleagues, as cited by Lannes-Vieira,*
showed in their study that programmed cell death by
apoptosis in immune cells (including B and T cells)
occurs during infection by T. cruzi. Experimental infection
models showed a significant loss of T CD4+ cells through
an increase in the expression of Fas (CD95) and Fas-ligand
(CD95L), with subsequent induction of apoptosis by
activation-induced cell death.

Some factors are already consolidated, and we can
state that “inflammation persists during the whole
chronic phase of Chagas disease, continuously triggering
new fibrosis foci.”? Repeated cycles of parasitic infection
and hypersensitivity and autoimmunity phenomena
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seem to be responsible for perpetuating this picture.?*%
Fibrosis, within the natural course of Chagas disease,
represents a new anatomical element that, to a specific
extent, may be capable of disrupting the balance of the
chagasic heart, possibly triggering heart failure.”

Chronic chagasic heart disease has a slow and variable
progression and generally appears in the fourth decade
of life, when the first signs of heart failure become
apparent.”**. Once established, chronic chagasic heart
disease presents itself as a progressive and severe
myocardial pathology, exhibiting a varied picture of
isolated or combined arrhythmias that has not yet been
verified in any other heart disease. This heart pathology
has been thoroughly investigated using necropsy
material and findings were correlated with clinical
and electrocardiographic manifestations, especially
thromboembolic phenomena. The rare presence of
parasites in sections, as opposed to what is observed in the
acute phase, raised discussions about the histopathological
diagnosis and interpretation of pathogenesis.

The digestive form

Clinical and epidemiological evidence, reliable
serological studies, and a positive serological test for T. ¢
ruzilead to the diagnosis of the digestive form of Chagas
disease. Anatomical studies contributed decisively to
the recognition of the digestive form of Chagas disease,
and the conclusive acceptance of a chagasic etiology
for megaesophagus and megacolon came with studies
by Koberle.’'*? and anatomopathological findings of
degenerative injuries of the myenteric plexus in autopsied
cases of megaesophagus; these injuries were found not
only in dilated segments, but in the whole digestive tract.

The main function of the myenteric plexus in the
digestive tract wall is to coordinate motility in its
different segments.

Koberle performed his research with autopsies of
patients with Chagas disease, naturally infected animals,
and through the experimental infection of laboratory
animals. In the acute phase of the infection, he observed
parasitism of the muscular layer of the digestive tract and
an inflammatory process involving the myenteric plexus.
In the chronic phase, he observed that denervation was
irregular, with variable distribution and intensity.

In the neuron count, performed in the lower third of the
esophagus, the reduction in neuron numbers was shown
tobe very variable. Denervation was a constant in patients
with Chagas disease, but it was less intense in cases

where the esophagus appeared normal. He concluded,
after comparing cases with and without megaesophagus,
that the progression of chagasic esophageal disorder to a
typical megaesophagus occurs when denervation reaches
a threshold, which was estimated in 90%.

The nervous form

The chronic nervous form of Chagas disease is still not
unanimous to this day, even though it was recognized
by its discoverer Carlos Chagas and despite the classic
study by Kéberle in 1967.3

Studies have shown cortical atrophy with or without
hydrocephaly, a decreased neuron population and
activation of glial cells such as astrocytes and microglia,
but no histopathological alterations or even parasitism
(as reviewed by Alencar, 1982). Differently from other
models, the study by Silva* using C3H/He mice infected
with the Colombian T. cruzi strain showed the presence,
even if rare, of the parasite in the chronic phase. However,
the absence of inflammation suggests the resolution of
inflammatory processes found in the central nervous
system during the acute phase of the experimental
infection, since all animals survived acute infection.

Specific treatment of Chagas disease

Great variability is seen regarding the types of cases
and cure control employed in different studies. Generally,
we consider adequate the results for the acute phase and
cases of recent infection, mainly among children, who not
only tolerate better long-term treatments but also present
high cure rates. This was demonstrated by randomized
field studies with benznidazole in Brazil (Andrade et al.,
1996)%* and Argentina (Sosa Estani et al., 1998).% The mean
estimated parasitological cure rate is around 60% for
acute cases and recent infections. Results are considered
poor for chronic infections, in the Brazilian experience;
in the Southern Cone, results were considered superior,
probably owing to a different parasite strain (Silva et al.
1974; Cerisola et al., 1977).573

The clinical progression of Chagas disease after
specific treatment is controversial and study results
are inconclusive due to differences in cases, assessment

methods, follow-up periods, and data interpretation.
Macédo and Silveira®” aiming to assess the

electrocardiographic progression of heart disease,
studied 171 adults with chronic Chagas disease who
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were treated with nifurtimox or benznidazole with a
follow-up of 7 years and observed electrocardiographic
improvements in 6.7% of the cases against 8.8% among
untreated patients, with no significant difference
between groups. lanni et al. (1993)* evaluated 33 adults
in the undetermined phase for 8 years and observed
electrocardiographic progression in 13.3% of cases
treated with benznidazole (n=15) and 0% of patients who
received placebo (n=18); since this was a small number
of cases, definitive conclusions could not be reached.

It is worth noting that, among 120 cases (adults and
children) studied by Miranda el al.,* progression of the
electrocardiogram was observed in 10.5% of patients
treated with benznidazole against 63.6% of the placebo
group. Patients were monitored for 10 to 16 years, but
the combination of results from adults and children
and the interpretation of electrocardiograms hampered
result analyses.

Carlos Chagas, the man of the twentieth century

It is also vital to know other faces of the man Carlos
Chagas and his marriage with Ms. Iris Lobo, a bond
that strengthened his fighting spirit and full dedication
to research and where he found the support and
comprehension indispensable to the life of a researcher
in the beginning of the twentieth century.

Iris Lobo was the daughter of a Minas Gerais state
senator, Fernando Lobo Leite Pereira, and met Carlos
Chagas in one of these weekend social gatherings, sealing
a mutual complicity that would remain for their whole
lives. In the beginning, their union was not easy due to
the objection by the senator’s family; his wife alleged
that Chagas’s family had “Black blood.” This was not
enough to keep them apart, and in face of Iris’ persistence
and a friendly interference by Miguel Couto (who was
married to Carlos” mother’s first cousin), the senator did
not resist and authorized the wedding, which happened
in July 1904. Iris” personality was well defined by her son,
Carlos Chagas;* “In moments of glory, she knew how
to dim herself, but in terrible moments such as when
Carlos Chagas was attacked by the papers at Rio de
Janeiro as a public health director or in the episode at the
Academy of Medicine, where malevolent and ignorant
detractors tried to disparage his work, she stood up to
his defense as a hero from a Greek tragedy, not allowing
for even a moment that his partner’s spirit be invaded
with disheartenment.”

Chagas disease post-Lassance

In Lassance (MG) after his discovery, Chagas continued
the studies of this new human morbid entity and,
within his anatomopathological studies, it was up to his
dedicated colleague Gaspar Vianna to prove the existence
of leishmaniform bodies in the myocardium fibers of
experimental animals and human beings. This unlocked
the perspective for describing the cardiac form of the
disease, which was magnificently systematized by Chagas
and Villela in 1922 with vital contribution by the Boullite
electrocardiograph, which was difficult to manipulate
and significantly advanced for the time. The cardiac form
would only be modified in 1942 by Laranja, Dias, Nobrega,
and Miranda based on exceptional works performed
at the Center for the Study and Prophylaxis of Chagas
Disease in Bambui (MG) under guidance of the Oswaldo
Cruz Institute. Among their changes, we highlight the
consolidation of the chronic cardiac form (determined
phase) and its connection to the acute infection by T.
cruzi according to the reproduction of chronic infections
in dogs. ¥ After this phase, the cardiac form of Chagas
disease is defined as progressive, preferentially affecting
men aged between 20 and 50 years, with frequent clinical
manifestations of disturbances in the formation and
conduction of cardiac stimuli and congestive heart failure;
anatomically, this form becomes characterized by an
extensive inflammatory infiltrate, usually followed by
circumscribed injuries in the parietal endocardium, and by
the slow development of ischemic myocardial alterations.*

The clinical, electrocardiographic, and prophylaxis-
related contribution of Chagas disease studies at Bambui
reach international repercussion and Brazil starts to
adopt a prophylaxis model where “Casa de Oswaldo”
(the Oswaldo Cruz Institute) is fully invested in fighting
Chagas disease, penetrating “Cafuas” (wattle and
daub houses) in the region, exterminating triatomines,
proposing the construction of decent housing, examining
and cataloguing the sick population in a beautiful process
of state-coordinated change in established values and
health promotion through the correction of perverse
social inequalities, especially in the countryside.

The late Dr. Francisco Laranja, in a personal
communication to researchers from Rio de Janeiro at
his house in Leblon (R]) in 1981, reported significant
information on the historical Center for the Study and
Prophylaxis of Chagas Disease at Bambui, enumerating
the contributions by this institution to the knowledge on
Chagas disease:
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-The introduction of clinical and serological criteria
for diagnosing chronic infection;

-The introduction of the electrocardiograph as an
instrument for assessing a public health problem;

-The first demonstration of the link between the acute
phase and chronic heart disease through longitudinal
studies of progressing cases;

-The demonstration of the undetermined chronic
phase and its clinical and epidemiological importance;

-The experimental reproduction of the chronic
heart disease in dogs and of the megaesophagus in
Rhesus monkeys;

-The norms for applying insecticides (benzene
hexachloride, BHC) in the domestic environment and the
demonstration of its efficacy in controlling vector-borne
transmission of the infection, enabling the elimination of
new cases in a densely infected area;

-The first demonstrations of T. cruzi transmission

through blood transfusions.

Starting at Bambui, a new phase in the study of
Chagas disease is inaugurated, highlighting great
challenges that would encompass decades and establish
solid pillars in the history of this new clinical entity, such
as the specific treatment of the acute phase, prophylaxis
in endemic areas through the use of insecticides, and

improvements in housing conditions.

The progress of Brazilian Science, as reflected by the
following studies and their undisputable contributions

Chronic chagasic heart disease stands out as the object
of many studies, classified as cross-sectional cohort,*>#
prospective,**® case-control,* and community-based
intervention studies.®® Studies on the pathogenesis of
Chagas disease demonstrate the discovery, in humans

infection

public health problem

epidemiological importance

infected area

Bambui's Center for Study and Prophylaxis of

Introduction of clinical and serological criteria for diagnosing chronic

Introduction of the electrocardiograph as an instrument for assessing a

The first demonstration of a link between the acute phase and chronic
heart disease through longitudinal studies of progressing cases

Demonstration of the chronic undetermined form, of its clinical and

Experimental reproduction of chronic heart disease in dogs and of the
megaesophagus in the Rhesus monkey

Norms for the application of insecticides (BHC) in the domestic
environment and demonstration of its efficacy in controlling vector-
borne transmission, allowing the prevention of new cases in a densely

First demonstrations of T. cruzi transmission through blood transfusions

Chart 1 - Notable contributions of Bambui's Center for Study and Prophylaxis of Chagas' disease
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or experimental models during the acute phase, of
focal inflammatory injuries, severe myocarditis, cardiac
myocyte necrosis, and amastigote nests in the heart, as
observed by Kosma® and Tafuri.®

Systematized studies analyzing autonomic function
in Chagas disease were performed at Ribeirdo Preto
Medical School, coordinated by Professor Dalmo Amorim.
Following these studies, various faces of autonomic
cardiac control appeared in the literature, presented by
independent groups in Brazil (Ribeirdo Preto and Brasilia),
Argentina (Cordoba), and Venezuela (Mérida). In general,
studies performed in Ribeirdo Preto by Amorim et al.,*
and Marin Neto™ and in Brasilia by Junqueira et al. *reflect
the functional impairment of the parasympathetic system,
while studies from Coérdoba (Argentina) performed by
Iosa® and Palmero et al.,*” have shown to be compatible
with cardiovascular sympathetic dysfunction.

The analysis of this dysautonomia proceeds with a
group from Rio de Janeiro, which has developed a series
of studies®™* reporting, for the first time, the presence
of functionally active autoantibodies that reacted
against muscarinic cholinergic receptors in patients
with Chagas disease and different degrees of cardiac
impairment (asymptomatic patients with a normal
electrocardiogram/echocardiogram, asymptomatic
patients with a normal electrocardiogram and alterations
in the echocardiogram, symptomatic patients with
alterations in the electrocardiogram/echocardiogram,
but no important functional abnormalities, and finally
severe symptomatic patients with cardiac conduction
and mechanic abnormalities). This group showed that
the presence of functional antibodies does not depend
on the degree of cardiac impairment.

Animal experiments have shown that antibodies
interact with cellular constituents, influencing metabolism
and cardiac contractility. The interruption of the beta-
adrenergic pathway may affect contraction strength and
myocardial relaxation. Leite® demonstrated that the serum
of chronic chagasic patients reduced, in a dose-dependent
manner, contraction amplitude in the atrial myocardium
of rabbits. Sera of patients without myocardial dysfunction
did not significantly alter any of the measured parameters.

Other studies on autoantibodies as the expression
of dysautonomia have followed, such as that by Savio-
Galimberti and colleagues,® who observed antibodies
with adrenergic properties compromising cardiac muscle
function in isolated heart muscle. Another interesting
study was published by Hernandez and colleagues,®

who showed antibodies, this time with muscarinic
properties, decreasing L-type calcium current via the
non-competitive activation of the M2 muscarinic receptor.
The impairment of this current by antibodies with
adrenergic or muscarinic properties could contribute, at
least in part, to the myocardial dysfunction seen in the
chronic phase in patients with Chagas disease.

As studies progressed, Gimenez and colleagues® were
able to show cardiac impairment as a consequence of
the autoimmune process generated by antibodies with
adrenergic or cholinergic properties. They immunized
mice with a plasmid coding for the M2 and beta-1
adrenergic receptors. The authors found antibodies not
only against the second loop of M2 and beta-1 receptors,
but also against the third intracellular loop of the M2
receptor. Through binding assays, they could observe
a twofold increment in the expression of M2 receptors,
a decrease in beta-1 receptors, and signs of autonomic
dysregulation in immunized animals. Other relevant
findings observed in these animals were myofibrillar
disarray and fibrosis as a consequence of continued
exposure to antibodies. The research group in Rio de
Janeiro advanced in their studies on dysautonomia and
De Carvalho and colleagues,® in a pioneering study,
indicated that a humoral component could be involved in
the genesis of arrhythmias in chagasic cardiomyopathy.
The authors described that sera from rabbits infected
with T. cruzi generated electrocardiographic disturbances
in isolated rabbit hearts. Subsequently, the same group
confirmed this hypothesis, now showing that antibodies
from patients with chronic Chagas disease who had
complex arrhythmias decreased the heart rate and caused
atrioventricular block in isolated rabbit hearts.® Still in Rio
de Janeiro, Costa and colleagues® studied the sera of 58
patients with chronic chagasic heart disease and described
that some of them, with beta-adrenergic properties,
blocked conduction via communicating junctions in
cultures of neonatal rat cardiomyocytes, suggesting one
more mechanism through which these antibodies might
contribute to the occurrence of arrhythmias. Medei and
colleagues®” showed, for the first time, that patients with
chronic chagasic heart disease who had antibodies with
muscarinic properties presented increased QT interval
dispersion when compared to patients with chronic
disease who did not have them. These antibodies with
muscarinic properties, when perfused through isolated
hearts under controlled heart rates, increased QT intervals.

Considering that the parasympathetic nervous system
only has a discrete effect on coronary circulation, the
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imbalance between the sympathetic and parasympathetic
nervous system with a predominance of sympatheticaction
on coronary vessels can contribute with microcirculatory
constrictions, which would cause possible spastic
events and aneurysms.® Approaches of the anatomical
and functional aspects of the coronary circulation and
microcirculation in humans and experimental models
infected with T. cruzi demonstrated no obstructive injuries
capable of inducing myocardial ischemia. The perfusion
disturbances observed by these studies are related
with microvascular alterations, mostly in patients with
chronic Chagas disease with normal coronary arteries at
angiographic examination. This would explain regional
contractile perfusion dysfunctions that resemble those
observed in ischemic heart disease.

Investigations in this direction continued and, in
1997, Carrasco et al.,* managed to show sympathetic
system impairment, with a significant reduction of this
component in the sympathovagal balance of patients
with chronic Chagas disease, relating it with an increase
in myocardial contractile dysfunction.

In 2003, Cunha et al.,”° demonstrated a decrease in
heart rate variability expressed through daytime and
nighttime SDANN (standard deviation of the mean
of all recorded 5-minute intervals [ms]), daytime and
nighttime SDNN (standard deviation of all recorded P-P
cycles [ms]), daytime SDNN I (mean standard deviation
of all recorded 5-minute intervals [ms]), in addition to an
increase in daytime and nighttime RMSSD (root mean
square of successive differences [ms]) and nighttime
PNN50 (proportion [%] of variations of more than 50
ms between normal successive cycles), suggesting that
dysautonomia may occur early in Chagas disease.

The complexity of T. cruzi’s biological cycle suggests
that infection control involves a combination of adaptive
immunological responses by the host that operate in
various levels of the immunological system.

Some authors” indicate that the immunization of mice
with a recombinant T. cruzi protein (TcP2{) promotes
intense and specific antibody production against the
C-terminal portion of the 13-residue epitope (R13
peptide: EEEDDDMGFGLFD) and has a simultaneous (31-
adrenergic stimulating activity. Other animals subjected
to the same immunization did not provide similar results.
These data showed that the R13 epitope could induce an
antibody that recognized the second extracellular loop of
1 receptors and could induce ventricular arrhythmias
when passively transferred to mice.

Levitus and colleagues™ demonstrated that cloned
parasitic peptides (JL5) reacted with sera from patients with
Chagas disease. The cloned peptide was identified as the
C-terminal portion of the parasite’s ribosomal P protein,
which developed cross-reactivity with the host’s ribosomal
P protein. This is due to a homologous amino acid sequence
covering almost 90% of the parasite and host proteins.

Some authors™ have shown that a cloned parasitic
peptide (Agt 11) named JL5 reacted with sera from patients
infected by T. cruzi and this peptide was identified as the
C-terminal portion of T. cruzi’s ribosomal P protein. Many
studies indicate that JL5 has epitopes that promote cross-
reactivity with the host’s ribosomal P protein. Most amino
acids in this peptide are homologous to the C-terminal
portion of the human ribosomal P protein.

In patients with Chagas disease, the allosteric nature
of the interaction between IgGs and the muscarinic
receptor site was confirmed by observing that these
patients’ sera, and not those of healthy donors, increased
agonist activity, inducing bradiarrhythmias. This effect
disappears in the presence of gallamine, an allosteric
antagonist. The main strength of this study was the
characterization of the action of antibodies in the serum
of patients with Chagas disease with the allosteric
interaction occurring in the second extracellular loop of
M2 acetylcholine receptors and of their ability to exert
an agonist and signal-transducing effect.”>”

In order to establish a cytokine profile for the
undetermined and chronic (cardiac) phases of Chagas
disease, Vitelli-Avelar and colleagues™ developed
methods for calculating the mean percentage of cytokine
appearance in leukocytes, establishing a threshold that
defined low and high levels of cytokine production and,
from there, constructing diagrams that characterized each
phase. A low frequency of cytokines, in the undetermined
phase, is observed by a reduced frequency of T CD4+
inflammatory cells.

IFNY levels allowed a distinction between patients
in the chronic (cardiac) and undetermined phases of
the disease. IFNy levels were significantly higher in
the chronic phase, just as IL-10 and CD8+ levels were
significantly higher in the cardiac form of the chronic
phase when compared to the control group. In this study,
the control group did not present a specific cytokine
profile when compared to patients in the undetermined
and chronic (cardiac) phases.

We can relate the pathogenesis of acute phase injuries
(especially in the initial phase) with the presence of
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intracellular parasites. The analysis chronic phase
pathogenesis is reason for intense controversy, since this
phase presents delayed injuries and for a long time it was
believed that the presence of parasites was rare. In 1993,
Bocchi et al.” observed that the most common finding
after cardiac transplants in patients with Chagas disease
was the reactivation of infection by T. cruzi, and Higuchi
etal.,” still in 1993, demonstrated a significant correlation
between the presence of T. cruzi and moderate to severe
inflammatory infiltrate in cardiac biopsy sections and
necropsy examinations of patients with Chagas disease.
Later, in 1996, Belloti et al.”” also sought to investigate the
presence of parasites in the hearts of patients with chronic
Chagas disease, frequently finding these organisms
and relating them with the severity of the myocardial
inflammatory process, thus strengthening the idea of an
important role for the parasite in the pathophysiology of
the chronic phase and unlocking a true perspective for
specific treatment of the chronic phase of Chagas disease.

Aiming to treat chronic chagasic cardiomyopathy and
based on previous studies suggesting that autologous bone
marrow stem cell transplant improved cardiac function
in patients with chronic chagasic cardiomyopathy,
researchers performed a study using cell therapy in
chronic chagasic heart disease as an arm of a multi-center
randomized cell therapy study in cardiomyopathies.

The study evaluated patients aged between 18 and 75
years with chronic chagasic cardiomyopathy, functional
class II-IV (New York Heart Association, NYHA), ejection
fraction < 35%, who received optimized clinical therapy.
They were randomized for intracoronary injection of bone
marrow stem cells or placebo. The primary endpoints
were differences in ejection fraction 6 months and 1 year
after treatment in both groups. This study followed up
234 patients between July 2005 and October 2009.

Their conclusion was that the intracoronary injection of
bone marrow stem cells did not improve left ventricular
function or quality of life in patients with chronic chagasic
cardiomyopathy.

Within this perspective and attending to the needs
of researchers of chronic chagasic heart disease, in 2015
the Benefit study” searched for an answer to the role
of benznidazole in chronic chagasic cardiomyopathy;
it was conducted as a prospective, multi-center,
randomized study involving 2854 patients with chagasic
cardiomyopathy who received benznidazole or placebo
for 80 days; participants were followed up for a mean
period of 5.4 years.

The study demonstrated that therapy with
benznidazole in patients with established chronic
chagasic heart disease significantly increased conversion
rates to negative polymerase chain reaction (PCR) results
but did not significantly reduce clinical deterioration
during the 5.4-year follow-up period.

Challenges still remain: among them, the search for
comprehending autoimmunity based on numerous
studies that have been published and stimulated since
the demonstration, by Higuchi et al.,”® of the presence
of the parasite in hearts of patients with chronic Chagas
disease. The logical foundation relies on the parasite
presence stimulating a strong immune response, which
certainly causes damage and inflammation in the affected
cardiac tissues. A molecular mimicry response between
parasitic and host molecules may result in cross-reaction
with self-molecules and consequently in autoimmunity
with autoantibodies and self-reactive cells. Although
there is still controversy, autoimmunity may be related
with the progression of chronic chagasic heart disease.®.

In this line of thought, Cunha et al.,* demonstrated with
24 h Holter monitoring that, during a period of mostly
parasympathetic activation (02:00-06:00h), a direct and
significant correlation between anti-M2 antibodies and
SDANN was observed. In the stress test, they found a direct
correlation between anti-31 antibodies and double product.

Among other improvements in the search for
comprehending the pathological substrate for chronic
chagasic heart disease, we highlight the research on the
inheritance and fixation of T. cruzi KDNA minicircles in
the genome of patients with Chagas disease and their
family members, developed by Aragao-#

In this study, the lateral and vertical transfer of T. cruzi
DNA minicircles (kDNA) was investigated in 26 people
from 4 families, and active infection was observed in 5
people with nuclear T. cruzi DNA; evidence of kDNA
integration was documented in all these 5 cases. This work
explicitly reports the occurrence of kDNA transfer from
T. cruzi to humans and expands the knowledge on the
inheritance of mutations generated by the integration of
minicircle sequences in most host chromosomes. Evidently,
these findings are still premature and controversial, but
they uncover new perspectives in the pathophysiology
and vertical transmission of Chagas disease.

Another study in the same direction was presented
by Morini®* and characterized by the demonstration of a
protein associated with the T. cruzi kinetoplast, named
TcKAP7, which had low molecular weight, a basic
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nature, and a role in DNA charge neutralization and
condensation. By using immunofluorescence, researchers
observed that the TcKAP7 protein was located around
kinetoplast poles, suggesting it may be involved in late
stages of minicircle replication.

Concerns around Chagas disease considering the
comprehension of its pathophysiology in the chronic
phase, the still unanswered questions regarding its
undetermined phase, and particularly an efficient
therapy for this phase of the disease are fully justified
when observing the astounding numbers, still in the
twenty-first century, of 6 million infected people in
Latin America and the globalization of Chagas disease,
showing thousands of infected people in the USA, Japan,
Australia, and Spain.®

According to the World Health Organization (WHO),
until 1990 there were 11 million infected people and
more than 300 000 cases had been observed in the
USA. An expressive increase in oral transmission and in
congenital transmission route valorization is noted.**

The global incidence of new human infections by
T. cruzi has increased in approximately 67%. Only in Brazil,
the estimate accounts for 4.6 million infected people.®%

In the sense of facing all these problems related with
Chagas disease and searching for the ideal parameters
for solving this challenging problem, in 2014 the London
Declaration” on Neglected Tropical Diseases was signed.
It proposed, for 2020, measures aiming at interrupting
the main forms of Chagas disease transmission globally,
stimulating antiparasitic treatment, the improvement
of vigilance systems in affected countries, and easily
accessible care to infected patients.

A study performed in 2018 in Yucatan® questioned the
objectives of the London Declaration for 2020 regarding
their sufficiency in controlling Chagas disease. This
study showed that reductions in domestic vector-borne
transmission, congenital transmission, and transmission
through blood transfusion may successfully reduce
human infection rates (up to 82% in a year), reaching the
2020 objectives, but would still result in 0.5 new acute
cases per 2000 people in 5 years.

Progress has been made considering basic research
on T. cruzi, especially in the genetic characterization of
parasite groups, evidencing their genomic sequence.
Zingales,”in a review on the subject, mentions that T.
cruziis divided into 7 discrete typing units (DTUs), among
which are Tcl (Trypanossoma cruzi I), TcVI (Trypanosoma
cruzi VI), and Tcbat (bat Trypanosoma cruzi); the latter

is restricted to bats. This review emphasized that the
interaction between the parasite and host genetics should
have an important role in defining the pathogenesis of
Chagas disease, the anti-T. cruzi immunological response,
and the chemotherapy response, and it should be
considered in future investigations.

The Tcl, TcVI, and TeBat DTUs have a yet unknown
geographical distribution. Tcl is the most spread around
the geographical distribution of this parasite, including
Brazilian biomes.”

Recently, Vermelho et al.,* discussed the urgent
need for intensifying research on new efficient drugs
for treating Chagas disease, reminding that since
the 1960s few advances in this area have outdone
the only 2 drugs currently in use, benznidazole and
nifurtimox. They mention that today, few drugs are
going through pre-clinical tests and highlight only
3 classes of compounds that have shown high cure rates
in rat infection models: nitroimidazole, the oxaborole
DNDi-6148, and proteasome inhibitors (GNF6702).

Considering the educational aspects of Chagas
disease, Sanmartino et al.,”> observed that, since the
first publication more than 110 years ago, the need
for comprehending the complex relationship between
Chagas disease and social and environmental aspects
beyond the biomedical and epidemiological aspects
still remains.

Scenarios in this matter, both rural and Latin
American, urban and global, make it clear that education
about Chagas disease should include all possible
contexts: the location of vectors in Latin America in
rural, peri-urban, and urban areas using formal and
informal educational environments. The authors
stress the requirement for a whole health approach
that overcomes the biomedical aspect, including the
multi-dimensionality of this matter and providing
an educational dialogic perspective, finally allowing
individuals and communities to analyze, decide, and
lead preventive and promotion actions contextualized
to their health.

Conclusion

In our revisitation to the history of Chagas disease,
our observations allow us to state that research is
progressing and representing the respectability of the
Brazilian scientific community; on the other hand, we
have noticed the need for improvements in assistance
and social, hospital, and preventive care that can cope

278



279

Cunha & Cunha

Revisiting the history of Chagas Disease

Int J Cardiovasc Sci. 2022; 35(2), 267-282

Review Article

Aos
1909 Discovery of Chagas disease (Carlos Chagas)
1922 Description of the cardiac form (Chagas & Villela)
1942 Modifications of the cardiac form (Laranja and colleagues)
1943 Center for Studies in Bambui - MG
1968-1985 | Studies of the central autonomic nervous system
1993-1996 | Parasite in the chronic form (Higuchi, Bocchi, Belloti)
2012 Cellular therapy in chronic Chagas heart disease
2013-2015 | Genome and demonstration of the TcKAP7 protein
London Declaration
2015 Benefit - Benznidazol therapy for chronic Chagas heart disease
2018 Modeling scenarios for the Yucatan peninsula
2020 New drugs and educational aspects
Chart 2 - Summary of important landmarks Chagas' disease knowledge.

with the strong demand for assistance by people with
Chagas disease.

By communicating his Discovery to the Brazilian
society, Carlos Chagas, with his deep sensitivity, revealed
the precarious conditions of life in the countryside, where
people lived under inhuman conditions and fell victim
to numerous devastating diseases such as the recently
announced morbid entity. All the political turmoil that
ensued originated a deep discussion that extrapolated
the science world and gave rise to a fruitful political
and social debate, which in turn contributed to a change
in consciousness and preparation of the society for
facing the massive social problem ingrained in the rural
environment and that later would reach large cities
through internal migration movements.

Today, in the modern world and under undisputable
influence of technology, challenges to the control, care, and
comprehension of Chagas disease remain and occupy a more
complex position that maintains Carlos Chagas’ discovery
(one of the most beautiful pages of Brazilian medicine) in
the list of diseases neglected by the public sector.
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Physical Activity and Cardiovascular Health:

Time in Adult Population

Karolinny Borinelli de Aquino Moura,™ Simone Savaris,

Universidade Federal do Rio Grande do Sul, Porto Alegre, RS - Brazil

Introduction

Cardiovascular disease (CVD) is highly prevalent
worldwide and is the main cause of death in the general
population.! The practice of physical activity (PA) has
emerged as a primary prevention strategy for CVD,
with the potential to control risk factors, and promote
a better quality of life and longer survival.?

However, despite the scientifically proven benefits,
and formal recommendations for the practice of PA
for adults,® (Table 1), published data on the world
population are alarming. Recent estimates indicate
that one in four (27.5%) adults worldwide and
almost half of the population in Brazil do not follow
the recommendations made by the World Health
Organization (WHO).* Additionally to physical
inactivity, the growing prevalence of sedentary behavior
is a current concern’® (Table 2).

Prolonged periods of sedentary behavior have
been associated with unfavorable health outcomes.
On the other hand, the practice of PA according
to the WHO recommendations can attenuate or
even eliminate the association between sitting time
with all-cause and cardiovascular mortality risk.
These findings reinforce the importance of reducing
the time of sedentary behavior and mainly practicing
higher volumes of PA, particularly in individuals
who cannot avoid exposure to prolonged periods of
sedentary behaviour.” The current WHO Guidelines
on Physical Activity and Sedentary Behavior,
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an update of the previous 2010 recommendations,®
in addition to encouraging physical activity practice,
strongly recommends reducing the time of sedentary
behaviour.® This is reinforced by the recently
published Physical Activity Guidelines for the
Brazilian population.’

In 2018, the WHO developed a global action plan
named "More Active People for a Healthier World"
aimed at reducing by 15% the overall prevalence of
physical inactivity among adolescents and adults
by 2030." In line with plan, based on the available
literature, we suggest simple strategies to reduce
the time of sedentary behavior and increase the
volume of PA.

Physical activity-based health promotion strategies

Considering prolonged sedentary behavior can be
deleterious to health, the first strategy is to interrupt
these periods and to perform some PA. It has been shown
that interrupting sitting position during leisure-time
more frequently has a positive effect on mental health"
and metabolic profile.”” Besides that, some experimental
studies have shown positive acute responses in vascular
health and blood pressure.'*'*

An accessible and free method to optimize time is
using stairs instead of elevators or escalators. Although
some deep-rooted habits (such as the use of escalators)
can be difficult to replace, stairs are often found in
different places and opportunities for climbing stairs are
commonly available and do not involve monetary costs.
Regarding this strategy, the available evidence points to
enhancing cardiorespiratory fitness and improving the
lipid profile.” In addition, a cohort study has verified
a dose-response association between number of floors
climbed and all-cause mortality.'
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Table 1 - World Health Organization's recommendations

Physical Activity

1. All adults should undertake regular physical activity®.

2. Adults should do at least 150-300 minutes of moderate-intensity aerobic physical activity; or at least 75-150 minutes of vigorous-

intensity aerobic physical activity; or an equivalent combination of moderate- and vigorous-intensity activity throughout the week,

for substantial health benefits®.

3. Adults may increase moderate-intensity aerobic physical activity to more than 300 minutes; or do more than 150 minutes of vigorous-

intensity aerobic physical activity; or an equivalent combination of moderate- and vigorous-intensity activity throughout the week for

additional health benefits®.

4. Adults should also do muscle-strengthening activities at moderate or greater intensity that involve all major muscle groups on two or more

days a week, as these provide additional health benefits.

Sedentary Behavior

1. Adults should limit the amount of time spent being sedentary. Replacing sedentary time with physical activity of any intensity (including

light intensity) provides health benefits®.

2. To help reduce the detrimental effects of high levels of sedentary behavior on health, adults should aim to do more than the recommended

levels of moderate- to vigorous-intensity physical activity®.

Strong recommendation, moderate certainty evidence®
Conditional recommendation, moderate certainty evidence®

Source: Authors. Adapted from WHO Guidelines on Physical Activity and Sedentary Behaviour. Geneva: World Health Organization; 2020.

Table 2 — Key concepts

Sedentary Behavior

Any waking behavior characterized by an energy expenditure <1.5 metabolic equivalents (METs) while sitting, reclining, or lying®.

Physical Activity

Any bodily movement produced by skeletal muscles that requires energy expenditure®.

Physical Inactivity

An insufficient physical activity level to meet current physical activity recommendations®.

Source: Authors. Adapted from WHO Guidelines on Physical Activity and Sedentary Behavior. Geneva: World Health Organization; 2020.

Regarding these potential benefits, another pragmatic
strategy is active commuting (for example, walking and
cycling), taking the opportunity to practice PA on the
pathway between home, school, or work. A prospective
study has demonstrated that people who cycled as
transportation to work, spending on average three hours
per week, had a significant reduction of approximately
30% in risk of mortality.”” Other studies also have shown
the association between walking and cycling with reducing
the incidence of chronic non-communicable diseases.
Thus, this simple, ecologic, and economic strategy could
be a relevant measure to be encouraged in concomitance

with safety precautions when commuting.'®

Using technology to promote PA is a smart strategy.
There are many useful tools designed to encourage people
to exercise: automatic monitoring devices, applications,
social media, video games and other software programs.
These involve planned, group or individual activities,
that may be performed independently of weather
conditions, and combine virtual and real environments.'’

In this scenario, wearables and smartphone applications
appear to be a trend in health care. These instruments are
effective in promoting PA in adults® and could assist in
setting goals, motivating and monitoring different health
behaviours.”! Considering that these devices enable
self-monitoring and data sharing (allowing supervision
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Table 3 - Summarized strategies

Active breaks

Active interruptions of the sedentary period to perform some PA.

Climbing stairs

Using stairs instead of elevators or escalators.

Active commuting

Active displacement, practicing PA on the way between home and school or work.

Technological tools

Use of technological tools that stimulate PA.

Source: Authors. PA: physical activity

and guidance of health professionals), the combination
of these strategies seems to be ideal.*® Furthermore, the
Kohler effect has been reported in virtual scenarios, i.e.,
when people compare different performance outcomes
with each other, which increases their motivation.?

Another interesting technology-based strategy to replace
sedentary behavior with movement is using active video
games. In addition to increasing PA, evidence points to
benefits in several subpopulations and outcomes, including:
improvement of physical function and cognition, reduction
of depression and body weight. However, evidence
suggests that less physically active users are more likely to
abandon the use of these devices and return to old sedentary
routine over time. Then, the main challenge is to improve
adherence of these users” (Table 3).

Conclusion

For the general population, reducing prolonged
periods of sedentary behavior and increasing the volume
of PA is primordial. Performing some physical activity,
even at lower volumes and intensity than recommended,
is better than performing none and will have an impact
on health. The measurements and strategies proposed
in this article, including active breaks, climbing stairs,
active commuting and use of technological tools. are
evidence-based behavioral, practical changes to promote
the health of the adult population.
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Abstract

Takayasu’s arteritis is a type of primary systemic
vasculitis that affects medium and large arteries,
including the aorta and its main branches, as well as
the pulmonary and coronary arteries. Although rare
in children, it is the third most common vasculitis
in the pediatric population, often with delayed
diagnosis due to the nonspecific presentation of
clinical symptoms in its initial phase. This is a
case of a 16-year-old girl with a giant ruptured
abdominal aortic aneurysm, who needed surgery on
an emergency basis. The etiological aspects involved
in aneurysms in young patients are also addressed.

Introduction

Abdominal aortic aneurysms (AAAs) are rare
in the pediatric population.! They require high
clinical suspicion, since they remain asymptomatic
for a long period time, and, much like in adults,
they also present a serious risk of rupture and
death.'? These AAAs have also been associated with
systemic diseases, developmental abnormalities,
and connective tissue disorders.>?

Takayasu’s arteritis (TA) is a chronic progressive
inflammatory disease characterized by granulomatous
vasculitis, which involves the aorta and its main

Keywords

Aortic Aneurysm Abdominal/surgery; Takayasu
Arteritis; Vasculitis; Young Adult; Child; Mortality.

branches.? Granulomatous transmural inflammation
may eventually lead to stenosis or occlusions in
the involved vessels. Though aneurysms and aortic
dissections are rare events, particularly in the pediatric
population and young adults, they are now more
frequently being diagnosed. However, TA diagnosis
remains a major challenge due to its nonspecific clinical
and laboratory features.’*

An aneurysm is defined by the Society of Vascular
Surgery as a localized, permanent dilation of an
artery with at least a 50% increase in diameter size
as compared to the expected normal diameter of
the artery or its proximal segment.”” AAAs can be
classified according to their relative location to the
renal arteries, morphology, diameter, or etiology,
and are three to eleven times more common in men
than in women.>”

A ruptured AAA is a major life event that carries
a high mortality rate.” Immediate diagnosis and
treatment is essential to improve the outcome because
of its time-sensitive nature.”®

Emergency physicians should maintain a higher
rate of suspicion for prompt diagnosis of aortic
aneurysm in any individual regardless of age when
presented with such symptoms as abdominal pain,
especially if associated with hypertension and
radiating back pain.®’

The case presented herein is of particular interest,
reporting on a 16-year-old girl with TA whohad aruptured
giant abdominal aortic aneurysm. The etiological aspects
involved in aneurysms in this population will be
reviewed and discussed.
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Case presentation

The patient was a 16-year-old female with hypertension,
who had suffered episodes of palpitations and hypertensive
crises over the past two years.

The patient was admitted to the emergency room of
the hospital with a sudden onset of abdominal pain,
associated with skin and mucosal pallor and back pain.
Her pain had begun at home 4 hours before being
admitted to the hospital.

The patient had been attending regular nephrological
and cardiological follow-up consultations at the
institution due to difficult-to-control hypertension and
deterioration of renal function. She was also using taking
presciption medications and was not a smoker or illicit
drug user. There was no family history of aneurysm and
no report of trauma, diarrhea, constipation, fever, or
symptoms of dysuria or hematuria. She was 1.65 m tall,
with a body mass index (BMI) of 24 kg/m?”. There were
no indications of connective tissue disease with arterial
involvement, such as hyperelastic skin, hypermobile
joints, or Marfanoid habitus. She reported that 3 months
ago she had received the diagnosis of TA, based on
clinical and tomographic criteria.

At theinitial presentation and physical examination,
the patient was experiencing intense abdominal pain.
Diffuse abdominal tenderness to palpation was
observed, mainly in the lower abdominal region, and
the presence of a pulsatile mass in the epigastrium
and mesogastrium regions during the abdominal
physical examination. She reported that the pain
radiated to her back, preventing active movements in
the left lower limbs. Her vital signs were stable upon
admission, with a heart rate of 115 bpm and a blood
pressure of 100/60 mmHg.

Emergency laboratory tests revealed abnormal
concentration levels of hemoglobin, 6.2 g/dL; hematocrit,
21%; leukocytes, 12,000/mm?; platelets, 180,000/mm?;
Urea, 76; and Creatinine, 2.1. An electrocardiogram
showed signs of left ventricular hypertrophy.

A ruptured abdominal aortic aneurysm was
suspected, and the patient was immediately referred
to the radiology ward, where she underwent an
abdominal CT angiography before being transferred
to the operating room.

The CT angiography revealed a ruptured abdominal
infrarenal aortic aneurysm, which opened to the

retroperitoneum, with a maximum estimated diameter
of 11.0 cm (Figure 1). The site of the distal aortic rupture
and the bilateral ostial occlusion of the renal artery stood
out in the CT angiogram image reconstruction (Figure 2).

In the emergency surgery, a xiphopubic midline
abdominal incision was made, the mesentery was exposed,
and the intestines were immobilized. Transperitoneal
dissection along the ligament of Treitz revealed a giant
aneurysm. It was carefully dissected and found to be
ruptured in its posterolateral wall on the left, 3 cm above
the bifurcation to the iliac arteries, with a significant
retroperitoneal hematoma (Figure 3).

The infrarenal aorta and the common iliac artery
were dissected for repairs and to apply clamps.
The proximal aorta and both iliac arteries were
clamped after systemic heparinization.

The aneurysm was opened and the mural thrombus
removed. The bifurcation of the juxtarenal aorta and
both common iliac arteries presented no aneurysmatic
alterations and were used for distal control. As the
patient presented no clinical evidence or operative
findings compatible with active aortic infection,
there was minimal concern with the placement of
the prosthetic material. A 20 x 10 mm Dacron graft
was used for a bilateral aortoiliac graft using 2-0
polypropylene thread in a continuous suture (Figure 4).
The aneurysm sac was sutured over the graft with no
leaks. After two days in the intensive care unit, the
patient was transferred to the general ward. While in
the intensive care unit, she underwent renal replacement
therapy with hemodialysis by a catheter inserted into
the common femoral vein. She had a total of six sessions
of hemodialysis until she was stable and conservative
treatment was resumed. The patient was discharged
from the hospital on the seventh postoperative day and
the follow-up at six months was normal.

Tomographic and intraoperative findings were
compatible with the presence of a true aneurysm.
The aneurysm walls were thicker than that of the
normal aorta. A small fragment from the mural
thrombus and the aorta were sent for culture and
histopathological analysis. A histopathological
examination of the aneurysm with conventional
hematoxylin-eosin staining revealed that the aneurysm
wall had a disordered structure with nonspecific
inflammation in the tunica media and adventitia that
was comparable to TA. Both the aneurysm and the
thrombus wall cultures were negative for bacteria.
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Figure 1 - Coronal CT angiogram images showing a ruptured giant aneurysm.

Figure 2 — Three-dimensional CT angiogram showing a distal aortic rupture and the bilateral ostial occlusion of the renal artery.

Discussion

The true incidence of aneurysms in Brazil is
unknown. Studies in several European countries and in
the United States estimate the prevalence of AAA to be
between 4.2% and 8.8% and between 0.6% and 1.4% for
men and women over 50 years of age, respectively."?”
The most common etiologies include atherosclerosis,
but aneurysms can also be secondary responses to
syphilis, trauma, and congenital and inflammatory

arteritis (Takayasu, Horton, and Kawasaki diseases).*”
Symptoms are often nonspecific during the early stages,
which can result in diagnostic delays.**

The literature on pediatric aneurysm is limited to
reports and small case series.! The etiology, natural
progression, and prognosis of aortic aneurysms in
children and young adults remain unknown, due to their
rarity.? When present, this type of aneurysm is usually
associated with underlying pathological processes or
systemic diseases.*
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Figure 3 — Intraoperative finding of a giant retroperitoneum hematoma.

Figure 4 — Dacron graft used for bilateral aortoiliac reconstruction.
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Patients with TA are mostly female with hypertension,
which at times is difficult to control, together with other
nonspecific symptoms, such as headache, nausea, and
palpitations. The association of these symptoms with
aneurysmal aortic injury is rarely observed, but it should
always be considered for differential diagnosis.*!

Whatever the cause and location, aortic aneurysms
are life-threatening due to the risk of rupture.** In our
patient’s case, systemic arterial hypertension, which
had been diagnosed 2 years prior, was the associated
cardiovascular risk factor.

The differential diagnosis of TA includes other
causes of large-vessel vasculitis, such as inflammatory
aortitis (syphilis, tuberculosis, lupus, rheumatoid
arthritis, spondyloarthropathies, Kawasaki’s disease,
and giant-cell arteritis), developmental abnormalities
(aortic coarctation and Marfan’s syndrome), and aortic
pathologies (ergotism and neurofibromatosis),*” 12
most of which have specific characteristics that facilitate
their diagnosis.*

Differential diagnoses should be investigated, as they
require specific interventions.>* Ruling out infectious
aortitis should be a priority, since its rapid evolution
and poor short-term prognosis make it a therapeutic
emergency.* In addition, other rare differential diagnoses
should be considered, since their treatment may differ
from that of inflammatory aortitis. This may include
idiopathic retroperitoneal fibrosis secondary to neoplasia
or malignant blood disorders.*® IgG4-related disease,
Erdheim—Chester disease, and inflammatory aneurysms
of the abdominal aorta attributable to atherosclerosis
are other differential diagnoses to be considered in the
presence of aortitis.*

The clinical presentation was unusual in the present
case because of the young age of the patient, magnitude
of the aneurysm, and the lack of typical risk factors
associated with AAA development. There was no family
history suggestive of underlying connective tissue disease,
such as Marfan’s syndrome, Ehlers-Danlos syndrome, or
Loeys-Dietz syndrome.*”'"12 However, the clinical history
and tests do not meet the criteria established for clinical
diagnosis, as genetic tests for relevant mutations are not
available at our institution.

Surgical intervention for TA is based on the location
and extent of the disease, with aggravated conditions
observed in the presence of active inflammation.?
Aneurysmatic disease in children and youth with
arteritis is extremely rare, with only a few isolated

case reports in the literature.>*'"'> The angiographic
types of vascular involvement in TA were defined at
an International Conference held in Tokyo in 1994.1
According to the distribution of the lesions: Type I:
Primary involvement of the branches of the aortic arch.
Type Ila: Ascending aorta, aortic arch, and its branches.
Type Ilb: Ascending aorta, aortic arch and its branches,
and descending thoracic aorta. Type III: Descending
aorta, abdominal aorta, or renal artery. Type IV: Affects
only the abdominal aorta and/or renal arteries. Type V:
Combination of IIb and IV.** Thus, the present case
report falls into the type IV affection category, which
corroborates with the multicentric work carried out in
Brazil with 71 young people diagnosed with TA."

Three treatment options are available for AAA
patients: conventional open surgery, minimally
invasive endovascular repair, or optimized medical
treatment based on active surveillance and control of
risk factors.*'° The best option depends on such factors
as the patient’s clinical condition, the anatomical
characteristics of AAA, and the presence of symptoms
or signs of complications.'?1316

In our patient, drug treatment was started based on a
non-selective beta-blocker and statin, in addition to the
usual symptomatic medications. She had been using oral
glucocorticoid for 2 months and had a history of pulse
therapy in a previous hospitalization.

In 2014, the Cochrane Collaboration conducted a
meta-analysis to assess the advantages and disadvantages
of emergency endovascular repair as compared to the
conventional open surgery for the treatment of AAA
rupture. They concluded that there was no difference
in the mortality rate for up to 30 days between the two
treatments."” We have chosen the conventional approach,
as materials for an emergency endovascular intervention
are not readily available at our institution.

Thus, diagnosing TA is still extremely challenging
in view of its nonspecific clinical and laboratory
evidence. It is necessary to acknowledge it as a
differential diagnosis in vascular diseases, especially
in young female patients. This will enable an early
intervention and permit an effective modification of
its natural history.

Thus, although AAA is unusual in a young population,
it should be considered in any patient with abdominal
and lumbar pain due to its association with chronic
and nonspecific inflammatory diseases. Conventional
surgical repair using principles of vascular surgery is the
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treatment of choice in emergencies. Long-term follow-up
is essential given the chronicity of the disease.
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CASE REPORT

Commotio Cordis Secondary to Aggression

Luisa Gongalves,

Centro Hospitalar Tondela, Viseu — Portugal

Case report

A 35-year-old man was admitted following a recovered
cardiorespiratory arrest. He was attacked by another man
with multiples blunts by a wood stick in the chest and
head. An eyewitness statement indicated that the victim
had lost consciousness and collapsed after being hit in the
chest. He was in cardiac arrest, and a nearby healthcare
professional provided first aid with cardiopulmonary
resuscitation. The first electrocardiogram (ECG) rhythm
strip, fifteen minutes later, identified ventricular
fibrillation (VF) (Figure 1A). Sixteen electrical shocks
were delivered, always with VF, before restoration of
sinus thythm and circulation. A 12-lead-ECG revealed
sinus rhythm without ST deviations and a corrected
QT interval of 414 msec. On admission, he was under
ventilatory support, with a heart rate of 80 beats per
minute, blood pressure of 121/70mmHg, and no signs
of shock. There was no previously known medical
condition, besides being an active smoker and a binge
drinker, and no family history of early coronary disease,
cardiomyopathy, or sudden death. He was under the
influence of alcohol, as was confirmed by blood tests
(blood alcohol level of 1.31g/L), and had a discretely
elevated cardiac troponin-T of 0.9ng/ml (normal range,
0 to 0.08 ng/ml). The remaining analyzes, cranial and
cervical CT scan, chest X-ray, and abdominal eco
FAST were normal. An initial echocardiogram in the
emergency department demonstrated normal-sized
chambers and global ventricular systolic dysfunction
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explained by a prolonged cardiac arrest. He was
admitted to the intensive care unit for post-resuscitation
care with therapeutic hypothermia and temporary
ventilatory support. At 48 hours of admission, there was a
normalization of systolic function with a normal ejection
fraction by echocardiogram (Figure 2A-B). Coronary
angiography excluded coronary disease (Figure 2C-D).
Serial electrocardiograms were not suggestive of an
arrhythmogenic substrate (figure 1B). The sudden cardiac
arrest was assumed secondary to a commotio cordis (CC),
and for this reason, the patient was not proposed for an
implantable cardioverter-defibrillator (ICD). The clinical
outcome was favorable, and the patient was discharged.
He remained asymptomatic during three years of follow-
up, with normal ECG, echocardiogram with strain-rate
imaging, exercise stress test, and 24-hour-Holter. During
mid-term follow-up, a cardiac magnetic resonance
imaging (MRI) showed normal-sized chambers, global and
regional function, and no myocardial edema or myocardial
scar by late focal hyperenhancement (Figure 2E-F).

Discussion

CCis arare cause of sudden death provoked by a blunt
impact to the chest, inducing malignant dysrhythmia
in the absence of cardiac damage. The Latin translation
means “agitation of the heart,” and it appears to be a
primary arrhythmic event initiated by mechanical
stimulation that predominantly affects young males
and frequently in association with sports practice.
Our patient was older, and the CC was secondary to
aggression. With low recognition, atypical cases, such as
those secondary to aggression, are even more challenging
to recognize. As described by Mu ] et al.,? in a witnessed
assault, the association between the blow to the chest
and the subsequent collapse strongly suggests CC. The
circumstances surrounding the event and statements of
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Figure 1 - A: First thythm strip. B: Standard 12-lead-ECG.

a witness are essential in forensics and have significant
implications in the criminal justice system. Very few cases
associated with violent attacks have been reported, with
estimates of 5% of the total events, and some have even
led to homicide charges.?

Physiologically, the mechanical energy generated by
the impact, within a specific 10-30 millisecond portion
of the cardiac cycle - upslope of the T wave - alters the
myocardium's electrical stability, by abruptly increasing
the left ventricular pressure with a subsequent activation
of ion channels and a dispersion of repolarization. In this
abnormal setting, following depolarization results in a
spiral wave that quickly breaks down into ventricular
fibrillation. Time plays a significant role because of the
small window of myocardium vulnerability. Still, other
variables like speed, location of impact, shape, and
hardness of the impact structure are relevant contributors
based on animal models.* For example, impact energy
superior to 50 joules will likely cause structural damage
(contusio cordis). It is questionable if there is a component
of individual susceptibility that might be modulated

by gender, chest wall pliability, or genetics.® The
overwhelming male preponderance and victim's young
age are easily explained by a preference for sports and
an increased chest wall pliability in young individuals.

Alcohol-related arrhythmias, usually atrial fibrillation,
have a favorable prognosis if drinking habits are
withdrawn. High serum ethanol levels may prolong the
QT interval due to changes in ion channels. Together with
an increase in sympathetic activation during a situation of
aggression, the QT interval can sensitize the myocardium
to ventricular arrhythmia. Although our patient had a
normal QT interval on the first ECG, alcohol intoxication
may have played a role in the initial refractory VF.

The diagnosis is challenging, and other conditions
must be ruled out. The differential diagnosis
includes: hypertrophic cardiomyopathy, coronary
artery abnormalities, arrhythmogenic right ventricular
cardiomyopathy, long-QT syndrome, Brugada syndrome,
Wolf-Parkinson-White syndrome, dilated cardiomyopathy,
Marfan syndrome, aortic valve stenosis, mitral valve
prolapse, coronary artery disease, myocarditis, asthma,
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Figure 2 — Transthoracic echocardiogram. A: parasternal long-axis view. B: apical 4-chamber view. Coronary angiography. C: Right
coronary artery. D: Left coronary artery. Cardiac magnetic resonance imaging. E: cine imaging (SSFP): 4-chamber view. F: late
gadolinium enhancement sequences: 4-chamber view.
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heat stroke, drug abuse, and a ruptured cerebral artery.
Our patient underwent a complete study that excluded all
other causes. Contusio cordis is often due to significant
chest trauma, originating a contusion of the myocardial
muscle, a cardiac chamber rupture, or heart valve
disruption.® Presence of delayed enhancement in cardiac
MRI may translate into myocardial structural damage
(scar).” Contusio cordis was dismissed because there was
no structural damage on the echocardiogram or scar in
cardiac MRI during follow-up.

Increased awareness of this phenomenon in recent
decades, especially among those who may be first
responders and readily available defibrillators and
medical staff on hand on sports grounds, have improved
the mortality rate. The survival rate is estimated at 25%
if cardiopulmonary resuscitation is initiated within the
first three minutes.? Resuscitation is often unsuccessful,
and early defibrillation is critical."® Our patient was lucky
to be treated immediately and continuously by a nearby
health professional until defibrillation was possible.
Although the initial refractory VF, he recovered without
sequelae. Given this particular case, the authors suggest
that CC's victim should be submitted to aggressive
resuscitation, keeping in mind that a normal heart
structure and function are presumed.

CC survivors should undergo a comprehensive
cardiac evaluation, including a 12-lead-ECG, ambulatory
Holter monitoring, ECG stress test, echocardiogram, and
cardiac catheterization.” Electrophysiologic testing and
ICD are not generally recommended unless a secondary
cause is suspected.’ About 29% of CC survivors had mild
to moderate residual neurologic disability or reduced
left ventricular ejection fraction on long-term follow-
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