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Editorial

Impact Factor of 2.0, a New Historical Record for ABC Cardiol - Many
Thanks to our Cardiology and Scientific Community

Carlos Eduardo Rochitte™?

Universidade de Sao Paulo, Faculdade de Medicina, Hospital das Clinicas - Instituto do Coracao,’ Sao Paulo, SP - Brazil

Hospital do Coragao (HCOR), Sao Paulo?SP — Brazil

The Brazilian Society of Cardiology’s most traditional
scientific journal, with 73 years of history, Arquivos Brasileiros
de Cardiologia or ABC Cardiol, has recently reached a new
level of international recognition based on its 2020 impact
factor, which is a new historical record.

ABC Cardiol’s new impact factor is 2.0, as published by
the 2020 Journal of Citation Report (JCR, Clarivate), which
means that, on average, each article published in ABC
Cardiol was cited 2 times by other articles. This represents
the impact of scientific data published in ABC Cardiol in
the actively productive scientific community. This index has
been progressively rising over the past years, and the impact
factor of 2 is not merely an isolated number (Figure 1).™ It
is also highly noteworthy that ABC Cardiol holds first place
among cardiovascular science journals in Latin America in
international rankings, such as Scopus (Figure 2).

This achievement was made possible by the credibility that
ABC Cardiol has built in our scientific cardiology community in
Brazil and worldwide. In fact, this result was achieved thanks
to all the authors, reviewers, and editors who have continually
supported the Brazilian Society of Cardiology’s scientific
journals. To all those who have supported us, | would like to
say, “Thank you very much!”

I would also like to thank the Brazilian Society of
Cardiology, represented by the recent Presidents who have
been the driving forces on this journey, Dr. Oscar Dutra,
Dr. Marcelo Queiroga, and Dr. Celso Amodeo. Once again,
“Thank you very much!”

Also part of the Brazilian Society of Cardiology, our team
of editorial assistants (Figure 3) is the true soul of our journal,
and we would all like to send a big, “Thank you very much!”

The most important mission of this editorial is to say, “Thank
you very much” to all those who are directly or indirectly
involved in this wonderful result, which belongs to everyone
who is part of our big cardiology community.

Keywords

Impact Factor; Scientific Publication Indicators; Journal
Impact Factor; Cardiology.
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To cite a few data related to this new impact factor, the
274 articles published in ABC Cardiol in 2018 and 2019
were cited 548 times by other scientific articles. Many
highly prestigious international journals have cited articles
published in ABC Cardiol, including Circulation, Journal of
the American Heart Association, Journal of the American
College of Cardiology, Atherosclerosis, Journal of Clinical
Hypertension, International Journal of Molecular Sciences,
and many others. The cited articles include many original
Brazilian and international articles. This year’s impact factor
relied less on citations of Brazilian Society of Cardiology
Guidelines than that of previous years. Multiple Brazilian
and international articles were cited a significant number of
times in the international literature.

The contributions of postgraduate programs and Brazilian
universities have been fundamental to our impact factor, and,
once more, | would like to say, “Thank you very much!” The
Brazilian institutions that contributed the most papers to
ABC Cardiol during the past 3 years all have long-standing
traditions in Brazilian Cardiology, and they are displayed in
Figure 4.

Finally, the evolving quality of ABC Cardiol will make
it possible to expand the scope of the Brazilian Society of
Cardiology’s scientific publications with the creation of a
family of scientific journals.>® Recently, the Brazilian Society
of Cardiology released its newest scientific journal, ABC Heart
Failure & Cardiomyopathy, which, in conjunction with the
International Journal of Cardiovascular Sciences and ABC
Cardiovascular Imaging, will compose the Brazilian Society
of Cardiology’s initial family of publications.

ABC Cardiol and the Brazilian Society of Cardiology’s
scientific journals have a bright and exciting future ahead of
them. The Brazilian Society of Cardiology s scientific journals,
on account of their credibility and responsibility,” constitute
a high quality scientific vehicle at the service of Cardiology
and the worldwide scientific community, right here in Brazil.
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Statin Use Improves Cardiometabolic Protection Promoted By
Physical Training in an Aquatic Environment: A Randomized
Clinical Trial

Rochelle Rocha Costa,”™ Alexandra Ferreira Vieira," Leandro Coconcelli,” Alex de Oliveira Fagundes,’
Adriana Cristine Koch Buttelli,” Laura Frances Pereira," Ricardo Stein,"?* Luiz Fernando Martins Kruel
Universidade Federal do Rio Grande do Sul,” Porto Alegre, RS - Brazil

Hospital de Clinicas de Porto Alegre,? Porto Alegre, RS - Brazil

Abstract

Background: Statin use is highlighted as the most commonly utilized therapy for the treatment of dyslipidemias and
can be considered as the most efficient pharmacological intervention for low-density lipoprotein (LDL) reduction.
On the other hand, physical training can be considered an efficient and safe non-pharmacological strategy to
promote improvements in lipid profile. However, the influence of statins on lipid adaptations arising from water-
based training in populations with dyslipidemia is not known.

Objectives: To analyze the influence of simvastatin use on lipid adaptations arising from water-based aerobics and
resistance training in elderly women with dyslipidemia.

Methods: Sixty-nine elderly (66.13 + 5.13 years), sedentary, and dyslipidemic women, both non-users and users of
simvastatin (20 mg and 40 mg), were randomized into the following 3 groups: water-based aerobic training (WA),
water-based resistance training (WR), and control group (CG). Total duration of interventions, for all experimental
groups consisted of 10 weeks, with 2 weekly sessions. Biochemical analyses were performed before the beginning
of the interventions and repeated after the end of the trial. Generalized estimating equations were used to compare
these data, setting a = 0.05.

Results: In intention-to-treat analysis, the medicated participants obtained a greater magnitude of decrease in total
cholesterol (TC) (—3.41 to —25.89 mg.dl""; p = 0.038), LDL (—5.58 to —25.18 mg.dl"’; p = 0.007) and TC/HDL ratio
(=0.37 to —0.61; p = 0.022) when compared to the non-medicated participants, and this decrease was statistically
significant only in the WR group.

Conclusions: Statin use enhances the adaptations promoted by water-based physical training in CT, LDL levels, and
CT/HDL ratio, and it is more pronounced after WR.

Keywords: Metabolic Syndrome/complications; Hydroxymethylglutaryl-CoA-Reductases Inhibitors; Exercise;
Aquatic Environment; Physical Activity; Hypertension; Obesity; Diabetes Mellitus.

Introduction However, several adverse events are associated with its
use, including myopathy, which arises as a concerning
side-effect.” However, physical training is considered an
efficient and safe non-pharmacological strategy for the
treatment of dyslipidemias.> Several studies demonstrate
favorable adaptations in lipids and lipoproteins in
response to aerobic®® and resistance training.'0'?
Nevertheless, evidence suggests that statins can attenuate
the improvements resulting from exercise training in some
physical fitness components, such as cardiorespiratory
conditioning' and muscle strength, ' although these results
are conflicting.*

Dyslipidemias are lipid metabolism disorders resulting
in altered blood lipoproteins and lipids." In elderly
women, reduced estrogen levels, which accompany post-
menopause, can favor the development of dyslipidemia
and contribute to increased cardiovascular risk.?

Statin therapy is the most commonly used treatment,
and it is considered the most efficient pharmacological
intervention for low-density lipoprotein (LDL) reduction.?*

Maling Address: Rochelle Rocha Costa * It is well documented that isolated treatment with
Universidade Federal do Rio Grande do Sul Rua Felizardo, 750. Postal Code statins or physical training can promote |ipid profile
90690-200, Porto Alegre, RS Brazi improvements,* but there are few studies assessing their
E-mail: rochellerochacosta@msn.com . 15

Manuscript received March 12, 2020, revised manuscript June 10, 2020, associated effects. Coen et al.™ demonstrated that 10 weeks
accepted August 05, 2020 of combined training (aerobic and resistance) combined
with daily use of rosuvastatin did not alter lipids, compared

to statin use alone. It is important to emphasize that this
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study did not include a group with only physical training;
therefore, its isolated effects were not investigated.

In contrast, Wittke'® compared the effects of aerobic
training with or without fluvastatin use on lipid parameters
of men with dyslipidemia. Both strategies improved lipid
outcomes, but combined aerobic training and statin use
was more efficient in reducing total cholesterol (TC) and
LDL concentrations.

Water-based exercises performed in the orthostatic
position are among the most prescribed exercise modalities
for the elderly."”'® Specific physiological adaptations which
arise from immersion lead to lower joint impact;' lower
blood pressure;? greater systolic volume, cardiac output, and
oxygen consumption; suppression of the renin-angiotensin
system;2"?? greater release of natriuretic peptide; and
increased oxidative capacity.?*** These adaptations result
in important benefits for elderly patients and patients with
dyslipidemias.

Itis, therefore, relevant to know the effects of aerobic and
resistance training in elderly patients with dyslipidemia. To
the best of our knowledge, there are no studies investigating
the influence of simvastatin on lipid adaptations promoted
by water-based physical training in this population. Thus,
this study aimed to analyze the influence of simvastatin use
on lipid adaptations arising from water-based aerobic and
resistance training in elderly women with dyslipidemia. We
hypothesized that participants receiving statin would show
greater magnitude of improvement in TC, triglycerides (TG),
and LDL concentrations than those who did not receive statins.

Methods

Sample

The sample comprised 69 elderly (66.13 = 5.13 years),
sedentary (without regular physical activities for at least 3
months), dyslipidemic (TC > 200 mg.dl", LDL = 130 mg.dl",
TG = 150 mg.dl", or high-density lipoprotein [HDL] < 40
mg.dl", isolated or combined),* non-smoking women. In
order to assess the influence of statin use on lipid adaptations
to physical training, women who were not receiving
medication to treat dyslipidemias and women who were
receiving simvastatin in dosages of 20 mg and 40 mg were
accepted to compose the non-medicated group (NMED)
and the medicated group (MED), respectively. Participants
were recruited in December 2015, and they were randomly
assigned into the following 3 groups: water-based aerobic
training (WA; n = 23; 10 MED and 13 NMED), water-based
resistance training (WR; n = 23; 9 MED and 14 NMED), and
control (CG; n = 23; 9 MED and 14 NMED). All participants
were instructed not to change their dietary habits and not
to include additional exercise beyond that prescribed in the
water-based interventions.

Participants were allocated into the 3 study groups
by stratified randomization using a computer-generated
random list. The baseline TC value was used as factor for
the randomization process. Allocation concealment was
performed by sequential, numbered, opaque and sealed
envelopes. This procedure was performed by a blinded

Arq Bras Cardiol. 2021; 117(2):270-278

researcher, in order to maintain the confidentiality of
allocation. The process of randomization and allocation
were carried out after the completion of initial assessments.

This study was conducted according to the Declaration of
Helsinki, and it received approval from the Ethics Committee of
the Hospital de Clinicas de Porto Alegre (protocol 140547).
All participants read and signed an informed consent form
before starting their participation in the study. All the evaluations
and the training sessions were performed from December 2015
to April 2016, at the Escola de Educagdo Fisica, Fisioterapia
e Danga of Universidade Federal do Rio Grande do Sul and
at Hospital de Clinicas de Porto Alegre. This trial has been
registered at Clinical Trials (protocol NCT02900612.).

Study Design

This study was designed as a 3-arm randomized
controlled clinical trial in parallel, with allocation ratio of
1:1:1. No changes were made to the methods after trial
commencement. Biochemical analyses were used to measure
TC, LDL (primary outcomes), TG, HDL levels, and the TC/
HDL ratio (secondary outcomes). In order to identify the
dietary habits of the participants, a 3-day dietary record was
adopted. These measurements were performed before the
beginning of the interventions and repeated 72 hours after
the conclusion of the 10-week period. Prior to the beginning
of the experimental protocols, anthropometric measurements
were carried out to characterize the sample.

Dietary Record

To ensure that the participants did not alter their dietary
habits, a dietary record of 3 different days was conducted to
monitor eating habits. This instrument was completed by the
participants themselves, and data were calculated adopting
the nutrition software Diet Win Professional (Brubins CAS,
Brazil). Carbohydrate (CHO), protein (PTN) and lipid (LIP)
content were expressed as percentages of the daily total
energy value (TEV).

Biochemical Assessments

After a 12-hour fasting period, 4 ml of blood were taken
from the antecubital vein. Samples were centrifuged at 1,500
rpm for 20 minutes and the extracted plasma was stored at
—80 °C (ultra freezer NUAIRE, Plymouth, USA). A researcher
who was blinded to the experimental conditions conducted
the lipid profile analysis. TC, TG, and HDL were analyzed by
enzymatic method using kits from Siemens (Caernarfon, USA)
and a Siemens Advia 1800 automated chemistry analyzer
(Erlangen, Germany). Based on these values, LDL levels were
estimated according to Friedewald et al.,?* and the TC/HDL
ratio was calculated.

Aquatic Incremental Test

The incremental test was performed to determine the
heart rate corresponding to the anaerobic threshold (HR,)),
which was used as an indicator of the intensity of aerobic
training, adopting the stationary running exercise. The test was
performed prior to the training sessions, and it was repeated
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in the fifth training week in order to readjust this parameter.
The incremental test has been described in detail in the study
by Alberton et al." HR,, determination was carried out by 3
independent, blinded, experienced exercise physiologists.
Disagreements were decided by consensus.

Aquatic Interventions

Before training sessions begins, individuals who
participated in the WA and WR groups held 2 familiarization
sessions with the aquatic exercises utilized in the
training program, in order to ensure proper execution
of the movements. Total duration of interventions for all
experimental groups consisted of 10 weeks, with 2 weekly
sessions, resulting in a total of 20 sessions.

Training of WA and WR groups was changed after
5 weeks in order to increase the intensity. The training
sessions of these groups comprised the same general
structure, with a total duration of 45 minutes, each divided
as follows: warm-up (8 minutes), main part (approximately
30 minutes) and cool-down (7 minutes).

Interval training was adopted for WA group, with
intensities ranging from 90% to 100% of the HR, for what
we called “stimulus period” and 80% to 90% of the HR, .
for recovery. Six blocks of 5 minutes were performed, in
which 4 minutes were intended for training stimulus, and
the other 1 minute to recovery. In the first 5 weeks, we
adopted 4 minutes at an intensity corresponding to HR
ranging between 90% and 95% of the HR,, interspersed
by 1 minute between 80% and 85% HR,; for the last 5
weeks the subjects trained for 4 minutes between 95% and
100% of the HR, and for T minute between 85% and 90%
of the HR,, during recovery. The training intensity control
of WA group was conducted using HR monitors (POLAR,
FT1, Finland).

During the whole training period, the WR group
performed the exercises adopting the maximum execution
speed of the movements. They also kept a fixed time of
T minute and 20 seconds for each exercise. The intervals
between the sets were active and performed at a very light
self-selected intensity. During the first 5 weeks, 4 sets of
20 seconds were performed, with recovery intervals of 2
minutes and 45 seconds between sets. During the following
5 weeks, 8 sets of 10 seconds were accomplished with
intervals of 1 minute and 40 seconds between the sets. The
exercises performed by the participants of the WA and WR
groups were described in detailed by Costa et al.?.

CG participants performed a non-periodized program
comprising relaxation exercises in immersion, in order
to maintain the same weekly immersion amount of the
WA and WR participants, with the aim of matching the
physiological effects of immersion on lipid outcomes for
the 3 experimental groups.

Statistical Analysis

The sample size was determined using GPower software
(version 3.1, Universitat Diisseldorf, Germany) for a power of
about 0.80 (significance level of 0.05 and correlation coefficient
of 0.8), based on data from research by Volaklis, Spassis, and

Tokmakidis 7 and Takeshima et al.'” This calculation showed
that 19 women would be needed in each group.

Shapiro-Wilk and Levene tests were adopted for analysis
of the normality and homogeneity of the data, respectively.
One-way analysis of variance (for scalar variables) and
chi-square test (for categorical variables) were performed
to compare data from the 3 groups (WA, WR, and CC) at
baseline (sample characterization). These data were shown
as means and 95% confidence intervals.

Generalized estimating equations (GEE) and Bonferroni
post hoc tests were used to compare the data of all
dependent variables (primary and secondary outcomes)
and of the dietary recalls. Thus, the factors adopted in this
analysis were “group” (WA, WR, and CG) and “medication
status” (medicated and non-medicated). These data were
presented as mean difference (post-intervention minus
pre-intervention values) and 95% confidence intervals,
in intention-to-treat analysis. Furthermore, the effect size
(Cohen'’s d) was calculated from mean differences values
between WA and WR versus CG, and classified as small
(between 0.2 and 0.5), moderate (between 0.5 and 0.8), or
large (0.8 or more).?” These results were shown as means
and 95% confidence interval. For all analyses, significance
level was set at a = 0.05, and the statistical software SPSS
(Statistical Package for Social Sciences for Mac, version 22.0,
IBM, USA) was used.

Results

Although the experiment started with 69 women randomly
assigned to WA (n = 23), WR (n = 23), and CG (n = 23), 7
participants withdrew from the study during the intervention
period (3 from WA and 4 from CCQ), representing a dropout
of 10%. Thus, 62 participants finished the study interventions
and completed all assessments (Figure 1). The participants
who completed the intervention had an attendance frequency
above 95%, demonstrating adherence to training. Sample
baseline characteristics are presented in Table 1.

Considering the dietary record, there were no significant
effects of group (TEV p = 0.938; CHO p = 0.872; PTN
p=0.911; LIPp = 0.899) or time (TEV p = 0.708; CHO
p=0.790; PTN p = 0.799; LIP p = 0.819) and no significant
interactions between these factors (TEV p = 0.803; CHO
p = 0.801; PTN p = 0.873; LIP p = 0.858).

Significant effects were found in factor of group for all
outcomes analyzed in the present study (TC: p < 0.001;
TG: p < 0.001; LDL: p < 0.001; HDL: p < 0.001; TC/
HDL ratio: p < 0.001), indicating that WA, WR, and CG
showed distinct alterations resulting from trainings for each
outcome. Bonferroni test evidenced a statistically different
behavior between the CG and the WA and WR groups,
without difference between the groups with physical training
(WA and WR). For the outcomes of TC, TG, LDL, HDL, and
TC/HDL ratio, the CG presented mean differences with the
opposite behavior of those observed in the 2 other groups;
that is, when WA and WR groups showed decreases in the
outcomes, CG showed an increase (TC, TG, LDL, and TC/
HDL ratio), and when WA and WR groups showed increases
in the outcomes, CG showed a decrease (HDL) (Figure 2).
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On the other hand, significant effects for the factor
of medication were only found for the outcomes of TC
(p =0.038), LDL (p = 0.007), and TC/HDL ratio (p = 0.022).
The Bonferroni test demonstrated that only WR group
participants showed improvements of different magnitudes,
depending on their medication status. The medicated
participants obtained a decrease of greater magnitude in
TC, LDL, and TC/HDL ratio when compared to the non-
medicated ones. Significant interactions between group and
medication status were not observed for TC (p = 0.100), TG
(p=0.153),LDL (p = 0.171), HDL (p = 0.083) and TC/HDL
ratio (p = 0.815) (Figure 2).

The analysis of the effect size, comparison of the
participants of WA and CG showed a large magnitude of effect
for all the outcomes. Similarly, a large magnitude of effect was
observed in the comparison of participants of WR and CG,
regardless of medication status (Table 2).

Discussion

The main finding of the present study refers to the positive
influence of statin use on the adaptations arising from WR,
maximizing its beneficial effects on TC, LDL, and TC/HDL

ratio levels. Therefore, the hypothesis that the medicated
participants would show improvements of greater magnitudes
in TC and LDL outcomes, regardless of the training model,
was partially confirmed.

The additive effects on the benefits of physical training
in TC, LDL, and TC/HDL ratio induced by statins can be
explained by its mechanism of action. These drugs are
composed by hydroxymethylglutaryl-coenzyme A (HMG CoA)
reductase inhibitors. This inhibition results in intracellular
cholesterol reduction, and, thus, a greater stimulus to the
increase of the synthesis and expression of LDL receptors,
resulting in increased capture of circulating cholesterol.?

The effects of physical training associated to the use of
statins on lipid profile were previously investigated in the
dyslipidemic population. Coen et al. evaluated the addition
of a combined physical training program to the daily use of
rosuvastatin (10 mg), during 10 weeks in sedentary individuals
of both sexes. The study showed a decreasing tendency in
TC and LDL levels and an increase in HDL levels in those
enrolled to exercise plus rosuvastatin. However, it is not
possible to compare the results from Coen et al." with those
found in the present study, since they did not evaluate a
group that performed only exercise. Nevertheless, Wittke'®

Assessed for elegibility:
Calls and emails received from
candidates to participate (n=129)

Excluded (n=60)

* Not meeting inclusion criteria (n=51)
» Refusal to participate (n=5)

» Other reasons (n=4)

Allocation

Q.
=

ES
&
)
(e

Analysis

Randomized (n=69)

Allocation to intervention:
Water-based aerobic
trainingGroup (n=23)

Lost to follow-up (n=3)

* Did not complete the 10
weeks of intervention (n=2)
« Started medication not
allowed (n=1)

Completed the 10 weeks
of intervention (n=23)
Included in the intention-
to-treat analysis (n=23)

Allocation to intervention:
Water-based resistance
training Group (n=23)

Lost to follow-up (n=0)

Completed the 10 weeks
of intervention (n=23)
Included in the intention-
to-treat analysis (n=23)

Allocation to intervention:
Control Group (n=23)

Lost to follow-up (n=4)

» Did not complete the 10
weeks of intervention (n=3)
» Started medication not
allowed (n=1)

Completed the 10 weeks
of intervention (n=19)
Included in the intention-
to-treat analysis (n=23)

Figure 1 - Flow diagram showing the participants enrollment process, allocation, follow-up and analysis.
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Table 1 - Baseline characteristics of the water-based aerobic trainings (WA), water-based resistance traininge (WR) and control (CG) groups
WA (n=23) WR (n=23) CG (n=23)

Mean # SD (95% Cl) Mean # SD (95% Cl) Mean * SD (95% CI) p value
Age (years) 66.80 £ 5.51 (64.55 to 69.05) 66.78 £ 5.80 (64.41 to 69.15) 64.63 £ 5.87 (62.23 to 67.03) 0.316
Body weight (kg) 7118+ 11.40 (66.52 to 75.84)  71.51% 15.72 (65.09 o 77.94)  76.91 % 17.79 (69.64 to 84.18) 0.168
Height (m) 1.57 £ 0.06 (1.55 to 1.60) 1.55 £ 0.06 (1.52 to 1.57) 1,58 £ 0.07 (1.55 to 1.61) 0.825
BMI (kg.m?) 28.83 + 4.20 (27.12 to 30.55) 29.88 + 6.04 (27.41 to 32.35) 30.91 £ 6.95 (28.07 to 33.75) 0.207
Statin use (n/%) 10/43 9/39 9/39 0.639
Statin 20 mg use (n/%) 5/22 417 417 0.961
Statin 40 mg use (n/%) 5/22 5/22 5/22 0.961

BMI: body mass index; CI: Confidence interval. P values were obtained from one-way analysis of variance (scalar variables) and chi-square test
(categorical variables).
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Figure 2 - Mean difference (change from baseline) and 95% confidence interval of blood concentrations of total cholesterol (TC) (A), triglycerides (TG) (B),
low-density lipoprotein (LDL) (C), high-density lipoprotein (HDL) (D) and TC/HDL ratio (E) of water-based aerobic training (WA), water-based resistance
training (WR) and control group (CG) participants medicated and non-medicated with statin. * Indicates statistically significant difference from the WR
group with the same medication status. ** Indicates statistically significant difference from the other 2 groups with same medication status. # Indicates
statistically significant difference between medication status within the same group. Statistical differences were obtained from generalized estimating
equations and Bonferroni post hoc tests.
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Table 2 - Effect size of the water-based aerobic training (WA) versus control group (CG) and water-based resistance training (WR)

versus control group, in medicated and non-medicated participants

Medicated participants

Non-medicated participants

Outcome WA versus CG WR versus CG WA versus CG WR versus CG
Effect size (95% Cl) Effect size (95% CI) Effect size (95% CI) Effect size (95% CI)
TC 1.52 (0.87 a 2.18) 1.41(0.77 a 2.06 0.83 (0.23 a 1.44) 0.78 (0.18 a 1.38)
TG 0.82 (0.22 a 1.42) 1.20 (0.57 a 1.83 0.87 (0.27 a 1.47) 1.01(0.39 a 1.62)
HDL 0.87 (0.27 a 1.47) 0.94 (0.33a1.55 0.89 (0.28 a 1.49) 1.09 (0.47 a 1.71)
LDL 1.22 (0.59 a 1.84) 1.40 (0.76 a 2.04 0.88 (0.28 a 1.49) 0.94 (0.33 a 1.55)
TC/HDL 1.12 (0.50 a 1.74) 1.53 (0.87 2 2.18) 1.25 (0.62 a 1.88) 1.52 (0.86 a 2.17)

HDL: high-density lipoprotein; LDL: low-density lipoprotein; TC: total cholesterol; TG: triglycerides.

demonstrated that a moderate intensity aerobic exercise
program, twice a week during 3 months, was able to promote
positive adaptations in lipid profile outcomes, mainly TG
(=68.00 mg.dl"") and HDL (+7.70 mg.dl""). When this
model of physical training was associated with the previous
use of fluvastatin (20 mg/day), similar effects were found
in the group that performed only physical training and the
group that already used the medicine prior to the beginning
of the protocol. On the other hand, alterations with marked
magnitudes in all lipid profile outcomes were found in the
group that begun the drug treatment simultaneously to aerobic
training. However, there were significant differences only in
TC and LDL in relation to the group that performed isolated
training. These results corroborate the findings of the present
study, where the medicated participants started the training
protocols while already receiving treatment with simvastatin,
and those who performed water-based aerobic training did
not show alterations with significant magnitudes in the studied
variables, when compared with the participants from the group
that did not use medication.

Itis important to mention that our findings also demonstrate
that both water-based training models (WA and WR)
promote improvements in the lipid profile of elderly women
with dyslipidemia, confirming our initial hypothesis. The
improvements occurred in a similar manner among the
participants that underwent aerobic training and those who
performed resistance training, thus showing efficacy of the
prescription and periodization of the proposed protocols.

Lipid profile results of the proposed trainings corroborate
the literature that demonstrated that water aerobics and water
resistance exercises are efficient in promoting improvements
in these parameters.”'%'7235 Studies suggest that the main
explanatory mechanisms for these findings are related to
lipoprotein lipase, cholesteryl ester transfer protein, lecithin
cholesterol acyltransferase, hepatic lipase, and phospholipase
A2 optimization with training.*”

More specifically regarding the aquatic environment, the
literature points out that simple immersion in orthostatic
position promotes (or causes) the suppression of the rennin-
angiotensin system,?"?> which leads to an increased blood
volume, and consequent increase in the distensibility of cardiac
chambers.? This is a stimulus for the reduction in circulating
levels of vasoconstrictor hormones, such as norepinephrine
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and vasopressin, in addition to the decrease of plasmatic renin
activity.’* Consequently, the need for increased secretion
and release of atrial natriuretic peptide (ANP) is signaled,
which, in fact, presents high concentrations in both situations
of immersion at rest and in the performance of exercises in
aquatic environments.>>*%#! Interestingly, Engeli et al.** claim
that the activation of ANP signaling contributes to the increase
of lipid oxidative capacity, influencing the choice of substrates
for energy production during exercise. According to Moro
and Smith,* ANP is a powerful regulator of lipid metabolism,
especially in the accomplishment of exercises in immersion.
Its activation is involved in a cascade of enzymatic reactions
of the hormone-sensitive lipase and lipoprotein lipase, which
directly act on the modulation of blood lipid concentrations.
It is postulated that this might represent an explanatory route
for the beneficial findings in regard to water-based exercise
protocols in the lipid profile of patients with dyslipidemia.
However, although its effect has been reported in the literature,
it seems that immersion alone (at rest, with no additional effect
of exercise) was not efficient to promote improvements in the
lipids of CG participants of the present study.

This study has some limitations. First, the sample was
composed exclusively of elderly women; therefore, the results
cannot be extrapolated to men or younger women. Second, it was
not known for how long simvastatin was used by the entire sample
prior to the experiment entry, and other simvastatin doses (10 or
80 mg) were not tested. Since the dosage of the experimental drug
was intermediate and its efficacy has been shown to be lower in
comparison to “newer” statins, the effect of 80 mg of simvastatin
or the prescription of another statin (atorvastatin, rosuvastatin, or
pitavastatin) may provide a more positive effect on the lipid profile
of the sample.* Finally, for financial reasons, ANP concentrations
and the activity of lipid metabolism enzymes were not tested.
These analyses could provide a comprehensive overview of the
real mechanisms by which lipid profile is altered, as a result of
different water-based training models. However, our goal was not
to develop a mechanistic study, but to evaluate the influence of
simvastatin in lipid adaptations arising from water-based training
in a specific sample with dyslipidemia.

Conclusions

Non-medicated dyslipidemic or simvastatin-intolerant
elderly women can adopt water-based physical training
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as a treatment tool to improve lipid profile. On the other
hand, elderly female patients with dyslipidemia who are
on simvastatin, but persist with uncontrolled levels of TC
and LDL can also benefit from the effects of water-based
aerobic and resistive training, enhancing the drug’s lipid-
lowering effect.

Acknowledgments

This research was supported by the Fundo Incentivo a
Pesquisa e Eventos from Hospital de Clinicas de Porto Alegre. No
potential conflicts of interest relevant to this article were reported.

Author Contributions

Conception and design of the research: Costa RR, Stein
R, Kruel LFM; Acquisition of data: Vieira AF, Coconcelli L,
Fagundes AO, Pereira LF; Analysis and interpretation of the
data: Costa RR, Vieira AF, Coconcelli L, Fagundes AO, Buttelli

References

1. Gau GT, Wright RS. Pathophysiology, diagnosis and management of
dyslipidemia. Curr Probl Cardiol. 2006;31(7):445-86. doi:10.1016/j.
cpcardiol.2006.03.001.

2. Casanova G, Ramos RB, Ziegelmann P, Spritzer PM. Effects of low-
dose versus placebo or conventional-dose postmenopausal hormone
therapy on variables related to cardiovascular risk: a systematic review
and meta-analysis of randomized clinical trials. ] Clin Endocrinol Metab.
2015;100(3):1028-37. doi:10.1210/jc.2014-3301.

3. National Cholesterol Education Program (NCEP). Third report of the
expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults. Bethesda, MD: National Heart, Lung, and Blood
Institute; 2002.

4. Murlasits Z, Radék, Z. The effects of statin medications on aerobic exercise
capacity and training adaptations. Sports Med. 2014;44(11):1519-30.
doi:10.1007/540279-014-0224-4.

5. Ahmad Z. Statin intolerance. Am J Cardiol. 2014;113:1765-71.
doi:org/10.1016/j.amjcard.2014.02.033.

6. Durstine JL, Grandjean PW, Davis PG, Ferguson MA, Alderson NL,
DuBose KD. Blood lipid and lipoprotein adaptations to exercise: a
quantitative analysis. Sports Med. 2001;31(15):1033-62.

7. Volaklis KA, Spassis AT, Tokmakidis SP. Land versus water exercise in
patients with coronary artery disease: Effects on body composition,
blood lipids, and physical fitness. Am Heart J. 2007;154(3):560.e1-6.
doi:10.1016/j.ahj.2007.06.029.

8. Halverstadt A, Phares DA, Wilund KR, Goldberg AP, Hagberg JM.
Endurance exercise training raises high-density lipoprotein cholesterol
and lowers small low-density lipoprotein and very low-density
lipoprotein independent of body fat phenotypes in older men
and women. Metabolism. 2007;56(4):444-50. doi:10.1016/j.
metabol.2006.10.019.

9. Coghill N, Cooper AR. The Effect of a home-based walking program
on risk factors for coronary heart disease in hypercholesterolaemic
men. A randomized controlled trial. Prev Med. 2008;46(6):545-551.
doi:10.1016/j.ypmed.2008.01.002.

10. Colado JC, Triplett NT, Tella V, Saucedo P, Abelldn J. Effects of aquatic
resistance training on health and fitness in postmenopausal women. Eur
JAppl Physiol. 2009;106(1):113-122. doi:10.1007/500421-009-0996-7.

ACK, Stein R, Kruel LFM; Statistical analysis: Costa RR, Kruel
LFM; Obtaining financing: Stein R, Kruel LFM; Writing of
the manuscript: Costa RR, Vieira AF, Coconcelli L, Buttelli
ACK, Pereira LF, Stein R, Kruel LFM; Critical revision of the
manuscript for intellectual contente: Costa RR, Vieira AF,
Fagundes AO, Stein R, Kruel LFM.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding
This study was partially funded by FIPE/HCPA.

Study Association

This study is not associated with any thesis or dissertation
work.

11. Kelley GA, Kelley KS. Impact of progressive resistance training on lipids
and lipoproteins in adults: A meta-analysis of randomized controlled
trials. Prev Med. 2009;48(1):9-19. doi:10.1016/j.ypmed.2008.10.010.

12. CostaRR, Alberton CL, Tagliari M, Kruel LFM. Effects of resistance training on
the lipid profile in obese women. ] Sports Med Phys Fitness. 2011;51(1):169-
77.

13. Mikus CR, Boyle LJ, Borengasser SJ, Oberlin DJ, Naples SP, Fletcher J, et
al. Simvastatin impairs exercise training adaptations. /] Am Coll Cardiol.
2013;62(8):709-14. doi:10.1016/j.jacc.2013.02.074.

14. Loenneke JP, Loprinzi PD. Statin use may reduce lower extremity peak force
via reduced engagement in muscle-strengthening activities. Clin Physiol
Funct Imaging. 2016;1-4. doi:10.1111/cpf.12375.

15. Coen, PM, Flynn MG, Markofski MM, Pence BD, Hannemann RE. Adding
exercise training to rosuvastatin treatment: influence on serum lipids and
biomarkers of muscle and liver damage. Metabolism. 2009;58(7):1030-8.
doi:10.1016/j.metabol.2009.03.006.

16. Wittke R. Effect of fluvastatin in combination with moderate
endurance training on parameters of lipid metabolism. Sports Med.
1999;27(5):329-335.

17. TakeshimaN, Rogers ME, Watanabe E, Brechue WF, Okada A, Yamada T, et
al. Water-based exercise improves health-related aspects of fitness in older
women. Med Sci Sports Exerc. 2002;34(3):544-51.

18. Kanitz AC, Delevatti RS, Reichert T, Liedtke GV, Ferrari R, Almada BP, et
al. Effects of two deep water training programs on cardiorespiratory and
muscular strength responses in older adults. Exp Gerontol. 2015;64:55-61.
doi:10.1016/j.exger.2015.02.013.

19. Alberton CL, Antunes AH, Beilke DD, Pinto SS, Kanitz AC, Tartaruga MP,
et al. Maximal and ventilatory thresholds of oxygen uptake and rating of
perceived exertion responses to water aerobic exercises. J Strength Cond
Res. 2013;27(7):1897-903. doi:10.1519/JSC.0b013e3182736e47.

20. Pendergast DR, Moon RE, Krasney JJ, Held HE, Zamparo P. Human
physiology in an aquatic environment. Compr Physiol. 2015;5(4):1705-50.
doi:10.1002/cphy.c140018.

21. Pump B, Shiraishi M, Gabrielsen A, Bie P, Christensen NJ, Norsk P.
Cardiovascular effects of static carotid baroreceptor stimulation
during water immersion in humans. Am J Physiol Heart Circ Physiol.
2001;280(6):H2607-H2615.

Arq Bras Cardiol. 2021; 117(2):270-278

276



277

Costa et al.
Statins, aquatic training, and lipid profile

Original Article

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Schou M, Gabrielsen A, Bruun NE, Skott P Pump B, Dige-Petersen H, et al.
Angiotensin Il attenuates the natriuresis of water immersion in humans. Am J
Physiol Regul Integr Comp Physiol. 2002; 283(1):R187-R196. doi:10.1152/
ajpregu.00536.2001.

Moro C, Smith SR. Natriuretic peptides: new players in energy homeostasis.
Diabetes. 2009;58(12):2726-8. doi:10.2337/db09-1335.

Engeli S, Birkenfeld AL, Badin PM, Bourlier V, Louche K, Viguerie N, et al.
Natriuretic peptides enhance the oxidative capacity of human skeletal
muscle. ] Clin Invest. 2012;122(12):4675-9. doi:10.1172/)C164526.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972;18(6):498-502.

Costa RR, Kanitz AC, Reichert T, Prado AKG, Coconcelli L, Buttelli ACK,
et al. Water-based aerobic training improves strength parameters and
cardiorespiratory outcomesin elderly women. Exp Cerontol. 2018;108:231-
9.doi:10.1016/j.exger.2018.04.022

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2 ed. New
York: Laurence Erlbaum Associates; 1988.

Chan DC, Watts GF, Barret HR, Mori TA, Beilin L), Redgrave TG. Mechanism
of action of a 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor
on apolipoprotein B-100 kinetics in visceral obesity. / Clin Endocrinol Metab.
2002;87(5):2283-9. doi:10.1210/jcem.87.5.8455.

Pechter U, Maaroos ], Mesikepp S, Veraksits A, Ots M. Regular low-intensity
aquatic exercise improves cardiorespiratory functional capacity and reduces
proteinuria in chronic renal failure patients. Nephrol Dial Transplant.
2003;18(3):624-5.

Asa C, Maria S, Katharina SS, Bert A. Aquatic exercise is effective in
improving exercise performance in patients with heart failure and
type 2 diabetes mellitus. Evid Based Complement Alternat Med. 2012.
doi:10.1155/2012/349209.

Ayaz A, Roshan VD. Effects of 6-week water-based intermittent exercise
with and without Zingiber Officinale on pro-inflammatory markers and
blood lipids in overweight women with breast cancer. | Appl Pharm Sci.
2012;02(05):218-24.

Greene NP, Martin SE, Crouse SF. Acute exercise and training alter blood
lipid and lipoprotein profiles differently in overweight and obese men and
women. Obesity. 2012;20(8):1618-27. doi:10.1038/0by.2012.65.

Arq Bras Cardiol. 2021; 117(2):270-278

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Arca EA, Martinelli B, Martin LC, Waisberg CB, Franco RJS. Aquatic
exercise is as effective as dry land training to blood pressure reduction in
postmenopausal hypertensive women. Physiother Res Int. 2014;19(2):93-
8.doi:10.1002/pri.1565.

Kasprzak Z, Pilaczynska-Szcze$niak L. Effects of regular physical exercises
in the water on the metabolic profile of women with abdominal obesity. /
Hum Kinet. 2014;41:71-9. doi:10.2478/hukin-2014-0034.

Delevatti, RS, Kanitz AC, Alberton CL, Marson EC, Lisboa SC, Pinho
CD, et al. Glucose control can be similarly improved after aquatic or
dry-land aerobic training in patients with type 2 diabetes: A randomized
clinical trial. J Sci Med Sport. 2016;19(8):688-693. doi:10.1016/].
jsams.2015.10.008.

Kuivenhoven JA, Pritchard H, Hill J, Frohlich J, Assmann G, Kastelein J.
The molecular pathology of lecithin:cholesterol acyltransferase (LCAT)
deficiency syndromes. J Lipid Res. 1997;38(2):191-205.

Deeb SS, Zambon A, Carr MC, Ayyobi AF, Brunzell JD. Hepatic lipase and
dyslipidemia: interactions among genetic variants, obesity, gender, and
diet. J Lip Res. 2003;44(7):1279-86. doi:10.1194/jIr.R200017-JLR200.

Moro C, Pillard F, De Clisezinski I, Harant |, Riviere D, Stich V, et al. Training
enhances ANP lipid-mobilizing action in adipose tissue of overweight
men. Med Sci Sports Exerc. 2005;37(7):1126-1132. doi:10.1249/01.
mss.0000170124.51659.52.

Shiraishi M, Schou M, Gybel M, Christensen NJ, Norsk P. Comparison of
acute cardiovascular responses to water immersion and head-down tiltin
humans. ) Appl Physiol. 2002;92(1):264-8.

Nagashima K, Nose H, Yoshida T, Kawabata T, Oda Y, Yorimoto A, et al.
Relationship between atrial natriuretic peptide and plasma volume during
graded exercise with water immersion. / Appl Physiol. 1995,78(1):217-24.

Stocks JM, Patterson MJ, Hyde DE, Jenkins AB, Mittleman KD, Taylor NA.
Effects of immersion water temperature on whole-body fluid distribution
in humans. Acta Physiol Scand. 2004;182:3-10. doi:10.1111/j.1365-
201X.2004.01302.x.

National Institute for Health and Care Excellence (NICE). Lipid
modification: cardiovascular risk assessment and the modification of blood
lipids for the primary and secondary prevention of cardiovascular disease.
Clinical guideline CG181: methods, evidence and recommendations
BMJ.2014;349:g4356 doi: https//doi.org/10.1136/bmj.g4356



Costa et al.
Statins, aquatic training, and lipid profile

Original Article

m' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2021; 117(2):270-278 278



279

Short Editorial

O D)

Os . W

Statin Associated With Physical Training: A Perfect Combination

Stephanie Bastos da Motta,” Vanessa Caroline Toledes,? Leandro Franzoni’

Hospital de Clinicas de Porto Alegre - Grupo de Vascular e Exercicio — Vascukx," Porto Alegre, RS - Brazil

Faculdade Cenecista Santo Angelo - Curso de Fisioterapia,? Santo Angelo, RS - Brazil

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

Short Editorial related to the article: Statin Use Improves Cardiometabolic Protection Promoted By Physical Training in an Aquatic

Environment: A Randomized Clinical Trial

Dyslipidemia and metabolic syndrome have grown
exponentially over the recent years, including in children,
mainly due to the low quality of food and the high level of
a sedentary lifestyle.” These two diseases are important
risk factors for the development of cardiovascular diseases.*
Reduction of low-density lipoprotein (LDL), as well as total
cholesterol (TC) and the TC to high-density lipoprotein ratio
(HDL — TC/HDL) are the main forms of cardiometabolic
prevention.® The use of statins is considered a standard
treatment and the most effective pharmacological measure
to improve the lipid profile.® However, there are non-
pharmacological alternatives that are also effective, one of
which is physical exercise.

There is evidence on the importance of regular physical
training as a form of primary or secondary prevention in the
development or worsening of cardiometabolic diseases.”
However, there is no consensus on the effect of combining
statins with physical training, two powerful tools that,
combined, can promote an even greater impact on the lipid
profile. This is what the Costa et al.”® did in this edition of
Arquivos Brasileiros de Cardiologia — they analyzed the
influence of simvastatin on lipid adaptations resulting from
aerobic and strength water training in elderly women with
dyslipidemia. To this end, 69 female elderly sedentary
dyslipidemic non-users and users of simvastatin (20 mg and
40 mg) (66.13%5.13 years) were analyzed.

Below are the main methodological points of the article:
it is a randomized clinical trial with 3 groups (aerobic water
training — WA; strength water training — WR; control group
— CQ). The intervention lasted 10 weeks (2 times a week)
for all groups. The WA group included 23 women (10 using
statin and 13 not using statin); the WR group consisted of 23
women (9 using statin and 14 not using statin); and the CG
consisted of 23 women (9 not using statin and 14 not using
statin). This is the first positive point of the study: well-executed
randomization with equal sample n in all groups and correct
distribution of statin use.
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Regarding the water training program, participants of the
WA and WR groups attended 2 induction sessions before
the beginning of follow-up. Besides, exercise intensity was
increased after 5 weeks of intervention. The exercise sessions
lasted 45 minutes, including 8 minutes of warm-up, 30
minutes of exercise and 7 minutes of cool-down. For the WA
group, interval training was adopted with an intensity of 90%
to 100% of the heart rate corresponding to the anaerobic
threshold (HR,)). The WR group performed the exercises
adopting a maximum execution speed, and maintained a fixed
duration of 1 minute and 20 seconds for each exercise, while
the CG performed a non-periodized program of immersion
relaxation exercises in order to maintain the HART same
number of weekly sessions as the other groups. The second
merit of the study was to control exercise intensity by HR, , in
addition to periodizing physical training, planning an increased
intensity during follow-up.

Below are the main findings of the study: in summary, statin
use associated with exercise training improves LDL, TC and
TC/HDL. How much? Participants medicated for LDL: -5.58
to 25.18 mg.dl'; TC: -3.41 to 25.89 mg.dl"; TC/HDL: -0.37
to 0.617 mg.dI", with significant p compared to non-medicated
participants. This reduction is only statistically significant for
the WR group. In general, the use of statins associated with
strength water training seems to be the most effective strategy
in reducing the lipid parameters evaluated in the study.

We are aware of the importance of aerobic physical
training, especially for its protection against multiple
cardiovascular risk factors. However, there is evidence
suggesting that strength training is the most effective tool
to improve the lipid profile, especially increasing HDL, and
consequently reducing TC/HDL."" During clinical practice,
specialists know that combined physical training, that is,
aerobic and strength training together, in the same session or
in different sessions, has benefits in several parameters and
turns out to be the training style most used in professional daily
life, adding up the benefits of aerobic exercise and strength
exercise. The study has many merits, but we suggest future
studies comparing the effect of combined training and studies
on dyslipidemic men, including an expanded age range, as
these study findings only apply to elderly women.
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Association between Clinical Risk Score (Heart, Grace and TIMI) and
Angiographic Complexity in Acute Coronary Syndrome without ST

Segment Elevation
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Abstract

Background: GRACE, TIMI and HEART scores have been previously validated to predict serious untoward events
among patients with non-ST elevation acute coronary syndrome (Non-ST ACS). However, the ability of these scores to
discriminate the angiographic complexity of coronary artery disease has not been clearly established.

Objectives: We sought to evaluate the correlation between clinical scores (TIMI, GRACE and HEART) and the anatomical
complexity assessed by SYNTAX score, among non-ST ACS patients undergoing cinecoronariography.

Methods: Transversal cohort encompassing patients with diagnosis of Non-ST ACS referred to invasive stratification
in our single center, between July 2018 and February 2019. Association between the scores was established by
the Pearson’s linear correlation test while the accuracy of the clinical scores versus SYNTAX score was determined
with the ROC curve.

Results: A total of 138 patients were enrolled. Median GRACE, TIMI and HEART scores were 97, 3 and 5, respectively,
whereas the median SYNTAX was 8. There was a positive correlation between the SYNTAX and the HEART (p =0.29;
p<0.01) and GRACE (p =0.18; p<0.01) scores, but the correlation with TIMI reached no statistical significance (p
=0.15; p=0.08). The HEART score was also the one with the highest area under the curve to predict a SYNTAX =32
[HEART = 0.81 (1C95% 0.7-0.91). HEART > 4 presented 100% sensitivity, with 50% specificity; and GRACE> 139 showed
55% sensitivity and 97% specificity for high SYNTAX.

Conclusion: The clinical scores presented a positive, although modest, association with the SYNTAX score. The combined
use of HEART and GRACE offers good accuracy for detecting angiographic complexity.

Keywords: Acute Coronary Syndrome. Organ Dysfunction Scores; Hospitalization; Thrombosis; Myocardial Infarction;
Angiography/complications.

Introduction

Non-ST elevation acute coronary syndrome (Non-ST ACS)
has a broad spectrum of severity, which varies according to
electrocardiographic, clinical, and laboratory characteristics.
Thus, risk stratification is fundamental in every patient with Non-
ST ACS and directly influences initial management. It has been
shown that using multivariate models is the most accurate way
to predict risk, being superior to clinical impression alone."?

The Thrombolysis in Myocardial Infarction (TIMI), Global
Registry for Acute Coronary Events (GRACE), and Heart Score
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(HEART) are the most commonly used scores in patients with
chest pain in the emergency room and have been validated
to predict undesirable clinical outcomes. However, these
scores are not intended to estimate the extent of coronary
artery disease.>*

The evaluation of anatomical complexity using the SYNTAX
score is as fundamental in the definition of revascularization
strategy as the analysis of clinical scores, with important
prognostic implications.”

The SYNTAX study, which gave rise to the score, compared
late clinical outcomes in patients requiring multiple grafts treated
with angioplasty (PCl) and coronary artery bypass grafting
(CABQ). The authors found that CABG had a more favorable
outcome than PCl in patients with more extensive coronary
artery diseases (SYNTAX = 33).% Thus, the determination of
the SYNTAX score may also conflict with the clinical approach,
supporting the decision to use dual antiplatelet therapy when
the anatomy is favorable for the surgical approach.”?

Despite the importance of identifying prognostic factors
dependent on the extent of coronary disease, few studies
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have investigated the correlation between clinical scores
and anatomical complexity. Controversial results have been
reported when the TIMI and GRACE scores have been used
to analyze this relationship, and no study has associated
the HEART score with the complexity of coronary artery
disease."

Therefore, this study aims to evaluate the association
between TIMI, GRACE, and HEART"? scores and the
complexity of coronary artery disease revealed by coronary
angiography in patients with Non-ST ACS.

Methods

Population selection

This is an observational and longitudinal study conducted
at the Dante Pazzanese Institute of Cardiology (Sao Paulo-SP,
Brazil) between July 2018 and February 2019 and approved
by the research ethics committee of the institution. All patients
signed an informed consent form at the time of hospitalization.

We included patients over 18 years old admitted with a
diagnosis of non-ST ACS in the emergency department and
who underwent coronary angiography during hospitalization.
Patients with CABG, ST-segment elevation acute myocardial
infarction (STEMI), or presumed new left bundle-branch block
were excluded.

Clinical scores

All patients were evaluated and stratified by the HEART,
TIMI, and GRACE scores at the time of hospitalization. Clinical
data, admission electrocardiogram, the first creatinine dose,
and the highest troponin value in the first 12 hours of care
were used to calculate the scores. Patients were considered as
having a high troponin level when their ultrasensitive troponin
T value was =0.01 ug/L, that s, higher than the 99th percentile
of the general population.

Criteria previously defined in validation studies were used
to calculate the scores. TIMI score was calculated through the
seven usual dichotomous variables. The presence of each
variable added one point to the total score, which ranged
from zero to seven. A TIMI score ranging from 5 to 7 was
considered high.?

The GRACE score was calculated using eight variables
and was revised using the score calculator (http://www.grace.
org). A final score higher than 139 was considered high, as
recommended in the main guidelines.'?

The HEART score ranged from O to 10 according to its five
usual variables (history, ECG, age, risk factors, and troponin
value). After the calculation, patients with scores between 7
and 10 were classified as high risk.®

After conductinginvasive risk stratification, all catheterizations
were analyzed by an experienced interventional cardiologist.
All analysis was performed by a single blind investigator, using
Quantitative Coronary Analysis (QCA). The SYNTAX score
was calculated and revised using the official score calculator
(http://www.syntaxscore.com), checking the instructions and
using the software available on the page.

Arteries with diameter =1.5 mm and stenosis =50% were
evaluated. The score was defined for each patient according
to the following parameters: dominance; number of lesions;
presence of chronic occlusion, trifurcation, bifurcation, ostial
lesion, severe tortuosity, calcification, and thrombus; and
lesion length >20 mm. A narrowing of 50% of the lumen
occurring 3 mm from the carina in an artery with branches
of at least 1.5 mm indicated bifurcation. A radiopaque lesion
observed even before the contrast injection indicated severe
coronary calcification. After calculating the score, each patient
was classified as having low- (< 22), moderate- (23-32) or
high (= 33) SYNTAX score.”

Statistical analysis

Data are represented as absolute frequency with
percentage for categorical variables and as mean = standard
deviation (SD) or median with interquartile interval for
continuous variables for continuous variables, according
to normality and distribution criteria. Cross tables and the
chi-squared test were used to compare proportions between
groups, and analysis of variance was used to compare means.
To compare the distribution of continuous variables we used
General Linear Models

The normality of distribution of continuous variables was
assessed by the Kolmogorov-Smirnov test, the homogeneity
of distribution between groups by the Levene test. The results
of the comparison between groups were confirmed by the
nonparametric Mann-Whitney test.

Sample size was not calculated, with the number
of patients being determined by simple scrutiny. The
association between the SYNTAX score and other risk
scores—TIMI, GRACE, and HEART—was evaluated using
bivariate correlations adopting the Spearman coefficient for
nonparametric variables.

ROC curves were used to determine whether the
TIMI, GRACE, and HEART scores could accurately identify
patients with moderate- and high SYNTAX scores. Two binary
variables were created, stratifying patients by low versus
moderate-high SYNTAX score (=23) and low-moderate
versus high SYNTAX score (>32). Sensitivity and specificity
were calculated based on the previously described cutoff
points of the TIMI, GRACE, and HEART scores. P values <
0.05 indicated statistical significance. The SPSS version 25
statistical software was used for data analysis.

Results

From July 2018 to February 2019, 292 patients admitted
with ACS and eligible for inclusion in the study were admitted.
Of these, 105 (35.9%) individuals who did not undergo cardiac
catheterization at that time, 24 (8.2%) who were diagnosed
with STEMI, and 25 (8.6%) who had a history of CABG were
excluded.

Table 1 shows the characteristics of the final sample. Of
the 138 patients analyzed, 68.1% were male with a mean
age of 60 = 13 years, and 32.2% had NSTEMI (Table 1). The
median of GRACE, TIMI, and HEART scores were 98.1 (76.5-
115.7), 2.8 (2-4) e 5 (4-6), respectively. Significant coronary
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Table 1 - Characteristics of the Participants at Baseline

Total Syntax <23 Syntax >23 Syntax <32 Syntax >32
N (%) 138 (100) 114 (82.6) 23 (16.7) P 126 (91.3) 11 (8.0) P
Male, n (%) 94 (68.1) 77 (73.9) 17 (73.9) 0.63 86 (68.3) 8 (72.7) 1.0
Age, mean = SD 60.2+11.3 59.4+10.7 65.0£9.2 0.02 59.4%£10.9 67.4%10.6 0.02
BMI, mean + SD 27.9+49 27.9+51 27.9+39 0.94 27.8+4.9 289+49 0.49
Obesity, n (%) 39 (28.3) 34 (30.6) 5(21.7) 0.46 37 (30.1) 2(18.2) 0.51
Diabetes, n (%) 50 (36.2) 1 (36.0) 9 (39.1) 0.82 44 (34.9) 6 (54.5) 0.21
Dyslipidemia, n (%) 72 (52.2) 62 (54.4) 10 (45.5) 0.49 68 (54.4) 4 (36.4) 0.35
Hypertension, n (%) 115 (83.3) 4 (82.5) 20 (87.0) 0.76 105 (83.3) 9(81.8) 1.0
Smoking, n (%) 37 (26.8) 3 (28.9) 4(17.4) 0.31 35(27.8) 2(18.2) 0.73
Sedentarism, n (%) 132 (95.7) 109 (96.5) 22 (95.7) 1.00 120 (96.0) 11 (100) 1.0
Cr, mediana (11Q) 0.9 (0.7-1.0) 0.9(0.71-1.0) 0.8 (0.7-1.1) 0.89 0.9 (0.7-1.0) 0.8 (0.7-1.1) 0.97
Diagnosis, n(%)
Unstable angina 93 (67.3) 80 (70.2) 13 (56.5) 89 (70.6) 4 (36.6) 0.04
NSTEMI 45(32.6) 34 (29.8) 10 (43.5) 37 (29.4) 7 (45.5)

Statistics: Chi-square test for comparison of proportions and Generalized Linear Models (GLM) for comparison of continuous variables. BMI: body
mass index; Cr: creatinine; NSTEMI: non-ST-segment acute myocardial infarction. Obesity was defined as BMI> 30 kg/m?

stenosis was not observed in 29.7% of patients, while 43.7%
of patients required multiple grafts. All three clinical scores
were higher in patients with moderate or high SYNTAX score
than in those with low SYNTAX score (Table 2).

Figure 1 illustrates the correlation between the three
clinical scores and SYNTAX. A modest correlation was
observed in relation to HEART (p = 0.29; p <0.01) and
GRACE (p = 0.18; p <0.01), however the correlation
with TIMI did not reach statistical significance (p = 0.15;
p=0.08).

When evaluating the ROC curve, we observed that raised
levels of all clinical scores could accurately predict a high
SYNTAX score (>32). The association of SYNTAX score with
HEART, TIMI, and GRACE scores resulted in an area under
the receiver operating characteristic ROC curve (AUC) of
0.81(95% C10.7-0.91, p < 0.01), 0.79 (95% CI1 0.64-0.97),
and 0.76 (95% CI 0.53-0.79), respectively. (Figure 2)

HEART greater than 5 showed 64% sensitivity and 70%
specificity to evaluate high SYNTAX (>32). When greater
than 4, it presented 100% sensitivity, with 50% specificity.

GRACE greater than 102 gave 82% sensitivity and 65%
specificity. At the original cutoff point> 139 gives 55%
sensitivity but 97% specificity. Thus, using both scores
(GRACE and HEART), a more accurate assessment was
possible to predict anatomical complexity.

Due to the low number of endpoints and a short
follow-up period, there was not enough statistical power
to investigate the relationship between clinical scores and
outcomes such as mortality and reinfarction. There was 1
case of death (0.72%) and 1 case of reinfarction (0.72%),
with patients having SYNTAX of 33 and 19, respectively, and
the GRACE, TIMI and HEART scores of 69, 5 and 5 in the
first and 126, 1 and 5 in the second.

Arq Bras Cardiol. 2021; 117(2):281-287

Discussion

The present study evaluated the three most relevant clinical
scores used in the context of Non-ST ACS. The GRACE and
TIMI scores have been extensively studied and validated in
several populations due to their ability to predict unfavorable
clinical events, being recommended by the main international
guidelines.'?

The HEART score has been increasingly used in patients
with acute chest pain in the emergency room due to its high
negative predictive value and ability to reduce unnecessary
hospitalizations. However, high values of HEART score are
known to predict unfavorable events so that it is worth
investigating whether HEART score is associated with
anatomical complexity.®'

The determination of the extent of coronary artery disease,
through the identification of clinical prognostic factors, plays
an important role in the definition of the best revascularization
strategy and ideal drug therapy. Thus, the SYNTAX score was
used to quantify the extent of coronary disease.

Some studies have already evaluated the association between
TIMI and GRACE scores with the number of affected arteries.
Mahmood et al. found that TIMI > 4 or GRACE > 133 are
associated with a higher probability of the patient requiring
multiple grafts or having significant stenosis in the left main
coronary artery (p < 0.05). Bakler et al. evaluated the association
of clinical score with anatomical complexity using the SYNTAX
score. A positive linear association between SYNTAX score and
GRACE score was observed, with a ratio coefficient of r = 0.43 (p
< 0.01) and AUC of 0.65 (Cl 95% 0.56-0.74; p < 0.001). TIMI
score was not associated with SYNTAX score (r = 0.121, p =
0.121), and HEART score was not evaluated. It should be noted
that patients with STEMI (46% of the sample) were included, and
these patients are not usually evaluated using the GRACE score.™
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Table 2 - Diagnosis and hospital outcomes
Total SYNTAX < 23 SYNTAX > 23 p SYNTAX < 32 SYNTAX > 32 p
N (%) 138 (100) 114 (82.6) 23 (16.7) 126 (91.3) 11 (8)
Days of hosp. £ SD
Median (1IQ) 3 (2-6) 3(2-5) 8 (3-20) <0.001 3 (2-5) 14 (7-23) <0.001
Access, n (%)
Radial 97 (70.3) 82 (71.9) 14 (60.9) 0.32 90 (71.4) 6 (54.5) 0.30
Femoral 41(29.7) 32 (28.1) 9(39.1) 36 (28.6) 5 (45.5)
Access, n (%)
Without CAD 41(29.7) 41 (36.0) 0 41 (32.5) 0
One artery 42 (30.4) 42 (36.8) 0 <0.001 42 (33.3) 0 <0.001
Two arteries 20 (14.6) 18 (15.8) 2(8.7) 18 (14.3) 2(18.2)
Three arteries 34 (39.1) 13 (11.4) 21(91.3) 25 (19.9) 9 (81.8)
LMCA, n (%) 13 (9.4) 7(6.1) 6 (26.1) 0.001 8(6.3) 5 (45.5) 0.001
GRACE
Median (1lQ) ?777-1 15) (75?1312) (921-(1540) 0.020 (75?;‘12) (1013‘-1?75) < 0.001
>139, n(%) 9 (6.5) 2(1.8) 7 (31.8) <0.001 3(2.4) 6 (54.5) <0.001
ASC 0.66 (0.53-0.79) 0.76 (0.53-0.79)
TIMI
Median (1lQ) 3 (2-4) 3(2-3) 3 (2-5) 0.024 3(2-3) 5 (3-6) 0.004
>5. n(%) 16 (11.6) 9(7.9) 7 (30.4) 0.006 10 (54.4) 6 (54.5) <0.001
ASC 0.66 (0.53-0.79) 0.81 (0.64-0.97)
HEART
Median (1lQ) 5 (4-6) 4 (4-6) 6 (5-8) <0.001 5 (4-6) 7 (5-8) 0.001
>7n (%) 26 (18.8) 18 (15.8) 8 (34.8) 0.044 20 (15.9) 6 (54.5) 0.006
ASC 0.72 (0.62-0.83) 0.81 (0.70-0.92)
SYNTAX
Median (1lQ) 8 (0-17) 6 (0-12) 32 (26-34) <0.001 7 (0-14) 34 (33-35) 0.001

Statistics: Chi-square test for comparison of proportions and Generalized Linear Models (GLM) for comparison of continuous variables. ASC: Area
Under the ROC Curve; LMCA: Left Main Coronary Artery.
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Figure 1 - Scatter plots between the numerical values of the SYNTAX scores vs. TIMI, GRACE, and HEART scores. Note: (p) Spearman’s rho coefficient.
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Figure 2 - ROC curves for detecting moderate or high SYNTAX scores, according to TIMI, GRACE, and HEART scores. A — GRACE score with AUC of 0.66
(95% CI 0.53-0.79, p < 0.01); TIMI score of 0.66 (95% CI 0.53-0.79); HEART score of 0.72 (95% Cl 0.62-0.83), p < 0.01. B - GRACE score with AUC of
0.76 (95% CI 0.53-0.79); TIMI score of 0.79 (95% CI 0.64-0.97); HEART score of 0.81 (95% Cl 0.70-0.91), p < 0.01.

Hammami et al.” retrospectively evaluated the GRACE
and TIMI scores of 238 patients and observed that both scores
showed positive correlation with the SYNTAX score. A Pearson
correlation coefficient of r = 0.23 (p < 0.001) was found
between SYNTAX score and GRACE score and a Pearson
correlation coefficient of r = 0.2 (p = 0.002) was found
between the SYNTAX score and the TIMI score. These values
were similar to those observed in Figure 1, which showed a
slightly higher correlation when comparing the GRACE (r =
0.26; p < 0.01) and the TIMI (r = 0.24; p < 0.01) scores. It
should be noted that we only considered lesions > 70% when
calculating the SYNTAX score. Although plausible, this form
of analysis is not validated by official calculators or studies that
investigate the accuracy of the score or the prognosis of patients.'
In a recent study, Silvano etal."® evaluated 183 patients, including
patients with STEMI (29.5%), and observed a positive but low
correlation between GRACE and SYNTAX scores (r = 0.2, p =
0.005). TIMI and HEART scores were not evaluated.'®

Some of the studies evaluating the association between
risk scores and anatomical complexity reported a linear
correlation between GRACE and SYNTAX scores, with
controversial results when TIMI score was used, similar to
the result observed in the present study.

This is the first study to do combined analysis of GRACE
and HEART, demonstrating the significant increase in
accuracy in predicting angiographic complexity when using
both clinical scores simultaneously.

In this study, when the HEART score was greater than 4,
the sensitivity was 100%, with a specificity of 50%; and when
GRACE greater than 139 the sensitivity is 55% and specificity
is 97% for high SYNTAX. Therefore, this study hypothesizes
that, in specific scenarios of high clinical risk scores (GRACE>
139 and HEART> 4), the team and the patient can prepare

Arq Bras Cardiol. 2021; 117(2):281-287

for a surgical approach, due to the higher probability of high
SYNTAX, by elevated SYNTAX.

One of the noteworthy limitations of this study is the small
number of patients for a study conducted in a single center, as
well as the absence of a second evaluator to analyze the methods
and the other scores.

Conclusion

The clinical scores presented a positive, although modest,
association with the SYNTAX score. The combined use of
HEART and GRACE, offers good accuracy for detecting
angiographic complexity.
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Short Editorial related to the article: Association between Clinical Risk Score (Heart, Crace and TIMI) and Angiographic Complexity in Acute

Coronary Syndrome without ST Segment Elevation

The reasoning behind the often-difficult task of deciding
whether, when and how to treat the patient with established
Cardiovascular Disease (CVD) might be based on two simple
questions: (1) Are we treating an acute event?, and (2) What
is my patient at risk of in the future? Whilst the first question
implies an expedite straightforward treatment, the second
premise depends mostly on risk stratification and, thus, the
capability of one to anticipate the likelihood of an event.’
Withal, the physician often encounters a scenario in which
the two questions must be addressed altogether. Accordingly,
the response is more likely one of a probability rather than a
categorical (yes or no) answer. This is the outline in umbrella
diagnoses, as is non-ST segment elevation (NSTE) Acute
Coronary Syndromes (ACS).??

There are a multitude of clinical tools in Cardiovascular
Medicine** that aid physicians in the decision-making process,
often surpassing the “educated guess” in acute settings.”
However, the use of these tools in NSTE-ACS is particularly
challenging for a number of reasons:

Firstly, is this really NSTE-ACS? The diagnosis requires the
combination of a cardiac biomarker variation over time with
either myocardial ischemic symptoms or new ischemic ECG
findings, or imaging of loss of viable myocardium or new
regional wall motion abnormality with an ischemic pattern.
Importantly, high-sensitivity cardiac troponins have facilitated
the identification of NSTE Myocardial Infarction [particularly
by reducing the likelihood of a missed “unstable angina” (UA)
with previous biomarkers] but have somewhat complicated
its differential diagnosis — stressing the scenario in which
one must consider the more-inclusive myocardial injury
term."? Furthermore, symptoms and ECG changes might be
attributable to non-ischemic mechanisms, thus translating into
their mediocre specificity.*'

Secondly, how severe is the underlying disease causing
NSTE-ACS? Even when considering type-1 (spontaneous,
atherosclerosis-related) Myocardial Infarction,® the spectrum
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of coronary artery disease (CAD) may consist of single-vessel
and/or distal stenosis vs. more complex severe proximal
and/or three-vessel disease. The plot further thickens if one
considers additional pathophysiological mechanisms that can
be at work'" — the so-called type-2 Myocardial Infarction.’
In these cases, notably, CAD might be present merely as a
confounding bystander.

Finally, how should I treat this patient with NSTE-ACS?
The decision should be based on clinical characteristics and
CAD severity. It may involve a conservative approach or
myocardial revascularization,” by means of a percutaneous
coronary intervention and/or coronary artery bypass grafting
(CABQ). However, the latter has not been incorporated into
score systems but surely influences prognosis.'*'?

Cedro et al. present an article where clinical scores (TIMI,
GRACE and HEART) were used to predict the complexity
of the underlying CAD, as per the SYNTAX score. To do
so, the authors designed an observational study enrolling
138 patients with NSTE-ACS (with a mean age of 60 = 11
years, of whom 68% were males, and often presenting with
traditional cardiovascular risk factors). Most had UA (67,3%)
and the spectrum of CAD severity was broad, as one may
infer from the inclusion of patients with multi-vessel disease
(53,7%) or absence of significant (>50%) coronary stenosis
(29,7%). The authors have found that the correlations
between the clinical and SYNTAX scores were moderate at
best. Nonetheless, the HEART score performed particularly
well in predicting complex CAD (i.e., SYNTAX >32, with an
area under the curve of 0.81). Interestingly, a cut-off value
of >4 and =140 for HEART and GRACE scores yielded a
sensitivity and specificity of 100% and 97%, respectively, to
predict such severe CAD.™

Given the abovementioned results, it is proposed that
the combined use of the HEART and GRACE scores might
be useful in detecting complex CAD.™ It should be noted,
however, that this is a small exploratory single-center study,
mostly including patients with UA (in whom the GRACE
score has not been extensively validated, as far as prognosis
is concerned). Nonetheless, it would be an alluring hypothesis
to investigate whether these scores might be incorporated
as a valid tool in the pathway of care of NSTE-ACS patients,
namely: (1) Could these be used as a novel criterion for
immediate invasive strategy listing?, and (2) Could these
differentiate between patients in whom P2Y12 pre-treatment
strategy is safe and desirable from those in whom it might
cause harm (e.g. potentially delaying CABC)?

In conclusion, the preliminary findings of this study suggest
an interesting concept: rather than using the usual clinical tools
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to predict the risk of outcomes, we might want to use them to
determine whether there might be a severe complex condition
underlying CAD, warranting surgical revascularization."
Whether these multivariate risk prediction model tools might
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Abstract

Background: Nucleus tractus solitarius (NTS) is a brain area that plays a key role in kidney and cardiovascular regulation
via baroreceptors impulses.

Objectives: The aim of this study was to evaluate the effect of naringin (NAR) and trimetazidine (TMZ) alone and their
combination on NTS electrical activity and baroreceptor sensitivity (BRS) in renal ischemia- reperfusion (I/R) injury.

Methods: Forty male Sprague-Dawley rats (200- 250 g) were allocated into 5 groups with 8 in each. 1) Sham; 2) I/R; 3)
TMZ 5 mg/kg; 4) NAR 100 mg/kg; and 5) TMZ5+ NAR100. The left femoral vein was cannulated to infuse saline solution
or drug and the BRS was evaluated. I/R was induced by occlusion of renal pedicles for 45 min, followed by 4 hours
of reperfusion. The NTS local electroencephalogram (EEG) was recorded before, during ischemia and throughout the
reperfusion. Phenylephrine was injected intravenously to evaluate BRS at the end of reperfusion time. The data were
analyzed by two-way repeated measurement ANOVA followed by Tukey’s post hoc test. A p-value <0.05 was considered
significant.

Results: NTS electrical waves did not change during ischemia time, while they significantly decreased during the entire
reperfusion time. NTS electrical activity and BRS dramatically reduced in rats with I/R injury; however, administration of
NAR, TMZ alone or their combination significantly improved these changes in rats with I/R injury.

Conclusions: The results showed that I/R injury leads to reduced BRS and NTS electrical activity and there may be an
association between I/R and decreased BRS. In addition, NAR and TMZ are promising agents to treat I/R complications.

Keywords: Renal ischemia-reperfusion injury; Baroreflex sensitivity; Nucleus tractus solitaries; Naringin; Trimetazidine.

Introduction radicals and ROS are transmitted through the bloodstream to
distant organs and are considered as intermediate agents of

Acute kidney injury (AKI) i jor clinical probl ith
cute kidney injury (AKI) is a major clinical problem wi damage to distant organs resulting from I/R.**

high prevalence that affects more than 50% of patients in the

intensive care unit (ICU) and causes mortality > 60%."2 Renal The Nucleus tractus solitarius (NTS) acts as the gateway
ischemia/reperfusion (I/R) is one of the most important causes 10 the central nervous system for sensory information entry,
of AKI and the generation of reactive oxygen species (ROS) which plays an important role in cardiovascular regulation.®
play an important role in /R injury events.? Peripheral baroreceptors, chemoreceptors and renal

sympathetic afferent nerves create the primary synapse in the
NTS.” Baroreceptor dysfunction leads to loss of regulation of
blood pressure fluctuations and impaired baroreceptor reflex
sensitivity (BRS), which is a well-known pathophysiological
basis of cardiovascular disturbances.® Available evidence
indicates that NTS degradation leads to blood pressure

Mailig Address: Mohammad Badavi * alternations.” Therefore, NTS is one of the main centers for
Ahvaz Jundishapur Univ Med Sci — Physiology - Dept. of Physiology, Faculty BRS regulation.?
of Medicine Ahvaz Jundishapur University of Medical Sciences Ahvaz '

The overproduction of free radicals in the I/R injury induces
apoptosis and, ultimately, cell death and organ dysfunction.?
Oxidative stress (reactive oxygen species over the antioxidant
defense system) is known as a factor in I/R injury.® Free oxygen
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is a polyphenol compound, which is found mainl
Manuscript received February 14, 2020, revised manuscript June 17, 2020, . ) p YP P 7 L. . Y
accepted August 12, 2020 in grapefruit and a number of citrus plants. Antimicrobial,
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shown.*'° The protective effects of NAR through the increased
activity of antioxidant enzymes have been documented.”"

Trimetazidine (1-[2, 3, 4-trimethoxybenzyl] piperazine
dihydrochloride, TMZ) is an anti-ischemic drug used in unstable
angina."’ The mitochondrial permeability transition pore (mPTP),
located on the inner membrane of mitochondria plays a powerful
role in the production of ROS and the onset of apoptosis
following I/R injury." An experimental study documented that
TMZ was able to inhibit mPTP and reduce the infarction size
in myocardial I/R injury and caspase-3 activity." Moreover, the
inhibition of lipid peroxidation by TMZ has been reported.' The
aim of this study was to evaluate the effect of NAR and TMZ
alone and as a combined therapy on the local field electrical
activity of the NTS at the local electroencephalography (EEG)
and BRS sensitivity following renal I/R injury.

Methods

Drugs

TMZ, NAR, ketamine, xylazine and urethane were
purchased from Sigma Co. USA. NAR and TMZ were dissolved
in distilled water and urethane was dissolved in normal saline
solution just before use.

Animals

In current study, and according to our previous study and
other similar ones, forty male Sprague-Dawley rats (weighing
200- 250 g) were purchased from an animal breeding and care
center of Ahvaz Jundishapur University of Medical Sciences
(AJUMS). All animals were housed in standard cages (4 in each
cage) under controlled temperature (22 + 2 °C), humidity
(50-55%) and a 12-h light/dark cycle (lights on at 07:00 am),
with free access to food chow pellets and tap water. The rats
were simply and non-randomly allocated into five groups of
eight animals in each. Groups: 1) Sham, 2) I/R, 3) TMZ 5 mg/
kg; I/R rats received TMZ (5 mg/kg, iv) five minutes before
reperfusion,’® 4) NAR 100 mg/kg; I/R rats received NAR (100
mg/kg, i.p) once daily for seven days before I/R," and 5) TMZ
5 mg/kg + NAR 100 mg/kg; I/R rats received TMZ 5 mg/kg +
NAR 100 mg/kg. Rats in sham and I/R groups received vehicle
(sterile saline solution). Rats in the sham group were submitted
to the same surgical procedure as the other groups, without
the use of clamps and I/R induction.

Stereotaxic surgery to implant electrode

A week prior to EEG recording, the rats were anesthetized
with ketamine (50 mg/kg) and xylazine (5 mg/kg),
intraperitoneally. The rats’ body temperature was maintained
at 36.5+0.5 ° C using heating pads, with their heads mounted
in a stereotaxic device (Narishige Co. Japan) for electrode
implantation surgery. A coated stainless steel Teflon bipolar
metal wire electrode (0.005” bare, 0.008” coated, A-M
systems, Inc. WA) was implanted in the NTS with Paxinos
and Watson stereotaxic atlas, with coordination of AP=-14.04
mm from bregma; ML= 0.4 mm, and DV=8 mm from the
dura, correspondingly.’ All implants were fixed to the skull
using dental acrylic cement and two small glass anchor bolts.

Arq Bras Cardiol. 2021; 117(2):290-297

Induction of renal ischemia/reperfusion (I/R)

Rats were kept in fasting condition overnight prior to the
surgery (for at least 10 h) but had free access to water. At the
day of surgery, the rats from each group were anaesthetized
with urethane (1.7 g/kg, i.p)."” Then, the rats were placed
on heating pads (Harvard Apparatus, UK) to keep the body
temperature approximately at 37 °C. Fifteen minutes after
the anesthesia, the left femoral vein was catheterized using a
polyethylene catheter (PE50) to infuse saline solution or TMZ
and the left femoral artery was used to measure blood pressure
and baroreflex sensitivity. The left and right kidneys were
exposed through a midline incision. Bilateral ischemia was
induced by occluding both renal pedicles using non-traumatic
clamps for 45 min. After that, the clamps were removed and
reperfusion continued for 4 hours.'®

Local EEG recording

The local field potentials (local EEG) from the rats” NTS were
fed to a ML135 bio amplifier (4-Channels data acquisition
Power Lab. and Lab Chart software version 7, AD Instruments
Co., Australia) with 1 mV amplification, 400 Hz sampling rate,
and 0.3-70 Hz band pass filtration for 5 minutes. The basic
5-sec EEG variation period were compared in all groups.
The electrical power of frequency bands were measured
as mV?/Hz. The local EEG recording was performed before
ischemia for 45 min, during ischemia and reperfusion time,
correspondingly.

Mean arterial pressure measurement

The mean arterial pressure was recorded through the
catheterization of the left femoral artery that connected to a
pressure transducer and monitored by a Power Lab System
(AD Instruments, Australia), before ischemia for 20 min for
adaptation, during ischemia and reperfusion time.

Baroreflex sensitivity

In all groups, at the end of reperfusion period, intravenous
injections of phenylephrine (10 to 20 ug/kg) were performed
and the changes in blood pressure and heart rate were
recorded using pressure transducer and monitored and
recorded on PC, using Lab Chart software. There were 15
minute-intervals for recovery between drug injections to reach
the previous level of blood pressure. For each injection, the
maximum amplitude of the resulting pressure and bradycardia
were used to calculate the mean arterial pressure (AMAP) and
heart rate changes (AHR). The ratio of AHR change to AMAP
change was used as the BRS index."

Statistical analysis

The data obtained for mean arterial pressure, heart
rate and local EEG were analyzed with two-way repeated
measurement ANOVA followed by Tukey’s test as a post hoc
test for multiple comparisons using Prism software, version 6.0
(San Diego, CA). The data were expressed as the mean and
standard deviation (SD). P-values < 0.05 were considered as
significant differences.
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Results

The effect of NAR, TMZ or their combination on NTS local
field electrical activity

There were no significant alterations in NTS electrical
power during pre-I/R and 45-minute ischemia period.
However, NTS electrical power was dramatically decreased
during the entire 1%, 2", 3 and 4™ hours of reperfusion period
in the I/R group compared with sham rats. On the other hand,
the administration of NAR and TMZ alone or in combination
improved its power compared with the I/R group (Table 1).

Effect of NAR and TMZ on heart rate and arterial pressure

Renal I/R injury significantly reduced the heart rate, while
pretreatment with NAR, TMZ or their combination somewhat
restored the heart rate to the normal values (Figure 1).
Regarding the mean arterial pressure, the results showed no
differences between the different groups (Figure 2).

Effect of NAR and TMZ on BRS

As shown in figure 3, BRS was significantly reduced in the
I/R injury group when compared to the sham group. However,
the administration of NAR or TMZ restored it; so there was no
difference between the sham, NAR and TMZ groups; however,
their combination increased the BRS more significantly.

Discussion

The findings of the current study demonstrated that the I/R
injury weakened NTS electrical activity and BRS. However,
changes in brain waves after I/R showed that NTS electrical
activity was suppressed and these changes were affected by
possible heart and kidney dysfunction. Subsequent abnormal
NTS electrical activity can further impair cardiac function
and aggravate ischemic complications in renal function.
On the other hand, pre-treatment with NAR and TMZ
alone restored gamma and delta electrical powers, while its
combination with TMZ improved all other NTS recorded

electrical waves and also restored BRS. The afferent inputs
of baroreceptors are primarily received in the NTS, which
has a neuronal complex relationship with other areas of the
central nervous system and the vasomotor area (the ambiguous
core and rostral ventrolateral medulla).? Various studies have
shown that diseases such as diabetes, hypertension, and
renal failure mediated by oxidative stress can weaken the
BRS.?" Acute kidney injury (AKI) increases the production of
anti-inflammatory cytokines, and reduces the clearance of
cytokines, thus leading to increased systemic inflammatory
responses.?>31% 20 A previous study has shown a relative
correlation between baroreceptor dysfunction and oxidative
stress.?* Other studies showed that antioxidants can improve
BRS in various experimental models.** On the other hand, it
was found that the administration of free radical scavengers,
such as superoxide dismutase (SOD) and catalase (CAT) in
rabbits suffering from atherosclerosis was able to improve
baroreceptor function, indicating the inhibition of ROS effect
on the baroreceptor performance.?

In the present study, NAR and TMZ alone or in combination
improved baroreceptor sensitivity, which may have occurred
due to their antioxidant effects through lipid peroxidation
scavenging. Our previous study has shown that NAR, TMZ
or their combination can reduce glomerular dysfunction
by enhancing antioxidant capacity and reducing the
microRNA-10a level.?” In line with this study and other
previous findings, BRS is attenuated by oxidative stress,
and polyphenol compounds improve it by scavenging free
radicals.?® In addition, extensive evidence indicated that
I/R led to the reduction of nitric oxide synthesis, which is a
major contributor of endothelial dysfunction, followed by
baroreceptor dysfunction.? In this regard, NAR improves
endothelial dysfunction by synthesizing and increasing nitric
oxide bioavailability.** In a human study, it has also been shown
that TMZ improved endothelial dysfunction in chronic heart
failure by reducing lipid peroxidation levels.*' An experimental
study showed that TMZ reduced malondialdehyde, a renal
oxidative injury index in a renal I/R injury model." TMZ
stimulates glucose oxidation by reducing the oxidation of

Table 1 - Effect of Naringin (NAR), Trimetazidine (TMZ) or their combination pretreatment on NTS electrical activity following renal I/R injury

EEG Power (mV2/Hz)

Groups Reperfusion Time (h)
Pre-IR Ischemia
2nd 3rd 4th

Sham 0.723 +0.117 0.675+0.126 0.699 +0.116 0.68 +0.104 0.673+0.104 0.695+0.13
IR 0.725 +0.081 0.652 +0.052 0.635 + 0.095*** 0.61 +£0.082*** 0.587 + 0.042*** 0.592 + 0.025***
NAR 0.705 + 0.034 0.653 + 0.051 0.673 £ 0.029 0.65 + 0.033# 0.63 + 0.041# 0.646 + 0.038##
™Z 0.712 £ 0.067 0.668 + 0.085 0.673 +£0.073 0.65 + 0.069# 0.632 + 0.054# 0.637 + 0.069#
NAR+TMZ 0.75+0.07 0.65 +0.069 0.673 + 0.064 0.65 + 0.047# 0.627 + 0.049# 0.64 + 0.053##

Data were represented as mean + SD (n=8). Sham (sham operated group), I/R (Ischemia-reperfusion + normal saline), NAR (I/R + NAR 100 mg/kg,
i.p, for one week), TMZ (I/R + TMZ 5 mg/kg, iv, before reperfusion). NAR + TMZ, combination of NAR and TMZ. Repeated measure-Two-way ANOVA
followed by Tukey’s post hoc test. ***p<0.001, vs. sham group. #p<0.05, ##p<0.01, vs. I/R group.
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Figure 1 - Effect of Naringin (NAR), Trimetazidine (TMZ) or their combination pretreatment on heart rate, following renal I/R (I/R). Data were represented
as mean = SD (n=8). Sham (sham operated group), I/R (Ischemia-reperfusion + normal saline), NAR (I/R + NAR 100 mg/kg, i.p, for one week), TMZ (I/R
+ TMZ 5 mg/kg, iv, before reperfusion). NAR + TMZ combination of NAR and TMZ. Repeated measure-Two-way ANOVA followed by Tukey'’s post hoc test.
*p<0.05, vs. sham group.
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Figure 2 - Effect of Naringin (NAR), Trimetazidine (TMZ) or their combination pretreatment on mean arterial pressure following renal I/R (I/R). Data were
represented as mean + SD (n=8). Sham (sham operated group), I/R (Ischemia-reperfusion + normal saline), NAR (I/R + NAR 100 mg/kg, i.p, for one
week), TMZ (I/R + TMZ 5 mg/kg, iv, before reperfusion). NAR + TMZ, combination of NAR and TMZ. Repeated measure-Two-way ANOVA followed by
Tukey's post hoc test.
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Figure 3 - Effect of Naringin (NAR), Trimetazidine (TMZ) or their combination pretreatment on baroreceptor sensitivity (AHR/AMAP)) following renal I/R
(I/R). Data were represented as mean + SD (n=8). Sham (sham operated group), I/R (Ischemia-reperfusion + normal saline), NAR (I/R + NAR100 mg/
kg, i.p, for one week), TMZ (I/R + TMZ 5 mg/kg, iv, before reperfusion). NAR + TMZ, combination of NAR and TMZ. Repeated measure-Two-way ANOVA
followed by Tukey's post hoc test. *p<0.05, ***p<0.001, vs. sham group, #p< 0.05 vs. I/R group.

beta-fatty acids, which leads to the production of ATP with
less oxygen consumption."!

The results of this study showed BRS improvement with
NAR and TMZ pretreatment in I/R. Although the precise
mechanism of the antioxidant effects of NAR and TMZ on
BRS is unclear in renal I/R, it is possible that NAR, TMZ or
their combination increase BRS in renal I/R by improving the
autonomic nervous system function. Recently, it has been
shown that the administration of antioxidants can improve BRS
by improving autonomic function.?* The central mechanisms
of NAR and TMZ need to be clarified in further studies on the
autonomic nervous system function.?

The reduction in renal function leads to the accumulation
of toxins and increased serum osmolality, which can directly
stimulate vascular endothelial growth factor synthesis. In
addition, the increase in ROS production leads to endothelial
damage and permeability of the blood-brain barrier (BBB).323
Several lines of studies have shown that BBB performance was
disrupted in experimental models of AKI indicated by Evans
blue dye over the permeability into the brain tissue.>**> On
the other hand, experimental inflammatory models induced by
alpha tumor necrosis factor (TNF-a.) abnormally increases the
permeability of the BBB. These experimental studies support
the idea that inflammation associated with AKI elevates the
inflammatory cytokines in the bloodstream and this can
impair BBB permeability.* Extensive evidence showed that
NAR is a potent antioxidant that crosses the BBB and reduces
inflammatory factors to protect the brain.?”** A sudden drop
in kidney function leads to toxin accumulation and increased
serum osmolality, which can increase ROS, resulting in
endothelial injury, BBB and brain transmitter disruption.*

An experimental study showed that cerebral I/R injury
results in changes in cardiac electrophysiological parameters,
as well as reduction in NTS electrical activity. However,
the administration of anti-oxidants prevented these

complications.’® The reduction in oxygen availability to the
neuronal system, followed by the ruptured blood vessels, led to
a cascade of events, including activation of glutamate receptors
and Ca** influx.*° The activation of glutamate receptors caused
an increase in cytoplasmic Ca?* concentrations, as the result
of Ca?* influx through a-amino-3-hydroxy-5-methylisoxazole-
4-propionate (AMPA) and N-methyl-D-aspartate (NMDA)
receptor channels, and voltage-dependent Ca?* channels
(VDCC). The opening of inotropic glutamate receptors, and
the consequent influx of Na* and Ca?*, is identified as the
first stages in the excitotoxic process.*

Another experimental study showed that AKI induced
by renal I/R led to renal dysfunction and increased renal
sympathetic nerve activity and increased norepinephrine
concentrations, indicating the role of the sympathetic nervous
system in the development of AKI.*' Recently, the role of renal
nerves in the renal I/R model showed that renal sympathetic
nerve denervation improved renal function, reduced the
response of inflammatory factors and apoptosis without
changes in blood pressure.*> While Mitaka et al. showed that
renal I/R led to a reduction in blood pressure and no changes
in heart rate, which is opposed to the results of this study.*
This controversy may be related to the experimental model,
the animal species and the reperfusion period. Our previous
study indicated that renal I/R injury result in kidney dysfunction
and myocardial injury and pre-treatment with NAR and TMZ
alone or their combination might have a protective role on
the remote effect of AKI on oxidative stress and myocardial
injury through Nrf-2 regulation.*

Limitations

This study had some limitations. Firstly because it is part
of a Ph.D. thesis, including financial and time limitations.
Therefore, we could not identify some parameters such as
brain histology and measurement of molecular and antioxidant
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parameters in the brain tissue. Our aim was to investigate BRS
and NTS activity in the AKI model.

Conclusion

Our findings, along with other research findings, are in line
with the present study, which suggest the reduction in renal
function due to renal I/R injury, leading to a reduction in BRS
and NTS electrical activity. Probably, there is an association
between renal function reduction and BRS decrease, although
NAR and TMZ alone or their combination improved the BRS
and the NTS electrical activity. However, it can be hoped
that these antioxidant agents can be used to prevent renal I/R
complications in areas beyond the injury site.
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Short Editorial

Naringin, Trimetazidine and Baroreflex in Renal Ischemia-

Reperfusion Injury

Luis Cuadrado Martin’
Universidade Estadual Paulista,” Botucatu, SP - Brazil

Short Editorial related to the article: Naringin and Trimetazidine Improve Baroreflex Sensitivity and Nucleus Tractus Solitarius Electrical Activity

in Renal Ischemia-Reperfusion Injury

The paper “Naringin and trimetazidine improve baroreflex
sensitivity and electrical activity of solitary tract nucleus in renal
ischemia-reperfusion injury,” published in this journal,’ found
improvement in baroreflex sensitivity in an acute ischemia/
reperfusion kidney injury model in rats treated by naringin
and/or trimetazidine.

Trimetazidine and naringin are substances capable of
reducing oxidative stress, documented in many situations.
Trimetazidine is a drug with anti-ischemic properties, which
acts directly on mitochondria and is able to decrease oxidative
stress. Naringin is a polyphenol with antioxidant properties
present in several citrus fruits.

Oxidative stress is involved in multiple pathophysiological
processes.? On the other hand, disorder of the baroceptor
reflex is involved in the pathogenesis of hypertension®** and
heart failure.> Moreover, this disorder plays a role in chronic
kidney disease® and in acute kidney injury.” The solitary tract
nucleus plays a fundamental role in the baroceptor reflex
integration and its action is influenced by oxidative stress.”

Attenuation of the baroreflex in acute kidney injury can
make it difficult to respond to hemodynamic instability during
an episode of acute kidney injury.®® Acute kidney injury
also shows an increase in oxidative stress.? Free radicals and
reactive oxygen species are produced in abundance in kidney
damage due to ischemia/reperfusion and flood the circulatory
system causing undesirable effects on various organs, including
the solitary tract, which, as we have seen, is an important
integrator of the baroreflex activity.
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In other models, except acute kidney injury, oxidative
stress is correlated with dysfunction of the baroceptors and
antioxidants improved their function. Nevertheless, in acute
kidney injury, whether this increase in oxidative stress has a
cause-and-effect relationship with baroreflex attenuation is
controversial. Thus, if, in models of acute kidney injury, by
blocking oxidative stress, we could restore the baroreflex, it
would be evident that oxidative stress plays this postulated
role.

The variation in heart rate to mean arterial pressure ratio
compared to the challenge with phenylephrine was the
baroreflex index performed in the study of Amini etal.! Using
a stereotactic technique, before inducing acute kidney injury,
an electrode was implanted in the solitary tract nucleus of the
rats with nucleus activity." Thus, in addition to improvement
of the baroreflex, there was a reversal of solitary tract nucleus
activity attenuation that had been documented concurrently
with the reperfusion injury.

These results have pathophysiological implications,
insofar as they demonstrate the participation of oxidative
stress in the dysfunction of the solitary tract nucleus and
consequently of the baroreflex in acute kidney injury, as well
as therapeutic implications, since it encourages work with
these drugs in order to mitigate the complications of acute
kidney injury in humans,®'" a clinical situation that denotes
an ominous prognosis.'> Therefore, this line of research may
help understand the treatment in humans with this nosological
entity. It is of note that there is evidence of prophylaxis of
contrast nephropathy using trimetazidine in humans.">'*
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Abstract
Background: The classification of heart failure (HF) by phenotypes has a great relevance in clinical practice.

Objective: The study aimed to analyze the prevalence, clinical characteristics, and outcomes between HF phenotypes in
the primary care setting.

Methods: This is an analysis of a cohort study including 560 individuals, aged = 45 years, who were randomly
selected in a primary care program. All participants underwent clinical evaluations, b-type natriuretic peptide
(BNP) measurements, electrocardiogram, and echocardiography in a single day. HF with left ventricular ejection
fraction (LVEF) < 40% was classified as HF with reduced ejection fraction (HFrEF), LVEF 40% to 49% as HF with
mid-range ejection fraction (HFmrEF) and LVEF = 50% as HF with preserved ejection fraction (HFpEF). After 5
years, the patients were reassessed as to the occurrence of the composite outcome of death from any cause or
hospitalization for cardiovascular disease.

Results: Of the 560 patients included, 51 patients had HF (9.1%), 11 of whom had HFrEF (21.6%), 10 had HFmrEF
(19.6%) and 30 had HFpEF (58.8%). HFmrEF was similar to HFpEF in BNP levels (p < 0.001), left ventricular mass index
(p = 0.037), and left atrial volume index (p < 0.001). The HFmrEF phenotype was similar to HFrEF regarding coronary
artery disease (p = 0.009). After 5 years, patients with HFmrEF had a better prognosis when compared to patients with
HFpEF and HFrEF (p < 0.001).

Conclusion: The prevalence of ICFEI was similar to that observed in previous studies. ICFEI presented characteristics
similar to ICFEP in this study. Our data show that ICFEi had a better prognosis compared to the other two phenotypes.

Keywords: Heart Failure/trends; Heart Failure/mortality; Prevalence; Primary Health Care; Prognosis; Eidemiology;

Stroke Volume.

Introduction

The classification of heart failure (HF) by phenotypes
has great relevance in clinical practice, since they differ in
relation to the characteristics, prognosis, and treatment of the
patient." Classically, two phenotypes of HF were described in
guidelines, namely, HF with reduced ejection fraction (HFrEF)
where left ventricular ejection fraction (LVEF) is less than
50% and HF with preserved ejection fraction (HFpEF) with
LVEF = 50%.% In 2013, the American College of Cardiology
Foundation/American Heart Association published new
guidelines for HF, in which patients with LVEF between 41%
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and 50% were classified as borderline HFpEF? In 2016, the HF
guidelines of the European Society of Cardiology recognized
HF with LVEF between 40% and 49% as a distinct phenotype,
called HF with mid-range ejection fraction (HFmrEF).* Finally,
in 2018, the Brazilian Society of Cardiology added HFmrEF
to the 2018 Chronic and Acute Heart Failure Guidelines.®

Recent studies have observed that the prevalence of
patients with HFmrEF ranged from 13% to 24% of all patients
with HE®® Current data from HF studies indicates that HFmrEF
presents intermediate characteristics.® Moreover, a meta-
analysis that included more than 600,000 patients with HF
concluded that patients with HFmrEF had lower all-cause
mortality than HFrEF patients and no statistical difference
from patients with HFpEF. Regarding all-cause hospitalization,
there was no statistical difference between all the three HF
phenotypes.® There are no studies in Brazil that have evaluated
this phenotype in primary care. Therefore, the present study
aimed to analyze the prevalence and the clinical characteristics
of HFmrEF, as well as the outcomes among HF phenotypes in
patients from a primary care setting.
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Methods

This cohort study included, at the baseline, 633 individuals
aged = 45 years, who were registered in the Primary Care
Program of the city of Niteréi, a medium-sized city with
487,562 inhabitants in the state of Rio de Janeiro, Brazil. The
Primary Care Program offers coverage to 137,463 residents
in 32 service modules, divided into 110 sectors. Initially, 21
sectors were selected through a random sequence, generated
by a computer program, in which the weight of each sector
was proportional to the number of individuals.® The data
were collected from July 2011 to December 2012. After 5
years, the patients in this study were reassessed as to the
occurrence of the composite outcome of death from any
cause or hospitalization for cardiovascular disease. During the
follow-up, there were 73 (11.5%) losses, and the final number
of individuals assessed was 560.

Population

The survey sample size was estimated based on a
minimum HF prevalence of 6%, with an absolute error
of 2% (confidence interval [CI] = 99%, 4% to 8%). This
assumption required a sample size of 580 individuals.
In each one of the 21 sectors included, 30 individuals
between 45 and 100 years of age were randomly chosen.
Another 20 individuals per unit were also chosen to allow
replacement in case of impossibility of participation, totaling
1,050 selected individuals. In this manner, we sent letters

to health unit staff to invite 1,050 individuals to participate
in this study, and 666 of these individuals attended the
visit and signed the consent form. Thirty-three individuals
who did not complete all of the research procedures were
excluded. The baseline population was 633 individuals,
73 (11.5%) of whom were not located after 5 years and
were subsequently excluded. The final population was 560
individuals. (Figure 1)

The choice of the primary care units and the number of
individuals in each unit were planned in order to represent
the demographic distribution. The selection of subjects
was carried out through a random sequence generated
by a computer program. The inclusion criteria were age
= 45 years and willingness to provide informed consent.
Whenever there was a refusal, the next subject in the
randomized list was invited to participate.

All participants in the study underwent a single-day
evaluation that consisted of the following: (a) anamnesis and
clinical examinations; (b) laboratory tests, including b-type
natriuretic peptide (BNP) dosage; (c) 12-lead electrocardiogram
(ECQ); and (d) tissue Doppler echocardiography. ECG
was performed in 12 simultaneous leads. Tissue Doppler
echocardiography was performed by two certified physicians,
using two portable devices, the Acuson Cypress 20 (Siemens,
USA) and the AU-3 Partner (Esaote, Italy). The physicians
were blinded from the clinical status and exam results. The
exams were performed according to the recommendations
of the quantification of chambers from the American

1050 individuals were invited to
participate

666 individuals attended the visit
and signed the consent form

v

Population: 633 assessed
individuals

560 individuals completed the
5-year follow-up

33 were excluded because they did not complete all
of the research procedures
R 73 individuals were excluded because it was not
l M possible to contact them to establish the outcome

384 individuals did not attend the visit and/or sign
the consent form

Figure 1 - Population selection flowchart.
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Society of Echocardiography and the European Association
of Echocardiography.'" Systolic function was assessed by
measuring LVEF using Simpson’s method.

Definition of heart failure phenotypes

Diagnosis of HFrEF was confirmed in individuals with a
history of HF or the presence of signs or symptoms of HF and
LVEF < 40%. Diagnosis of HFpEF was confirmed in individuals
with a history of HF or signs or symptoms of HF with LVEF =
50% and end-diastolic volume index (EDVI) < 97 mL/m?, in
the presence of diastolic dysfunction of the left ventricle and
BNP > 35 pg/mL. HFmrEF was confirmed in individuals with
a history of HF or signs or symptoms of HF with LVEF between
40% and 49% and BNP > 35 pg/mL.*"

Statistical analysis

Continuous variables were expressed as median and
interquartile range, as none of them were positive for
normality when tested using the Kolmogorov-Smirnov test.
Categorical variables were summarized as absolute and relative
frequencies. Regarding quantitative variables, differences
between HF phenotypes were tested with the non-parametric
tests (Mann-Whitney and Kruskal-Wallis), while categorical
variables were assessed by chi-squared test. A Kaplan-Meier
curve was estimated for the composite outcomes of the
four possibilities (HF-free, HFrEF, HFmrEF, and HFpEF). The
difference between the four curves and between HFmrEF and
HF-free were tested with the log rank test. P values < 0.05
were considered statistically significant. All statistical analysis
was performed with SPSS software version 23.0 (Chicago,
lllinois, USA).

Ethical considerations

This study was conducted in accordance with the principles
of the Declaration of Helsinki revised in 2000. The study
protocol was approved by the institution’s Ethics Committee
under number 0077.0.258.000-10.

Results

Prevalence and characteristics of patients with HFmrEF

Of the 560 patients included in the study, 509 were not
diagnosed with HF (90.9%), and 51 were diagnosed with HF
(9.1%). Of the 51 patients with HF, 11 had HFrEF (21.6%),
10 had HFmrEF (19.6%), and 30 had HFpEF (58.8%). The
demographic and clinical characteristics of patients with
HF are shown in Table 1. HFmrEF was similar to HFpEF
in left ventricular mass index (LVMI) and left atrial volume
index (LAVI). We observed more coronary artery disease in
patients with the HFrEF phenotype, compared to HFmrEF.
The percentage of chronic kidney disease was intermediate
in the HFmrEF group, being lower than HFpEF and higher
than HFrEF. The HFmrEF group had intermediate values
in following characteristics: heart rate, glucose levels,
and creatinine-albumin ratio. However, there was no
statistical difference among the groups with HF in these
characteristics.

When analyzing the echocardiography parameters, the
mean E/e’ ratio, LVMI, LAVI, and EDVI showed statistical
difference in overall analysis, with p < 0.001 in all analyses.
The LVMI, LAVI, and EDVI showed intermediate values in
HFmrEF. The LVMI in HFmrEF was lower than in HFrEF and
similar to HFpEF. The LAVI in HFmrEF was significantly lower
than HFrEF and similar to HFpEF. The EDVI was higher in
HFmrEF when compared to HFpEF and lower when compared
to HFrEF. Moreover, when the mean E/e’ ratio in HFmrEF and
HFrEF were analyzed separately, the E/e’ ratio of the HFmrEF
group was lower than that of the HFrEF group. (Table 2)

Prognosis of HF phenotypes

After 5 years, 64 composite outcomes occurred, namely,
50 deaths and 14 hospitalizations for cardiovascular disease.
In the Kaplan-Meier curve (Figure 2), patients with HFmrEF
had a worse composite outcome of all-cause death and
cardiovascular hospitalization than patients without HF.
However, patients with HFmrEF had a better prognosis in
the Kaplan-Meier analysis, when compared to patients with
HFpEF and HFrEF, whereas patients with HFpEF had better
prognosis than those with the HFrEF phenotype. Table 3 shows
the means and their confidence intervals of survival for the
different HF phenotypes.

Discussion

Since the adoption of HFmrEF as a new phenotype of
HF, the major challenge has been to define the baseline
characteristics, pathophysiology, and treatment for this new
group of patients. The present article is the first study of
HFmrEF in a Brazilian population, involving primary care
patients. We conducted an analysis of the Digitalis study'
in order to evaluate the prevalence and the clinical and
echocardiographic characteristics of patients with HFmrEF
in Brazil.

In our population of patients with HF, the prevalence of
HFmrEF was 22%, similar to other studies.®®

The studies by Rickenbacher et al.” and Tsuji et al.” showed
that BNP levels were intermediate in HFmrEF. However, in our
study, BNP in the HFmrEF group did not present intermediate
values; it was similar to HFpEF, and it showed lower values
than in HFrEF. However, regarding the prevalence of ischemic
etiology in the HFmrEF group, our study showed that HFmrEF
was similar to HFrEF, similar to previous studies. Results from
the study by Kapoor et al.® and the Swedish-HF registry"
suggest that ischemic etiology is distinctly more common
in HFrEF and HFmrEF. The TOPCAT study’ evaluated the
use of spironolactone in patients with different LVEF ranges
and showed that there was a reduction in hospitalizations in
patients with HF, especially those with LVEF between 45% and
50%. In the CHARM study,™ it was concluded that the use of
candesartan improved the outcomes for HFmrEF as well as
HFrEFE. Thus, by extrapolation, HFmrEF could respond to the
recommended treatment for HFrEF of ischemic etiology, as
suggested by the HF guidelines.?*

When analyzing the parameters of Doppler
echocardiography, the LVMI, LAVI, and the E/e’ ratio, in
the HFmrEF group, were similar to HFpEF, while the EDVI
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Table 1 - Demographic and clinical characteristics of patients with heart failure, according to phenotype HFpEF, HFmrEF, or HFpEF

. _ _ _ HFrEF vs.  HFpEFvs.  HFrEF vs.

HF-free (n=509) HFrEF (n=11) HFmrEF (n=10) HFpEF (n=30) Overall HFmIEF HFmrEF HFpEF
Male sex (%) 37 64 40 27 0.190 0.279 0.426 0.029
?rg‘;g:;)rs 57(51-64) 74(57-78) 72(60-79) 725(647-817)  <0.001 0.809 0.708 0.871
BMI (median) 272(245308)  249(21.3259)  281(263-306)  26.9(220-30.7)  0.156 0.057 0.319 0.496
HR, bpm (median)  705(632-77.5)  69(55.5-725) 72 (62.1-79.1) 765(632-847)  0.360 0.324 0,573 0.108
(s%s:;!i)sp MMHG  1333121-147.5)  146(116-161)  130(117.9-157.8)  151.7(135.2-179.7)  0.001 0.751 0.032 0.168
?;:;?;‘;)BR mmHg g5(74.1-00) 80(683-885)  77.5(71.1-90.9)  837(727-913)  0.699 0.778 0.699 0310
(Brg;g%/)m 15(10-25) 306(153-615) 61.5(51-95) 87.5(527-1205)  <0.0001  0.002 0.281 0.001
ﬁfi&’.ﬁ‘é) mg/dL 100(91-113) 103(84-119) 97(87-106.2) 100(94.7-119) 0.765 0.621 0.288 0.757
tJr:Z d‘j;d) mg/dL 5.1(4.2-6.1) 6.3(4.6-8.0) 5.2(4.9-6.5) 5.1(4.1-6.7) 0.192 0.398 0.430 0.108
Total cholesterol, 213(186-244)  185(177-253)  199(180-240) 208(196-231) 0.629 0.623 0.453 0.502
mg/dL (median)
Triglycerides, mg/ . . . .
oL (nediar) 118(86-169) 115(86-190) 106(66-152) 101(90-136) 0.481 0.571 0.851 0.482
:’;2;?3:)’"'“ 9ol 437(128-147)  139(134-164)  137(12.1-143) 13.9(12.6-14.7) 0.396 0.204 0.370 0.435
Microalbuminuria, 112(59-23.4)  295(10.1-587)  11.1(3.9-31.1) 14.3(6.6-38.3) 0.265 0.178 0.457 0.371
mg/L (median)
eGFR, mL/
min/1.73m? 835(71.696.1)  763(47-103.1)  84.1(527-100.7)  69.4(50.5-89.1)  0.009 0.888 0.303 0.427
(median)
gﬁ;{:ﬂ%’ g 9.7(5.6-22.4) 40.1(7.8-785)  19.8(5.9-33.3) 15.7(8.6-45.2) 0.051 0.270 0.821 0.385
Diabetes (%) 24 27 0 27 0.341 0.074 0.068 0.969
Hypertension (%) 70 91 9 90 0.028 0.943 1.000 0.931
CAD (%) 75 27 10 27 0.001 0.314 0.274 0.969
CKD (%) 8.9 273 40 333 <0.0001 0537 0.702 0.712
ACEI/ARB (%) 38 64 70 a7 0.184 0.757 0.411 0.565
Beta-blockers (%) 14 36 30 30 0012 0.757 1.000 0.698
Diuretics (%) 34 36 50 53 0.148 0.528 0.855 0.335
Composite 39 (7.7) 7(63.6) 3(30) 15(50) <0.0001 0.123 0.271 0.438

outcome, n (%)

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; BMI: body mass index; BNP: type B natriuretic peptide; BP: blood
pressure; bpm: beats per minute; CAD: coronary artery disease; CAR: creatinine-albumin ratio; CKD: chronic kidney disease; eGFR: estimated glomerular
filtration rate; HF: heart failure; HFmrEF: heart failure with mid-range ejection fraction; HFpEF: heart failure with preserved ejection fraction; HFrEF:
heart failure with reduced ejection fraction; HR: heart rate. Categorical variables are shown as percentage (%) and continuous variables as median
and interquartile range (25% and 75%); overall p value for continuous variables were calculated using the Kruskal-Wallis test; differences between
HFpEF, HFmrEF, and HFrEF were calculated using the Mann-Whitney test; p values for categorical variables were calculated using Pearson’s chi-square.

in HFmrEF showed intermediate values, with statistical
differences when compared to HFpEF and HFrEF. The study
by Rastogi et al.” suggests that patients with HFmrEF are a
heterogeneous group, with at least 3 subgroups based on
LVEF, namely, patients with previous LVEF < 40% (recovered
ejection fraction), patients with previous LVEF > 50%

Arq Bras Cardiol. 2021; 117(2):300-306

(deteriorated ejection fraction), and patients with previous
LVEF between 40% and 50% (unchanged ejection fraction).
These findings reinforce the idea that the physiopathology
of HFmrEF may have a contribution of systolic dysfunction
and a contribution of diastolic dysfunction, as suggested by
the 2016 European Society of Cardiology guidelines.*
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Table 2 - Clinical characteristics of patients with heart failure, according to phenotype HFpEF, HFmrEF, or HFpEF
HFrEF HFrEF
= - . _ HFpEF vs.
HF-free (n=509) HFrEF (n=11) HFmrEF (n=10) HFpEF (n=30) Overall Vvs. HFmrEF vs.
HFmrEF HFpEF
Ejection
fraction, % 61(58-65) 29(23-33) 43.5(41-48) 59.5(56.7-64.2)  <0.0001  <0.0001  <0.0001  <0.0001
Mean E/e'
ratio, (+5D) 6.5(5.4-7.8) 9.6(7.5-17) 8.3(6-9.1) 7.9(6.1-12.1) <0.0001  0.149 0.791 0.162
LAVI, mi/m?,
(£5D) 20.9(17.3-24.5) 38.6(26.8-65.9) 30.5(18.9-42.2) 29.4(24.3-41.8)  <0.0001  0.231 0.607 0.188
LVMI, g/m?,
(£SD) 89.3(76.5-102.8) 160.2(113.1-187.3)  119.0(102.9-154.0)  104.2(76.9-127.1)  <0.0001 0.091 0.123 0.002
EDVI, ml/m?,
(+SD) 62.8(54.5-71.2) 106.0(82.5-150.3) 93.8(75.6-114.3) 68.7(54.2-76.2) <0.0001 0.360 <0.0001 0.001

E: early mitral inflow velocity; E": mitral annular early diastolic velocity; EDVI: end-diastolic volume index; HF: heart failure; HFmrEF: heart failure with mid-range
ejection fraction; HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure with reduced ejection fraction; LAVI: left atrial volume index; LVMI:
left ventricular mass index. Data are shown as median and interquartile range (25% and 75%); (*) overall p value were calculated using the Kruskal-Wallis test;
differences between HFpEF, HFmrEF and HFrEF were calculated using the Mann-Whitney test.

Survival Analysis
10 T ::-::H —
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Figure 2 - Kaplan-Meier curve showing that patients with HFmrEF had a worse

composite outcome of all-cause death and cardiovascular hospitalization

than patients without HF (p < 0.007), but patients with HFmrEF had better prognosis compared to patients with HFpEF and HFrEF (p < 0.001). HFrEF had

the worst prognosis of the three phenotypes of HE. HF: heart failure; HFmrEF:

fraction; HFrEF: HF with reduced ejection fraction.

Regarding prognosis, our study concluded that patients
with HFmrEF had a better composite outcome of all-cause
mortality and cardiovascular hospitalization than those with
HFrEF and HFpEF (p < 0.001). Our results are in agreement
with a meta-analysis by Altaie et al.” that showed that the

HF with mid-range ejection fraction; HFpEF: HF with preserved ejection

HFmrEF phenotype had a significantly lower all-cause
death rate than the HFrEF (RR, 0.9; 95% ClI, 0.85 to 0.94;
p < 0.001). However, differently from the present study,
they found no significant difference between the all-cause
mortality of HFpEF and HFmrEF (RR, 0.98; 95% Cl, 0.86
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Table 3 - Mean and confidence interval of survival probabilities in heart failure phenotypes

Confidence interval 95%

Variables Means estimate Lower limit Upper limit
No HF 85.74 84.357 87.134
HFrEF 41.81 25.646 57.990
HFmrEF 72.00 60.544 83.456
HFpEF 54.56 45.561 63.572

HF: heart failure; HFmrEF: HF with mid-range ejection fraction; HFpEF: HF with preserved ejection fraction; HFrEF: HF with reduced ejection fraction.

to 1.12; p = 0.82).? Analyzing hospitalization due to HF in
the meta-analysis by Altaie et al., they found no significant
differences between HFrEF and HFmrEF (RR, 0.92; 95% Cl,
0.84t0 1.01; p = 0.08) or between HFpEF and HFmrEF (RR,
1.05; 95% Cl, 0.83 to 1.33; p = 0.69).

Further studies that investigate the prognosis and
characterize HFmrEF with a larger sample are necessary.
In addition, the present study paves the way for future
randomized trials that investigate specific treatments for
patients with HFmrEF.

Limitations

The results should be interpreted with several limitations.
First, a small number of patients with HF were evaluated,
which may not represent the whole population. Second,
clinical evaluation and laboratory and echocardiographic
variables, including LVEF, were based on a single measurement.
Furthermore, although the sociodemographic characteristics
of the studied population are quite similar to other urban
areas worldwide, extrapolations of these results should
be taken with caution. Lastly, since the study population
comprised volunteers, it is possible that some selection bias
was introduced, such as higher percentage of women.

Conclusion

The prevalence of ICFEI was similar to that observed in
previous studies. The present study demonstrated that ICFEi
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The latest epidemiological report from the American Heart
Association indicates that 6.2 million Americans over 20 years
of age had heart failure (HF), with the projection that this
number could reach 8 million by 2030." In Brazil, between
2008 and 2017, HF was the leading cardiovascular cause of
hospitalization, accounting for 2.25% of all hospitalizations,
with mortality of 14/100,000.> According to Fernandes et
al., this rate reaches 19.2/100,000 in less developed states
of Brazil 2

Faced with the prevalence of the severity of this disease,
the study “Characteristics and temporal trends in the mortality
of different heart failure phenotypes in primary care” has
brought valuable data to better understand, stratify, and treat
patients with HF?

As described in the last decade, heart failure with mid-
range ejection fraction (HFmrEF) has occupied a “grey zone,”
in patients with ejection fraction (EF) between 41% and 49%,
comprising approximately 7% to 25% of all patients with HE.
It is a group with heterogeneous characteristics. At times,
it shows similarities with the group of patients with HF with
reduced EF (HFrEF); at other times, with the group with HF
with preserved EF (HFpEF), and sometimes it presents as a
unique phenotype.* Some authors even argue that it is not a
separate group, but rather a transition phenotype between
HFrEF and HFpEF?

In the study by Jorge et al.?, the prevalence of the HFmrEF
phenotype observed in a primary care service was 22%,
close to that found in another Brazilian study, by Cavalcanti
et al.,* where 26% of patients with acute HF presented the
mid-range phenotype.® These frequencies are higher than
those described in the study by Peterson et al.,” where 17%
of patients treated for acute HF had HFmrEF.”

It is worth mentioning that, within this new category of
HF, the literature suggests subgroups with different prognoses
based on the analysis of the dynamic behavior of EF, as
follows: impaired HFmrEF, recovered HFmrEF, and unchanged
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HFmrEE® The study by Savarese et al.” evaluated 4,942
patients from the Swedish Heart Failure Registry who had at
least 2 consecutive echocardiogram measurements with an
average interval of 1.4 years. They analyzed the incidence
of transition between phenotypic groups as increased EF,
decreased EF, or stable EF, in addition to the prognostic
implications of these changes. The authors observed the
following results: of patients with HFpEF, 21% transitioned
to HFmrEF and 18% transitioned to HFrEF; of those with
HFmrEF, 37% transitioned to HFrEF, and 25% transitioned to
HFpEF; of patients with HFrEF, 16% transitioned to HFmrEF,
and 10% transitioned to HFpEF. Patients who improved from
HFrEF, transitioning to the HFmrEF or HFpEF phenotype had
less mortality and hospitalization, and the outcome was the
opposite for patients with HFpEF or HFmrEF who transitioned
to the HFrEF phenotype.’

The description of the possibility of these 3 subgroups may
explain the differences in results between different studies.
If, in a given study, a subgroup with reduced EF in recovery
predominated, they could possibly have characteristics that
were more similar to those of the group with preserved EF.
In another case, if there was a predominance of the HFmrEF
subgroup that originally had better EF, but evolved with a
gradual worsening, the characteristics could be more similar
to the HFrEF group. It is also important to consider that the
usual echocardiographic calculations of EF carried out in these
studies have limitations and dynamic results that depend on
the patients” hemodynamic conditions, and they have inter-
and intra-observer variability. To resolve these limitations, new
techniques such as strain are being incorporated.

The article that gave rise to this editorial, a pioneer in the
study of HFmrEF in Brazil, followed adequate methodology,
and it brought diverse pieces of information that will certainly
assist our clinical approaches. However, it is necessary to
analyze the data in the context where the population was
inserted, namely, in primary care, which may differ from global
analysis of this subgroup.

There are some limitations to the interpretation of the
results found, including the following: small cohort size, given
the high prevalence of the disease, with only 51 diagnoses in
560 patients; all clinical, laboratory, and echocardiographic
evaluations were performed at a single moment, and it was
not possible to assess the evolution of these parameters over
time; data on use of medication for HF were also collection at
a single moment, and it was not possible to analyze whether
the results reflected optimized medical treatment, considering
the low rate of use of the main drugs at the time of the initial
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analysis of the study; and the lack of adequate characterization
of the degrees of diastolic dysfunction.

There are some aspects that warrant attention in the
characteristics of the groups. It was observed that half of the
patients with HFmrEF were on diuretics; this was similar to
the group with HFpEF and higher than the group with HFrEF.
Another piece of data was in relation to the dosage of BNP,
which was lower in the HFmrEF group than in the HFpEF
group. These conflicting findings could influence the combined
outcome that involved hospital admissions, reducing the
difference between groups.

The low rate of use of beta-blockers in the group with
HFrEF, with only 36% and 30% in the other groups, is rather
concerning, in addition to the 60% to 70% rate of ACEi/
ARB use. Is standard treatment for HF not being fulfilled in
primary care units? Or did the groups become aware of the
pathologies upon being included in the study, with these
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Therefore, | congratulate the research group for their
initiative in bringing information relevant to the screening
of HF phenotypes in primary care, within the context of this
clinical entity which is so incident and prevalent and which
has such a high morbidity and mortality rate, even considering
the many known therapeutic resources."
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Abstract

Background: Although maximal and submaximal walking are recommended for patients with peripheral artery disease
(PAD), performing these exercises may induce different physiological responses.

Obijectives: To compare the acute effects of maximal and submaximal walking on post-exercise cardiovascular function,
regulation, and associated pathophysiological processes in patients with symptomatic PAD.

Methods: Thirty male patients underwent 2 sessions: maximal walking (Gardner’s protocol) and submaximal walking
(15 bouts of 2 minutes of walking separated by 2 minutes of upright rest). In each session, blood pressure (BP), heart
rate (HR), cardiac autonomic modulation (HR variability), forearm and calf blood flows (BF), vasodilatory capacity
(reactive hyperemia), nitric oxide (NO), oxidative stress (lipid peroxidation), and inflammation (four markers) were
measured pre- and post-walking. ANOVAs were employed, and p < 0.05 was considered significant.

Results: Systolic and mean BP decreased after the submaximal session, but they increased after the maximal session
(interactions, p < 0.001 for both). Diastolic BP did not change after the submaximal session (p > 0.05), and it increased
after maximal walking (interaction, p < 0.001). HR, sympathovagal balance, and BF increased similarly after both
sessions (moment, p < 0.001, p = 0.04, and p < 0.001, respectively), while vasodilatory capacity, NO, and oxidative
stress remained unchanged (p > 0.05). Vascular and intercellular adhesion molecules increased similarly after both
maximal and submaximal walking sessions (moment, p = 0.001).

Conclusions: In patients with symptomatic PAD, submaximal, but not maximal walking reduced post-exercise BP, while
maximal walking maintained elevated cardiac overload during the recovery period. On the other hand, maximal and
submaximal walking sessions similarly increased post-exercise HR, cardiac sympathovagal balance, and inflammation,
while they did not change post-exercise NO bioavailability and oxidative stress.

Keywords: Walking; Peripheral Arterial Disease; Walking Speed; Hemodynamic Monitoring; Intermittent
Claudication; Oxidative Stress; Byomarkers.

Introduction which is characterized by the appearance of pain in the lower
leg during walking that is relieved with rest."? Additionally,
patients with symptomatic PAD could present high blood
pressure (BP) values,® cardiovascular overload,** cardiac
autonomic dysfunction,* endothelial dysfunction, exacerbated
oxidative stress, and inflammation.>” All these physiological
manifestations contribute to the progression of the disease
and cardiovascular morbimortality.2*®

Peripheral artery disease (PAD) is characterized by the
narrowing of the lower limb arteries, conventionally due to
atherosclerosis."?{Norgren, 2007, Inter-society consensus
for the management of peripheral arterial disease} Patients
at the second stage of the disease (Fontaine classification)
present a symptom known as intermittent claudication (IC),

Exercise training has been considered the best treatment
for patients with IC."? Regular training improves these patients’
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DOI: https://doi.org/10.36660/abc.20200156 reinforces the importance of performing daily walking sessions to

Arq Bras Cardiol. 2021; 117(2):309-316


https://orcid.org/0000-0002-9857-8761
https://orcid.org/0000-0002-8559-7752
https://orcid.org/0000-0002-7101-312X
https://orcid.org/0000-0003-1991-3507
https://orcid.org/0000-0001-7584-4265
about:blank

Chehuen et al.
Physiological responses to walking in PAD

Original Article

optimize chronic adaptations. However, acutely, each walking
session may transiently increase cardiovascular risk."* Indeed,
previous studies have reported that walking to near-maximal IC
symptoms increases cardiac overload, endothelial dysfunction,
oxidative stress, and inflammation,”""* which enhances the risk
for ischemia and arrhythmias in predisposed patients."

Accordingly, maximal walking may have hazardous post-
exercise effects in patients with symptomatic PAD, and
submaximal walking (until moderate leg pain) appears as a
potential option that may promote lower post-exercise cardiac
overload accompanied by moderate oxidative stress and
inflammation. Novakovic et al."* have shown that walking at
moderate pain improved several outcomes in these patients,
such as vascular function. Additionally, previous studies have
tested a specific submaximal walking protocol (15 bouts of
2 minutes of walking at pain threshold) and reported that it
induces tolerable levels of leg pain and moderate metabolic
and cardiovascular stimuli during its execution,'® induces post-
exercise hypotension,'” and improves walking capacity and
cardiovascular parameters after a period of regular training.®

Thus, the aim of this study was to compare, in patients
with symptomatic PAD, the acute effects of maximal and
submaximal walking exercises on the following post-exercise
variables: i) cardiovascular function, assessed by BP, heart rate
(HR) and rate-pressure product (RPP); ii) cardiac autonomic
modulation, assessed by low (LF) and high-frequency (HF)
components of HR variability and LF/HF ratio; iii) vascular
function, assessed by forearm and calf blood flows (BF) and
BF responses to reactive hyperemia; iv) endothelial function,
assessed by nitric oxide (NO) bioavailability; v) oxidative stress,
assessed by lipid peroxidation; and vi) inflammation, assessed
by C-reactive protein (CRP), tumor necrosis factor-a. (TNF-a),
vascular cell adhesion protein (VCAM) , and intercellular
adhesion molecule (ICAM). The following were hypothesized:
i) a maximal walking session would increase post-exercise
cardiac overload (BP, HR, and RPP), sympathovagal balance
(LF and LF/HF ratio), and vascular dysfunction, while the
submaximal walking session would decrease BP and RPP,
while inducing a lower increase on HR and sympathovagal
balance; and ii) maximal and submaximal walking sessions
would increase post-exercise oxidative stress and inflammation
with greater responses after maximal walking.

Methods

This single center study followed a non-random repeated
measurement design in which each patient underwent
two experimental sessions conducted in a fixed order. The
study protocol followed the Declaration of Helsinki. It was
registered at the Brazilian Clinical Trials website (http://www.
ensaiosclinicos.gov.br, RBR-3pq58k) and was approved by the
Joint Committee on Ethics of Human Research of the School
of Physical Education and Sport at the University of Sao Paulo
(process 667.382). Written informed consent was obtained
from all participants.

Participants

Patients were recruited from those assisted at the Vascular
Unit of the Hospital das Clinicas of the University of Sao Paulo,

Brazil, according to the possibility of contacting them. Male
patients previously diagnosed with PAD and IC were invited.
Inclusion criteria were the following: a) age = 50 years; b)
ankle-brachialindex < 0.90 in at least one leg'; c) Fontaine stage
I (a and b) of PAD'; d) body mass index < 35 kg/m?; e) resting
systolic BP < 160 mmHg and diastolic BP < 105 mmHg; f)
not currently taking B-blockers or non-dihydropyridine calcium
channel blockers; g) ability to walk at least 2 minutes at 3.2 km/h
on a treadmill; h) ability to undertake an incremental treadmill
test limited by symptoms of IC; and i) absence of myocardial
ischemia or complex arrhythmias during a treadmill test.

Preliminary evaluations

All patients underwent preliminary evaluation to identify
whether they met the study criteria. They were interviewed to
assess the following: age, presence of cardiovascular disease,
risk factors, comorbid conditions, and current medication.
Ankle-brachial index was measured as previously described.’
Body mass and height were assessed with standard equipment
(Welmy 110, Brazil), and body mass index was calculated.
Resting brachial BP was measured by the auscultatory method
after 5 minutes of seated rest. Three measurements were
taken in each of 2 visits, and the mean value was calculated
for each arm. The highest mean value was also documented.
Finally, all patients undertook an exercise test on a treadmill
following Gardner’s protocol (3.2 km/h with 2% increase
in grade per minute)'® until maximal claudication pain was
experienced. This test was also employed as a familiarization
to the maximal effort.

Experimental protocol

Following the preliminary procedures, patients who
fulfilled all study criteria underwent the experimental protocol
that consisted of both experimental sessions, maximal and
submaximal walking. The submaximal walking session was
performed after the maximal session with an interval of at least
7 days between sessions. Moreover, all patients underwent
2 familiarization sessions before undergoing the submaximal
session. During each session, cardiovascular, autonomic,
endothelial, oxidative stress, and inflammatory variables
were evaluated prior to and after the submaximal or maximal
walking protocols.

Before both sessions, the patients were instructed to
maintain similar routines for the prior 24 hours. In addition,
they were instructed to avoid physical exercise for the
previous 48 hours, alcoholic beverages for the previous 24
hours, and smoking on the day of the sessions. They were also
instructed to take their medication regularly and to attend to
the laboratory in a fasted state.

The sessions were conducted in a temperature-controlled
laboratory (20 to 22 °C). Patients arrived at 7 am and received
astandardized meal (two cereal bars and 50 ml of juice).’*** A
catheter was then inserted into the antecubital vein of the left
arm and kept patent by sterile saline. The patients then rested
in the supine position for 20 minutes until the commencement
of the experimental procedures.

Experimental procedures were initiated at 8 am with pre-
exercise assessments performed in the supine position after a
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10-minute stabilization period. Electrocardiogram (ECG) and
respiration were recorded between 10 and 20 minutes to assess
cardiac autonomic modulation. Auscultatory BP and HR were
measured in triplicate between 20 and 25 minutes, and the
mean value was used for analysis. A venous blood sample was
then collected followed by the assessment of lower and upper
limb BF and vasodilatory responses to reactive hyperaemia.

Subsequently, patients performed the walking exercise on
a treadmill. In the maximal session, they walked at 3.2 km/h
with grade increased 2% every minute until maximal pain
(Gardner’s protocol).’ During the submaximal session, they
performed 15 bouts of 2 minutes of walking separated by 2
minutes of upright rest, as previously described.®'®'” Treadmill
speed was maintained at 3.2 km/h with the grade adjusted to
maintain the HR of the pain threshold (i.e. the HR measured
when the patients had experienced initial claudication pain
during the preliminary maximal walking test).

At the end of the walking sessions, the patients immediately
returned to supine position for the post-exercise assessments
that included an immediate blood sampling. At 20 to 30
minutes of recovery, ECG and breathing movements were
recorded for cardiac autonomic modulation assessment,
followed by the assessments of auscultatory BP and HR in
triplicate. Finally BF and vasodilatory responses were recorded.

Measurements

Cardiovascular function

Recordings of ECG were obtained at D2 (EMG System,
Brazil) with HR determined by the ECG. Respiratory signal
was obtained by a piezoelectric belt (UFI, Pneumotrace2,
USA) positioned at the patients’ thorax. Auscultatory
BP was measured in the dominant arm using a mercury
sphygmomanometer (Unitec, Brazil), and mean BP was
calculated. RPP was calculated by the product of HR and
systolic BP as a marker of myocardial oxygen consumption
and, thus, of cardiac overload.?!

Cardiac autonomic modulation

For cardiac autonomic evaluation, R-R intervals from
the ECG and respiratory signals from the thoracic belt were
inputted into a data acquisition system (WinDag, DI-720,
Akron, USA) at a sampling rate of 500 Hz/channel. Stationary
segments of 250 to 300 beats were analyzed via spectral
analysis of HR variability using the autoregressive method
(Heart Scope, version 1.3.0.1, AMPS-LLC, USA). LF (LF,
0.04 - 0.15 Hz) and HF (HF_,, 0.15 — 0.4 Hz) components of
HR variability were calculated and expressed in normalized
units (nu). The LF/HF ratio was also calculated. All procedures
followed the Task Force for HR variability.??

Vascular function

BF were simultaneously determined in the dominant
forearm and the leg with the lowest ankle-brachial index, via
venous occlusion plethysmography (Hokanson, Al6, USA).%
Briefly, BF to the hand and the foot were interrupted by
cuffs inflated to 200 mmHg positioned, respectively, around
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the wrist and the ankle. Other cuffs placed at the arm and
the thigh were rapidly inflated for 10 seconds at 40 to 60
mmHg, followed by 10 seconds of deflation. Increases in
forearm and calf volumes were detected by mercury strain
gauges positioned at the largest circumference of these limb
segments and recorded by specialized software (NIVP3;
Hokanson, USA). Measurements were taken for 4 minutes
(twelve 20-second cycles) and the first 2 and the last cycle
measurement were excluded from analysis (i.e. mean of 9
cycles). Forearm and calf vasodilatory responses to reactive
hyperemia were assessed immediately after determination of
BF.2* For this, BF to each limb was occluded for 5 minutes by
inflating the thigh and forearm cuffs to 200 mmHg. Afterwards,
the cuffs were released and post-occlusion BF were measured
for 4 minutes as previously described. Vasodilatory response
was calculated as the difference in the area under the curve
(AUCBF) of the post- and pre-hyperemia BF measurements.

Blood analysis

In each sampling moment, 15 ml of blood were collected
in standard anticoagulant EDTA-treated vacutainer tubes.
Samples were centrifuged within 30 minutes, divided
into aliquots and stored at =80 °C until analysis. Plasma
concentrations of CRP. TNF-a,, VCAM, and ICAM were
determined by enzyme-linked immune-sorbent assays (ELISA)
according to the manufacturer’s instructions in each kit
(Cayman Chemical, USA for CRP; and R&D Systems, USA for
TNF-a,, VCAM, and ICAM). Lipid peroxidation was analyzed
by specific kits (Cayman Chemical, USA), and NO was
analyzed by the chemiluminescence method with a specific
analyzer (Sievers ® Nitric Oxide Analyzer NOA 280, USA).

Statistical analyses

Considering a power of 90%, an alpha error of 5%, and a
standard deviation of 3 mmHg for systolic BP and 0.6 ml.100
ml tissue'.min™" for BF (i.e. the main clinical outcomes), the
minimal sample sizes necessary to detect a difference of 4
mmHg in systolic BP and 0.5 ml.100 ml tissue”".min" in BF
were calculated to be 10 and 14 subjects, respectively. As
other variables with greater variation were included in the
study, the sample size used was greater.

Normality and homogeneity of variance for all data were
checked using the Shapiro-Wilk and Levene tests, respectively.
When non-normality of data was identified, a logarithmic
transformation was applied, and normal distribution was
obtained. Responses to walking sessions were compared
by two-way ANOVA (Statsoft, Statistic for Windows 4.3,
Oklahoma, USA) for repeated measures with session (maximal
versus submaximal) and moment (pre- versus post-exercise) as
the main factors. When pre-exercise values were significantly
different between the sessions (i.e. for HR and RPP), an
analysis of covariance (ANCOVA) was employed using the
pre-exercise value as a covariate. The Newman-Keuls post-hoc
test was used to identify significances when appropriate. P <
0.05 was considered significant, and data were presented as
mean = standard deviation for continuous variables and as
frequency of appearance (%) for categorical variables, such
as comorbidities and medication use.
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Results

Fifty patients volunteered for the study, and 11 refrained
from participating due to lack of time. Thus, 39 patients
signed the informed consent and performed the preliminary
examinations, 9 of which were excluded (5 due to ECG
abnormalities in the exercise test and 4 due to interruption
of exercise test for reasons other than claudication pain).
Therefore, 30 patients underwent both the maximal and
submaximal experimental sessions and their characteristics
are shown in Table 1.

Hemodynamic and autonomic responses are shown in
Table 2. Systolic and mean BP decreased after the submaximal
session and increased after the maximal session (interactions, p
< 0.001 for both). Diastolic BP increased only after maximal
walking (interaction, p < 0.001). Pre-exercise HR and RPP were
significantly higher in the submaximal session than the maximal
walking one, and ANCOVA revealed that these pre-exercise
differences did not affect the results. Thus, HR displayed similar
increases after both the maximal and the submaximal walking
bouts (moment, p < 0.001), while RPP increased significantly
only after maximal walking (interaction, p = 0.007).

HF decreased while LF and the LF/HF ratio increased
significantly and similarly after both the maximal and the
submaximal walking sessions (moment, p = 0.02, p = 0.05,
and p = 0.04, respectively).

Forearm and calf BF increased significantly and similarly
after the maximal and the submaximal walking bouts (moment,

Table 1 - Patient characteristics

p < 0.001), while forearm and calf vascular resistance
decreased similarly after both walking bouts (moment, p
< 0.001 and p = 0.01, respectively), and forearm and calf
AUCBF did not change after either submaximal or maximal
walking bouts (all p > 0.05).

Blood responses are shown in Table 3. NO, lipid
peroxidation, CRP, and TNF-a did not change after either
submaximal or maximal walking bouts (all p > 0.05), while
ICAM and VCAM displayed a similar and significant increase
after the maximal and the submaximal walking sessions
(moment, p = 0.001 for both).

Discussion

The main findings of this study were that patients with
symptomatic PAD presented the following: 1) a reduction in
systolic BP after submaximal walking, as well as an increase
in systolic BP after maximal walking; 2) an increase in RPP
only after the maximal walking; 3) similar increases in HR,
LF/HF ratio, LF, ICAM, and VCAM levels after the maximal
and submaximal walking sessions; and 4) no changes in NO
and vasodilatory capacity after either maximal or submaximal
walking sessions.

Walking to submaximal, but not maximal pain decreased
post-exercise BP. Previous studies'’** have already reported the
occurrence of post-exercise hypotension (PEH, i.e., a decrease
in BP after an exercise bout in comparison to pre-exercise
values)??® in patients with symptomatic PAD after walking

Mean * standard deviation

Age (years) 66 £ 11
Body mass index (kg/m?) 253+3.2
Diagnosis of PAD

ABI at rest 0.62 £0.12
COD (m) 218+ 87
TWD (m) 606 + 275
Comorbidities

Obesity (%) 10.0
Hypertension (%) 73.3
Diabetes mellitus (%) 26.7
Dyslipidemia (%) 93.3
Current smokers (%) 33.3
Heart disease/stroke (%) 23.3
Drug therapy

Aspirin (%) 93.3
Statin (%) 93.3
Antihypertensive agent (%) 60.0
Oral hypoglycemic (%) 26.7

Data are mean * standard deviation or percentage (%). ABI: ankle-brachial index; COD: claudication onset distance; PAD: peripheral artery disease;
TWD: total walking distance. Obesity defined as body mass index > 30 kg/m?. Diabetes, hypertension, dyslipidemia, heart disease, and stroke defined

by previous medical diagnosis.
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Table 2 - Hemodynamic and autonomic variables measured pre- and post-exercise in the submaximal and maximal walking sessions

Submaximal Maximal
Pre Post Pre Post p session p moment p interaction

Systemic hemodynamics (N = 30)

Systolic BP (mmHg) 13216 125 + 15%# 134+ 13 138+ 17* 0.01 0.18 0.01
Diastolic BP (mmHg) 779 76 + 8# 78+8 83+ 9* 0.01 0.01 0.01
Mean BP (mmHg) 95+ 10 92+ 9" 96+ 9 101 + 10* 0.01 0.05 0.01
HR (bpm) 64 + 9# 67 £ 9*# 689 71+£10* 0.01 0.01 0.70
RPP (bpm* mmHg) 8466 * 1466# 8308 + 1433# 9010 + 1394 9762 + 1671* 0.01 0.01 0.01
Autonomic modulation (n=22)

LF (nu) 56 + 22 64 + 20* 51+18 60 + 21* 0.12 0.05 0.75
HF (nu) 40+ 21 31+19* 44 £17 34+ 19* 0.19 0.02 0.88
LF/HF ratio 0205 0.4 +0.4* 0.1+£0.4 0.3+0.5* 0.11 0.04 0.74
Local hemodynamics (n = 21)

Forearm BF 1.42 £ 0.63 1.68 £ 0.68* 1.41£0.59 1.65+0.67* 0.70 0.01 0.59
Calf BF 120£71 13.7 £7.0% 122+7.8 14.4 + 8.8 0.11 0.01 0.57
Forearm VR 80.9+34.8 67.2 +30.0* 83.9+40.6 73.6 +34.1* 0.18 0.01 0.14
Calf VR 56.8 + 30.2 40.4 +19.8* 63.9+29.5 52.4 + 26.5* 0.02 0.01 0.52
Forearm AUCBF 1085 £ 507 1299 £ 609 1294 + 676 1218 + 476 0.66 0.38 0.50
Calf AUCBF 1081 + 606 1152 £ 603 999 + 467 1270 + 825 0.89 0.13 0.20

Data are mean * standard deviation. AUC: area under the curve; BF: blood flow; BP: blood pressure; HF: high frequency; HR: heart rate; LF: low
frequency; nu: normalized units; RPP: rate-pressure product; VR: vascular resistance. Values for BF are ml.100 ml tissue-1.min-1. * = different from
pre in the same session (p < 0.05); # = different from the maximal session at the same moment (p < 0.05). Analyses performed by two-way ANOVA.

Table 3 - Plasma concentrations of nitric oxide, oxidative stress, and inflammatory variables measured pre- and post-exercise in the

submaximal and the maximal walking sessions

Submaximal Maximal
Pre Post Pre Post p session p moment p interaction

NO (uM) 14.3245.65 13.59+4.63 13.53+4.51 13.68+4.21 0.29 0.24 0.57
Oxidative stress

LPO (uM) 18.81+14.69 19.29+15.34 18.71+17.06 20.55%19.01 0.81 0.44 0.77
Inflammation

CRP (pg/ml) 1868+1435 184311485 161411651 183711586 0.41 0.13 0.45
TNF-a (pg/ml) 1.180.36 1.24£0.29 1.21£0.28 1.23£0.25 0.75 0.21 0.57
ICAM (ng/ml) 223+96 236+99* 218+92 244+100* 0.74 0.01 0.08
VCAM (ng/ml) 619£250 671+286* 5924237 650+247* 0.16 0.01 0.75

Data are mean * standard deviation. CRP: C-reactive protein; ICAM: intercellular adhesion molecule; LPO: lipid peroxidation; NO: nitric oxide; TNF-a: tumor
necrosis factor-a; VCAM: vascular cell adhesion protein . * = different from pre in the same session (p < 0.05). Analyses performed by two-way ANOVA.

to moderate pain. The novelty of this study was to provide
evidence that, in patients with PAD at Fontaine stage Il, PEH
did not occur when walking was performed to maximal pain,
and BP remained elevated after maximal walking. As PEH is
known as a clinically relevant phenomenon in hypertensive
populations,?” submaximal, but not maximal walking may
produce acute hypotensive benefits in patients with IC and
hypertension. Moreover, recent evidence has shown that PEH
correlates with decreases in BP after a training period, and

Arq Bras Cardiol. 2021; 117(2):309-316

it is a possible predictor of the chronic responsiveness.?*?°
Thus, these results raise the hypothesis that submaximal
walking might produce better chronic hypotensive effects
than maximal walking in this population. This needs to be
tested by future studies.

Post-exercise HR increased similarly after the maximal and
submaximal walking sessions, which is consistent with the
similar increase observed in cardiac autonomic modulation
changes towards sympathetic predominance after both
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walking sessions (i.e. a similar increase in LF and the LF/HF
ratio, as well as a decrease in HF).*® This lack of difference
between the maximal and submaximal sessions was, to a
certain extent, unexpected, given that, in other populations,
changes in post-exercise HR and sympathovagal modulation
are usually associated with exercise intensity.* This apparently
contradictory result may be explained by the fact that the
submaximal walking session lasted longer (30 minutes, total
distance walked = 1600 m) than the maximal session (12
+ 5 minutes, total distance walked = 606 + 275 m). Thus,
as pain produces sympathetic activation,** it is possible that,
despite the moderate intensity, the longer period of pain in
the submaximal session may have led to a sustained increase
in sympathetic modulation and, consequently, HR during
the recovery period, matching the increase produced by
the more intense but shorter maximal session. Additionally,
although post-exercise HR increased in both walking sessions,
BP decreased only in the submaximal walking session,
consequently leading to higher RPP after maximal walking,
which reflects greater cardiac overload, and, consequently,
greater risk of acute adverse events after maximal walking."*
Thus, these results suggest that submaximal walking may be
safer for patients predisposed to acute cardiovascular events.

Forearm and calf BF increased similarly after the
submaximal and maximal walking sessions, and these
responses are in agreement with previous studies.'”3
However, interestingly, vasodilatory capacity did not change
after either walking session, whereas previous studies reported
decreased endothelial function after maximal walking.'*3*
Possible differences among the studies may be related to the
methods used to assess vascular function (plethysmograph
versus ultrasound). Nevertheless, in the current study, the
absence of change in vasodilatory capacity is in accordance
with the maintenance of NO and oxidative stress markers.

As expected, maximal and submaximal walking sessions
increased inflammatory markers. However, different from
the hypothesis, inflammation increased similarly after both
sessions. Once again, this response may be related to the fact
that exercise duration was longer in the submaximal walking
session, leading to similar magnitude of inflammation, in spite
of lower pain.

The absence of paired volume between the two walking
sessions is a limitation to this study, which precludes us from
attributing the results solely to the degree of pain. However, as
afirst study comparing post-exercise maximal and submaximal
responses, this study opted to use a maximal protocol
extensively investigated in literature”""** and a submaximal
protocol, both of which have already been demonstrated to
elicit cardiovascular benefits.2'” Future studies should compare
other maximal and submaximal protocols with similar volume.
Additionally, it is important to mention that this study was
conducted with men at Fountain stage lla and Ilb, and post-
walking responses may differ in women, in patients at other
stages of the disease, and in patients with different clinical
characteristics, notwithstanding Fontaine stage Il. Future
studies can overcome these limitations by studying women

and other patients with PAD. In addition, measurements were
performed only in one time-point during the post-exercise
period. For a better understanding of responses, a follow-up
for a longer period, with more measurements, should be
performed in future investigations.

Conclusions

In male patients with symptomatic PAD, walking to
submaximal, but not maximal pain reduces post-exercise BP,
while only maximal walking elevates post-exercise RPP. On
the other hand, maximal and submaximal walking sessions
produce similar post-exercise increases in HR, cardiac
sympathovagal balance, BF, and inflammation.

Practical implications

e Submaximal, but not maximal walking reduces BP in the
post-exercise period.

e Only maximal walking increases post-exercise cardiac load.

e Submaximal and maximal walking similarly increase post-
exercise inflammation.

e Submaximal walking might be more adequate than
maximal walking for patients with symptomatic PAD,
because it results in lower acute cardiovascular risk during
the recovery period.
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The Paradox of Exercise Intensity in Preventing Cardiovascular
Events in Peripheral Arterial Occlusive Disease
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Short Editorial related to the article: Physiological Responses to Maximal and Submaximal Walking in Patients with Symptomatic Peripheral

Artery Disease

Peripheral arterial disease (PAD) is characterized by
narrowing of the arteries of the lower limbs due to atherosclerotic
involvement. Its clinical manifestations go far beyond just a
reduction in blood flow, leading to chronic ischemia. Current
evidence shows that endothelial dysfunction, oxidative stress,
arterial stiffness and inflammation also lead to functional
impairment, consequently to patient decline.’

All these factors end up impacting the quality of life
of individuals, as it reduces their walking resistance, with
intermittent claudication (IC) as the main symptom. Last but
not least, we have also found progressive damage to muscle
fibers caused by this chronic ischemia, further worsening the
dysfunction of the skeletal muscle and metabolic morphology
of the limb. This ends up creating an important barrier to the
practice of physical activity, perpetuating and increasing the
risk of cardiovascular events.'?

To reduce these factors, the guidelines consider physical
exercise as an essential tool in the therapeutic approach.
Randomized controlled trials (RCT) demonstrate that although
we did not obtain an improvement in the ankle-brachial index
(ABI) with this approach, we were able to extend walking time,
the maximum walking distance (MWD), neutralize IC, and
therefore improve the quality of life. In 30 RCTs, including
1816 patients with IC, pain-free walking distance and MWD
increased on average 82 and 109 meters, respectively, in up
to two years.*?

A meta-analysis of 25 randomized studies (1,054 patients)
addressing exercise strategies in the rehabilitation of patients
with PAD, found that supervised treadmill exercise was better
than the control group, with a gain of 128 meters in pain-free
walking distance and 180 meters at the maximum walking
distance. In contrast, 3 RCTs (n=493) with PAD found that
home walking exercises, when combined with behavior
change techniques, improved the 6-minute walking test
distance more than interventions on a supervised treadmill
(45-54 meters vs. 33-35 meters, respectively). This fact,
perhaps, may be due to the greater ease and applicability of
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exercises on the ground compared to the treadmill, which
requires learning time.>®

However, in addition to the benefits shown, it is also
important to understand the risks inherent to the degree of
intensity of physical exercise in this group of patients, since
each session may acutely increase their cardiovascular risk
temporarily. Previous studies have reported that walking
with near-maximal IC symptoms promotes increased
cardiac overload, endothelial dysfunction, oxidative stress,
and inflammation.®®

In this issue of Arquivos Brasileiros de Cardiologia, Marcel
Chehuen et al. compared the acute physiological effects of
post-exercise maximal and submaximal walking exercises in
patients with symptomatic PAD. Of the 50 selected patients,
only 30 were included in the study. The variables analyzed
were: cardiovascular function, heart rate (HR) and its
variability, autonomic modulation, vascular and endothelial
function, oxidative stress and inflammation. It was possible
to observe, regarding the acute effects, a reduction in systolic
BP after the submaximal test, as opposed to the maximum
session, which increased with statistical significance. Regarding
diastolic BP, there was an increase only with the maximum
walk (p<0.001) as well as the double product (p=0.007).
Variables such as HR and inflammation (ICAM and VCAM)
had similar increases with statistical significance for both tests.
And when the variables of oxidative stress and endothelial
function were analyzed, there were no changes in the values
of nitric oxide and vasodilator capacity between the sessions,
therefore without statistical significance.®

In fact, submaximal post-test hypotension had been
reported in previous studies, but not for the maximal test,
which even increased blood pressure in these patients. This
could imply an additional therapy for hypertensive and PAD
patients, using submaximal — not maximal — walking exercise
to promote chronic hypotensive benefits in this population.
Besides, its prescription would be more appropriate than
maximal walking exercise, as it would result in a lower acute
cardiovascular risk during the recovery period.

Although we found important and interesting results in
this study, it only included men, in Fountain lla/llb stages,
and cannot be extrapolated to women or to any other stages
of the disease, as physiological responses could be different.
Also worthy of note, this is a single-center study including a
small number of participants. We still need larger randomized
studies, including women and other stages of the disease, in
order to overcome these limitations."
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Abstract

Background: Acute myocardial infarction (AMI) is the main cause of death in Brazil and the world. Approximately
half of these deaths occur outside the hospital.

Objectives: To analyze the distribution, temporal evolution, and sociodemographic characteristics (SDC) of in-
and out-of-hospital deaths by AMI in Brazilian state capitals and their relationship with municipal development
indicators (MDI).

Methods: This is an ecological study of the number of deaths due to AMI reported annually by the 27 Brazilian
state capitals from 2007 to 2016; these were divided into 2 groups: in-hospital (H) and out-of-hospital (OH).
We evaluated the temporal evolution of mortality rates in each group and differences in SDC. Negative binomial
regression models were used to compare the temporal evolution of the number of deaths in each group
with the following variables: residing in the South/Southeast regions (S/SE), municipal human development
index (MHDI), Gini coefficient, and expected years of schooling (EYS). We considered p-values < 0.05 as
statistically significant.

Results: The OH mortality rate increased with time for all state capitals. All studied SDC were different between
groups (p < 0.001). In the OH group, most deaths were of men and patients aged 80 years or older and not
married. S/SE increased the incidence of OH deaths (incidence rate ratio [IRR] = 2.84; 95% confidence interval
[CI] = 1.67-4.85), while higher EYS reduced it (IRR = 0.86; 95% CI = 0.77-0.97). In the H group, higher MHDI
reduced the incidence of deaths (IRR = 0.44; 95% Cl = 0.33-0.58), while higher EYS increased it (IRR = 1.09;
95% CI = 1.03-1.15).

Conclusions: In- and out-of-hospital deaths due to AMI in Brazilian state capitals were influenced by MDI,
presented sociodemographic differences and a progressive increase in out-of-hospital occurrences.

Keywords: Myocardial Infarction; Out-of-Hospital; Epidemiology; Deaths; Demographic Indicators; Social
Indicators; Mortality; Death, Sudden Cardiac.

Introduction state capitals; this is especially true in the North, Northeast,
and Central-West regions of Brazil.> Although epidemiological
studies have shown that mortality due to AMI is slowly
decreasing worldwide, this reduction is smaller in countries
with lower Gross Domestic Products (GDPs), lower social
classes, and socioeconomically disadvantaged regions.®®

Acute myocardial infarction (AMI) is the main individual
cause of death in Brazil and the world."? It has a mean
mortality of 30% when untreated and of less than 6% when
appropriate treatment is administered in time.? Half of these
deaths occur within the first 2 hours of symptom onset and
80% happen in the first 24 hours, resulting in many deaths
before any hospital care.”

Few studies have been published on out-of-hospital
deaths due to AMI. Most of them consider general mortality
without distinguishing between in-hospital and out-of-
hospital deaths. Clinical studies on risk factors have been
performed with patients who received hospital care. It is
unknown whether deaths occurring out of the hospital
environment presented sociodemographic differences in

Appropriate treatment of high-risk AMI is costly, and its
availability is concentrated in large urban areas, mainly in
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municipal development indices. We chose to assess only the
state capitals because all of them currently provide advanced
treatment of AML.™

Method

This is an ecological study of deaths due to AMI occurred
in the 27 Brazilian state capitals between 2007 and 2016.
Data on deaths per state capital (in- or out-of-hospital
occurrence, sex, age group, schooling, marital status, and
skin color) were obtained from the Mortality Information
System (SIM), an online platform created by the informatics
department of the Unified Health System (DATASUS) for
regular retrieval of mortality data in Brazil. Deaths were
divided into 2 groups according to the place of occurrence:
in-hospital or out-of-hospital.

For selecting deaths due to AMI in the SIM, we
considered entries that had AMI as the primary cause of
death (International Classification of Diseases [ICD]-10:
121). Deaths with unknown place of occurrence were not
included in this study.

In- and out-of-hospital mortality rates were obtained by
calculating the rate between deaths due to AMI and the
population of each state capital (per 100 000 inhabitants).
These rates are presented as means, standard deviations
(SDs), and minimum and maximum values.

To assess the temporal evolution of mortality rates in
both groups, we calculated annual in- and out-of-hospital
mortality rates for all Brazilian state capitals. The population
was corrected by linear interpolation and extrapolation using
data from demographic census of 2000, 2010, and the 2017
projection made by the Brazilian Institute of Geography and
Statistics (IBGE). Rates were presented as deaths per 100 000
inhabitants and expressed as a line graph.

The Atlas Brasil platform of the United Nations
Development Program (PNUD) was used for obtaining
independent variables (municipal human development
index [MHDI], Gini coefficient, and expected years of
schooling), as well as information on the population of
each state capital."

Statistical analysis

For comparing the number of deaths in both groups
according to sociodemographic characteristics (sex, age
group, schooling, marital status, and skin color), we used
the chi-squared test. Sociodemographic characteristics
were presented as absolute and relative frequencies. To
demonstrate the impact of each characteristic, we calculated
the standardized residuals of chi-squared tests, which are
presented as Z in Table 2. Considering a significance level of
5%, Z-values > +1.96 or < -1.96 were statistically significant
and the plus and minus signs showed the direction of
differences between groups.

To verify which independent variables were associated with
the number of deaths in both groups, we used the panel data
methodology, in which information from various sampling
units (each state capital) was assessed through time, that is,
observations were considered in 2 dimensions: the sampling

unit and time."* Therefore, we used Poisson and negative
binomial regression models with temporal adjustment and
weighted by the population of each capital for each of the
groups. Weighting was performed according to the population
of each capital so that each sampling unit had the same weight
when evaluating associations.

The models were tested with fixed and random effects.
Those with fixed effects led to each capital having its own
intercept, serving as its own control, which allowed the
adjustment for unmeasured variables that did not change with
time (such as census data, which are updated every 10 years)."?

For choosing the model with the best fit, we considered the
Akaike Information Criterion (AIC)." The lower the AIC, the
better the fit. We also estimated the incidence rate ratio (IRR)
and its respective confidence interval, considering as reference
a 95% confidence interval (95% Cl). Statistical analysis was
performed using Stata software, version 14.0. This study only
used data available in the public domain, thus not requiring
assessment by a research and ethics committee as it does not
fit the terms of Resolution 466, of December 2012."

Results

Between 2007 and 2016, 189 634 deaths due to AMI
were reported in Brazilian state capitals; 41.7% of them were
out-of-hospital deaths. The mean mortality rate per 100 000
inhabitants in state capitals was 25.2 + 1.3 for in-hospital
deaths and 18 = 1.2 for out-of-hospital deaths. The temporal
evolution of the annual rate for all capitals in both groups is
demonstrated in Figure 1.

The highest and lowest mean death rates were reported
in Recife (43.2%) and Palmas (8.7%), respectively, for the
in-hospital group, and in Rio de Janeiro (33.8%) and Macapa
(4.7%) for the out-of-hospital group (Table 1). In many state
capitals, out-of-hospital deaths were more prevalent than
in-hospital deaths: Palmas, Sdo Luis, Rio de Janeiro, Curitiba,
Florianépolis, Porto Alegre, and Campo Grande.

Both groups were statistically different for all the studied
sociodemographic characteristics (Table 2). When comparing
groups, deaths of male patients were more frequent in the
out-of-hospital group (57.4% vs 55.5%). Regarding age groups,
the out-of-hospital group presented more deaths of individuals
aged over 80 years (29.7% vs 26.3%). Married patients had
fewer out-of-hospital deaths (38% vs 46%) (Table 2).

Deaths of people with higher levels of schooling (> 12
years) were less prevalent in the in-hospital group than in the
out-of-hospital group (11.5% vs 12.8%). Skin color was the
characteristic with the smallest difference between groups: a
discrete reduction in black individuals was observed in the
out-of-hospital group (Table 2).

The negative binomial regression models with fixed effects
provided better fit for both groups. AIC values for each model
with fixed and random effects are described in Table 3.

For the in-hospital group, the regression model showed that
a higher MHDI reduced the incidence of deaths (IRR = 0.44;
95% Cl = 0.33-0.58), while higher expected years of
schooling were associated with higher incidence (IRR = 1.09;
95% Cl = 1.03-1.15).
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Population corrected by linear interpolation and extrapolation. Data from demographic census of 2000, 2010, and IBGE projection for 2017.

Figure 1 - Temporal evolution of in- and out-of-hospital mortality rates due to acute myocardial infarction (AMI) per 100 000 inhabitants. Brazilian state
capitals, 2007-2016. IBGE: Brazilian Institute of Geography and Statistics. Source: DATASUS. Vital statistics.

For the out-of-hospital group, residing in the South
and Southeast regions increased the incidence of deaths
(IRR = 2.84; 95% Cl = 1.67-4.85), while higher expected
years of schooling were associated with a reduction in deaths
(IRR = 0.86; 95% CI = 0.77-0.97).

The Gini coefficient did not present statistically significant
differences between groups. The results of regression models
for both groups are presented in Table 4.

Discussion

In- and out-of-hospital deaths due to AMI presented
differences regarding the sociodemographic characteristics
and municipal development indices considered in this study.
The assessment of Brazilian state capitals guaranteed that
deaths did not happen due to unavailability of specialized
care and characterized a nation-wide coverage of the
sample, since state capitals account for 23.8% of the Brazilian
population.®

The prevalence of deaths due to AMI is high.
Anatomopathological studies show that, of all out-of-
hospital cardiac arrests, AMI is responsible for almost
half the deaths when considering all ages; this proportion
increases progressively with age."” In addition, the
association of precordial pain with subsequent cardiac
arrest shows near 100% accuracy for AMI diagnosis in some
anatomopathological studies.'® In clinical practice, it is known

Arq Bras Cardiol. 2021; 117(2):319-326

that aortic dissection, pulmonary thromboembolism, and
other acute or potentially acute causes can also progress
with precordial pain and death in a short period of time and
could be misclassified, but these are much less prevalent
than AMI.3#

Few studies have specifically approached out-of-hospital
deaths precisely due to the lack of medical records and
difficulties in validating data. Most authors consider the SIM
as a reliable system'2° even though out-of-hospital deaths
are more frequently reported as having ill-defined causes,
which could represent a lower accuracy of the SIM regarding
these events.?' It is also known that SIM does not provide,
as open data, whether the causa mortis was confirmed by
the Death Verification Service (SVO), and some state capitals
such as Rio de Janeiro, Brasilia, and Belo Horizonte had not
implemented their own SVO until late 2016.%

The literature shows a trend of reduction in mortality rates
due to AMI since the 1960s worldwide and since the 1990s
in Brazil."? However, in this study, analysis of the trend curve
showed that in-hospital mortality due to AMI is stable, with
a slight trend of reduction, while out-of-hospital mortality
increased in the studied period. A detailed analysis of these
trends can be performed with specific analytic tools, which
is not within the scope of this study.

In-hospital mortality rates are higher in the Southeast region,
in some capitals of the Northeast region (Natal, Joao Pessoa, and
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Table 1 — Mortality rates due to acute myocardial infarction in Brazilian state capitals from 2007 to 2016 (deaths/100 000 inhabitants).
Mean, standard deviation (SD), and minimum (Min) and maximum (Max) recorded values

In-hospital (H) Out-of-hospital (OH) % OH
Mean SD Min - Max Mean SD Min - Max Mean
Porto Velho 13.12 2.38 10.15 - 18.53 12.14 5.34 6.28 - 22.40 48.06%
Rio Branco 14.17 3.40 10.42 - 19.33 10.04 3.52 5.95-14.88 41.47%
Manaus 14.35 1.86 11.71-17.32 4.88 2.07 2.22-9.10 25.38%
Boa Vista 12.49 2.83 7.39-16.18 9.35 1.71 5.63 - 11.61 42.81%
Belém 18.51 3.07 14.99 - 23.47 17.53 3.67 12.49 - 22.39 48.64%
Macapa 10.44 3.26 5.52 - 16.83 474 3.56 1.00 - 11.55 31.23%
Palmas 8.68 2.26 4.82-11.65 13.43 5.11 5.69 - 22.57 60.74%
Séo Luis 18.66 2.15 15.96 - 21.93 20.17 4.45 13.30 - 26.90 51.94%
Teresina 21.40 1.85 18.08 - 25.05 13.84 2.96 10.93 - 20.90 39.27%
Fortaleza 16.88 1.33 14.35-18.19 6.38 1.86 3.71-9.42 27.43%
Natal 23.46 2.68 21.52 - 30.11 23.40 5.75 16.32-31.85 49.94%
Jodo Pessoa 2517 1.70 21.84-27.37 21.76 3.01 17.97 - 25.98 46.37%
Recife 43.16 5.54 36.96 - 51.37 21.23 2.21 15.95 - 23.61 32.97%
Maceio 17.77 1.91 14.69 - 20.05 14.20 2.94 10.29 - 18.80 44.42%
Aracaju 17.02 1.82 14.53 - 20.37 11.82 2.80 8.58 - 18.38 40.98%
Salvador 16.19 1.48 13.04 - 17.98 9.47 1.72 6.65 - 13.49 36.91%
Belo Horizonte 15.00 1.48 13.01 - 17.56 9.11 0.60 7.75-9.94 37.79%
Vitoria 21.70 4.37 15.56 — 27.65 18.34 1.40 16.04 - 19.83 45.80%
Rio de Janeiro 32.68 2.55 29.35-38.17 33.75 2.61 27.93 - 36.72 50.81%
S&o Paulo 36.41 2.07 33.62 - 39.72 17.84 1.73 15.84 - 20.66 32.88%
Curitiba 16.87 1.71 14.56 - 18.84 23.42 1.84 20.49 - 25.86 58.13%
Floriandpolis 16.55 2.34 12.58 - 19.84 16.95 4.00 10.92 - 24.22 50.60%
Porto Alegre 23.22 1.65 21.07 - 26.90 30.46 3.18 25.33 - 34.84 56.74%
Campo Grande 18.00 1.70 16.12 -21.48 33.30 10.59 22.75 - 56.81 64.91%
Cuiaba 20.42 1.78 18.62 - 24.13 15.49 4.72 10.52 - 23.59 43.14%
Goiania 17.57 2.55 13.44 -21.89 13.43 3.21 9.52 - 19.34 43.32%
Brasilia 15.86 1.19 14.36 - 18.23 7.55 2.46 4.20-12.10 32.25%

Source: DATASUS. Vital statistics.

Recife), and in Porto Alegre. On the other hand, out-of-hospital
mortality is higher in the South region, in Rio de Janeiro, Campo
Grande, and the same northeastern capitals where in-hospital
mortality is higher. Recife stood out with a notably high mortality
when compared to other northeastern capitals, with a global
death rate that was only lower than that of Rio de Janeiro among
all capitals.

The main hypothesis of studies explaining higher out-of-
hospital mortality is a longer time between symptom onset and
arrival at the hospital. A systematic review published in 2010
considered 42 studies and observed that women and older
patients took longer to receive hospital treatment.?* Paradoxically,
in our study we observed that out-of-hospital mortality was higher
in men and in patients aged over 80 years. More than 70% of
deaths occurred among older people (> 60 years), and men
presented higher mortality due to AMI in both groups.

Other studies observed that married patients took less time to
arrive at the hospital.*#?* Our results indicated that out-of-hospital
mortality was lower in married patients, probably because these
had a partner that could help them access hospital care.

Out-of-hospital mortality was slightly higher in patients with
higher levels of schooling. Although people with higher levels of
schooling have higher survival rates after an AMI,?*%” this may not
significantly affect the acute episode, since initial care by a non-
specialist and even self-medication may delay proper care.?**

A higher MHDI is associated with a reduction in in-hospital
mortality (IRR = 0.44; 95% Cl = 0.33-0.58), with no effect on
out-of-hospital mortality. Cities with higher MHDI probably have
greater availability and quality of therapeutic resources. Studies
that compared countries showed that countries with higher
GDP had higher availability of therapeutic resources and lower
mortality by AML° Similarly, spatial analyses performed in
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Table 2 - Sociodemographic distribution of in- and out-of-hospital deaths due to acute myocardial infarction. Brazilian state capitals, 2007-2016

In-hospital Out-of-hospital p-value *
n (110 549) % Zt n (79 085) % Zt

Sex <0.001
Male 61304 55.45 -3.58 45389 57.39 4.24

Female 49245 44.55 4.06 33696 42.61 -4.81

Age Group <0.001
<1 year 50 0.05 3.43 3 0 -4.06

1-4 years 3 0 0.95 0 0 -1.12

5 -9 years 2 0 0.19 1 0 -0.22

10 - 14 years 14 0.01 -0.15 11 0.01 0.18

15 - 19 years 207 0.19 373 67 0.08 -4.42

20 - 29 years 685 0.62 0.97 447 0.57 -1.14

30 - 39 years 1877 1.7 -6.02 1821 2.31 7.12

40 - 49 years 6991 6.33 -6.10 5904 7.47 7.22

50 - 59 years 17 580 15.91 -0.98 12788 16.19 1.16

60 - 69 years 25204 22.81 473 16 745 21.20 -5.60

70 - 79 years 28 847 26.10 10.22 17 729 22.45 -12.09

> 80 years 29 052 26.29 -9.02 23 471 29.72 10.67

Marital status <0.001
Single 20 517 19.73 -17.49 19 489 25.82 20.53

Married 47 417 45.60 15.72 28719 38.05 -18.46

Widowed 28 478 27.39 -0.53 20 826 27.59 0.62

Separated 7575 7.28 -6.10 6448 8.54 7.16

Schooling <0.001
llliterate 9365 10.77 -1.01 7190 11.02 1.17

1-3years 25243 28.92 5.87 17 315 26.55 -6.78

4 -7 years 23 509 27.04 -1.71 18 079 27.72 1.98

8- 11 years 18 941 21.79 -0.34 14 275 21.89 0.39

> 12 years 9982 11.48 -4.94 8366 12.83 5.71

Skin color / ethnicity <0.001
White 64 689 61.21 0.45 46 734 60.96 -0.53

Black 7791 7.37 1.79 5383 7.02 -2.10

Yellow 950 0.9 -1.98 798 1.04 2.33

Brown 32 186 30.46 -1.17 23715 30.93 1.37

Indigenous 60 0.06 0.35 39 0.05 -0.41

* Chi-squared test. { Standardized residuals of the chi-squared test. Source: DATASUS. Vital statistics.

Brazilian cities showed an increase in mortality by AMI in
poorer neighborhoods.”3"3? A spatial analysis performed in
Rio de Janeiro observed that lower HDI, calculated for each
neighborhood, was an important risk factor for deaths due to
cerebrovascular diseases, which share their physiopathology
and risk factors with AML.®

Residing in the South and Southeast regions increased
the incidence of out-of-hospital deaths (IRR = 2.84; 95%
Cl = 1.67-4.85). We observed that, in all capitals of the
South region and in Rio de Janeiro, out-of-hospital deaths

Arq Bras Cardiol. 2021; 117(2):319-326

were more prevalent than in-hospital deaths. This finding
can be explained by various hypotheses. One of them is that
health care services in these regions are better equipped,
which could partially explain the reduction in in-hospital
deaths in cities with a higher MHDI. Since the in-hospital
mortality rate is lower, deaths of patients that could not
receive timely care prevailed.

Another hypothesis is that some of these capitals present
a larger older population, more susceptible to AMI and
with lower locomotion abilities, in addition to the fact that
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Table 3 - Akaike Information Criterion (AIC) values for the Poisson and negative binomial regression models* regarding deaths due to
acute myocardial infarction occurred in Brazilian state capitals from 2007 to 2016 in the in- and out-of-hospital groups

In-hospital Out-of-hospital
Poisson Negative binomial Poisson Negative binomial
Fixed effects 2344 2137 3458 2339
Random effects 2778 2565 3893 2777

* Independent variables: residing in the South and Southeast regions, municipal human development index, expected years of schooling, and Gini coefficient.

Table 4 - Results of negative hinomial multiple regression models with temporal adjustment according to the place of occurrence
of deaths due to acute myocardial infarction in each of the Brazilian state capitals from 2007 to 2016. Models were weighted by the

population of each capital and analyzed with fixed effects.

In-hospital Out-of-hospital
IRR* p Cl (95%) IRR* p Cl (95%)
South/Southeast regions 0.90 0.752 0.49; 1.67 2.84 < 0.001 1.67; 4.85
MHDIt 0.44 <0.001 0.33; 0.58 1.26 0.347 0.77; 2.07
Expected years of schooling 1.09 0.004 1.03; 1.15 0.86 0.017 0.77;0.97
Gini coefficientf 0.28 0.102 0.60; 1.28 1.02 0.988 0.05; 20.39

* IRR: incidence rate ratio. 1 MHDI: municipal human development index. } Gini coefficient: assesses inequality in income distribution. Higher values

demonstrate higher inequality.

these cities are larger and more densely populated, which
could represent a great logistical challenge regarding the
access to health care services and fast transportation of sick
patients.?’*> Moreover, the unhealthy lifestyle, inadequate
diet, and higher smoking rate, daily stress, and physical
inactivity rate associated with excessive urbanization may
increase the risk of AMI,*-3¢ which could also justify higher
mortality rates due to AMI in these cities.

Expected years of schooling showed opposite results
between in- and out-of-hospital groups. Capitals with higher
expected years of schooling presented more in-hospital
deaths (IRR = 1.09; 95% Cl = 1.03-1.15) and less out-
of-hospital deaths (IRR = 0.86; 95% Cl = 0.77-0.97). The
AFIRMAR study considered risk factors for AMI in Brazil
and showed that higher schooling was correlated with a
lower risk of AMI (odds ratio [OR] = 0.68; p = 0.0239)
only when the patient’s income was higher.>” Although in
our study there were more out-of-hospital deaths among
patients with higher levels of schooling, the inhabitants of a
city with higher expected years of schooling probably have
better access to information, with better knowledge on signs
and symptoms, resulting in a change from out-of-hospital
deaths to in-hospital deaths.

Strengths of this study include new contributions to
understanding the dynamics of deaths by AMI, especially
the out-of-hospital ones, which are little known. The choice
of state capitals as sample guarantees the representation of
every Brazilian federative unit and coverage of 23.8% of the
Brazilian population.

The use of negative binomial regression models with
temporal adjustment and weighted by population size has
the advantage of letting each capital have its own intercept,
serving as its own control, which allows the adjustment

for unmeasured variables that do not change with time, in
addition to the possibility of directly modelling the number of
events instead of rates, which can suffer variations according
to changes in numerators and denominators.

Limitations of this study include the use of an ecological
and convenience approach for analyzing a time series, in
addition to the lower quality of data regarding out-of-hospital
deaths. Another limitation involved the use of municipal
development indices obtained by the demographic census
that, although consist of an alternative for estimation, do not
consider the variations and fluctuations that occurred during
the interval between data collections.

Conclusion

This study brought new information regarding deaths by
AMI in state capitals. In- and out-of-hospital deaths presented
differences in temporal trends, sociodemographic characteristics,
MHDI, expected years of schooling, and whether patients resided
in the South and Southeast regions.

As opposed to what is reported by the literature regarding
global mortality by AMI, out-of-hospital mortality is increasing
in Brazilian capitals. In comparison with the in-hospital group,
out-of-hospital mortality affected more men, people older than
80 years, and unmarried people. Schooling was a factor that
converted out-of-hospital mortality into in-hospital mortality.
Residing in the South and Southeast regions was associated with
a higher incidence of out-of-hospital deaths, while higher MHDI
was associated with a lower incidence of in-hospital deaths with
no statistically significant effect on out-of-hospital deaths. Further
studies are necessary to verity if these differences also happen in
other cities, where conditions for AMI treatment are generally
more precarious.
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Data presented in this study have helped us better understand
the reality and trends of mortality in Brazilian state capitals and
may contribute to guiding public policies for reducing mortality
due to the most prevalent cause of death.
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Short Editorial related to the article: In- and Out-of-Hospital Deaths by Acute Myocardial Infarction in Brazilian State Capitals

Epidemiological studies are the mainstay to better
understand and plan regional healthcare. It is also very
important to implement programs for quality-of-care
evaluation and improvement. To fulfill that last objective,
prospective registries and retrospective analysis of real-life
clinical practices are essential. Continuous national registries
can support continuous quality improvement at the hospital
and country level and have proven to be effective in both
Europe and North America."” These systems use continuous
data collection and provide online reports focusing on
the processes of care and outcomes concerning common
cardiovascular diseases and interventions.! Another approach
is to use data from non-dedicated national healthcare
databases. However, most databases were not developed
for such specific analysis and information is rather limited.

Lucena de Abreu et al.? present an interesting study in this
journal.? They analyzed in-hospital and out-of-hospital death
rates by acute myocardial infarction (AMI) from 2007 to 2016
in 27 Brazilian state capitals, representing approximately 24%
of the Brazilian population. This topic is important, given
that, in a literature review of medical journals over the past
ten years, this information is lacking, and, for this reason,
the reality in South America is virtually unknown. The last
information available was a study published in 2020 with
a retrospective review of temporal trends on mortality due
to acute myocardial infarction in Brazil from 1996 to 2016,
which showed a general decrease, especially in the capital
cities, but regional inequalities were also observed.?

In the present study,? the authors analyzed data from the
Mortality Information System of DATASUS. In a temporal
analysis, they found that in-hospital deaths due to AMI,
reported as a mortality rate per 100.000 inhabitants, had
a very low decrease over time. By contrast, out-of-hospital
deaths due to AMI steadily increased, but it is still lower,
when compared to in-hospital deaths. Despite this, globally,
42% of AMI deaths were out-of-hospital. Data showed a very
large variability between state capitals, and some differences
were also found regarding socioeconomic variables between
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in-hospital and out-of-hospital deaths. Particularly, out-of-
hospital deaths were more incident in males, octogenarians,
and single individuals. In-hospital death was inversely
associated with a higher Municipal Human Development
Index, which was an expected finding, because a higher
index can be related to better hospitals and quality of
care. Surprisingly, they also found a direct association with
expected years of schooling, with individuals with longer
years of school showing higher death rates. We would expect
that those individuals with higher economic income would
resort more easily to better equipped hospitals, but this
result is probably biased. No multivariate adjustment was
made, and a possible negative impact might have resulted
from data from major capital cities, like Sdo Paulo or Rio
de Janeiro, with the highest death rates, associated with a
very large population, important economic disparities, and
differences in health care access, but also higher school
years compared to other capitals. Out-of-hospital deaths
were inversely associated with expected years of schooling,
as we might expect from difficulties in healthcare access,
and directly associated with South and Southeast regions.
This regional difference mandates a full characterization of
regions to understand the main differences found between
them, and this is not clarified in the present manuscript.?

Of particularly relevance, is the finding that both in-
hospital and out-of-hospital death rates per 100.000
inhabitants are extremely high in the main capitals, Rio de
Janeiro, and Sao Paulo. Although quality of care is expected
to be better in those two capitals, the high population rate,
with a significant proportion from a very low socioeconomic
background, can be associated with major difficulties and
delays in healthcare access. Another important finding is that
out-of-hospital death rates by AMI are higher in the South
and Southeast capitals, as well as in Rio de Janeiro.

This study? shed some light on the understanding of the
dynamics of death rates by AMI, particularly regarding those
occurring out-of-hospital, because this has not been previously
addressed. However, important limitations are present. As the
authors mentioned, the specific cause of death in out-of-hospital
deaths, excluding death by trauma or infectious diseases, is
usually not very precise. It lacks clinical data, because most cases
are not submitted to autopsy and death certificates are in fact the
result of an educated guess. In older age groups, AMI or stroke
are probably the most frequent diagnosis in death certificates
without clinical confirmation. Itis true that most out-of-hospital
cardiac arrests are caused by AMI, particularly when it is possible
to retrieve an information of previous precordial pain. But there
are other causes for precordial pain that are as deadly or even
more deadly, when compared with AML. If aortic dissection is


https://orcid.org/0000-0001-6061-9663
mailto:ana_timoteo@yahoo.com

Rocha& Aguiar
NSTE-ACS at the Emergency

Short Editorial

rather rare, acute pulmonary embolism is somewhat a frequent
and very often overlooked cause of precordial pain and cardiac
arrest. This study also showed the reality of urban areas, but it
lacks national representativeness, because more that 75% of
the Brazilian population was not included.

For all these reasons, this first study opens a window
on that subject, but additional studies are essential for
a complete characterization. It is important to address
inequalities between capitals, particularly in healthcare
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Abstract

Background: Cardiovascular diseases (CVD) and cancer are the main causes of death worldwide. These diseases
share many risk factors. Control of traditional risk factors for CVD was associated with lower incidence of cancers.

Objective: To analyze CVD and cancer mortality rate trends in Brazilian population aged 35-74 years from 1996
to 2017.

Methods: Crude and age-adjusted death rate trends were analyzed for all causes of death, CVD, and cancer. Data
were obtained from mortality database of the Ministry of Health. Joinpoint Regression Program performed analysis
of trends and adjustments in death rates. The degree of changes was determined by the average annual percent
change (AAPC). Level of statistical significance was set at p <0.05.

Results: Mortality from all causes of death (AAPC=-1.6%; p<0.001), CVD (AAPC=-2.3; p<0.001), ischemic heart
disease (IHD) (AAPC=-1.6; p<0.001) and stroke (AAPC=-3.7; p<0.001) declined. Same trends were observed for CVD
(p<0.001) in men and women. Death rates from all causes of cancer (AAPC=-0.1; p=0.201), in men (AAPC=-0.1;
p=0.193) and in women (AAPC=-0.1; p=0,871) remained unchanged. In 2002, mortality from cancer exceeded the
sum of deaths from IHD and stroke. If trends continue, cancer mortality will also exceed mortality from CVD by 2024.
In women, death rates from breast, lung and colon cancer increased, and from cervical and gastric cancers decreased.
In men, mortality from lung, stomach and esophagus cancer decreased, and from prostate cancer remained unchanged.

Conclusion: CVD are currently the leading cause of death in Brazil, but death rates from cancer will exceed those
from CVD in a few years.

Keywords: Cardiovascular Diseases/mortality; Epidemiology; Mortality; Brazil; Stroke; Neoplasms; Myocardial Ischemia.

Introduction

Cardiovascular diseases (CVD) and neoplasms are the
leading causes of death in Brazil and worldwide."? In 2017,
chronic non-communicable diseases (NCD) were responsible
for 73.4% of world mortality. It is believed that more than
85% of premature deaths due to NCD, of people aged 30 to
69 years, occurred in low-income countries.? Ischemic heart
disease (IHD) and stroke accounted for approximately 60%
of deaths from CVD. A previous study in Brazil showed a
downward trend in mortality from CVD from 1980 to 2012.*
During this period, stroke mortality reduced more significantly
than IHD mortality. Death rate from CVD had important
regional variations in Brazil, with the highest rates in the
southeast and south regions,” and convergence of mortality
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from IHD and stroke in the five regions. The convergence of
death rates in these regions occurred earlier for stroke, around
1999, and later for IHD in 2007.

According to the World Health Organization (WHO),
cancers were the second leading cause of death from NCD in
the world population.’In many developed countries, cancers
were the leading cause of death in adults under 70 years of
age. In the USA, cancer death rate was higher than CVD
death rate in the 45 to 64 age group from 1999 to 2017,°
and decreased by 27% from 1991 to 2016. From 2007 to
2016, the annual reduction was 1.4% in women and 1.8%
in men.” In Brazil, cancers were the second leading cause of
death in 2017."

CVD and cancers share some risk factors. The main risk
factors for CVD are also associated with higher incidence
of cancers. Recent meta-analysis showed that each risk
factor for CVD — smoking, hypertension, diabetes, obesity,
excessive alcohol consumption, physical inactivity and low
socioeconomic status — was associated with higher incidence
of cancers.? On the other hand, control of the main risk factors
for CVD was associated with a significant reduction in the
incidence of cancer.” Therefore, control of CVD risk factors
has also a significant impact in reducing cancer death rate.
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This study analyzed trends in death rates from all causes,
CVD, IHD, stroke and cancer in women and men of the
Brazilian population from 1996 to 2017.

Methods

We analyzed death rate trends from all causes of diseases,
CVD, IHD, stroke and cancers in Brazilian men and women
from 1996 to 2017. Crude death rate per 100 000 population
was analyzed for each five-year age group between 35 to
74 years. We calculated age-adjusted death rate for this age
group per 100 000 population for the study period (1996-
2017) using the direct method based on WHO world standard
population (2000). Mortality data were obtained from the
Vital Health Statistics of the Ministry of Health DATASUS,
available online at www?2.datasus.gov.br.”® The causes of
death were classified by the 10th revision of the International
Classification of Diseases (ICD). CVD were grouped in codes
100 to 199, IHD in codes 120 to 125, stroke in codes 160 to 169
and cancers in codes C00 to C97. The following codes were
used for lung, gastric, prostate, esophageal, colon, breast, and
cervical cancers, respectively: C34, C15, C61, C15, C18, C50
and C53. The five main causes of death from cancer were
analyzed by sex in period from 1996 to 2017.

Statistical Analysis

We used the statistical program Joinpoint Regression
Program version 4.7.0.0. from the National Cancer Institute,
Division of Cancer Control and Population Sciences for

analysis of age-adjusted death rate trends."" The joinpoint
analysis was used to identify the year (independent variable)
when significant changes in the mortality rate (dependent
variable) occurred during the study period. The degree of
the changes was determined by the average annual percent
change in death rate (AAPC). Slopes of regression lines of
CVD versus cancer and IHD versus stroke were compared
using the Microsoft Excel 2010 with t-statistic and two tailed
t-distribution."? The statistical significance was set at p <0.05.
The study did not require ethical approval as mortality data
were obtained from a public website and identity of individuals
was not known.

Results

CVD and cancer age-adjusted death rate per 100 000
population corresponded to 50% of the death rate from
all causes. CVD and cancer accounted for approximately
30% and 20% of total mortality, respectively (Table 1). CVD
mortality decreased by 38% from 1996 to 2017 and cancer
mortality remained unchanged (p<0.001 for comparisons
of the slopes of regression lines of CVD versus cancer age-
adjusted death rate). In 1996, cancer mortality was 52% lower
than CVD mortality but 22% lower in 2017. If these trends
continue, cancer mortality will equal CVD mortality in the
beginning of 2024 (Figure 1) Likewise, the crude death rate
analyzed, every 5 years, for the 35 and 74 age group showed
that the mortality from CVD was always higher than cancer
death rate (Table 2).
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Figure 1 - Trends in mortality rates from cardiovascular disease (DCV) and cancers in Brazilian population aged 35 to 74 years from 1996 to 2017.
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All-cause mortality

The frequency of the six main causes of death in the
Brazilian population is shown in Figure 2. The percentage
of CVD decreased, and neoplasms increased in the general
population, in both men and women, from 1996 to 2017.
In 1996 and 2017, CVD and neoplasms accounted for,
respectively, 48.4% and 51.0% of deaths in the general
population, 45.0% and 47.4% in men and 53.8% and 56.7%
in women. The all-cause mortality rate, adjusted for age (35
to 74 years of age), is described in Table 1. We observed a
28% reduction in age-adjusted all-cause mortality rate in the
general population (AAPC = -1.6%; p <0.001) and in both
sexes (p<0.001).

The analysis of the crude death rate every five years from
35 to 74 years of age showed a significant reduction in all-
cause mortality in all age groups in the general population (p
<0.001) and in both sexes (Table 3).

Cardiovascular diseases

The frequencies of the main causes of death from CVD
in the general population are displayed in Figure 3. From
1996 to 2017, the percentage of deaths from IHD increased
and from stroke decreased in both men and women. For
the years 1996 and 2017, IHD and stroke accounted for,
respectively, 55.3% and 51.3% of deaths from CVD in the
general population, 59.5% and 58.2% in men and to 51.4%
and 46.2% in women. The mortality rate from CVD, adjusted
for age (35 to 74 years of age) is shown in Table 1. The age-
adjusted death rate from CVD corresponded, on average,

to 31% of all causes of death, decreasing from 33% in 1996
to 28% in 2017. The main causes of death from CVD were
IHD (average of 35% of deaths from CVD), increasing from
33% in 1996 to 37% in 2017, followed by stroke (average of
22% of deaths from CVD), increasing from 18% in 1997 to
25% in 2017. IHD and stroke corresponded on average to
57% of all CVD in the period from 1996 to 2017 (Table 1;
Figure 4). Comparisons of the age-adjusted regression slopes
of IHD versus stroke showed higher reduction in stroke death
rate (-1.58 vs. -2,25, respectively; p<0.001). We observed a
significant reduction in age-adjusted death rate for CVD, IHD
and stroke in the general population, in both women and
men (p <0.0001) (Table 1; Figures 5 and 6). The age-adjusted
death rate for IHD and stroke were two times and 1.5 times
higher in men, respectively, compared to women. However,
comparisons of linear regressions between men and women
showed a greater reduction in death rate from CVD, IHD and
stroke in men (p <0.0001 for all comparisons).

The analysis of the crude death rate every five years from
35 to 74 years of age showed a significant reduction in all age
groups for deaths from CVD, IHD and stroke in the general
population (p <0.001) and in both sexes. The reduction was
greater for stroke compared with IHD (Tables 2 and 4) There
was a significant reduction in the crude death rate from CVD,
IHD and stroke for all age groups.

Cancers

The age-adjusted mortality rate from cancer remained
unchanged from 1996 to 2017, and corresponded, on
average, to 20% of total mortality, increasing from 16% in
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Figure 2 - Frequencies of the six main causes of death in the Brazilian population. CVD: Cardiovascular disease; DSD: Diseases of the digestive system;
ENMD: Endocrine, nutritional and metabolic diseases; External: External causes of morbidity and mortality; GUSD: Diseases of the genitourinary system;
IPD: Certain infectious and parasitic diseases; RSD: Diseases of the respiratory system; Others: Symptoms, signs and abnormal clinical and laboratory

findings, not elsewhere classified.
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Table 1 - Age-adjusted mortality rates (per 100 000 population) from cardiovascular diseases, ischemic heart disease, stroke, and
cancer in total population, men and women, in Brazil from 1996 to 2017

General population 1996 2017 % change AAPC(%) 99%(ClI p
All causes of deaths 1032.24 744.67 -28 -1.6 -1.8 -1.4 <0.000
Cardiovascular disease 342.85 211.94 -38 -2.3 -2.5 -2.1 <0.001
Ischemic Heart disease 111.46 79.19 -29 -1.6 -1.8 -1.5 <0.001
Stroke 85.5 38.6 -55 -37 -39 -35 <0.001
Ischemic heart disease + stroke 196.96 117.78 -40 -2.4 -2.6 -2.2 <0.001
Cancer 166.13 166.37 0 -0.1 -0.4 0.1 0.2
Men

All causes of death 1327.36 964.96 -27 -1.6 -1.8 -1.3 <0.000
Cardiovascular disease 421.96 272.35 -35 -2.1 -2.3 -1.9 <0.001
Ischemic Heart disease 150.23 110.52 -26 -1.5 -1.7 -1.3 <0.001
Stroke 102.9 49.13 -52 -35 -37 -33 <0.001
Ischemic heart disease + stroke 253.13 159.65 -37 -2.2 -2.4 -2 <0.001
Cancer 194.36 187.29 =37 -0.3 -0.5 -0.1 <0.001
Women

All causes of death 764.76 548.76 -28 -1.7 -1.9 -1.5 <0.000
Cardiovascular disease 270.84 159.26 -41 -2.5 -2.8 -2.3 <0.001
Ischemic Heart disease 76.25 51.63 -32 -1.9 -2.1 -1.7 <0.001
Stroke 69.81 29.66 -57 -39 -4.2 =37 <0.001
Ischemic heart disease + stroke 146.07 81.29 -44 -2.8 -3 -2.5 <0.001
Cancer 141.23 149.38 5.8 0.1 -0.1 0.3 0.4

%change: 2017 death rate minus 1996 death rate; AAPC: average annual percentage change; Cl: confidence interval.

1996 to 22% in 2017. Mortality from all cancers exceeded
mortality from IHD and stroke in the year 2002 (Table 1;
Figure 4).

In men, there was a significant reduction in age-adjusted
death rate from all cancers in the period (p<0.001) and
corresponded, on average, to 17% of all-cause mortality,
ranging from 15% in 1996 to 19% in 2017. Mortality rate
from all cancers in men exceeded the death rate from IHD
and stroke in 2008 (Table 1; Figure 5).

Age-adjusted death rate from cancer among women
remained unchanged from 1996 to 2017 and corresponded,
on average, to 23% of all deaths, increasing from 18% in 1996
to 27% in 2017. The age-adjusted mortality rate from cancer
exceeded the death rate from IHD and stroke in the year of
1997 (Table 1; Figure 6). The comparison of the difference of
the linear regression lines between men [y = 203.12 - 0.50 (R2
=0.21; p = 0.099)] and women [y = 146.82 + 0.16 (R2 =
0.05; p = 0.276)] for all cancers was statistically significant (p
= 0.011) showing declining trend for men and an increasing
trend for women.

The main causes of deaths from cancer in men were lung,
gastric, prostate, esophagus and colon cancer. From 1996 to
2017, we observed a reduction in age-adjusted death rate for
lung, gastric and esophageal cancers, and an increase in colon
cancer (p<0.001). Death rate from prostate cancer remained
unchanged in the period (Table 5; Figure 7).

The main causes of cancer in women were breast,
lung, cervical, gastric and colon cancers. From 1996 to
2017, there was reduction in the age-adjusted death rate
for cervical and gastric cancers and an increase in breast,
lung, and colon cancers (p<0.001) (Table 5; Figure 8).

The analysis of death rate from all cancers in five-year
periods showed a reduction in mortality for the age group
between 35 and 54 years, and no change between 55
and 74 years of age in total population and in men. In
women, mortality rate from all cancers reduced only for
age groups between 40 and 49 years and between 60
and 69 years. For other age groups, mortality remained
unchanged (Table 2).

Discussion

This study showed persistent and gradual reduction in
mortality from CVD, IHD and stroke in men and in women.
The reduction was more pronounced in men than in women.

Cardiovascular diseases

The decline in CVD mortality in Brazil was similar to that
observed in developed countries and in many developing
countries. The reduction in mortality was more significant in
countries with a higher sociodemographic index."* Despite the
significant reduction in CVD mortality in the period from 1996
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Table 2 - Crude mortality rates (per 100 000 population) from cardiovascular diseases (CVD) and cancer in the general population in

Brazil from 1996 to 2017

Cardiovascular disease Cancer
Age group 1996 2017 % change  AAPC(%) 99%Cl 1996 2017 % change  AAPC(%) 99%Cl
35-39 47,62 26,36 -45 -2.5* -2.8 -2.2 26,64 25,65 -4 -0.3* -0.5 -0.1
40 - 44 88,85 49,41 -44 -2.8* -3.0 -2.7 49,73 43,99 -12 -0.9* -1.0 -0.7
45-49 153,2 87,01 -43 -2.8* -3.1 -2.6 86,77 76,26 -12 -0.9* -1.2 -0.6
50 - 54 245,94 146,86 -40 2.7 -3.0 -2.4 135,69 130,53 -4 -0.5* -0.8 -0.2
55-59 394,94 229,14 -42 -2.5* -2.9 -2.2 212,25 209,39 -1 -0.1 -0.4 0.2
60 - 64 614,22 383,33 -38 -2.2* -2.4 -2.0 306,56 316,44 3 0.1 -0.1 0.2
65 - 69 936,57 599,92 -36 -2.1* -2.3 -1.9 431,34 441,09 2 0.1 -0.1 0.3
70-74 1449,9 952,99 -34 -2.0* -2.2 -1.8 566,21 610,74 8 0.2 -0.0 0.4
Men
35-39 57,21 32,28 -44 -2.4* -2.8 -2.1 21,47 18,25 -15 -1.0* -1.2 -0.8
40 - 44 109,8 60,55 -45 -2.8* -3.1 -2.6 44,29 34,95 -21 -1.5* -1.7 -1.2
45-49 188,97 106,62 -44 -2.8* -3.1 -2.6 87,5 68,5 -22 -1.5* -1.9 -1.1
50 - 54 188,97 106,62 -44 -2.8* -3.1 -2.6 146,38 130,76 -1 -0.8* -11 -0.4
55-59 501,07 302,72 -40 -2.4% -2.7 -2.1 248,35 226,81 -9 -0.3 -0.7 0.0
60 - 64 775,24 501,75 -35 -2.0* -2.3 -1.8 377,57 374,18 -1 -0.1 -0.3 0.1
65 - 69 1151 777,83 -32 -1.9* -2.0 -1.7 541,39 541,7 0 -0.1 -0.3 0.1
70-74 1715,4 1207,8 -30 -1.7* -1.9 -1.4 725,44 779,78 7 0.2 -0.0 0.5
Women
35-39 38,45 20,5 -47 -2.6* -3.0 -2.3 31,52 32,98 5 0.2 -0.1 0.5
40 - 44 68,57 38,54 -44 -2.9* -3.1 -2.7 54,91 52,82 -4 -0.4* -0.6 -0.3
45-49 118,44 68,14 -42 -2.8* -3.1 -2.6 86,06 83,7 -3 -0.4* -0.7 -0.0
50 - 54 118,44 68,14 -42 -2.8* -3.1 -2.6 125,55 130,31 4 -0.2 -0.6 0.1
55-59 296,71 161,73 -45 -2.7* -3.1 -2.4 179,35 193,43 8 0.2 -0.1 0.5
60 - 64 468,94 278,6 -41 -2.5* -2.7 -2.3 243,39 265,39 9 0.3* 0.1 0.5
65 - 69 748,39 449,47 -40 -2.4% -2.6 -2.1 336,33 356,04 6 0.3 0.1 0.5
70-74 1218,50 751,48 -38 -2.4* -2.6 -2.1 430,65 477,05 1 0.2 -0.1 0.4

%change: 2017 death rate minus 1996 death rate; AAPC: average annual percentage change; Cl: confidence interval; *p<0.001

to 2017, the death rate from CVD in age groups between 35
and 74 years in Brazil remained higher when compared to
other countries. In Brazil, in 2017, the mortality rate in men
was close to that the death rate seen in US men in the latest
update of the American Heart Association (AHA).™ Countries
with the highest CVD death rates in men were, in decreasing
order, Belarus, Ukraine, Russia, Romania, Hungary, Serbia,
Slovakia, Croatia and Czech Republic. CVD death rate in
women in Brazil in 2017 was even worse when compared to
death rate in men, ranking behind only the Ukraine, Russia,
Belarus, Serbia and Romania according to the latest AHA
statistical update.’ Previous study in Brazilian population
showed stabilization in the trend in mortality from IHD from
2007 to 2012.* This same trend stabilization in IHD death
rates was observed in other countries and it was associated
with increased incidence of obesity and diabetes in the
population.’® It is estimated that one of two individuals will
be obese by 2030 in USA." It is believed that the increase
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in the incidence of these risk factors was responsible for the
slowdown in the downward trend in mortality from CVD
in the USA in the period from 2010 to 2017." Our data,
however, indicated that in Brazil, starting from 2013, there
was a resumption of the downward trend of CVD death rate,
probably resulting from a lower prevalence of smoking and
better hypertension control.

Cancer

Trends in mortality rates from all cancers remained
unchanged from 1996 to 2017. The main causes of cancer
death in women were breast, lung, cervical and stomach
from 1996 to 2012 and colon from 2013 to 2017. Increasing
trends in mortality rates from breast, lung and colon cancers
and decreasing trends in deaths from stomach cancer were
observed. The main causes of deaths from cancer in men
were lung, stomach, prostate and esophageal cancer, with
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Table 3 — Crude mortality rates per 100 000 population from all causes of death in the general population in Brazil from 1996 to 2017

General population 1996 2017 % change AAPC(%) 99%CI
35-39 462,36 289,21 -37 -1.8* -2.0 -1.6
40-44 577,73 363,58 -37 -2.0* -2.2 -1.9
45-49 757,12 499,16 -34 -2.0* -2.2 -1.7
50 - 54 1029,54 730,39 -29 -1.8* -2.1 -1.6
55-59 1487,2 1062,17 -29 -1.7* -1.9 -1.4
60 - 64 2137,66 1614,4 -24 -1.5% -1.7 -1.3
65 -69 3118,78 2374,82 -24 -1.5* -1.7 -1.3
70-74 4550,93 3605,81 -21 -1.4* -1.7 -1.1
Men

35-39 462,36 289,21 -37 -2.0* -2.2 -1.8
40-44 577,73 363,58 -37 -2.2* -2.3 -2.0
45 - 49 757,12 499,16 -34 -2.0* -2.3 -1.7
50 - 54 1029,54 730,39 -29 -1.8* -2.1 -1.5
55-59 1487,2 1062,17 -29 -1.6* -2.0 -1.3
60 - 64 2137,66 1614,4 -24 -1.4* -1.7 -11
65-69 3118,78 2374,82 -24 -1.4* -1.6 -1.1
70-74 4550,93 3605,81 -21 -1.2* -1.5 -0.9
Women

35-139 180,12 125,12 -30 -1.5* -1.8 -1.2
40 - 44 260,07 178,54 -31 -1.8* -2.0 -1.6
45-49 388,86 267,28 -31 -1.9* -2.1 -1.6
50 - 54 568,95 400,78 -30 -1.9* -2.2 -1.6
55-59 855,6 599,49 -30 -1.7* -2.0 -1.4
60 - 64 1273,52 928,53 -27 -1.6* -1.8 -1.4
65 - 69 1951,63 1408,09 -28 -1.6* -1.8 -1.4
70-74 3031,34 2257,57 -25 -1.6* -1.8 -1.3

%change: 2017 death rate minus 1996 death rate; AAPC: average annual percentage change; Cl: confidence interval; *p<0.001

decreasing trends in lung and stomach cancer death rates, but
unchanged trends in mortality from prostate and esophageal
cancers. The main causes of death from cancers, but not the
trends in death rates, are close to those observed in developed
countries, where lung cancer was the most important cause
of death followed by prostate cancer in men and breast
cancer in women.'? Since 1990 and contrary to what was
observed in Brazil, decreasing trends in mortality rates from
main cancers were observed in men (lung, prostate and
colon cancer) and in women (lung, breast and colon cancer)
in the United States. The most recent analysis of the death
rate from cancer in USA showed a significant reduction of
2.2% between 2016 and 2017, and attributed, in large part,
to the reduction in lung cancer mortality.?* These variations in
death rates are probably due to different types and levels of

exposure to carcinogens, and availability of imaging services
for early diagnosis. The same downward trends in mortality
from all cancers was observed in men from 53 of 60 countries
in women from 54 of 60 countries according to WHO data
from 2000 to 2010.2* On the other hand, this study showed
that Brazil was one of the few countries where mortality from
all cancers did not decrease and, according to our data, this
trend persisted until (at least) 2017.

Cardiovascular diseases and cancer

This study showed that deaths from CVD and cancers
corresponded to around 50% of all deaths in the period from
1996 to 2017. There was a downward trend in mortality
from CVD, while mortality rates from all cancers remained
unchanged. Previous study showed the same trend of
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Figure 3 — The percentage of the six main causes of cardiovascular death in the Brazilian population. CH: cerebral hemorrhage; CMP: cardiomyopathy;
HF: heart failure; HHC: hypertension and hypertensive cardiopathy; IHD: ischemic heart disease.
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Figure 4 - Trends in mortality rates from cardiovascular disease (CVD), ischemic heart disease (IHD), stroke, and cancer in Brazil from 1996 to 2017.

decreasing mortality from CVD and an unchanged trend
of mortality from all causes of cancer in Brazil. In more
developed countries, however, in addition to the reduction
in mortality from CVD, there was also a reduction in cancer
mortality.> Likewise, a significant convergence of mortality
from these diseases has been observed globally. Our data
showed that CVD mortality in Brazil in 1996 was twice as
high as cancer mortality, while in 2017, CVD mortality was
only 22% higher than cancer mortality. However, in some
developed countries, mortality from cancer was already
higher than from CVD. A recent study showed that cancer

Arq Bras Cardiol. 2021; 117(2):329-340

mortality from 1999 to 2017 was higher than from heart
disease in USA in the 45 to 64 age group.” The same trend
has been observed in several European countries.?® Our
study also showed that since 2002, cancer mortality has
been greater than the sum of death from IHD and stroke.
This trend occurred earlier in women, in 1997, and later
in men, in 2008. Although cancer was the main cause of
death in several countries in this period, a decreasing trend
in mortality from all cancers was observed in most of them,
which was not observed in Brazil, where mortality rates from
all types of cancer remained unchanged.
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Figure 6 — Trends in the mortality of cardiovascular disease (CVD), ischemic heart disease (IHD), stroke, and cancer in Brazilian women from 1996 to 2017.

Study limitations

The poor quality of mortality data in Brazil, exampled
by errors related to the diagnosis and accuracy of death
certificates, deaths associated with unknown causes, and
errors in data entry were the main limitations of the study.
The number of death certificates with diagnosed based
on symptoms, signs, and abnormal clinical and laboratory
findings, rather than on the ICD, is an indirect indicator of
limitations of data quality. Despite progressive improvements,
such certificates are still significantly present in the northeast,
north, and central west regions of Brazil, but much less in the
south and southeast regions. Validation studies for mortality
data are also not available in most states or cities in Brazil.

Conclusion

The Brazilian population has different trends in mortality
rates from CVD and cancer. CVD are still the main causes of
death in the country, but if the observed death rate trends

continue, in a few years cancers will be the main causes of
death in the Brazilian population aged 35-74 years. Therefore,
primary prevention of CVD and cancers should be prioritized,
by intensifying control of the main risk factors for CVD, which
will also affect the incidence of new cancers, and improving
the early diagnosis of cancer.
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Table 4 - Crude mortality rates per 100 000 population from ischemic heart disease and stroke in the general population in Brazil from

1996 to 2017
Ischemic heart disease Stroke
1996 2017 % change  AAPC(%) 99%Cl 1996 2017 % change  AAPC(%) 99%Cl

35-39 13.29 8.07 -39 1,7 -2,2 -1,2 7,75 2,59 -67 -4.6* -5.1 -4.1
40 - 44 26.61 17.66 -34 -2,1* -2,4 -1,8 16,41 6,07 -63 -5.0* -5.3 -4.7
45-49 49.47 32.99 -33 -2,1% -2,3 -1,9 32,28 10,93 -66 -5.3* -5.5 -5.0
50 - 54 81.50 58.58 -28 -1,9% -2,2 -1,6 55,99 19,51 -65 -5.1* -5.3 -4.8
55-59 134.79 93.00 -31 1,7 -2 -1,4 94,01 35,01 -63 -4.5* -4.7 -4.3
60 - 64 211.01 151.31 -28 -1,5% -1,7 -1,3 149,57 67,34 -55 -3.8* -4.0 -3.6
65-69 307.56 223.24 -27 -1,5% -1,6 -1,3 247,26 122,81 -50 -3.3* -3.5 -3.1
70-74 443.13 326.20 -26 -1,6* -1,8 -1,3 415,42 220,28 -47 -2.9* -3.1 -2.7
Men

35-39 18,95 11,53 -39 -1,8* -2.3 -1.2 8,16 2,91 -64 -4.5* -5.1 -4.0
40 - 44 39,03 25,05 -36 -2,3* -2.7 -2.0 18,52 6,59 -64 -5.1* -5.5 -4.8
45-49 70,45 46,04 -35 -2,2% -2.5 -2.0 36,38 11,75 -68 -5.4* -5.7 -5.0
50 - 54 117,12 84,66 -28 -1,8* -2.1 -1.6 64,97 23,53 -64 -5.0* -5.3 -4.7
55-59 188,45 134,54 -29 -1,6* -1.9 -1.3 116,25 44,08 -62 -4.5* -4.7 -4.2
60 - 64 287,28 212,78 -26 -1,3* -1.6 -1.0 186,52 87,85 -53 -3.7* -39 -35
65 - 69 403,3 307,46 -24 -1,2* -1.4 -1.0 305,16 160,48 -47 -3.1* -3.3 -2.8
70-74 556,69 439,34 -21 -1,1* -1.3 -0.9 495,87 285,93 -42 -2.6* -2.8 -2.4
Women

35-39 7,92 4,65 -41 -1.8* -2.5 -1.0 7,35 2,28 -69 -4.7* -5.2 -4.1
40 - 44 14,76 10,44 -29 -1.8* -2.1 -1.4 14,4 5,57 -61 -4.8* -5.2 -4.5
45-49 29,43 20,46 -30 -1.9* -2.2 -1.5 28,36 10,13 -64 -5.1* -5.5 -4.7
50 - 54 47,72 34,04 -29 -1.9* -2.3 -1.5 47,48 15,73 -67 -5.2* -5.6 -4.8
55-59 85,91 54,97 -36 -1.8* -2.5 -1.2 73,75 26,7 -64 -4.6* -4.9 -4.3
60 - 64 143,16 96,96 -32 -1.9* -2.1 -1.7 143,16 96,96 -32 -4.0* -4.2 -3.8
65 - 69 224,89 152,05 -32 -1.8* =21 -1.6 197,26 90,97 -54 -3.6* -39 -3.3
70-74 346,44 236,73 -31 -2.1* -2.3 -1.8 346,93 168,36 -51 -3.2* -3.5 -2.9

%change: 2017 death rate minus 1996 death rate; AAPC: average annual percentage change; Cl: confidence interval; *p<0.001

Sources of Funding Study Association
There were no external funding sources for this study. This study is not associated with any thesis or dissertation work.
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Table 5 - Age-adjusted mortality rates (per 100 000 population) of the main causes of
from 1996 to 2017

death from cancer in men and women in Brazil

Men 1996 2017 % change AAPC(%) 99%ClI

Lung 35.55 27.78 -22 -1.3* -1.6 -1.1
Gastric 25.88 15.83 -39 -2.2* -2.5 -2.0
Prostate 15.51 15.64 1 -0.2 -0.4 0.1
Esophagus 15.73 13.24 -16 -0.8* -1.0 -0.5
Colon 6.69 9.26 38 1.5* 1.3 1.8
Women

Breast 24.44 28.01 15 0.4 0.2 0.6
Lung 11.50 17.80 55 1.9* 1.6 2.2
Cervix 11.22 10.91 -3 -0.9* -1.3 -0.6
Gastric 10.22 6.95 -32 -1.6* -1.9 -1.4
Colon 6.40 8.20 28 1.0* 0.8 1.3

%change: 2017 death rate minus 1996 death rate; AAPC: average annual percentage change; Cl:
*p<0.001

confidence interval.
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Figure 7 - Mortality rates of the five main cause of deaths from cancer in Brazilian men from 1996 to 2017.
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Short Editorial related to the article: Cardiovascular and Cancer Death Rates in the Brazilian Population Aged 35 to 74 Years, 1996-2017

Cardiovascular diseases (CVDs) and cancer are the main
causes of death in Brazil and worldwide. Considering this
epidemiological relevance, the article “Mortality Rates from
Cardiovascular Diseases and Cancer in the Brazilian Population
aged 35 to 74 Years, 1996-2017"," through the analysis of
mortality data from the DATASUS Vital Statistics (Mortality
Information System — SIM), depicts the mortality profile of
these groups of diseases, discusses their evolution between
1996 and 2017, and estimates the future contribution of
these causes of death, if the trends are maintained. The main
findings include the greater current contribution of CVDs
to mortality in Brazil, but with a gradual reduction of their
age-standardized rates. This trend did not occur for cancer
mortality rates — which remain stable —so that, in a few years,
cancer will become the main cause of death in the country.

CVDs and cancer, despite having different etiopathogeneses,
share risk factors (RF), such as smoking, obesity, diabetes,
excessive alcohol consumption and low socioeconomic
status. Therefore, maintaining an optimal cardiovascular
health is inversely proportional to the incidence of cancer.?
Thus, it is important to understand the population exposure
trends to these common RFs over the last decades, when
lifestyle changes resulting from urbanization and population
aging contributed to the high incidence and mortality of both
diseases.® With this information in mind, Mansur and Favarato
analyzed mortality data from all causes for men and women,
CVD, ischemic heart disease (IHD), cerebrovascular disease
(CbVD) and cancer over this 21-year period.

Proportional mortality rates from CVD (30%) and cancer
(20%) accounted for half of the deaths between 1996 and
2017. During this period, the age-standardized mortality
rate from CVD decreased by 38%, which is in line with
the estimates of the Global Burden of Disease 2017 study
published by Malta et al.,* which showed a decrease of 34.8%
from 2000 to 2017. The GBD study tries, when processing
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the country’s primary mortality data through models that
include corrections for underreporting and redistribution of
garbage codes, to minimize the limitations of SIM — such as
disparities in coverage and in the proportion of ill-defined
causes of death, historically higher in less developed states.*

The authors also observed that age-standardized CVD
mortality rates are lower among women and that the decrease
in mortality was more significant in this group. Martins
et al.> considering similar findings, attributed both trends to
women’s greater adherence to screening and prevention of
these diseases in primary health care (PHC), in addition to the
hormonal protection that is known to delay mortality from
CVD among women.®

IHD and CbVD were responsible for 57% of CVD deaths,
with CbVD mortality rates showing a more pronounced
reduction, possibly due to better identification, management
and control of systemic arterial hypertension (SAH) in this
period,® a risk factor more strongly related to CbVD than
IHD — that is more associated with metabolic factors than
CbVD, which showed unfavorable trends in the period.”?

The downward pattern of CVD mortality rate in both men
and women in Brazil is intrinsically related to the implementation
of public policies for the control of RFs — such as those aimed
at smoking control or those allowing access to SAH treatment
— the implementation of urgent and emergency care system in
2003, as well as improvements and expansion of the Primary
Care network in the country.® These measures promote healthy
habits, allow for the early diagnosis and treatment of acute and
chronic CVDs, in addition to the control of its determinants
— the pillars of CVD treatment. Despite this relative success,
it is important to note that CVD mortality rates are still high,
as mentioned by Mansur and Favarato,' and the country still
faces major challenges: the uneven reduction in mortality rates,
which is lower in less developed Brazilian states and among
men, the growing number of deaths due to population growth
and aging, in addition to the increased prevalence of obesity
and its adverse metabolic consequences.®®

Regarding cancer, the study observed that there were
no significant variations in the age-standardized mortality
rate in the general population between 1996 and 2017.
This occurred due to the 5.8% increase in mortality among
women (Mean Annual Percentage Change [MAPC] =0.3%,
p=0.2), despite the significant reduction of 3.7% among
men (MAPC=-0.1%, p<0.001). It is important to note that,
across regions of the country, large differences in mortality
patterns are observed. In the North and Northeast regions,
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for instance, infection-related neoplasms are more usual —
a common characteristic in low- and middle-income countries
— while other regions of Brazil show a pattern similar to that
of high-income countries, with cancer associated with aging
and to chronic conditions.”' Additionally, the North and
Northeast regions show increasing trends in cancer mortality
until 2030, while the trends are stable or decreasing in the
other regions,"" showing how higher mortality, regardless of
the cause, is closely related to poverty, which acts unfavorably
on several fronts: educational, nutritional, and regarding
access to diagnosis and treatment.'

Given the abovementioned facts, a proportional increase
in mortality from cancer is expected as the mortality from
CVD decreases, since the causes of death are competitive.
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Abstract

Background: Brugada Syndrome is an inherited arrhythmogenic disorder characterized by the presence of specific
electrocardiographic features with or without clinical symptoms. The patients present increased risk of sudden death
due to ventricular fibrillation. The prevalence of this electrocardiographic pattern differs according to the studied region.
However, epidemiological information including the Brazilian population is scarce.

Obijectives: To assess the prevalence of the electrocardiographic pattern of Brugada syndrome and the epidemiological
profile associated with it.

Methods: Cross-sectional study that included 846,533 ECG records of 716,973 patients from the electrocardiogram (ECG)
database from the Santa Catarina Telemedicine Network over a 4-year period. All tests were 12-lead conventional ECG
(without V1 and V2 in high positions). The tests revealing “Brugada Syndrome” diagnosis (Types 1 and 2) were reviewed
by a cardiac electrophysiologist. The level of significance was set at p<0.05.

Results: In total, 83 patients had a pattern potentially consistent with Brugada-type pattern ECG. Of these, 33 were
confirmed having Brugada-type 1, and 22 with type 2 ECG after reevaluation. The prevalence of Brugada-type 1 ECG was
4.6 per 100,000 patients. Brugada-type 1 ECG was associated with the male gender (81.8% vs. 41.5%, p<0.001) and a
lower prevalence of obesity diagnosis (9.1% vs. 26.4%, p=0.023).

Conclusions: This study showed low prevalence of Brugada-type ECG in Southern Brazil. The presence of Brugada-
type 1 ECG was associated with the male gender and lower prevalence of obesity diagnosis comparing to the
general population.

Keywords: Brugada Syndrome; Electrocardiography/methods; Obesity; Arrythimias; Heredity; Epidemiology.

Introduction

Brugada syndrome (BS) is an inherited arrhythmogenic
disorder characterized by the presence of specific
electrocardiographic features with or without clinical
symptoms. The patients are mostly young adults and
present an increased risk of sudden death due to ventricular
fibrillation (VF)."? This clinical entity was first described
in 1992 when the Brugada brothers reported 8 cases of
patients with idiopathic VF who had aborted sudden cardiac
death. Those patients presented ECGs showing ST-segment
elevation in the right precordial leads in the absence of
structural heart disease, electrolyte disturbance, or ischemia.’
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The BS belongs to a group of channelopathies
caused by mutations occurring in genes that encode or
regulate sodium channels in the cardiac muscle.* This
genetic transmission pattern has an autosomal dominant
characteristic with mutations of SCN5A and SCN10A genes
linked to the Brugada phenotype.*®

The diagnosis of BS can be made using 12-lead
ECG demonstrating elevation of the J-point in the right
precordial leads."? However, the true prevalence of the
syndrome among the general population is complicated to
estimate because some patients have a transient Brugada-
type ECG.? Itis believed that BS is responsible for 2 to 12%
of all sudden deaths, and at least 20% of deaths in patients
with structurally normal hearts."? Studies conducted
in Asian countries have shown a higher prevalence of
Brugada-type ECG compared to other regions.®” On the
other hand, epidemiological information including the
Brazilian population is scarce. This study was carried out
to identify the prevalence and related characteristics of
patients with Brugada-type ECG in Santa Catarina-Brazil.
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Methods

In this study, we included 846,533 ECG records of 716,973
patients from the electrocardiogram (ECC) database from the
Santa Catarina Telemedicine Network. This is an electronic
tool that helps healthcare professionals to view and diagnose
image tests remotely. The network is connected to primary
healthcare centers and remote regions from more than 250
cities in the State of Santa Catarina, Brazil. It is estimated
that the system processes more than 17,000 ECGs monthly.?

Eligible individuals were all the patients who underwent
a twelve-lead ECG exam and had their records processed in
the Santa Catarina Telemedicine Network from August 2010
to December 2015.

Most tests were performed on an outpatient basis, especially
in primary healthcare units with indication for cardiovascular
assessment in primary care (data not shown). All tests from
our database were evaluated by a trained cardiologist and all
those identified with the descriptor “Brugada syndrome” as a
diagnosis were reviewed by a second cardiologist specializing
in electrophysiology.

We used the Consensus Report of the Current
electrocardiographic criteria for diagnosis of Brugada pattern
as a basis for identifying the electrocardiographic pattern.’
The ECGs were reevaluated using the following criteria: Type
1 (coved pattern) with initial ST-elevation =2 mm slowly
descending and concave or rectilinear with respect to the
isoelectric baseline, with negative symmetric T wave in V1-
V2, and Type 2 (saddle back pattern) — high take-off (r*)
=2 mm with respect to the isoelectric line and followed by
ST-elevation convex with respect to the isoelectric baseline
with =0.05 mV elevation with positive/flat T wave in V2 and
T wave variable in V1.

Only the first confirmed test of each patient was
considered. For comparison, we used the first test of all the
other patients who underwent ECG in the same period and
were not diagnosed with BS. As this is a retrospective study,
without direct access to clinical data of patients, it aimed to
estimate the prevalence of the electrocardiographic pattern of
Brugada syndrome. However, it is not possible to determine
the true prevalence of the syndrome, since those tests that
were phenocopies of the Brugada syndrome, for instance,'
cannot be ruled out. We also compared epidemiological data
between the groups of tests such as age, sex and prevalence
of previous diseases, including diabetes, dyslipidemia,
hypertension, chronic kidney disease, coronary artery disease,
Chagas disease and previous acute myocardial infarction.

Statistical Analysis

Statistical analysis was performed using the SPSS 13.0
software for Windows (SPSS Inc., Chicago, IL, USA). We
used the Kolmogorov-Smirnov test to assess the normality
of continuous variables: all of them had normal distribution
and, then, were presented as mean and standard deviation.
Categorical variables were presented by absolute numbers
and percentages. The quantitative variables between the study
groups were evaluated using the unpaired Student’s t test.
Fisher’s exact test was used to test the association between
proportions. The level of significance was set at p<0.05.

Results

This study included 846,533 tests from 716,973 patients.
Among them, 83 patients had a pattern potentially consistent
with Brugada-type ECG. We excluded 129,560 tests because
they belonged to the same patients. After reassessment of the
tests with BS diagnoses by an expert in electrophysiology, it was
possible to confirm 55 ECGs with Brugada pattern. Of these,
33 tests were diagnosed as Brugada type 1 pattern and 22
tests as Brugada type 2 pattern. The comparison group (with
no diagnosis of BS) had 716,918 patients.

Prevalence of Brugada type 1 or 2 ECG was 7.6 per
100,000 patients. Prevalence of Brugada type 1 ECG pattern
and Brugada type 2 pattern were 4.6 and 3.0 per 100,000
patients, respectively.

The sample characteristics are presented in Table 1. The
mean age of patients in the Brugada type 1 or 2 group was
48.0£16.0 years. There were 78.2% of males in the Brugada
type 1 or 2 group and 81.1% in the Brugada type 1 group,
showing a significantly higher proportion than the general
population evaluated (41.5%) with p<0.001 for comparison.

Regarding the clinical characteristics, patients with Brugada
type 1 or 2 ECG had a significantly lower mean body mass index
(25.4+4.2 kg/m?) than individuals without Brugada (27.5 + 5.6
kg/m?) with p <0.001. In addition, patients with Brugada type
1 or 2 ECG showed a greater mean height (168.0+11.0 cm)
than those without Brugada (163.3=11.7 cm) with p=0.002.
Diagnosis of obesity was significantly less prevalent among
the Brugada type 1 or 2 group (7.3%) compared to general
population (26.4%) with p=0.001. The prevalence of obesity
was also lower in the Brugada type 1 group (9.1%) compared
to the general population with p=0.028.

No patient with Brugada pattern had previous acute
myocardial infarction (AMI), Chagas disease (CD), chronic
obstructive pulmonary disease (COPD) or chronic renal
failure (CRF). There were no significant differences in the
prevalence of previous AMI, CD, COPD, CRF and history of
revascularization among the study groups (Table 1).

Discussion

Our study found a low prevalence of Brugada type 1 ECG
pattern among southern Brazilians (4.6 per 100,000 patients).
Kamakura," in a systematic literature review, showed that
the prevalence of this ECG pattern varies according to the
population and age group studied. The highest prevalence of
Brugada type ECG is found in some Asian countries amongst
young adults, ranging from 0.14 to 7.1%, with an estimated
average of 0.15%.”'*"° In Japan, the prevalence ranges from
4 to 122 per 10,000 inhabitants.”'>'*'¢8 However, Western
countries have a lower prevalence. Studies conducted in Europe
have shown that the prevalence varies from 0 to 0.61% and
an average of less than 0.02% is estimated." "% Likewise, the
Brugada-type ECG has been shown to be uncommon in North
America. The prevalence observed in American and Canadian
surveys ranges from 0.012 to 0.07%.%%" In contrast, we are not
aware of studies that demonstrate the prevalence of Brugada-
type ECG in the Brazilian population, only case reports and a
family prevalence study of BS.2¢
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Table 1 - Demographic and clinical variables of the study population

Brugada pattern types Brugada pattern

No Brugada pattern

Variables ! na(':z)z tx ':;n ; mel; S/:)SD p value* p value 1
mean * SD mean  SD -

Gender

Male 43 (78,2) 27 (81,8) 297131 (41,5) <0,001 <0,001

Female 12 (21,8) 6(18,2) 419603 (58,5) - -
Age (years) 48.0£16,0 48.0¢15,5 50.0+19,6 0,431 0,568
Height (cm) 168.0£11,0 166.8+12,6 163.3+11,1 0,002 0,067
Weight (kg) 72.6+15,6 72.7+17,2 73.6+17,4 0,664 0,776
BMI (kg/cm2) 25.4+4,2 25.7+4,5 27.545,6 0,001 0,084
HBP 19 (34,5) 12 (36,4) 253469 (35,4) 0,994 1,000
Obesity 4(7,3) 3(9,1) 188961 (26,4) 0,001 0,028
DM 6(10,9) 3(9,1) 54732 (7,6) 0,312 0,738
Smoking 1(1,8) 1(3,0) 51645 (7,2) 0,185 0,730
AMI 0(0,0) 0(0,0) 6960 (1,0) >0,999 >0,999
Dyslipidemia 2(3,6) 1(3,0) 63229 (8,8) 0,234 0,361
CAD 6 (11,0) 3(9,1) 92999 (13,0) 0,841 0,794
cD 0(0,0) 0(0,0) 359 (0,1) >0,999 >0,999
CKD 0(0,0) 0(0,0) 2819 (4,0) >0,999 >0,999
COPD 0(0,0) 0(0,0) 8837 (1,2) >0,999 >0,999
Revasc 1(1,8) 1(3,0) 4962 (6,0) 0,268 0,171

*Brugada types 1 and 2 vs. No Brugada, fBrugada 1 vs. No Brugada; SD: standard deviation; BMI: body mass index; HBP: high blood pressure; DM:
Diabetes Mellitus; AMI: previous acute myocardial infarction; CAD: coronary artery disease; CD: Chagas disease; CKD: chronic kidney disease; COPD:

chronic obstructive pulmonary disease; Revasc: previous revascularization.

The prevalence found in this study is lower than data
reported in the literature and may be related to a low prevalence
of Brugada-type ECG among the Brazilian population.
Since the BS is a genetic condition, it is possible that the
genetic variations found in the study population may have
influenced the prevalence of this electrocardiographic pattern.
Corroborating this hypothesis, Bezzina et al.** demonstrated that
ethnicity-related genetic polymorphisms can modulate primary
disease activity causing mutations or influencing susceptibility
to arrhythmia. In the same study, a haploid genetic variant
consisting of six SCN5A gene-related polymorphisms was
identified only in Asian subjects and was not present in white
and black individuals.>> However, more studies are needed to
clarify this issue.

In addition, it is important to recognize that the wide
variation of the prevalence reported in the literature may be due
to the non-standardization of Brugada pattern ECG definitions
used before the publication of the Brugada Syndrome
Consensus Report." " Thus, it is possible that studies conducted
before that year may have overestimated the prevalence of
this electrocardiographic pattern. Likewise, other factors may
have influenced this variation. For example, unlike Brazil, a
large part of the Japanese population has access to annual
health examinations, and several studies about the prevalence
of Brugada-type ECG have been published.”'*'3'® Moreover,
as previously mentioned, the BS appears to have a higher
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prevalence in Southeast and East Asia, so this data cannot be
extrapolated to the population of Western countries.

The gender distribution found in the population of this
study showed a predominance of males (81.8% in Brugada
type 1). Our findings are in agreement with epidemiological
data previously reported.” Japanese studies have shown that
Brugada-type ECG has a predominance of men, comprising
about 90% of all patients with this electrocardiographic pattern.
Matsuo etal.,” in a cohort study, observed that the percentage of
men with Brugada-type ECG was 84% in a population of 43%
of male participants. Similarly, Tsuji etal.,'® in a survey including
26% of male participants, found that 84% of Brugada-type
ECG were observed in male patients. Sukabe et al.’® found a
97% prevalence of Brugada-type ECG among men in a study
comprising of 79% male patients. These data suggest that the
prevalence is higher among males and many multicenter studies
conducted in Western countries have shown similar results to
ours. This indicates that the frequency of men with Brugada-
type ECG in Western countries is significantly lower than the
Japanese population (72-80% vs. 94-96%).%*-°

The higher frequency of Brugada-type ECG among male
individuals found in this paper, similar to the literature,
has been investigated in several studies. Although genetic
transmission occurs in the same proportion between men and
women, the Brugada-type ECG and the clinical manifestations
of the Brugada syndrome are observed around 8 to 10 times
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more in men.***? Di Diego et al.,** in an experimental study,
suggested a cellular basis for this predominance using an arterial
perfusion technique in a canine right ventricle preparation.
They demonstrated that the transient outward current (I ),
which is important to the initial phase of the action potential,
was higher in the right ventricular epicardium of male dogs,
thus corresponding to the mechanism responsible for the male
predominance of the Brugada phenotype. In addition, Shimizo
et al.,"" in a case-control study, demonstrated significantly
higher testosterone levels in men with Brugada-type ECG than
controls. This hormone is known to increase outward currents
(I,)- Consequently, accentuation of the Brugada phenotype such
as ST-segment elevation and subsequent VF episodes in patients
with Brugada syndrome,* is expected. Matsuo et al.** reported
2 cases of asymptomatic patients with persistent Brugada-type
ECG in which the electrocardiographic pattern disappeared
after orchiectomy as a treatment for prostate cancer. Similarly,
Yamakawa et al.* investigated 20,387 Japanese children and
found that the prevalence of Brugada ECG is significantly lower
than in the adult population. The same study, in a comparison
of genders, found a male predominance that increases with
puberty. In contrast, Oe et al.*® studied 6 and 7-year-old
children and found no difference in gender prevalence. These
data suggest that the gender differences among patients with
Brugada-type ECG occurs after adolescence. This is the period
when testosterone levels also increase.

As for the clinical characteristics of this study, patients with
Brugada-type 1 or 2 ECG were taller, had lower BMI and, as a
consequence, less diagnosis of obesity compared to the general
population. When only the Brugada type 1 pattern is analyzed,
there is a non-significant trend towards higher height and lower
BMI, but obesity has also been shown to be less prevalent
than the general population. Likewise, Matsuo et al.,*” in an
epidemiological case control study, found lower mean BMI in
individuals with Brugada pattern than controls. Shimizo et al.*’
had similar results: the study participants were all men who
presented Brugada-type ECG and lower visceral fat parameters
(BMI, body fat percentage and body weight) than controls. They
also observed a strong inverse association between Brugada
syndrome and BML.*! These data, compared to the present study,
suggest an association between low BMI and Brugada phenotype.
Their study also demonstrated that all the visceral fat parameters
were inversely correlated with testosterone levels in both patients
with Brugada pattern and controls.*! It is already known that
testosterone levels in obese men are lower compared to healthy
men of the same age group, and the decrease in total baseline
levels of this hormone is an independent predictor of increased
visceral fat.**#* On the contrary, if weight loss and consequent
decrease in visceral fat would result in an increase in testosterone
levels, weight loss could be a trigger for the Brugada phenotype,
similar to a febrile state.*'** However, this question needs further
studies to be elucidated.

There are some limitations that need to be acknowledged. The
sample may not show the true profile of the southern Brazilian
population, since it only evaluated the electrocardiograms
from the Santa Catarina Telemedicine database, represented
mostly by outpatient evaluations in a primary care setting. Since
this is a retrospective review of an ECG database, the clinical
outcome of these patients is unknown. In addition, it was not

possible to perform a new electrocardiogram with precordial
leads V1 and V2 in higher positions or to perform provocative
tests with sodium channel blockers in cases of diagnostic
doubt." Although all electrocardiograms were evaluated by
trained cardiologists, only those with the descriptor “Brugada
syndrome” were reevaluated by an electrophysiologist:
this fact may have underestimated the prevalence of the
electrocardiographic pattern of the syndrome, since ECG
interpretation varies among different observers. The study
was unable to identify other diagnostic criteria for Brugada
syndrome, so it cannot be established whether these patients
only had Brugada-type ECG or Brugada syndrome. The ECG
features of patients with Brugada syndrome may fluctuate over
time and not be found in only one examination. Although this
may have underestimated the prevalence of Brugada-type ECG
in our study, these fluctuations represent a challenge for all cross-
sectional studies, and cohort studies are required to verify these
data. However, the study bias does not invalidate the findings.

Conclusion

In conclusion, our study identified a low prevalence of the
electrocardiographic pattern of Brugada syndrome in Santa
Catarina. The related characteristics of patients with Brugada-
type 1 or 2 ECG found in this study were: male gender, greater
mean height, lower mean BMI values and, as a consequence,
less diagnosis of obesity compared to the general population. The
related characteristics of patients with only Brugada-type 1 ECG
were: male gender and less obesity than the general population.
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Short Editorial

Brugada ECG Pattern - A Blip on the Radar for a Pontentially

Life-Threatening Condition
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Short Editorial related to the article: Prevalence and Related Characteristics of Patients with Brugada Pattern Electrocardiogram in Santa Catarina, Brazil

The finding of a singular ST-segment elevation in the right
precordial leads was first considered a normal variant." An
initial hint that this electrocardiographic (ECG) sign and sudden
cardiac death (SCD) were possibly associated sprang from a
case series published in 1989.? Three years later, Brugada et
al. reported on eight patients who presented with right bundle
branch block, persistent ST-segment elevation in V1-3, and
multiple episodes of ventricular fibrillation, a new clinical and
ECG syndrome that was later named after them.?> Nowadays,
Brugada syndrome (BrS) still attracts much interest due to its
high prevalence in specific world regions and potential lethality
in otherwise healthy young adults.*?

Accounting for 4% to 12% of all cases of SCD globally and
one fifth of those occurring in structurally normal hearts,® BrS
is an autosomal dominant cardiac disease, with incomplete
sex- and age-related penetrance, caused by dysfunctional
sodium channels.”® Although it is usually silent, BrS is clinically
remarkable for male predominance, manifesting between
the third and fifth decades of life.* Affected patients display
ECG abnormalities and increased susceptibility to cardiac
arrhythmias.® Symptoms, when present, may vary from syncope
to SCD depending on the sort and duration of arrhythmic
events, which often occur at rest or in vagotonic conditions.®

ECG findings include depolarization and repolarization
abnormalities in the absence of overt structural heart disease.*
Two distinct arrangements are currently described: type 1
and type 2 Brugada ECG pattern (BrEP).*? Prominent J waves,
upward ST-segment elevation = 2 mm, and negative T waves in
at least one standard or superior right precordial lead, the type
1 (“coved”) pattern, is the BrS signature, and it is essential to
diagnosis, prognosis, and risk stratification.” However, diagnosis
of BrS is only warranted when type 1 ECG is associated with
arrhythmic symptoms, family history of BrEP or SCD, and
specific surrogate markers.® Otherwise, the individual will be
considered merely a carrier of BrER Conversely, the type 2
(“saddle-back”) pattern, an r” wave followed by elevated and
convex ST-segment, although highly suspicious, is not diagnostic,
and it requires supplementary investigation.®?
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Identifying BrEP frequency and distribution is a cornerstone
for predicting future disease load and guiding public health
policies.’® The epidemiology aspects of BrS and related ECG
patterns were the primary issue in pivotal studies published
in the last three decades. However, determining the burden
of these disorders is not easily accomplished; on the contrary,
it might pose critical caveats.

The first one regards the primarily transient nature of
the underlying electrophysiological substrate, which can
be modulated or induced by drugs and autonomic or
metabolic conditions.®'" Likewise, rather than stagnant,
the BrEP is dynamic and often concealed.® Consequently,
the circumstances, duration, periodicity, and tools used for
ECG monitoring may directly impact the diagnostic yield for
Brugada ECG signs. As electrical abnormalities concentrate in
the right ventricular outflow tract, positioning V1 and V2 in
superior intercostal spaces increases the odds of recognizing
a BrEP compared to a standard 12-lead ECC.

Another pitfall lies in the clinical course. Carriers of
BrEP and most patients with BrS are asymptomatic.® They
do not voluntarily seek health care facilities, and they
may, therefore, be underrepresented in tertiary center
cohorts. Additionally, BrEP is not specific for BrS; other
conditions should be excluded, such as acute myocardial
infarction, electrolyte imbalances, pulmonary embolism,
and mediastinal masses."?

Last but not least, the frequencies of BrEP and BrS differ
significantly worldwide. This wide range is likely due to
the interaction between local/environmental and racial-
specific/genetic aspects.’> However, it may also reflect the
heterogeneity of studies regarding type/number of research
centers, sampling methods, study population characteristics
and size, inclusion criteria, and screening tools. These factors
result in findings that are not always generalizable. Thereby,
the epidemiology of BrS and BrEP remains unknown in many
parts of the globe.™

The first Brazilian study on BrEP was published in the
current edition of Arquivos Brasileiros de Cardiologia."
The authors assessed the telemedicine database for written
reports of standard 12-lead ECG tracings from 716,973
individuals attended in basic health units of over 250 cities
in Santa Catarina, Brazil, between 2010 and 2015. In their
sample, unlike most studies, type 1 (4.6/100000) was more
frequent than type 2 (3.0/100000).">" Interestingly, the
prevalence reported therein was at least ten times lower
than that estimated in Western countries and less than 1% of
that described in Asia, where BrS is endemic, by studies that
also used standard 12-lead ECG.™ The study by Militz et al.
is remarkable for its sizeable study population and extensive
territorial coverage, but whether those values represent all of
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Santa Catarina’s inhabitants and their genetic variation remains
unclear.”> Moreover, these findings cannot be extrapolated to
the entire population of Brazil, a continent-sized country where
each state has a unique blend of races and ethnic origins.
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Abstract

Background: The interruption of the time spent in sedentary behavior (breaks) has been associated with better levels of
cardiometabolic indicators in the adult population, but in adolescents, further investigations are still needed to confirm
these findings.

Objectives: To analyze the association of the number of breaks per day in sedentary behaviors with cardiometabolic
markers and whether it was moderated by nutritional status and excessive time on sedentary behavior in adolescents.

Methods: This is a cross-sectional study of 537 adolescents (52.3% girls), aged between 10 and 14 years, enrolled
in public schools in the city of Joao Pessoa, Paraiba state, Brazil. The number of daily breaks (>100 counts/minutes)
in sedentary time was measured by Actigraph GT3X+ accelerometers. The following cardiometabolic markers were
analyzed: systolic and diastolic blood pressure (mmHg), fasting blood glucose levels, total cholesterol, triglycerides,
HDL-c, LDL-c (all in mg/dL) and body mass index (BMI) (kg/m?). Linear regression was used to analyze the association
between the number of breaks and cardiometabolic markers and whether this association was moderated by nutritional
status and excessive time in sedentary behavior. The significance level of p<0.05 was adopted for all analyses.

Results: The number of daily breaks was negatively associated with BMI (boys — B = -0.083; 95%Cl: -0.132; -0.034 and
girls — 8 = -0.115; 95%Cl: -0.169; -0.061), but not with the remaining cardiometabolic markers. The number of breaks
per day was negatively associated with BMI (8 = -0.069; 95% Cl: -0.102; -0.035), but not with the other cardiometabolic
markers and this association was not moderated by the adolescents’ nutritional status (p=0.221), or by excessive time
in sedentary behavior (p=0.176).

Conclusions: Including breaks in sedentary time seems to contribute to lower BMI values in adolescents.

Keywords: Adolescent; Sedentarism; Adiposity; Cardiometabolic Markers; Blood Arterial; Cholesterol; Glucose;
Triglycerides; Sedentary Behavior.

Introduction

It has been hypothesized that the time spent by adolescents
in sedentary behavior - activities performed in a sitting,
reclining position or lying down., with energy expenditure
<1.5 METs' - may be a risk factor for unfavorable changes
in cardiometabolic markers*? and health-related quality of
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life.* As such, the number of studies that have analyzed the
relationship between sedentary behavior and cardiometabolic
markers has increased in the last decade.”®

The effects of sedentary behavior on cardiometabolic
markers may be related to the decreased activity of the enzyme
lipoprotein lipase (LPL), caused by muscle hypotension,
resulting from prolonged sitting or reclining.” The lower action
of LPL impairs the uptake of triglycerides, glucose, insulin
and the synthesis of high density lipoprotein (HDL-C).%? In
addition, the time spent on these behaviors is associated with
a reduction in the practice of physical activities, especially
those of light intensity,'® decrease in the total daily energy
expenditure,' increase in body fat indicators* and the
consumption of ultra-processed foods.>'*'3

It is estimated that adolescents spend around 10 hours a
day on sedentary behavior,"'* with 30.2% spending more than
eight hours.™ In this sense, the inclusion of interruptions during
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the time spent per day on these behaviors, called breaks, has
been considered as one of the ways to minimize the harmful
health effects resulting from excessive and uninterrupted
exposure to sedentary behaviors."”

The incorporation of breaks in sedentary time reduces
muscle hypotension,'®increasing LPL activity.' The breaks also
promote an increase in total daily energy expenditure due to
an increase in the time of physical activities, especially those
of light intensity,?® which can contribute to less accumulation
of body fat*' and improvement in lipoprotein concentrations.?

In adults, the number of breaks per day has been
associated with a reduction in postprandial glycemia,*' lipid
profile,* and body mass index (BMI),?* as well as in adiposity
control.?’ In adolescents, the number of studies on breaks
and cardiometabolic markers is still relatively low, with
divergent results.>>7152528 Studies that identified significant
associations between breaks and cardiometabolic markers in
this population did not adjust the analyses by sleep duration
and food consumption, 28 were performed with overweight
adolescents?” or those with a family history of obesity?® and
did not assess whether this association was moderated
by nutritional status®® and/or excessive time in sedentary
behavior.'>26:26

Another knowledge gap is whether the association
between the number of breaks and cardiometabolic markers
is moderated by nutritional status and/or time in sedentary
behavior, considering that overweight?>*° and excessive
time in sedentary behavior*®’ are associated with changes
in cardiometabolic markers. Thus, the association between
taking breaks during time spent in sedentary behavior and
cardiometabolic markers may differ (regarding significance
and/or magnitude) according to the individual’s nutritional
status and/or the time spent in sedentary behavior. Thus,
this study analyzed the association between the number of
breaks per day in sedentary behaviors and cardiometabolic
markers and whether it was moderated by nutritional status
and excessive time in sedentary behavior in adolescents.

Methods

This cross-sectional research analyzed data from the first
year (2014) of the LONCAAFS study (Longitudinal Study
on Sedentary Behavior, Physical Activity, Eating Habits and
Adolescent Health). The reference population consisted of
adolescents of both genders, aged 10 to 14 years, enrolled
in 6" grade at public schools in Jodo Pessoa, Paraiba state,
Northeastern Brazil. The LONCAAFS study was approved by
the Human Research Ethics Committee of the Health Sciences
Center at Universidade Federal da Paraiba (Protocol 240/13).

In this study, we analyzed data from a subsample
of adolescents from the LONCAAFS study, which used
accelerometers and underwent a blood test. This choice was
made due to the number of accelerometers available (n =
64), the time available for data collection (school year) and
lack of financial resources. The distribution of the sample and
subsample in the geographic region of the municipality and
the number of students enrolled were similar to that observed
in the reference population. Information on sample selection
and calculation is presented in details in Figure 1.
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Data were collected between February and June and from
August to December 2014, by a trained team. A questionnaire
in the form of a face-to-face interview was applied to collect the
following sociodemographic data: gender (male and female);
age, skin color (brown; black; white; yellow; indigenous,
reclassified as white and non-white); socioeconomic class
[Brazilian Association of Research Companies (ABEP) criteria,
which classifies families into classes A1, A2, B1, B2, C1, C2,
D and E, later reclassified as class A/B (higher class) and C/D/E
(lower class)*" and mother’s level of schooling (incomplete
elementary school, complete elementary school, complete
high school and higher education).

The hours of sleep were measured by the following
question: “on weekdays and on the weekend, what time
do you go to sleep and what time do you wake up?”. Daily
hours of sleep were determined as follows: the difference
between bed and wake times during the week multiplied
by five, added to the difference between these times on
the weekend, multiplied by two. This result was divided by
seven in order to obtain the average weighted number of
hours of sleep per day. This question showed a high level
of reproducibility (intraclass correlation coefficient — ICC =
0.91; 95% CI: 0.88 — 0.93).

Food intake was based on a 24-hour dietary recall.** The
adolescents recorded the food items and beverages they had
consumed on the day before the interview, as well as the
weight and food preparation methods used. Thirty percent
of the sample was replicated to increase the accuracy of the
estimated food intake.** The data were tabulated in the Virtual
Nutri software and the total calorie value was analyzed using
the equation created by the Food and Nutrition Board of
Washington.** In this study we used lipid and saturated fat
(grams), cholesterol (mg), sodium (mg) and fiber (g) values.

BMI was measured with a digital balance, accurate to 100
grams and height was measured with a portable stadiometer.
The measures were taken in triplicate by the same rater and
the average value was used. Nutritional status was determined
by the BMI (BMI = weight [kg] /height [m]?) and classified
according to the criteria of the World Health Organization
(WHO).*

The blood samples were collected in the morning by
nursing technicians and all the adolescents fasted for at least
12 hours before the collection. Levels of glucose (mg/dL),
triglycerides (mg/dL), total cholesterol (mg/dL) and high-density
lipoprotein — HDL-c (mg/dL) were determined usinga Labmax
240 premium automatic biochemical analyzer (Labtest) and
the turbidimetry method. Low-density lipoprotein (LDL-c) was
estimated by the Friedewald, Levy and Fredrickson equation.*

Blood pressure was measured in the right arm using an
Omron HEM — 7200 automatic monitor, at a single visit, with
adolescents in the sitting position, after a five-minute rest. This
instrument showed satisfactory levels of validity in a sample of
adolescents with an age range similar to the present study.*”
Three measurements were obtained (systolic— intraclass
correlation coefficient — ICC = 0.90; 95%Cl: 0.89 —0.91 and
diastolic pressure — ICC = 0.80; 95%Cl: 0.78 — 0.82), with
a one-minute interval between them and the average value
was used as the final result.
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* Error: 4 percentage points;

« Confidence interval: 95%;

e Prevalence of outcome: 50%;
» Design effect (deff): 2;

e Sample: n = 1,582 adolescents.

Calculation of sample size
» Target population: N=9,567 adolescents enrolled in 6th

Grade por N = 9.567 adolescentes matriculados na 6 série;

e Increase of 40% for losses and refusals;

Sample selection

e Conglomerate in single stage;

« Systematic selection of 28 schools (14
municipal and 14 state schools);

» Proportional distribution by region of the
municipality (North, South, East and West)

L

Sample
n = 1475

Sub-sample selection
¢ Random selection of 17 schools (10 municipal
and 7 state) of the 28;
o Proportional distribution by region of the
municipality (North, South, East and West) and
number of students enrolled.

and number of students enrolled.

Y

Invited to use the accelerometer and undergo a blood test
n = 1,046 (70.9% of the sample)

o Refusals: n =42;
e Losses: n = 110;
¢ Exclusions:
- Outside the established age range;
&l -Anyimpairment:n=1;
- Did not follow fasting: n = 12;
- Did not meet the minimum criteria adopted in accelerometer data
reduction (> 10hs/dia e > 3 dias): n = 308.

Final sample
n =537

Figure 1 - Flowchart of the study sampling process

Time spent on sedentary behavior and moderate to
vigorous physical activities and the number of breaks
were measured by Actigraph GT3X+ accelerometers. The
adolescents were instructed to use the accelerometer for seven
consecutive days, attached to the right side of their waist by
an elastic belt, removing it only when sleeping, bathing, and
engaging in aquatic activities or martial arts involving falls.
The accelerometer data were reduced using the ActiLife 6.12
program, adopting the following criteria:*® A 15-second epoch
(reintegrated to 60 seconds); nonuse time > 60 consecutive
minutes of counts equal to zero; used for at least 10 hours a
day for three or more days, including at least one weekend.

Sedentary behavior and moderate to vigorous physical
activity duration were determined based on the thresholds
of Evenson et al.:*® < 100 and > 2,295 counts/minute,
respectively. A break was operationally defined as the number
of times in which the accelerometer recorded 100 counts or
more for at least one minute.*

The number of daily breaks was determined as follows:
average number of daily breaks during the week (Monday to
Friday), multiplied by five, and on weekends (Saturday and

Sunday), multiplied by two, dividing the sum of these values
by seven. This procedure was applied to estimate the weighted
mean of time spent in moderate to vigorous physical activity
and sedentary behavior.

The simultaneous exposure to sedentary behavior and the
daily number of breaks was operationalized as follows: a) time
in sedentary behavior categorized as <8 hours/day and =8
hours/day (excessive time in sedentary behavior) - this cutoff
point was adopted because it was associated with worse
cardiometabolic health indicators in adults*® and there is no
well-established cutoff point for adolescents; b) number of
breaks per day as <100 breaks/day and =100 breaks/day.
This classification was established according to ROC [Receiver
Operating Characteristic] curves, considering that there is no
defined cutoff point for the number of breaks that demonstrate
greater risk or protection regarding cardiometabolic health
and the fact that the amount of 100 daily breaks showed
more balanced values of sensitivity and specificity. Based on
this, four groups of adolescents were created: 1) = 8 hours
of sedentary behavior and <100 breaks/day; 2) = 8 hours of
sedentary behavior and = 100 breaks/day; 3) <8 hours of
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sedentary behavior and <100 breaks/day and; 4) <8 hours
of sedentary behavior and = 100 breaks/day.

Adolescents who did not provide written informed consent
or were absent from school on at least three data collection
visits were considered sample losses. The exclusion criteria
comprised adolescents outside the established age range
(younger than 10 and older than 14 years), any impairment
that hindered or limited physical activity and/or prevented
them from completing the questionnaire; individuals who did
not meet the minimum criteria adopted for accelerometer data
reduction and those who did not fast for at least 12 hours.

Data analysis

To describe the quantitative variables, mean and standard
deviation were used for variables with a normal distribution,
and median and interquartile range for those that did not
have a normal distribution, and absolute (n) and relative (%)
frequencies for qualitative ones. The Kolmogorov-Smirnov
test was used to verify whether the data showed a normal
distribution. The chi-square test was used for the qualitative
variables, and for the quantitative ones, Student’s t test for
independent samples (variables with normal distribution)
and the Mann-Whitney U test (variables with non-normal
distribution) were used to compare the variables between the
included adolescents and those excluded from the analysis.

Simple and multiple linear regression was used to analyze the
associations between the number of daily breaks in sedentary
behavior and cardiometabolic markers and whether they were
moderated by the nutritional status and excessive time in sedentary
behavior. The analysis models were created for each dependent
variable: levels of glucose [mg/dL]; total cholesterol [mg/dL];
triglycerides [mg/dL]; HDL-c [mg/dL], LDL-c [mg/dL]; systolic
[mmHg] and diastolic [mmHg] blood pressure and BMI (kg/m?).

The covariables analyzed were: gender (male = 0
and female = 1); age (in years); socioeconomic class
(A/B=0and C/D/E = 1); skin color (white = 0 and
not-white = 1); mother’s level of schooling (incomplete
elementary school = 0, complete elementary school = 1
and complete high school or higher = 2); hours of sleep
(hours / day); consumption of lipids (g), total saturated fats
(g), cholesterol (mg), sodium (mg) and fibers (g); time using
the accelerometer (minutes/day) and physical activity of
moderate-vigorous intensity (minutes/day) and sedentary
behavior (minutes / day) and BMI, except when this variable
was treated as a cardiometabolic marker in the model.

The selection method for entering the variables in the
adjusted model was the Forward method, and variables that
contributed to the reduction in the residual values, increased
the adjusted R? value of the model, modified the values of
the beta coefficients of the regression of the model by at least
10% of the variable number of breaks per day remained in
the model. The fit quality of the models was assessed based
on the values of the variance inflation factor. When assessing
the fit quality of the models, the values of the variance
inflation factor - VIF - were considered (values <5 indicated
absence of multicollinearity), with residuals in graph form
and homogeneity of variances (Cook-Weisberg test, p=0.05
indicates the presence of homoscedasticity).
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To test the possible moderation of BMI and sedentary
behavior in the association between number of breaks per
day and cardiometabolic markers, the following interaction
terms were created: a) number of breaks/day*sedentary
behavior (<8 hours and =8 hours); b) number of breaks/
day*BMI (without overweight and with overweight). These
terms were included in the adjusted models and considered
as a present interaction when the p value was <0.05. In this
case, the models will be treated separately according to the
classification of sedentary behavior (<8 hours and =8 hours)
and BMI (without overweight and with overweight).

The Wald test was used to compare the mean values of
each cardiometabolic marker between combined exposure
to sedentary behavior (<8 hours and =8 hours) and daily
number of breaks (<100 breaks / day and =100 breaks /
day). In this analysis, the means of each cardiometabolic
marker adjusted by the same covariables of the regression
models were considered. Stata 14.0 software was used and
the significance level was set at p<0.05.

Results

The data of 537 adolescents, aged 10 to 14 years were
analyzed (losses, refusals and exclusions totaled 509 cases,
48.6% of those invited to participate) — Figure 1. The a
posteriori calculation indicated that with an effect size equal to
or greater than 0.05; alpha () of 5%; and up to 12 predictors
in the model, the sample of the present study had a power
equal to 86%.

There was no significant difference (p=0.05) for the
variables gender, age group, socioeconomic class, mother’s
level of schooling and nutritional status between the sample
and subsample of adolescents (data not shown in table).
When comparing the characteristics of the adolescents
included and excluded from the analyses, there was a
higher proportion of adolescents between 12 and 14 years
of age, mothers with a lower level of education, with lower
values of breaks per day, time in sedentary behavior, less
consumption of saturated fat, higher consumption of lipids
and sodium in adolescents who were excluded from the
analyses. No significant differences were identified for the
other variables (p=0.05) - Table 1.

The majority of the subjects were girls, aged 10 to 11 years,
with non-white skin color, belonging to socioeconomic class
C/D/E, whose mothers had at least completed elementary
education and a little more than one-third were overweight.
The time of physical activity, sedentary behavior and number
of breaks the adolescents had was 29.1; 451.0 and 100.3,
respectively (Table 1).

In the simple model, there was a significant association
between the average number of breaks per day and LDL-c
levels (p = 0.030), systolic blood pressure (p = 0.006) and
BMI (p <0.001). In the adjusted analysis, only an association
between the average number of breaks per day and the
BMI (p <0.001) remained statistically significant. Sedentary
behavior and BMI did not moderate the association between
the number of breaks per day and cardiometabolic markers
(Table 2). The final models achieved good quality of fit:
absence of multicollinearity (VIF between 1.03 and 3.39),
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Table 1 - Comparison of the descriptions of sociodemographic characteristics, nutritional status, food consumption, cardiometabolic
markers, physical activity, sedentary behavior and number of breaks in the adolescents included and excluded from the analysis, Joao
Pessoa, Paraiba, 2014

Included in the analyses Excluded from the analyses .
Variables (n=537) (n=472) P

n % n %
Gender 0.281
Male 256 47.7 209 443
Female 281 52.3 263 55.7
Age <0.001
10-11 (years) 344 64.1 230 51.3
12-14 (years) 193 35.9 242 48.7
Socioeconomic class 0.614
AB 170 36.3 144 34.7
C/DIE 298 63.7 271 65.3
Skin color® 0.352
White 16 20.8 87 18.6
Non-white 61 79.2 382 814
Mother’s level of schooling” 0.010
Incomplete elementary school 148 33.5 166 41.9
Elementary school 130 29.4 119 30.1
Complete high school and higher education 164 371 111 28.0
Body mass index (BMI) 0.085
Underweight 14 2.6 14 3.0
Normal weight 326 61.4 321 68.6
Overweight 115 21.7 83 17.7
Obesity 76 14.3 50 10.7
Exposure to sedentary behavior
<8 hours/day 343 63.9 192 66.9 0.386
>8 hours/day 194 36.1 95 33.1

n Mean SD Mean SD pt

Behavior variables
Sleep hours (hours/day)’ 536 9.7 1.6 9.6 1.6 0.871
Numbers of breaks (number/day)" 537 100.3 91.5-108.3 92.0 82.5-104.0 <0.001*
Physical activity (minutes/day)T 537 29.1 17.9-45.1 30.5 16.5- 47.0 0.710*
Sedentary behavior (minutes/day)T 537 451.0 392.7-513.1 432.8 377.0-500.7 0.022¢
Accelerometer usage (minutes/day) 537 855.3 94.9 816.0 109.7 <0.001
Food intake
Lipid (g) 528 71.4 45.4 7.7 515 0.044
Total saturated fat (g)q 528 15.0 8.0-23.0 17.0 10.0-26.0 0.001%
Sodium (mg)q 528 2.055.5 1.420.5-2.852.0 2.161.0 1.534.0-3.053.0 0.028¢
Fibers (g) 528 231 14.2 243 14.4 0.198
Cholesterol (mg) 528 176.8 190.4 188.5 240.2 0.397
Cardiometabolic markers
BMI (kg/m?) 531 19.5 4.0 19.5 3.6 0.410
SBP (mmHg) 537 105.8 9.5 105.2 8.6 0.321
DBP (mmHg) 537 62.4 7.0 61.9 6.9 0.318
Glucose (mg/dL) 537 91.1 10.2 914 23.1 0.819
Cholesterol (mg/dL)$ 536 159.4 317 158.1 321 0.580
Triglycerides (mg/dL) ¥ 534 75.0 56-102 73.0 54-98 0.516%
HDL (mg/dL)$ 536 43.9 9.5 434 9.3 0.463
LDL (mg/dL)$ 536 98.3 28.2 98.2 28.5 0.945

SD: standard deviation; *: chi-square test; t: Student’s T for independent variables; }: Mann-Whitney U test; §: Variables with fewer losses (n = 1); /:
Variable with more losses (n = 101); §: Data presented as median and interquartile range. BMI: body mass index.
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Figure 2 — Comparison of the mean values of BMI, systolic and diastolic blood pressure and glucose between combined exposure to sedentary behavior (SB)
and breaks (BR) in adolescents, Jodo Pessoa, Paraiba, 2014. 1 SB => 8 hours/day; | SB = <8 hours/day; 1 BR => 100 breaks/day e; | BR = <100 breaks/day.

p=0501

1801
_ 16 T T
§i 140
E 1207
E
g -

(1]

40

20

o IR fSBe {BR |SBe )BR JSBe (BR

Ty

(1G]

p=10.850

ju-|

- _ _
==

3w =
B 30
=

201

10+

O1SBe |BR 1SBe BE |SBe |BR |SBe [BR

Triglycerides (mg/dL)

LIDL (mgidLy

cEHEELRAEE

SHe LB

BShe \BR 1SHelBR JSBe 3R SBe [BR

p =002

HH

p=0.450

HH
H

1SBc {BR |SBe JBR [SBe (BR
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In the present study, adolescents who took more breaks had
lower BMI values, reinforcing the findings of other studies.?® In
terms of clinical relevance, the effect of breaks on BMI showed a
low magnitude (for each performed break, a decrease of 0.069
kg/m? in BMl is estimated - effect size = 0.076). Despite this fact,
the inclusion of breaks can be an easily implemented practice in
the adolescents’ life context, and may be one of several actions
to be used in interventions aimed at reducing and/or controlling
the BMI.

Moreover, breaks during sitting time tends to promote greater
energy expenditure, due to the increase in physical activity. In a
study with adults, Jddice et al." observed that a break resulted in
an average increase of 1.49 kcal/min in energy expenditure when
compared to remaining in the standing position. In adolescents,
since breaks may result in energy expenditure similar to that of
adults, taking 100 breaks a day would be the equivalent to having
a 30-minute walk at moderate intensity.** It has been found that
more prolonged sedentary behavior is related to fewer leisure
physical activity breaks* and greater consumption of sweets,
soft drinks and industrialized/ultraprocessed foods.*® As such,
adolescents who had more daily breaks could engage in more
prolonged leisure physical activity and had a lower intake of these
food items. Finally, since this is a cross-sectional study, we cannot
exclude the possibility that adolescents with a higher BMI would
exhibit more spontaneous movement throughout the day, resulting
in fewer breaks in sedentary behavior.

The following are strong points of this study: 1) data were
collected from a representative sample of 6™ grade-schoolchildren
from public schools in a city located in Northeastern Brazil and
exhibited sufficient power to test the study hypotheses; different
cardiometabolic markers were analyzed and 2) important
confounding factors were considered regarding the relationship
between sedentary behavior and cardiometabolic markers
(physical activity, hours of sleep and food intake).

The following were study limitations: not measuring the
adolescents’ degree of sexual maturation , a factor that can
influence cardiometabolic markers*** and some types of
sedentary behavior;* reinstating the epoch accelerometer
data from 15 to 60 seconds, which could have underestimated
sedentary behavior time® and the magnitudes of the associations
and the measurement of breaks during sedentary behavior using
an accelerometer that measures body acceleration and not
postural variation (sitting, reclining, standing).”'

Conclusion

Adolescents who had more breaks per day during time
in sedentary behavior had lower mean values of BMI but
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there were no differences regarding the values of the other
biochemical cardiometabolic markers (levels of glucose,
triglycerides, HDL-c, LDL-c, total cholesterol and blood
pressure values), regardless of their nutritional status and
excessive exposure to sedentary behavior.
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Periods of Inactivity?
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Short Editorial related to the article: Breaks in Sedentary Time and Cardiometabolic Markers in Adolescents

The current literature regarding physical activity (PA)
and sedentary behavior (SB) highlights the negative effect
of considerable amounts of time spent in activities such as
sitting, TV viewing, computer use, and some work and study
activities on cardiovascular health." SB may be defined as any
waking behavior characterized by an energy expenditure <
1.5 metabolic equivalents while in asitting, reclining, or lying
posture.>® Thus, SB is not the absence or low level of PA, but
it can coexist with it.2 In this sense, a recent review showed
an interaction between SB and PA, providing evidence that
individuals with higher time spent in SB presented a higher
risk of cardiovascular mortality. However, estimates have been
less consistent in individuals with higher PA levels.*

The literature cites a series of possible mechanisms for SB
effects, independent of PA, on metabolic and cardiovascular
outcomes. One of these mechanisms is the decrease in
enzymatic activity responsible for HDL production and
the capture of triglycerides in the blood chain due to
sustained inactivity in sitting, reclining, or lying posture.’
In this regard, strategies reducing the time spent in SB or
interrupting sustained inactivity have been studied. Some of
these approaches focus on standing up for a while or a short
period of movement between periods of sitting time (breaks
in SB). A meta-analysis with adults found a positive effect of
breaks in SB on adiposity control and glycemia.® In addition,
an experimental study showed that 1-to-2—minute breaks in
sedentary work activities every half an hour resulted in small-
to-moderate declines in total cholesterol, triglycerides, and
fasting blood glucose.®
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While the literature about breaks was developed focusing
mainly on adult populations and exploring interruptions
in sedentary work activities, studies with children and
adolescents are scarce, especially in low- and middle-
income countries. Furthermore, the evaluation of the effects
of breaks on adolescent health should be reinforced, given
that cardiometabolic risks are already present at this age,”"°
which is also marked by sustained sedentary school activities.
Faced with this scenario, Quirino etal.,"" in a study published
in this volume, verified the association of breaks in SB on
cardiometabolic risk in an adolescent sample. This cross-
sectional study comprised data of 573 adolescents from Joao
Pessoa, Paraiba, Brazil and objectively measured breaks in SB
using accelerometers. Systolic and diastolic blood pressure,
fasting glucose, total cholesterol, triglycerides, HDL, LDL,
and body mass index (BMI) were the assessed outcomes.
The authors found that a higher number of breaks in SB
decreased BMI by —0.102 kg/m. Statistically significant effects
for other outcomes were not found. However, the direction
of associations was towards more breaks reducing negative
outcomes. The literature with adult samples has found
associations with many outcomes, different from the results
found in this paper. The authors bring, as one explanation
for this finding, the differences in movement patterns for
children/adolescents. Children and adolescents, in general,
have a movement pattern with more peaks of high-intensity
PA and short inactivity windows (sedentary time sustained
for less time).">"3

The study raises some future research questions for the
area: How long should breaks in SB be in order to obtain a
positive effect on adolescent health? Do PA levels modulate
breaks in SB for this population? Which is the ideal pattern
of breaks supposed to improve cardiometabolic health (only
standing up or a few minutes of light PA)?2 Answering these
questions may help to plan school-based strategies for this
population group. Last but not least, it is important to highlight
that the current COVID-19 pandemic may have increased
the time spent in SB by the general population,'" including
children and adolescents. Thus, interventions increasing
the time spent in PA and breaks in SB, which should be
encouraged in normal situations, are likely even more relevant
in this alarming scenario.
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Abstract
Background: Patients with HIV are more likely to present with cardiovascular disease when compared to the general population.

Obijective: This was a case-control study that aimed to assess which factors were associated with a reduction in the carotid
intima-media thickness (IMT) and an increase in the brachial artery flow-mediated dilation (FMD) in HIV patients who received
atorvastatin + aspirin during a period of 6 months.

Methods: A secondary analysis of a clinical trial was conducted, which included people living with HIV infection and low
cardiovascular risk. A total of 38 patients allocated to the intervention arm and treated for 6 months with a combination
of atorvastatin + aspirin were included. All participants underwent a carotid and brachial artery ultrasound, both at the
beginning and the end of the study. Cases that responded with an increase of >10% of the brachial dilatation (FMD)
and reduction of the carotid intima-media thickness (IMT) were considered cases, and those who did not respond were
considered controls. We assessed the factors associated with the positive responses obtained through IMT and FMD.

Results: A reduction in the IMT was not significantly associated with any of the evaluated risk factors: age (p=0.211),
gender (p=0.260), smoking (p=0.131) or time since HIV diagnosis (p=0.836). An increase in the FMD was significantly
associated with age amongst those in the 40-59 age group, p = 0.015 (OR = 4.37; 95% Cl: 1.07-17.79).

Conclusions: Older individuals were more likely to present with an increased FMD after 6 months of treatment with
atorvastatin + aspirin.

Keywords: HIV; Carotid Arteries/ultrasonography; Carotid Intima-Media Thickness;Brachial Artery; Atorvastatin; Aspirin; Risk
Factors; Endothelium Vascular/physiopathology; Atorvastatin; Aspirin;Risk Factors; Endothelium Vascular/physiopathology.

Introduction An early marker for atherosclerosis is endothelial
dysfunction and preventing this dysfunction may be an
alternative for preventing future cardiovascular events. Aspirin
and, more recently, statins have demonstrated pleiotropic
effects, such as: immunomodulatory, and antithrombogenic
and anti-inflammatory effects. Such medications may be an
alternative for the primary and secondary prevention of these
events among people living with HIV.*

Life expectation and quality of life among people infected
with HIV has increased significantly over recent decades. This
is due to the great success of antiretroviral therapy." Living with
the virus has now become a chronic condition, which imposes
the challenge of maintaining viral suppression coupled with
the management of age-related comorbidities.? A substantial
increase in non-AlDS-related deaths, such as those related to
cardiovascular diseases, has been reported,® and are more
prevalent in these individuals, when compared to the general
population.**

Observational and interventional studies have evaluated
the effects of statins in improving endothelial function,
and the progression of carotid thickening in individuals
both with and without HIV. These studies have used
non-invasive ultrasound techniques, such as FMD, which
measures the mediated flow of the brachial artery, and
Mailing Address: Gerson Gomes dos Santos Junior « IMT, which measures carot.id intima-me’dia thicke.ning,
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Methods

This was a secondary analysis of a clinical trial not yet
published™ in which 80 participants who presented with
low cardiovascular risk, as measured by the Framingham
Risk Score (FRS), and an undetectable viral load were
assessed.

The study was planned for 6 months, using 2 nucleoside
reverse transcriptase inhibitors and 1 non-nucleoside
inhibitor regimens, which were randomized into intervention
and placebo groups. Thirty-eight participants were allocated
to the intervention group and treated for 6 months with a
combination of 20mg atorvastatin + 100mg aspirin, and
42 received placebo. The study assessed the efficacy of
the drug combination through ultrasound measurements
of the increased brachial artery dilation (FMD), reduced
carotid thickening (IMT), and inflammatory markers
(ultrasensitive-PCR, ICAM-1, VCAM-1, IL-1, IL-6, TNF-a)
and no difference was found between the intervention
group and the placebo group.

In the case-control study presented herein, 38 individuals
from the intervention group of the aforementioned clinical
trial were included. The aim was to assess subgroups
that could benefit from the use of atorvastatin 20mg and
aspirin 100mg in reducing subclinical atherosclerosis and
cardiovascular disease.

In the first part of the case-control study, a total of 38
individuals were divided into 24 cases, which were those
who had a favorable response in FMD (=10% of brachial
artery dilation according to the method described by
Regattieri et al.” and 14 patients who were considered
controls, as they did not show response in FMD.

In the second part of the case-control study, the 38
subjects were divided into 29 cases, which were the
individuals who showed a reduction in the carotid IMT, and
9 controls who did not show a reduction in the carotid IMT.

All individuals signed the free and informed consent
form. The study was approved by the Research Ethics
Committee of Universidade Federal de Pernambuco,
under number 13097213.2.0000.5208. The clinical trial
was registered at the International Clinical Trials Registry
Platform (RBR-bjm4) and conducted at the Infectious/
Parasitic Diseases Outpatient Clinic at Hospital das Clinicas,
Universidade Federal de Pernambuco/Recife, Brazil.

Vascular measurements

A General Electric™ (GE) LOGIQe BT12 DICOM 3.0
AUTO IMT ultrasound device was used, with a GE 9-L RS
Linear transducer, working at a frequency of 7-10 MHz. The
measurements were performed according to standardized
techniques.>'°

FMD: The brachial artery diameter was measured at
rest and after stimulation. To stimulate the brachial artery, a
Becton Dickinson™ sphygmomanometer placed on the arm
was inflated to 30mmHg above the systolic pressure for 5
minutes, and then released. One minute after releasing the
clamp, the diameter of the artery was measured once again.
Normal dilation was considered > 10% - Figures 1 and 2.

IMT: The common carotid intima-media thickness in a
plaque-free area was considered a reference measure. It was
assessed in the longitudinal and cross-sectional sections, from
the proximal segment to the bifurcation and the internal and
external carotids. The IMT was measured on the posterior
wall of the common carotid in a plaque-free area. The
carotid plaque was defined as a focal structure extending
for a minimum of 0.5 mm to the lumen of the vessel and/or
measuring more than 50% of the adjacent IMT value and/or
an IMT measurement greater than 1.5 mm'” (Figure 3).

Statistical analysis

The data were descriptively analyzed through the statistics:
mean, standard deviation (mean = SD) or median and
interquartile range (IQR) for numerical variables and absolute
and percentage frequencies for categorical variables and were
analyzed inferentially through statistical tests. In the comparison
between two categories, the following tests were used: unpaired
Student’s t-test with equal variances or Mann-Whitney test for
the numerical variables and Pearson’s Chi-square test or Fisher’s
Exact for the categorical variables. Student’s t-test was used
with variables with normal distribution and Mann-Whitney’s
test with variables with a non-normal distribution. Fisher’s Exact
test was used in cases where the condition for using the Chi-
square test was not verified. The verification of data normality
was performed by the Shapiro-Wilk’s test and the hypothesis
of equality of variances through the Levene F-test. The level
of statistical significance adopted was 5% and the confidence
intervals were 95.0%

The data were entered into the EXCEL spreadsheet and
the IMB-SPSS program, version 23, was used to perform the
statistical calculations.

Results

The characteristics of the 38 subjects included in the study
are described in Table 1. The results demonstrated: mean
age (42.6 years), time since diagnosis (median — 6.5 years),
antiretroviral therapy time (median - 6.0 years). Characteristics
of the sample: male gender (52.6%), hypertensive (7.9%),
diabetics (5.3%), smokers (15.8%). Some characteristics were
described by subgroup, such as age (21-39 and 40-59 years),
ethnicity (white, black and brown), and nutritional status (ideal
weight, overweight and obesity).

Factors associated with brachial artery flow-mediated
dilation (FMD)

A statistically significant difference was obtained for the
mean age (p = 0.015). When age ranges were assessed (21-39
years and 40-59 years), the significance was maintained (p =
0.034). When assessing the older age group, it was observed
that there was an excellent response to brachial artery dilation
(OR=4.37,Cl95%: 1.07 - 17.79), compared to that obtained
in the 21- 39 year-old group.

When we assessed the outcome regarding sex, a borderline
result was obtained (p = 0.076, with an OR = 3.5 (Cl 95%:
0.85-14.41) for female subjects. The other risk factors assessed
did not show any statistical significance: systemic arterial
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hypertension (SAH, p = 0.542); diabetes mellitus (DM; p =
1.00); smoking (p = 0.383) in Table 2.

Factors associated with a reduction in the carotid intima-
media thickness (IMT)

No statistically significant differences were observed for
any of the variables assessed in relation to a reduction in the

Arq Bras Cardiol. 2021; 117(2):365-375

carotid intima-media thickness: age (p = 0.706); gender (p =
0.260), SAH and DM (p = 1.00); smoking (p = 0.131), BMI
(p = 0.945), as shown in Table 3.

Discussion

Our study assessed patients living with HIV, receiving
antiretroviral therapy and with a low cardiovascular risk, who
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Figure 3 - Mean intimal thickness measurement of the right carotid artery.

took a combination of atorvastatin + aspirin during a period of
6 months. An exploratory analysis was performed in order to
evaluate the factors associated with a positive response to the
treatment assessed through FMD and IMT vascular techniques.

The results have demonstrated that individuals belonging
to the older age group (between 40 and 59 years) responded
positively to a combination of atorvastatin + aspirin, i.e., with
increased FMD by the end of the study. It may be inferred
that older individuals have been exposed for a longer period
to the inflammation resulting from the HIV. It is known that
there are higher levels of inflammation in people with HIV
than in non-infected people, even those under virological
control, and this exposure is an important factor in the genesis
of endothelial dysfunction. These findings are similar to those
obtained by other authors, who have verified that a high
level of virus replication results in a brachial artery dilation
worsening.'® Conversely, the higher the viral control, the
better the endothelial function." Another hypothesis would
be that individuals at an older age range would be more
prone to the consequences of the age-related atherosclerotic
process and more sensitive to the deleterious effects of HIV
on the endothelium. In turn, our findings may suggest that
these older individuals would be more responsive to the
pleiotropic and anti-inflammatory actions of the combination
of atorvastatin + aspirin. Our findings suggest that there is a
benefit of the use of statins + aspirin as a primary prophylaxis
for cardiovascular disease in individuals with HIV, which
should be assessed differently in individuals according to their
age group, particularly individuals aged 40 years or older.2'

When we assessed the response related to gender, we
obtained a borderline result, in which the OR for the female

group was equal to 3.5. Although there was no statistical
significance, this response nonetheless attracted our attention,
since it suggests that females may respond better to treatment
with atorvastatin + aspirin than males. Studies have suggested
that amongst people living with HIV, women show higher
levels of immune activation and inflammation than men.?
Considering that the currently used medications have an
important effect in reducing inflammation, a mechanism
intrinsically related to the progression of atherosclerosis,
one could infer that this may be the possible reason for a
more evident response in women than in men. Our study,
however, was unable to confirm this association, but others
that have assessed a larger number of individuals may have
sufficient power to obtain statistical significance. Studies that
associate gender with response to endothelial function would
be necessary.

The antiretroviral regimens used were not significantly
associated with FMD and IMT responses; however, they
only included analogue and non-analogue nucleoside
NRTIs. Patients receiving protease inhibitors (Pls) or integrase
inhibitors (INI) were not included. It is known that amongst
the currently used medications, the Pls cause more metabolic
disorders than the others and, consequently, they predispose
to a higher cardiovascular risk.?> Dube et al.,** in a cross-
sectional study comparing individuals with or without the
use of Pls, observed no difference regarding the response to
FMD. However, several other authors have discovered greater
carotid thickening measured by IMT in those receiving Pls
when compared to those not receiving them.?2¢

The use of regimens with restricted groups of antiretroviral
drugs have aimed to homogenize the comparison groups and
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Table 1 - Clinical and demographic characteristics of the 38
study participants

Continuation

Time on ART: Median (P25;IQR;P75) 6.00 (2.0; 7.8; 9.8)
Variable TOTAL Up to 1 year: n (%) 5(13.2)
Total Group: 38 (100,0) 2105 13 (34.2)
Age: Mean * SD (Median) 42,6 +8.8 (43.0) 6 to 10 11 (28.9)
Age range: n (%) Over 10 9(23.7)
211039 16 (42) NadirTCD4: Mean + SD (Median) 362.3 + 239.5 (340.5)
40 to 59 22 (%8) CD4: Mean + SD (Median) 724.0 + 354.7 (659.5)

Gender: n (%) Regimen: n (%)

Male 20 (52.6) AZT+3 TC + EFV 21 (55.3)

Female 18 (47.4) TDF + 3TC + EFV 13 (34.2)

Ethnicity: n (%) AZT + 3TC + NEV 1(2.6)

White 15 (39.5) NEV + 3TC + TDF 2(5.26)

Black 4(10.5) AZT + DDI + EFV 1(2.6)

Brown 19 (50) Data are presented as means, standard deviation (SD), medians,

Level of education: n (%) Interquartilg Range (IQR), percentilg (P) orn (%) of individuals. BMI:
body mass index; DM: diabetes mellitus; SBP: systolic blood pressure;

Primary Education 13 (34.2) DBP: diastolic blood pressure; SAH: systemic arterial hypertension;

ART: antiretroviral therapy; AZT: zidovudine; DDI: didanosine; EFV:

Secondary Education 18 (47.3) efavirenz; 3-TC: lamivudine; NVP: nevirapine; TDF: tenofovir.
Higher Education 7(18.4)
BMI: Median (P25;IR;P75) 24.2 (21.6; 6.6; 28.2)
Nutritional status: n (%) prevent medications from becoming confounding factors
Ideal weight 23 (60.5) regarding the response to atorvastatin + aspirin.
Overweight 8 (21.0) Smoking was not associated with FMD or IMT responses.
It should be emphasized that the low prevalence of smoking
Obese 7 (18.4) o peees .
may have made it difficult to assess the role it played. However,
SBP: Median (P25;IR;P75) 120.00 (110.0; 10.0; 120.0) it should be noted that in the IMT assessment, non-smokers
DBP: Median (P25;IR;P75) 80.00 (70.0; 10.0; 80.0) showed a 4.3-fold higher chance of obtainingan IMT reduction
SAH: 1 (%) with atorvastatin + aspirin. However, probably due to the
: small number of cases, the confidence interval was high (0.70
Yes 3(7.9) - 27.01) and there was no statistical significance. One recent
No 35 (92.1) study demonstrated that smoking results in poor viral control

and immune response,?” which, as previously mentioned,
results in a higher cardiovascular risk. One cohort study related
smoking to a worsening progression of carotid thickening.?

Family history of cardiovascular
disease: n (%)

ves 12 (316) Studies with a higher number of patients are necessary in order
No 26 (68.4) to determine the role of this intervention in smokers.
DM: n (%) Our findings revealed no association between obesity
Yes 2(5.3) and an endothelial function response measured by FMD,
or carotid thickness (IMT) progression after receiving
No 36 (94.7) atorvastatin + aspirin. A cohort study that monitored obese
Smoker: n (%) patients with HIV and compared them with non-HIV-infected
v obese individuals, demonstrated a higher incidence of
es 6 (15.8)

glucose metabolism disorders and inflammation amongst
No 32(84.2) those with HIV, although FMD and IMT did not differ
Time since diagnosis: Median between the two groups.?® Data have reported a relationship
(P25;1QR;P75) between lipodystrophy and poor endothelial function®® and
Time since diagnosis: n (%) increased carotid thickening, especially among individuals
with visceral obesity.®" In our study, we did not diagnose

6.50 (4.0; 8.0; 12.0)

Up to 1 year 4(108) lipodystrophy. We only assessed body composition with the
2t05 12 (31.6) body mass index (BMI) and classified individuals according to
610 10 12 (31.6) low weight, normal weight, overweight or obesity. However,

because there is a high prevalence of lipodystrophy among
Over 10 10 (26.3)

HIV patients, and BMI is not an index that may provide us
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Table 2 - Factors associated with a favorable response to FMD amongst 38 patients receiving atorvastatin + aspirin, with low cardiovascular

risk and an undetectable viral load

FMD
Variable Fa"°'?'é':szs)"°“s° N("CL‘;S"::I’S" p-value OR (95%Cl)
Total Group: 24 (63.2) 14 (36.8)
Age: Mean * SD (Median) 453+ 8.8 (46.0) 38.1£7.2(36,5) p® =0.015*
Age Range: n (%) p@=0.034*
211039 7 (43.8) 9 (56.3) 1.00
40 to 59 17 (77.3) 5(22.7) 4.37 (1.07-17.79)
Gender: n (%) p®@ =0.076
Male 10 (50.0) 10 (50.0) 1.00
Female 14 (77.8) 4(22.2) 3.50 (0.85-14.41)
Ethnicity: n (%) p@ =0.744
White 9 (60.0) 6 (40.0) 1.00
Non-white 15 (65.2) 8 (34.8) 1.25 (0.33-4.79)
Level of education: n (%) p“=0.157
Primary Education 11 (84.6) 2 (15.4) **
Secondary Education 9 (50.0) 9 (50.0) *
Higher Education 4(57.1) 3(42.9) >
BMI: Mean + SD (Median) 24649 (23,1) 26.5 + 4.6 (24,9) p® =0.250
Nutritional status: n (%) p“=0.574
Ideal weight 16 (69.6) 7 (30.4) 1.71(0.30-9.77)
Overweight 4(50.0) 4 (50.0) 0.75 (0.10-5.77)
Obese 4(57.1) 3(42.9) 1.00
SBP: Median (P25;IQR;P75) 120,0 (110,0;17,5; 127,5) 120,0(110,0;10,0;120,0) p®=0.747
DBP: Median (P25;IQR;P75) 80,00 (70,0; 10,0; 80,0) 80,00 (70,0; 12,5; 82,5) p" =0.767
SAH: n (%) p®@ =0.542
Yes 1(33.3) 2 (66.7) >
No 23 (65.7) 12 (34.3)
z?:a:)s/elzlzt?% of cardiovascular 0@ =1.000
Yes 8 (66.7) 4(33.3) 1.25 (0.30-5.26)
No 16 (61.5) 10 (38.5) 1.00
DM: n (%) p“ =1.000
Yes 1(50.0) 1(50.0) .
No 23 (63.9) 13 (36.1)
Smoker: n (%) p“® =0.383
Yes 5 (83.3) 1(16.7) x>
No 19 (59.4) 13 (40.6)
(T;An;zi;inn)ce diagnosis: Mean + SD 8.3+ 4.8 (8.0) 6.4+53 (4.0) po = 0.264
Time since diagnosis: n (%) p@ =0.152
Up to 5 years 8 (50.0) 8 (50.0) 1.00
6 or more years 16 (72.7) 6 (27.3) 2.67 (0.69-10.36)
Time on ART: Median (P25;IQR;P75) 6.50 (3.0; 8.3; 11.3) 3.50 (1.8; 7.2; 9.0) p® =0.149
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Continuation

Time on ART: n (%) p@ =0.111

Up to 5 years 9 (50.0) 9 (50.0) 1.00
6 or more years 15 (75.0) 5(25.0) 3.00 (0.76-11.81)
NadirTCD4: Mean + SD (Median) 373.8 + 247.8 (332,5) 342.6 + 232.3 (354.0) p® =0.704

CD4: Mean £ SD (Median) 754.3 + 391.5 (659.5) 672.1 + 286.8 (677.5) p® =0.499

Regimen: n (%) p“=0.724

AZT + 3TC + EFV 13 (61.9) 8(38.1) *
TDF + 3TC + EFV 9 (69.2) 4(30.8) *x
AZT + 3TC + NEV - 1(100.0) *
NEV + 3TC + TDF 1 (50.0) 1 (50.0) **
AZT + DDI + EFV 1(100.0) - *

Data are presented as means, standard deviation (SD), medians, Interquartile Range (IQR), percentile (P) or n (%) of individuals. (*) Significant
difference at the level of 5.0%. (**) This could not be determined due to the occurrence of null and very low frequencies. (1) Using Mann-Whitney
test. (2) Using Pearson’s Chi-square test. (3) Using the Student’s t test with equal variances. (4) Using Fisher’s exact test. BMI: body mass index; DM:
diabetes mellitus; SBP: systolic blood pressure; DBP: diastolic blood pressure; SAH: systemic arterial hypertension; ART: antiretroviral therapy; AZT:
zidovudine; DDI, didanosine; EFV, efavirenz; 3-TC, lamivudine; NVR, nevirapine; TDF, tenofovir.

Table 3 - Factors associated with a reduction in carotid IMT amongst 38 patients receiving atorvastatin + aspirin, with low cardiovascular

risk and an undetectable viral load

IMT
Variable Rfc"::;is‘;" N;’c:fr:’t‘r‘:::)’“ p-value OR (95% Cl) )
Total Group: 29 (76.3) 9 (23.7)
Age: Mean + SD (Median) 41.6 £ 8.9 (43.0) 45.9+ 8.0 (46.0) p =0.211
Age range: n (%) p@ =0.706
21t0 39 13 (81.3) 3(18.8) 1.63 (0.34-7.79)
40 to 59 16 (72.7) 6 (27.3) 1.00
Gender: n (%) p@=10.260
Male 17 (85.0) 3(15.0) 2.83 (0.59-13.63)
Female 12 (66.7) 6 (33.3) 1.00
Ethnicity: n (%) p® =1.000
White 11 (73.3) 4(26.7) 1.00
Non-white 18 (78.3) 5(21.7) 1.31 (0.29-5.95)
Level of education: n (%) p@=10.782
Primary Education 9 (69.2) 4(30.8) **
Secondary Education 14 (77.8) 4(22.2) >
Higher Education 6 (85.7) 1(14.3) >
BMI: Median (P25;IQR;P75) 24.20 (21.7; 5.9; 27.6) 23.18 (21.4; 9.3; 30.7) p® =0.945
Nutritional status: p@ =0.757
Ideal weight 17 (73.9) 6 (26.1) **
Overweight 7 (87.5) 1(12.5) .
Obese 5(71.4) 2(28.6) *x
SBP: Median (P25;QR;P75) 120.00 (110.0;10.0; 120.0) 120.00 (110.0; 30.0; 140.0) p® =0.272
DBP: Median (P25;IQR;P75) 80.00 (70.0; 10.0; 80.0) 80.00 (70.0; 15.0; 85.0) p® =0.653
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Continuation

SAH: n (%) p@ =1.000

Yes 3(100.0) - **

No 26 (74.3) 9 (25.7)

(F(;Jr)nily history of cardiovascular disease: n 00 =0.423

Yes 8 (66.7) 4(33.3) 1.00

No 21(80.8) 5(19.2) 2.10 (0.45-9.86)
DM: n (%) p® =1.000

Yes 2 (100.0) - >

No 27 (75.0) 9 (25.0)

Smoker: n (%) p@ =0.131

Yes 3(50.0) 3(50.0) 1.00

No 26 (81.3) 6 (18.8) 4.33(0.70- 27.01)
Time since diagnosis: Median (P25;IQR;P75) 6.00 (4.0; 8.0; 12.0) 8.00 (3.5; 7.5; 11.0) p® =0.836

Time since diagnosis: n (%) p@ =0.706

Up to 5 years 13 (81.3) 3(18.7) 1.63 (0.34-7.79)
6 or more years 16 (72.7) 6 (27.3) 1.00

Time on ART: Median (P25;IQR;P75) 6.00 (2.5; 9.5; 12.0) 6.00 (2.0; 6.5; 8.5) p® =0.593

Time on ART: n (%) 0@ = 1.000

Up to 5 years 14 (77.8) 4(22.2) 1.17 (0.26-5.24)
6 or more years 15 (75.0) 5 (25.0) 1.00

350.2 + 236.9 (315.0)

401.3 + 258.2 (401.0) (

NadirTCD4: Mean + SD (Median) p™ =0.583
CD4: Mean  SD (Median) 750.8 + 375.6 (677.0) 637.5 £ 277.7 (574.0) p =0.410
Regimen: n (%) p@ =1.000
AZT+3TC + EFV 15 (71.4) 6 (28.6) w*
TDF + 3TC + EFV 10 (76.9) 3(23.1) *
AZT+3TC + NEV 1 (100.0) - w*
NEV + 3TC + TDF 2(100.0) - **
AZT + DDI + EFV 1(100.0) - o

Data are presented as means, standard deviation (SD), medians, Interquartile Range (IQR), percentile (P) or n (%) of individuals. (**) This could not
be determined due to the occurrence of null and very low frequencies. (1) Using the Student’s t test with equal variances. (2) Using Fisher’s exact
test. (3) Using Mann-Whitney test. BMI, body mass index; DM: diabetes mellitus; SBP: systolic blood pressure; DBP: diastolic blood pressure; SAH:
systemic arterial hypertension; ART: antiretroviral therapy; AZT: zidovudine; DDI: didanosine; EFV: efavirenz; 3-TC: lamivudine; NVP: nevirapine;

TDF: tenofovir.

with a correlation with this disorder, this risk factor should
be evaluated in these individuals.

The association of age with a positive response to
treatment was different when compared to the methods used
for its assessment: while FMD displayed an improvement
with treatment in the older patients, the IMT assessment
did not demonstrate this difference between the groups.
FMD and IMT are frequently used as surrogate measures
for subclinical atherosclerosis. While IMT identifies early

structural abnormalities, FMD, considered an endothelial
bioassay, assesses the functional integrity of the vessel.*?
There are data demonstrating that the two methods are
unique and independent and do not correlate with one other,
although they are considered valid for detecting subclinical
atherosclerosis. They probably reflect different aspects and
stages of early atherosclerosis.>*** Therefore, the divergence
of the results in our study is consistent with the literature and
demonstrates that FMD has shown to be able to identify the
benefit of using the combination of atorvastatin + aspirin in
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Clinical trial
99 Randomized individuals

13 excluded: 9 did not
return for the scheduled
appointment, 2 lost contact,

51 individuals
allocated to the
atorvastatin +

1 did not meet the criteria, 1 ASA group

possible adverse reaction

38 individuals
completed the 6
months of study

SECONDARY ANALYSIS

(CASE CONTROL)

6 excluded: 5 did not
return for the scheduled
appointment, 1 moved to

another state

48 individuals
alocated to the
placebo group

42 individuals

completed the 6
months of study

24 case individuals

14 control individuals

29 case individuals

9 control individuals

l T

Figure 4 - Flow chart of the study participants.

HIV-positive individuals aged 40-59 years when compared
to younger patients.

The original clinical study demonstrated a percentage
reduction in LDL levels in individuals in the case group
(-19.35%, p= 0.007), but without improving endothelial
function. We considered some limitations in that study, and
we would highlight the time receiving statins, which was
planned and conducted for a duration of 6 months. Studies
that have demonstrated encouraging results used statins for
much longer periods than ours, thereby suggesting a path to
be followed. One further question concerns the profile of the
patients involved in our study. They all presented with few
traditional factors of cardiovascular risk, the HIV viral load
was well under control and they had been on antiretroviral
treatment for several years. This selection resulted in a group
of individuals with little or no inflammation, as shown by
the low levels of inflammatory markers, thus revealing a
population for which the short-term use of statins associated
with aspirin would probably not provide any effective results.

Arq Bras Cardiol. 2021; 117(2):365-375

The strong points highlighted by the present study would
be the selection of individuals with low cardiovascular risk
and the use of antiretroviral drugs with a low potential for
causing metabolic disorders. These characteristics enable
investigations into the possible effects of the drugs and the
factors associated with a better outcome in an early stage of
atherosclerotic disease, i.e., the period in which changes in
the vascular endothelium occur, being therefore a process that
can be reversed. One possible weak point, however, which
should be highlighted, was the fact that the study involved a
small number of individuals. The present sample may have
been insufficient to detect possible associations to factors that
could possibly be observed in a larger sample of individuals.

Conclusions

The study has shown that the age factor influences
endothelial function improvement in subjects with HIV and
low cardiovascular risk receiving a combination of atorvastatin
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+ aspirin. It has also shown that FMD is a method capable
of disclosing this effect. Similar studies involving a greater
number of individuals are needed to confirm our hypothesis
and to support the early use of the combination of atorvastatin
+ aspirin in subjects aged 40 to 59 years, undergoing
antiretroviral treatment and with low cardiovascular risk for
the prevention of cardiovascular disease.
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For which HIV Patients Aspirin and Statins are Good?
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Short Editorial related to the article: The Effect of Atorvastatin + Aspirin on the Endothelial Function Differs with Age in Patients with HIV: A

Case Control Study

While advances in antiretroviral treatment have
revolutionized the prognosis of human immunodeficiency
(HIV)-infected patients, cardiovascular complications remain
the leading cause of death in these patients mainly due to
an increased cardiovascular risk compared to the general
population." Cardiovascular prevention programs have
highlighted the importance of controlling traditional risk
factors in risk evaluation strategies. However, HIV-infected
individuals at low cardiovascular risk have a considerable
residual cardiovascular risk for events that may justify
additional preventive treatment. Indeed, compared with
non-HIV-infected individuals, inflammation levels are higher
in HIV-infected patients, even those with viral control,
and this inflammation is an important factor in the genesis
of atherosclerosis.? Therefore, effective cardiovascular
prevention strategies targeting HIV population are needed.?
In the therapeutic arsenal of cardiovascular prevention,
aspirin and statins are the cornerstones of the management
of HIV-infected patients. Both drugs have pleiotropic effects,
including immunomodulatory, anti-thrombogenic, and anti-
inflammatory effects, that improve endothelial function and
prevent the progression of carotid thickening in these patients.
However, the prescription of aspirin and statins in HIV-infected
patients remains largely suboptimal, with only 50% of patients
adequately treated.* Although several studies have investigated
the effects of statins and aspirin in decreasing inflammation,
the results of these studies are contradictory.>

In this issue of the Arquivos Brasileiros de Cardiologia,
Santos Jr et al.” report the effect of the use of a combination
of atorvastatin and aspirin for six months regarding the
endothelial function improvement and carotid thickness in
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a cohort of 38 patients with HIV infection with viral control.
Improvement in endothelial function was assessed using the
brachial artery flow-mediated dilation. The authors have
shown a relationship between treatment response and age;
astronger response was observed in individuals older than 40
years. This result may be explained by the fact that probably
older individuals had a longer exposure to inflammation
caused by HIV. Several studies have shown that these same
patients also have a higher cardiovascular risk due to chronic
inflammation. Therefore, this study supports the prescription
of a combination of atorvastatin and aspirin for the primary
prevention of cardiovascular events in HIV-infected patients,
particularly for those over 40 years of age. In addition, some
of the findings of this study suggest that HIV-positive women
may have a better response to this drug combination than
men. Considering that the currently used triple therapy has a
significant effect on inflammation, a mechanism intrinsically
linked to the progression of atherosclerosis could explain the
greater response in women than in men.

The work by Santos Jr et al.” is a basis for understanding
the factors influencing the improvement of endothelial
function in HIV-infected patients receiving atorvastatin and
aspirin. Of these factors, older age appears to be one of
the most important. Encouragingly, the results suggest that
the combination of aspirin and statins effectively reduces
or even reverses some of the deleterious effects induced by
HIV. Similar studies involving a larger number of individuals
are needed to confirm the authors’ hypothesis and to the
early use of the combination of atorvastatin and aspirin in
HIV-infected patients over 40 years of age, even in those at
low cardiovascular risk, for the prevention of cardiovascular
disease. This study adds to the clinical evidence on positive
effects of aspirin and statins in combination with antiretroviral
therapy in HIV patients, after due consideration of possible
drug interactions. The results presented by Santos Jr et al.”
provide a fascinating basis for these considerations; however,
it is essential to highlight some important limitations of the
study. First, the study was not a randomized clinical trial and
the exposure to statins was relatively short compared to other
studies. In addition, it included a cohort of patients with HIV
with a low cardiovascular risk profile and low inflammation
as confirmed by the low levels of inflammatory markers.
Importantly, the impact of aspirin and statins on vascular
remodeling of HIV patients with this clinical profile may not
be relevant.
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Arterial Hypertension and Serum Uric Acid in Elderly- SEPHAR IlI Study
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University of Medicine and Pharmacy Victor Babes Timisoara - Department of Internal Medicine,” Timisoara — Romania
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Abstract

Background: Hyperuricemia is a frequent finding in patients with arterial hypertension, and there is increasing evidence
that this entity is also a risk factor for cardiovascular disease.

Objective: In the context of an aging population, this study aims to evaluate serum uric acid levels and arterial
hypertension prevalence and control in a subgroup of Romanian adults (>65 years), concerning the influence of age on
these parameters.

Method: The study sample consists of 1,920 adults included in SEPHAR IlI survey, of whom 447 were elderly patients
(>65 years of age). During the two study visits, three blood pressure (BP) measurements were performed at 1-min
intervals and serum uric acid levels, kidney function by estimated glomerular filtration rate, blood pressure, and intima
media thickness measurements were conducted. Hypertension and controls were defined according to the current
guidelines. Intima-media thickness evaluation was assessed by B-mode Doppler ultrasound evaluation. A significance
level p < 0.05 was adopted for the statistical analysis.

Results: Adult patients had a significant lower serum uric acid levels, compared to elderly patients, regardless of
glomerular filtration rate levels. Adult patients showed a significantly lower intima-media thickness levels, when
compared to elderly patients.

Conclusion: Similar to previous studies, in the present study, age represented one of the factors contributing to the
increased level of serum uric acid. An increasing prevalence of arterial hypertension with age, together with a poor
control of blood pressure, was also obtained.

Keywords: Hypertension; Uric Acid; HYperuricemia; C-Effectardiovascular Diseases; Glomerular Filtration; Age-Effect.

and related cardiovascular disease is higher in the elderly
than in the young population.?* A study on its prevalence
and control among United States adults from 1999 to 2004
showed that the prevalence of HT has more than doubled
in the elderly than in the young population. Even if the
general belief is that HT is an aging disorder, in recent years,
the middle-aged population has shown an increase in the
incidence of arterial hypertension.

Introduction

Life expectancy continues to increase in developed
countries worldwide, leading to an ever-increasing
representation of older adults (people over 65 years of age)
within the population.”

According to the Eight Report of the Joint National
Committee (JNC 8), approximately 970 million people
worldwide have high blood pressure. It is estimated that
by 2025, 1.56 billion adults will be living with arterial
hypertension (HT). The etiology of essential HT still remains
unknown; its pathogenesis includes multiple genetic and

On the other hand, hyperuricemia is more common, and
several studies show that serum uric acid levels are linked to
an increase in the prevalence of hypertension (HT), which also

environmental factors. More than two-thirds of individuals
over 65 years of age suffer from HT, according to the Seventh
Report of the Joint National Committee (JNC-7).? Several
epidemiological studies indicated that the incidence of HT
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contributes to a lack of optimal blood pressure (BP) control.*

SEPHAR (Study for the Evaluation of Prevalence of
Hypertension and Cardiovascular Risk in Romania) is a
project that aims to evaluate the prevalence of HT and other
related factors including serum uric acid. To date, three
separate SEPHAR studies have been conducted at several
years intervals, with SEPHAR Il being conducted in 2012,
which was the first to evaluate the serum uric acid levels,
which also correlated the serum uric acid (SUA) levels with
intima media thickness, renal function, and cardiovascular risk.
Continuing with SEPHAR IIl in 2016, which provided further
data on SUA levels and its relationship with HT prevalence
in Romania, several other indices were also used, such as
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eGFR and echocardiographic parameters. SEPHAR 1l was
designed as a cross-sectional survey for characterizing data for
the adult population in Romania for HT prevalence, control,
and antihypertensive agents.>®

This paper aims to evaluate SUA levels, IMT and HT
prevalence, and control, in a group of Romanian adults,
concerning the aging population.

Material and methods

A mobile medical caravan dubbed SEPHAR Bus was used to
perform two visits, at a 4-day interval between them. Overall,
1,920 Romanian adults were enrolled in this SEPHAR Ill survey
(mean age 48.63 years, 52.76% females), of whom 447 were
elderly patients (23.28%, 65 years of age or older). Patients
were examined and three BP measurements, in accordance
with the current European Guidelines for BP monitoring,
were performed at one-minute intervals while sitting. During
each visit, three sitting BP measurements, with an automated
BP measurement device (OMRON M6), were registered.
The cuff was adjusted for the arm’s circumference, and all
of the measurements were performed on the same arm that
presented the highest BP values during the inaugural visit.

A systolic blood pressure (SBP) of more than 140mmHg
and/or diastolic blood pressure (DBP) greater than 90mmHg
in both visits was considered HT, using the average of
the second and third BP values of each visit. The first BP
of each visit was not taken into consideration for further
analysis. Moreover, known and treated HT, with controlled
or uncontrolled BP during the previous two weeks, was also
taken into consideration.

For a subject to have controlled BP, 2018 ESH-ESC
guidelines on hypertension was used, defining a BP control
for hypertensive subjects with at least two weeks of prior
treatment, an SBP and a DBP of less than 140mmHg and
90mmHg, respectively.

Blood sample analysis that included the aforementioned
SUA was performed during the second visit, with the patient
being informed in the first visit that a fasting period of at least
8 hours would be required. SUA levels were analyzed with
a COBAS 6000 analyzer with uricase/peroxidase reagents,
with normal values given between 2.4 to 5.70mg/dl in
females and 3.40 to 7.00mg/dl in males. Hyperuricemia was
diagnosed when above normal ranges were identified. For the
evaluation of the kidney function, both Modification of Diet in
Renal Disease formula (MDRD) and Chronic Kidney Disease
Epidemiology Collaboration formula (CKD-EPI) values were
calculated and used in the statistical analysis.

A portable echocardiograph (model General Electric Vivid Q),
which automatically calculated the intima-media thickness (IMT)
of each distal wall of the common carotid artery, T cm below the
carotid bulb, was used. The IMT was measured using a linear
probe with an adjustable frequency between 7.5 and 10 MHz.

The Ethics Committee of the “Carol Davila” University of
Medicine and Pharmacy, Bucharest, Romania, approved the
study in complete accordance with the Declaration of Helsinki
and written consent was required from all participants before
any examination was undertaken.

Arq Bras Cardiol. 2021; 117(2):378-384

Statistical analysis

Results for targeted variables were presented, using
counts with corresponding percentages for categorical data
and descriptive statistics (mean, standard deviation) for
continuous data. Differences in means for continuous variables
were analyzed using t-tests for independent samples, while
Chi-squared test was used to examine differences between
categorical variables. Considering the sample size normality
was assumed for all data, and the Spearman correlation test
was used, as we were interested in some correlations in
some categorical and binary data. Analyses of covariance
(ANCOVA) were used to investigate the effects of SUA on
normotensive and hypertensive elderly patients, with controls
for the confounding variables and risk factors: age, gender, and
BMI. Similarly, ANCOVA was considered to assess the effect of
IMT levels and eGFR levels (assessed both by MDRD and by
CKD-EPI formula) on SUA levels considering normouricemia
and hyperuricemia elderly patients.

Statistical analysis was performed with a significance level
of 5%. The IBM SPSS Statistics, version 20.0, software for
Windows was used. Descriptive statistics, figures, and tables
were considered to summarize our results.

Results

A total of 1,920 adult patients (18 years of age or older)
were included in the analysis, of whom 447 were elderly
patients (65 years of age or older, 23.28%). Table 1 summarizes
baseline characteristics of the analyzed patients, and Table 5
summarizes the baseline anthropometric characteristics of
the population.

Significant statistical difference was found among the
proportion of hypertensive patients in the two studied groups.
HT was more frequent in the elderly group (p<0.001).
Considering controlled HT values, only 42 patients (13.95%)
of the 301 hypertensive patients included in the elderly group
seem to have controlled BP values. A significantly statistical
higher proportion of patients with controlled HT was identified
in the adult group when compared to the elderly group,
considering only hypertensive patients (p<0.001).

Analyzing the SUA values, a significant difference was
obtained in the mean value of SUA in the two groups. Adult
patients presented significantly lower SUA levels, on average,
with 0.51mg/dl, as compared to elderly patients (4.89 mg/d|
vs. 5.40mg/dl, p<0.001).(Figure 1)

When studying SUA levels by groups of normotensive and
hypertensive elderly patients, the highest values were observed
in hypertensive elderly patients, these values being significantly
higher when compared to those recorded in normotensive
elderly patients. The differences remained after adjusting for
age, sex, and BMI (Table 2). Hypertensive elderly patients
compared to normotensive elderly patients had significantly
higher SUA levels, on average, with 0.39 mg/do (5.53 mg/dL
vs. 5.14 mg/dL, p=0.008).

However, SUA levels in hypertensive elderly patients
did not change regarding the HT control status, p=0.632).
Only 1,059 of the 1,473 adult patients and 338 of the 447
elderly patients had their IMT values measured. A significant



Buzas et al.
Serum Uric Acid in Elderly

Original Article
Table 1 (*) - Comparison between studied parameters of patients based on age (baseline characteristics)
Adult Patients Elderly Patients
(N=1473) (N=447) p-Value
Categories for blood pressure
Normotensive 894 (60.69%) 146 (32.66%) 0.001
Hypertensive 579 (39.31%) 301 (67.34%)
Hypertension - including only hypertensive
patients (#)
Under control 154 (26.60%) 42 (13.95%) 0.001
Not under control 425 (73.40%) 259 (86.05%)
SUA (mg/dl)
N 1473 447 <0.001
Mean (SD) 4.89 (1.293) 5.40 (1.479)
IMT (mm)
N 1059 338 <0.001
Mean (SD) 0.60 (0.124) 0.80 (0.140)
eGFR yprp
N 1473 447
Mean (SD) 85.51 (17.623) 69.36 (18.134) <0001
eGFRgpgpr
n 1473 447
Mean (SD) 94.47 (17.347) 69.82 (16.876) <0001

* p-values are obtained with independent sample t-tests (*) and with Chi-square tests. Continuous data (*) are summarized as mean (standard
deviation patients).
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Figure 1 - Distribution of the SUA values in the elderly patients’ group*. SUA- serum uric acid.
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Table 2 - Serum uric acid by groups of normotensive and hypertensive elderly patients

Hypertensive Elderly Patients

Normotensive Elderly Patients (N=146) (N=301) p-Value
Unadjusted 5.14 (0.122) 5.53 (0.085) 0.008
Adjusted for age 5.13 (0.122) 5.53 (0.085) 0.007
Adjusted for gender 5.12 (0.118) 5.53 (0.082) 0.005
Adjusted for BMI 5.17 (0.121) 5.51 (0.084) 0.021

* Notes: p-values are obtained with ANCOVA test; values are summarized as mean (standard error). BMI: body mass index.

diffe-ence in mean value of IMT was obtained with lower
IMT levels in adult patients, on average, with 0.20mm, as
compared to elderly patients p<0.001). When considering
only the elderly group, no significant differences were found in
IMT values when considering SUA levels (p=0.510) (Table 3)

Significant differences in the mean value of eGFR, ..
were obtained; adult patients presented significantly higher
eGFR,, ., levels, on average, with 16.15 ml/min/1.73m?, as
compared to elderly patients (p<0.001). The same results
were obtained when using eGFR_, ... Adult patients
presented significant higher eGFR_, ., levels, on average,
with 24.65 ml/min/1.73m?, as compared to elderly patients
(p<0.001) (Table 1). When considering only the elderly group,
the lower values of the estimated glomerular filtration rate
(eGFR), assessed by both MDRD and CKD-EPI formulas, were
observed in elderly patients with hyperuricemia, with these
values being significantly lower than eGFR levels recorded in
elderly patients with normouricemia. All of these differences
remained statistically significant after adjusting for age, sex,
and BMI (Table 4).

Discussion

HT is a highly prevalent condition that dramatically
rises in incidence with increasing age. According to JNC,
hypertension occurs in more than two-thirds of individuals
after 65 years of age.? Moreover, data from the Framingham
Heart Study, in men and women free of hypertension at 55
years of age, indicate that the remaining lifetime risks for
development of hypertension through 80 years of age are
93% and 91%, respectively.” More than 90% of all individuals
who are free of hypertension at 55 years of age will develop it
during their remaining lifespan. As expected, the prevalence
of HT in the elderly group was significantly higher.

The effect of age on hypertension control still seems
to be controversial. A Serial Cross-sectional study of age
differences in the control of HT in US Physician’s Offices,
from 2003-2010, suggests that older patients were more
likely to achieve hypertension control when compared
to younger patients, which is the same as findings from
NAMCS but in contrast with the National Health and
Nutrition Examination Survey.??

SEPHAR Il results revealed that elderly Romanian patients
have a reduced percentage of controlled HT (13.95%) that
is significantly lower when compared to the adult group.
Suboptimal hypertension control in older patients may
be related to poor management, culinary habits, or less

Arq Bras Cardiol. 2021; 117(2):378-384

aggressive treatment, using, with fewer medications or lower
doses than their younger counterparts.

SUA levels are strongly correlated with aging. SEPHAR
Il data reconfirms SUA increased values in the population
of >65 years and especially in HT patients. As expected,
elderly patients had an increased IMT. Although previous
studies showed a correlation between IMT values and SUA
levels, our analysis, which considered only patients aged >65
years, revealed no significant differences in IMT among SUA
subgroups after adjusting for age.” These results are consistent
with previous studies suggesting that the relationship between
SUA and plaque was nonexistent or very weak and easily
influenced by other factors.'*"!

The association between hyperuricemia and chronic kidney
disease was presented above.’> Among elderly patients,
SUA values were significantly increased, regardless of renal
function, which is the same as data from a Japanese study
with elderly women."> SEPHAR IlI results suggest that age
and SUA have a synergistic effect on BP status, regardless of
conventional cardiovascular risk factors.

The present study has some limitations, such as the impact
of ongoing treatment for chronic diseases on the levels of
serum uric acid. The patients were questioned on their current
medications and whether they are adherent to therapy, but
earlier medications were not documented. To establish such
a relationship, we consider that two visits, with intervals of
several days between them, were not enough to quantify
the impact of such interventions. This analysis is also part of
a larger study that encompassed adults of 18 years of age or
over; therefore, the proportion of elderly patients is lower,
which could limit its power to characterize this age group.

Recent papers on the risk of hyperuricemia have also
stressed the increased association between the levels of serum
uric acid and cardiovascular disease. The Uric Acid Right for
Heart Health (URRAH) study of over 22,000 subjects showed,
through multivariate Cox regression analyses, that the serum
uric acid is an independent risk factor for mortality.™

Other studies evaluated the effect of serum uric acid
on arterial stiffness in hypertensive patients and found no
influence on the progression of pulse wave velocity in the
studied population after a median follow-up of 3.8 years.
The authors of this study' evaluated 422 adult hypertensive
patients and showed, in an unadjusted population, significant
association between vessel rigidity and serum uric acid, but the
significance was lost when adjusted for different parameters
for example such as BMI.
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Table 3 - Serum uric acid by groups of normotensive and hypertensive elderly patients

Normouricemia Elderly Patients

Hyperuricemia Elderly Patients

(N=356) (N=91) p-Value
Patients included in the analysis (*) 262 76
Unadjusted 0.80 (0.009) 0.82 (0.016) 0.373
Adjusted for age 0.80 (0.008) 0.81(0.015) 0.510
Adjusted for gender 0.80 (0.009) 0.82 (0.016) 0.119
Adjusted for BMI 0.80 (0.009) 0.82 (0.016) 0.380

* Notes p-values are obtained with ANCOVA test, values are summarized as mean (standard error). (*) Analyses based on patients with measured

IMT values.

Table 4 - Serum uric acid levels and renal function by groups of normouricemia and hyperuricemia elderly patients

Normouricemia Elderly Patients

Hyperuricemia Elderly Patients

(N=356) (N=91) p-Value
eGFR yprp
Unadjusted 71.50 (0.936) 61.01 (1.851) <0.001
Adjusted for age 71.43 (0.919) 61.25 (1.818) <0.001
Adjusted for gender 71.50 (0.938) 61.00 (1.862) <0.001
Adjusted for BMI 71.49 (0.938) 61.05 (1.866) <0.001
eGFR xpgpi
Unadjusted 71.86 (0.869) 61.83 (1.719) <0.001
Adjusted for age 71.78 (0.832) 62.17 (1.646) <0.001
Adjusted for gender 71.92 (0.870) 61.59 (1.727) <0.001
Adjusted for BMI 71.91 (0.871) 61.66 (1.733) <0.001
* Notes: p-values are obtained with ANCOVA test, values are summarized as mean (standard error).
Table 5 - Comparison between main baseline and anthropometric characteristics between adult and elderly patients
Adult patients Elderly patients value
(N=1473) (N=447) p
2\(*
e (kg/m?)(") 1473 447 <0001
Mean (SD) 27.70 (5.892) 29.91 (5.157)
"\:']T (mm) 1059 338 €0.001
Mean (SD) 0.60 (0.124) 0.80 (0.140)

SD: standard deviation; BMI: body mass index.

A different analysis regarding Central and Eastern Europe
has also shown an increased prevalence of hyperuricemia in
hypertensive patients with at least one quarter of the studied
population having increased levels of serum uric acid. In the
covariate analysis with cardionephrometabolic variables, of the
3,206 patients from the BP-CARE study, the only significant
relationship between serum uric acid levels was found to be
with chronic kidney disease.

There are also several other studies that show a link
between the levels of SUA and other metabolic parameters,
such as LDL-cholesterol, showing a relationship between

these two as regards the risk of developing hypertensions in
the latter stages of life.” In the elderly, there are other studies
that support the finding that SUA is often found in metabolic
syndrome, such as the report from the authors of Brisighella
Heart Study.” In our analysis, a significant difference was
found between the elderly versus adult patients, with elderly
patients being more obese and having a higher IMT.
Whether the serum uric acid has a minor effect on vessel
rigidity, acts synergistically with other risk factor, or has no
effect at all is still a debate that needs to be answered, but
hyperuricemia should be treated nonetheless.

Arq Bras Cardiol. 2021; 117(2):378-384
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Conclusion

Our study is the first of its kind that provides specific data
of HT and SUA values focused on Romanian elderly patients.
Although it is increasingly recognized that biological rather
than chronological age is important, HT treatment and control
in older populations must be optimized, considering individual
health characteristics, since therapy reduces mortality, stroke,
and heart failure. Our study serves to emphasize that increased
SUA levels are associated with aging and correlations with HT
are identified, regardless of the state of renal function.
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Patients in a Low-Income Region in Brazil: Incidence of Acute Kidney
Injury (AKIN and KDIGO Criteria), Need for Dialysis and Mortality
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Abstract

Background: Type 1 cardiorenal syndrome is associated with higher mortality in heart failure patients. However, few studies
have compared the diagnostic criteria of acute kidney injury (AKI) in this population.

Objective: To assess clinical and functional features and factors associated AKI in patients with heart failure.

Methods: Retrospective, cohort study on patients with decompensated heart failure or recent acute myocardial infarction,
conducted in a tertiary hospital in a low-income region of Brazil. Clinical, laboratory and echocardiographic features were
compared between patients with and without AKI according to the Acute Kidney Network (AKIN) and Kidney Disease: Improving
Global Outcomes (KDIGO) criteria. The level of statistical significance was set at p < 0.05.

Results: Of 81 patients, 61.73% had AKI. Mean creatinine and urea levels were 1.79+1.0 mg/dL and 81.5+46.0 mg/dL,
respectively, and higher in the group with AKI (p < 0.05). No evidence of a relationship between cardiac changes and reduced
renal function. Chronic renal disease was associated with higher prevalence of AKI. Higher mortality was observed in patients
with AKI than in patients without AKI (32.0% vs. 9.8%, p = 0.04, OR 8.187 ad 95% confidence interval 1.402-17.190, p = 0.020).

Conclusion: In this population of patients with heart failure, AKI was highly prevalent and considered an independent risk factor
for mortality. Cardiac changes were not associated with AKI, and the KDIGO and AKIN criteria showed similar performance.

Keywords: Cardio-Renal Syndrome/complications; Renal Insufficiency; Acute Kidney, Injury/standards(AKIN); Kidney Disease
Improving Global Outcome/standards(KDIGO).

Introduction In the last decades, the term “acute kidney injury” (AKI) has
been revised, with emphasis on a progressive pathophysiological
process that may be noticeable by the presence of small changes
in markers of renal injury, especially creatinine. On this regard,
two diagnostic criteria have been proposed, the Acute Kidney
heart failure (HF) decompensation may also develop Network (AKIN) and1 Ehe Kidney Disease: Improving Global
acute renal function impairment, which is characterized Outcomes (KDICO)." The former, fie'velo.ped to harmonize
as type 1 CRS.? previous definitions and.crlterla, distinguish fr(?m the term
“worsening of renal function”, and have been widely used in
investigations of AKI and CRS."** Few studies in the literature
have evaluated these AKI and CRS criteria, particularly in
emerging countries and low index of economic development.®”

Cardiorenal syndrome (CRS) encompasses various
acute and chronic conditions in which dysfunction in one
organ (either the heart or kidneys) implicates dysfunction
in the other."? Approximately one third of patients with

Ventricular dysfunction can cause negative effects on
renal function and, meanwhile, renal insufficiency may
significantly impair cardiac function. Direct and indirect
effects of each dysfunctional organ can initiate and mutually

perpetuate a combined set of disorders.? The aim of the present study was to compare the incidence

of CRS using the AKIN and the KDIGO criteria, and to assess
risk factors for CRS, need for dialysis, and mortality in patients
with decompensated HF.

Mailing Address: Carlos Eduardo Batista de Lima *
Rua General Lages, 1555, Apto. 402; Edificio La Concorde.
Postal Code 64048-350, Fatima, Teresina, PI - Brazil Methods

E-mail: carlos.lima@ufpi.edu.br . . .
Manuscript received February 06, 2020, revised manuscript July 31, 2020, This was an Observatlonal’ retrospectwe, cohort StUdy

accepted August 16, 2020 conducted in a tertiary referral hospital for urgency and
emergency care in Teresina, Brazil —the Hospital de Urgéncias
de Teresina. All patients with a history of heart disease admitted

DOI: https://doi.org/10.36660/abc.20200097

Arq Bras Cardiol. 2021; 117(2):385-391


https://orcid.org/0000-0003-4645-6348
about:blank

Nascimento et al.
Type 1 Cardiorenal Syndrome and Acute Kidney Injury

Original Article

with decompensated HF, and patients with recent acute
myocardial infarction (AMI) with echocardiographic evidence
of reduced ejection fraction (<55%) were included in the
study. Patients younger than 18 years, kidney transplanted
patients, patients on chronic dialysis and those without
at least two creatinine measurements performed during
hospitalization were excluded.

This study was reviewed and approved by the local ethics
committee (CAAE n. 54207914.5.0000.5211). Data were
obtained by reviewing medical records and echocardiographic
findings of patients hospitalized from 01 January to 31
December 2014. The variables studied included admission
date and diagnosis, age, sex, comorbidities —systemic
arterial hypertension (SAH), diabetes mellitus (DM), dilated
cardiomyopathy, cerebrovascular disease, chronic renal disease
(CRD), liver disease — laboratory parameters (creatinine, urea,
potassium, bicarbonate, pH), clinical improvement, hospital
discharge and death.

AKI was defined based on changes in creatinine levels,
following the two diagnostic criteria (AKIN and KDIGO). The
AKIN proposes a diagnosis of AKI based on change between two
creatinine values within a 48-hour period, and need for renal
replacement therapy. An absolute increase in serum creatinine
greater than 0.3 mg/dL or a 1.5-1.9 times baseline is classified
as stage T AKI. An increase 2.0-3.0 times baseline is classified
as stage 2 AKI. Patients with increase in serum creatinine 3.0
times baseline or serum creatinine levels equal to or greater
than 4.0 mg/dl (abrupt rise of at least 0.5 mg/dL) or initiation
of renal replacement therapy are classified as stage 3 AKI.%?

According to the KDIGO criteria, an increase in serum
creatine 1.5 times baseline within seven days or an increase by
0.3 mg/dL within 48 hours is classified as stage 1, an increase
equal to or greater than 2 times baseline is classified as stage
2, and stage 3 is considered an increase in serum creatinine 3
times baseline (to =4 mg/dL) or on renal replacement therapy.*

Statistical analysis

Continuous variables were expressed as mean and standard
deviation, according to normality of data distribution verified
by the Kolmogorov-Smirnov test, and compared using the
unpaired Student’s t-test. Categorical variables were expressed
as proportions and compared by Pearson chi-square test.
The combined effect of predictive variables on the response
variable was assessed using multiple logistic regression models
with adjusted odds ratio (OR). The variables that showed a
trend for an association (p<0.2) in the bivariate analysis were
added in the regression model, and those with statistically
significance association (p< 0.05) were maintained in the
model. The final multiple logistic regression model was
adjusted using the Enter model. The Hosmer—-Lemeshow test, a
statistical test for goodness of fit for logistic regression models,
showed that the final model was adequate to explain the
response variable. The variance inflation factor (VIF) was used
to assess multicollinearity among the independent variables,
and a VIF cutoff of 4 was adopted to identify multicollinearity.
However, the test did not detect multicollinearity among the
variables studied. A significance level of 5% was set for all
the statistical tests. Data were analyzed using the R-Project

software, version 3.0.2, and the Statistical Package for the
Social Science (SPSS), version 20.0.

Results

A total of 81 patients admitted for compensated HF
or recent AMI were included in the study. Clinical and
demographic characteristics of patients are described in Table
1. Mean age of patients was 67.02 = 14.97 years, and 43
patients (53.1%) were men. The diagnosis of decompensated
HF was more common in patients with previous heart disease,
and SAH was the most common comorbidity.

The study population was divided into three subgroups,
according to the presence or not of AKI. Clinical, laboratory
and echocardiographic features of these patients (50 with
AKI and 32 without AKI) are described in Table 2. Although
no differences in clinical variables were observed between
the two groups, most patients with AKI had renal disease and
elevated levels of urea and creatinine.

Regarding the association of cardiac and echocardiographic
features with development of kidney injury, HF was the
main admission diagnosis among patients with altered renal
function. No relationship was found between reduced ejection
fraction and development of CRS.

With respect to in-hospital mortality, while a 9.7% rate
was found in patients without AKI, 32% of patients with AKI

Table 1 - General characteristics of patients with heart failure
(ischemic and non-ischemic) evaluated for the presence of acute
kidney injury (n = 81)

Variable N
Age (years)
67.02 £ 14.97
Mean £ SD
Sex (%)
43 (53.09)
Male

Diagnosis (%)

Recent AMI 16 (19.75)
HF with a history of heart disease 62 (76.55)
History of HF and recent AMI 3(3.7)
Other diagnoses* 8(9.88)
Comorbidities (%)

SAH 48 (59.26)
DM 26 (32.1)
CRD 20 (24.69)
Cerebrovascular disease 7 (8.64)
Liver disease 6 (7.41)
Others 24 (29.63)

AMI: acute myocardial infarction; HF: heart failure; SAH: systemic
arterial hypertension; DM: diabetes mellitus; CRD: chronic renal
disease; SD: standard deviation. * Patients with decompensated
heart failure and left ventricular ejection fraction < 55% without a
history of heart disease or recent acute myocardial, arrhythmias,
hypertensive pulmonary edema or infections.
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Table 2 - Clinical, laboratory and echocardiographic features, and clinical outcomes of patients with and without acute kidney injury of

hospitalized patients with heart failure or acute myocardial infarction (n = 81)

Variables Without AKI (n = 31) With AKI (n = 50) OR (95%Cl) p - value
Clinical data
Age (+ SD) 64.03 £ 16.08 68.88 + 14.08 1.02 (0.99-1.05) 0.172
Male sex - n (%) 20 (64.52) 23 (46) 2.13 (0.85-5.37) 0.104
SAH - n (%) 15 (48.39) 33 (66) 0.48 (0.20-1.20) 0.116
DM - n (%) 8 (25.81) 18 (36) 0.62 (0.23-1.66) 0.339
CRD - n (%) 1(3.23) 19 (38) 18.4 (2.31-146.10) 0.001
Cerebrovascular disease - n (%) 1(3.23) 6 (12) 4.09 (0.47-35.73) 0.337
Liver disease - n (%) 3(9.68) 3(6) 0.60 (0.11-3.16) 0.858
Others—n (%) 7 (22.58) 17 (34) - -
Laboratory data (£ DP)
Urea (mg/dL) 46.65 * 25.66 81.52 + 46.04 1.03 (1.01-1.05) 0.001
Creatinine (mg/dL) 1.17 £0.76 1.79 £ 0.97 1.02 (1.01-1.04) 0.002
Potassium (mEq/L) 4.11+£0.75 4.4+1.02 2.76 (1.29-5.91) 0.155
Bicarbonate 2412+ 6.1 22.01+4.71 0.92 (0.79-1.07) 0.355
pH 7.417 £0.05 7.374+0.1 0.01 (0.01-74.88) 0.069
Echocardiographic features
Recent AMI - n (%) 8(25.8) 8 (16) 0.61(0.22-1.73) 0.507
HF with previous heart disease — n (%) 22 (70.97) 40 (80) 1.83 (0.61-5.51) 0.429
History of HF and recent AMI - n (%) 1(3.23) 2 (4) - 0.999
Ejection fraction: % (x DP) 35.86 £ 10.79 36.09 +10.79 1.01 (0.97-1.05) 0.598
Left atrial diameter: mm (x DP) 39.51+7.45 39.51+7.45 1.02 (0.96 - 1.08) 0.624
Myocardial thickness - n (%)
Increased 16 (51.61) 21 (42) 0.77 (0.31-1.90) 0538
Normal 15 (48.39) 29 (58) Reference '
LF systolic dysfunction - n (%)
Mild 1(3.23) 2 (4) Reference

0.999
Moderate/severe 30 (96.77) 48 (96) 1.25(0.18-2.31)
Clinical outcomes - n (%)
Death 3(9.68) 16 (32) 1.21 (1.16-16.62) 0.021
Dialysis 0(0) 3(6) - 0.437

AKI: acute kidney injury; OR: odds ratio;95% CI: 95% confidence interval; AMI: acute myocardial infarction; HF: heart failure; SAH: systemic arterial
hypertension; DM: diabetes mellitus; CRD: chronic renal disease; AMI: acute myocardial infarction; LV: left ventricular; SD: standard deviation.
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died during hospitalization, indicating an association of AKI
with mortality (OR 1.21, 95% confidence interval [95% Cl]
between 1.16 and 16.62, p = 0.021). The need for dialysis
was observed in only 6% of patients with AKI, but without
statistically significant difference between the groups.

Deterioration of renal function was observed in 50 patients
according to at least one diagnostic criteria (KDIGO and AKIN).
Using the KDIGO criteria, kidney injury was detected in 61.7%
of patients, whereas the AKIN was unable to detect AKl in 14%
of patients (Table 3). However, in the present study, the KDIGO
criteria was not superior to AKIN in detecting early changes in
renal function. Multivariate analysis (Table 4) showed that AKI
was an independent risk factor of mortality, with an adjusted
OR of 8.187, 95%Cl 1.402-17.190, and p=0.020.

Discussion

It is estimated that more than 85% of the world
population live in low/medium income countries, where
the development of scientific studies is typically low.
Socioeconomic and environmental factors, including food
shortage, affect the outcome of AKI in heart diseases and
CRS, and such associations are frequently ignored in many
studies.®” The present study was conducted in a tertiary
hospital, the main emergency referral center of a population
of nearly one million people, in a state of low economic
development (ranking 22" of 27 federative units in terms
of gross domestic product) in Brazil.*”!"

However, in the study population, clinical and
demographic features were similar to those reported in the
literature, with a predominantly male, older patients, as
reported by Spineti et al.,> where 58% of the sample were

men, mean age of 63.5 £ 13 years. Liangos et al."" also
shown a predominance of male, older patients, and DM,
SAH, and CRD as the main comorbidities.

Studies on patients diagnosed with AKI have demonstrated
that chronic conditions, especially DM and SAH, are more
strongly associated with AKL.'"'> However, similar to our
study, Caetano et al.” did not find an association of CRS with
a history of HF, DM, or elevated blood pressure at hospital
admission, but with history of kidney disease.

In a multicenter study, data of 105,388 patients with acutely
decompensated HF were collected from 274 hospitals in the
USA. The prevalence of CRS in this population was 30%,
which was similar to that (32%) reported in the meta-analysis
by Damman et al."* In our study, AKI was present in 61.7%
of patients. This is condition, more and more common in HF
patients, can be an aggravating factor for symptom severity,
and change not only the clinical course of disease, but also
response to treatment." In some studies, preexisting CRD in
patients admitted for decompensated HF was associated with
development of AKI in all cases.'

Analyses of laboratory data of patients admitted with acute
CRS had higher values of urea, creatinine and potassium
compared with those without renal injury.*'* Other studies not
only corroborated these findings, but also showed that small
changes in creatinine levels are significantly associated with
an increase in mortality in patients with AKI."”

In the present study, most patients admitted for
decompensated HF had a history of heart disease, and this
factor was not associated with the development of AKI.
Regarding the echocardiographic parameters, including left
ventricular ejection fraction (LVEF), no cardiac structural

Table 3 - Incidence and staging of acute kidney injury according to the diagnostic criteria proposed by the Acute Kidney Injury Network
(AKIN) and the Kidney Disease: Improving Global Outcomes (KDIGO) in patients with cardiorenal syndrome

. AKIN KDIGO
AKI staging N % N % p - value
Stage 1 35 43.21 39 48.15 0.642
Stage 2 3 3.7 5 6.17 0.479
Stage 3 5 6.17 6 7.41 0.763

AKI: acute kidney injury.

Table 4 - Multivariate analysis of variables related to cardiorenal syndrome in hospitalized patients with decompensated heart failure

or recent acute myocardial infarction (n=81)

Variables Adjusted OR (95%Cl) p

Male sex 0.796 (0.241-2.632) 0.708
Age (+ 1 year) 1.010 (0.967-1.055) 0.651
Systemic arterial hypertension 2.228 (0.684-7.261) 0.184
Chronic renal disease 6.622 (0.901-48.693) 0.063
Urea (+1 mg/dL) 1.005 (0.983-1.028) 0.660
Acute kidney injury 8.187 (1.402-17.190) 0.020

OR: Odds ratio;95%Cl: 95% confidence interval.
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or functional parameter was associated with the course
of CRS. Although AKI is equally prevalent in HF due to
systolic dysfunction and diastolic dysfunction, kidney injury
is generally more severe in patients with reduced LVEF as
compared with those with normal LVEF, and found in more
than 70% of patients admitted with cardiogenic shock.? Similar
findings were reported in another study that showed that 86%
of patients with AKI had HF and LVEF<40%.?

Caetano et al.,”® in an echocardiographic study of patients
with CRS, showed that 48.4% of patients had preserved
systolic function (LVEF = 50%). Among the patients with AKI,
26 (56.6%) had compromised ejection fraction, whereas 47
(43.1%) of patients without AKI had acute renal dysfunction.
In the same study,'* moderate or severe mitral insufficiency
was found in 68.4% and 45.1% of patients with and without
AKI, respectively (p=0.014). In addition, mean LVEF was
approximately 36% and only three patients had a LVEF > 50%,
with no difference between patients with and without AKI.

Studies have reported the occurrence of AKl in HF in patients
with both reduced and preserved LVEF**'* which reinforces
the need for evaluating the cardiac and hemodynamic function
in patients with worsening renal function. Studies by Mullens
et al." and Damman et al.” evaluated the hemodynamic
profile of patients with cardiovascular disease using invasive
methods and intensive therapies. Thus, it is suggested that
other parameters, indicative of renal injury, such as changes
in the vena cava, could be evaluated by echocardiography, a
non-invasive method, since these same studies have reported
a correlation between increased central venous pressure
and worsening of renal function. Although the assessment of
inferior vena cava diameter during inspiration and expiration
is possible by echocardiography, few studies have investigated
these parameters.

Need for dialysis was seen in 6% of our patients, which
is in accordance with the study by Li et al.,>* with a cohort
of 1,005 Chinese patients (6.4%). Also, the meta-analysis by
Vandenberghe et al.” showed a need for renal replacement
therapy in 4.6% of patients with CRS due to decompensated
HF and 2.3% of patients with CRS due to other causes.
According to Forman et al.,*" in HF patients with longer
hospitalizations and in-hospital death, complications are more
common in patients with AKI. In our study, we observed a
32% mortality rate in patients with AKI, which represented
an independent risk factor for mortality (OR 8.187 [1.402 —
17.190], p=0.020). Hata et al.,?* in a retrospective analysis
of 376 patients admitted to the intensive care unit (ICU) with
decompensated HF, AKI was detected in 73% of patients and
was correlated with high in-hospital mortality (10.5% versus
1.0% in non-AKI patients; p<0.01), and longer hospital stay
as compared with the control group. In our study, CRS alone
was not considered a risk factor by the multivariate analysis
(OR 6.622 [0.901-48.693], p=0.063), possibly because of
the small sample size. However, Damman et al."* reported
in a meta-analysis, a significant association between CRS and
mortality (2.3 [2.20-2.50], p < 0.001). In another study, higher
in-hospital mortality was found in patients with AKI, especially
among those who had greater worsening of renal function. Of
18 patients who died, 17 (94.5%) had AKI, 76.5% AKIN stage
3 and 23.5% AKIN stage 2.

Arq Bras Cardiol. 2021; 117(2):385-391

Barros et al.,'® in a study with 85 hospitalized patients
admitted to the ICU with decompensated HF, found that
76,5% of patients had AKI, mainly at stage 3 (38.8%) (AKIN
criteria), followed by stage 2 (32.9%) and stage 1 (4.7%).
We should consider that, in general, critically ill patients
in ICUs have impairment of many organs, including renal
dysfunction. Therefore, it is possible that patients with AKI
at more advanced stages may be found in this population.

According to a comparative study between RIFLE (Risk,
Injury, Failure, Loss and End-Stage Kidney, classification
proposed by the Acute Dialysis Quality Initiative group),
AKIN and KDIGO in patients in the post-operative period of
cardiac surgery, the prognostic power of the KDIGO criteria
was superior to both AKIN and RIFLE.? In our study, however,
KDICO was not superior to AKIN, which was similar to the
findings reported by Roy et al.,** who evaluated 637 patients
and found a similar performance of AKIN, KDIGO and RIFLE.
In a large Chinese retrospective, cohort study, that included
patients with HF, Li et al.? showed that KDIGO was superior
to both AKIN and RIFLE, but the proportions of patients with
AKI at stages 2 and 3 were higher than in our study.

Limitations

This study has some limitations that need to be considered.
First, this was a single-center study, involving a small number
of patients. Second, there were limitations inherent to the
retrospective design of the study, including reliance on medical
records. Although all specific requirements for modeling and
variable selection of logistic regression were met, the possibility
that other variables influenced the results cannot be excluded.
Likewise, creatinine measurements were not recorded daily, which
may have affected the evaluation of AKI staging. Finally, the small
number of patients with AKI at initial stages may have influenced
the performance of the AKIN and KDIGO diagnostic criteria.

Conclusion

In this population of patients admitted to a public tertiary
hospital of a low-income region, with decompensated HF
and a history of heart disease or recent AMI, there was a
high occurrence of AKI, which was an independent risk
factor for mortality. CRS was a risk factor for AKI. In addition,
cardiac structural and functional changes, evaluated by
echocardiography, were not associated with the development
of AKI. The KDIGO and AKIN diagnostic criteria showed
similar performance in this population.
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Short Editorial related to the article: Type 1 Cardiorenal Syndrome in Decompensated Heart Failure Patients in a Low-Income Region in Brazil:
Incidence of Acute Kidney Injury (AKIN and KDIGO Criteria), Need for Dialysis and Mortality

Heart failure is a systemic condition that may lead to
impairment of many organ systems and physiological functions
that may cause symptoms and may have a negative influence
in the prognosis of the patients."* Compromising renal function
may be one of the ailments of patients with heart failure.>?

Prevention, diagnosis and treatment of this complication
are key issues in patient care; strategies of categorization of
acute renal lesions have been developed and are helpful in
clinical practice.’

A first step would be to study local experience to estimate
its frequency, clinical characteristics and evaluation of
severity. Causes of acute kidney injury were recognized to
vary by country and economic status.* This important step
was provided in a retrospective study based on hospital
charts of a referral hospital in a Brazilian northeast state
capital to address the comparison of two methods of
evaluating renal dysfunction.’

They studied® a sample of 81 patients admitted to the
Hospital, diagnosed with heart failure (16 of them with recent
myocardial infarction), mean age 67 years, men (53%) and
women (47%). Acute kidney injury was diagnosed in 50/81
patients; mortality was 16/50 (32%) in patients with acute
kidney injury and 3/31 (9,68%) in patients without acute
kidney injury. Dialysis was performed in three patients with
acute kidney injury. The authors found that the KDIGO score
(Kidney Disease: Improving Global Outcomes) indicated renal
injury in 61,7% of the cases; the AKIN (Acute Kidney Injury
Network) criteria did not indicate acute renal lesion in 14% of
the patients. The authors concluded that a relationship between
the cardiac conditions in this study sample did not demonstrate
a clear relationship with acute kidney lesions; the scores did
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not demonstrate a significant difference in performance for
guidance in the diagnosis of acute kidney lesions.

Prevention is a key step in patient care. Prevention of
acute kidney injury may be part of the care of patients with
heart failure and include: control of contributing factors
to the occurrence and development of both renal and
cardiac dysfunctions (such as diabetes mellitus and arterial
hypertension); prevention and control of factors aggravating
kidney function such as hypovolemia, hypotension and use
of nephrotoxic agents; prevention and control of factors
aggravating heart function such as hypo- and hypervolemia,
acute blood pressure abnormalities, ischemia and use of drugs
that could impair the heart function, and others; appropriate
treatment of heart failure with disease-modifying therapies
and, ideally, use of therapies that could positively impact the
renal function.

In the event of established acute kidney injury, early
diagnosis or prompt diagnosis may be crucial and the use
of appropriate diagnostic criteria play a central role. One
of the most used markers in medical practice is serum
creatinine and elevation equal to or greater than 0.3 mg/
dl has been associated with increased risk of hospital death
and prolonged hospitalization. However, the non-linear
relationship between creatinine and glomerular filtration
rate and the influence of factors such as metabolic status,
age, gender, race, and nutritional status limit an accurate
application in clinical practice.®

A way to compensate for these limitations was the
development of equations for calculating glomerular filtrating
rate using variables such as sex, age, race, and body surface
area. The most commonly used equations are Cockeroft-Gault,
MDRD (Modification of Diet in Renal Disease) and CKD-
EPI (Chronic Kidney Disease Epidemiology Collaboration).
Despite being more accurate, they also face limitations in
special populations such as elderly, underweight, obese and
diabetic patients.

Scores frequently used in clinical practice use either
creatinine (AKIN), glomerular function estimates (KDIGO) or
a combination of both (RIFLE), in association with other data,
such as albuminuria. Other markers of renal function including
kidney injury molecule 1 (KIM1), isoform 1, N-acetyl-B-D-
glycosaminidase (NAQ), interleukin 18, cystatin C, neutrophil
gelatinase-associated lipocalin (NGAL), and urinary exosomes
are currently under investigation.”
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Abstract

Since December 2019 we have observed the rapid advance
of the severe acute respiratory syndrome caused by the new
coronavirus (SARS-CoV-2). The impact of the clinical course of
a respiratory infection is little known in patients with hereditary
arrhythmias, due to the low prevalence of these diseases. Patients
who present with infectious conditions may exacerbate hidden or
well-controlled primary arrhythmias, due to several factors, such
as fever, electrolyte disturbances, drug interactions, adrenergic
stress and, eventually, the septic patient’s own myocardial
damage. The aim of this review is to highlight the main challenges
we may encounter during the Covid 19 pandemic, specifically
in patients with hereditary arrhythmias, with emphasis on the
congenital long QT syndrome (LQTS), Brugada syndrome (SBr),
ventricular tachycardia polymorphic catecholaminergic (CPVT)
and arrhythmogenic right ventricular cardiomyopathy.

Since December 2019 we have observed the rapid advance
of the severe acute respiratory syndrome caused by the new
coronavirus (SARS-CoV-2), the first cases of which arose in
Wauhan, China, subsequently arriving in Brazil. Retrospective
studies have shown that old age was an independent predictor
of mortality by COVID-19. Other risk factors impacting
mortality were systemic arterial hypertension, chronic
pulmonary obstructive disease, immunosuppression, type-2
diabetes mellitus, obesity, and severe cardiopathy (heart
failure, coronary disease, or cardiomyopathies).'?

Overall, complications due to arrhythmias in patients
with pneumonia, particularly atrial fibrillation, are relatively
common.** Cardiac arrest occurs in about 3% of hospitalized
patients;* however, less than 20% of cardiac rhythms of
in-hospital events are reported as being electrically reversible
to sinus rhythm (by cardioversion or defibrillation), i.e.,
ventricular tachycardia/fibrillation (VT/VF). In such patients,
the primary arrhythmogenic mechanism is myocardial injury
due to ischemia or inflammation.*
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The impact of a clinical evolution to sepsis, or specifically
of the respiratory infections, is poorly known in patients who
harbor inherited arrhythmias, due to the low prevalence of
these diseases.” Moreover, most inherited arrhythmias generally
have incomplete penetrance and are age-dependent,® being
mainly expressed in young patients who, in turn, have a lower
risk of developing severe infectious conditions.

Patients presenting with more severe infectious conditions
may have exacerbation of concealed or well-controlled
arrhythmias, due to several factors such as fever, electrolytic
disorders, drug interaction, adrenergic stress and, eventually,
the septic patient’'s own myocardial injury. All these factors
may alter the ion channels balance, rendering these patients
with inherited arrhythmias potentially more vulnerable.

Lethal events in patients with inherited arrhythmias may be
triggered by physical and emotional stress. The psychosocial
impacts of the pandemic, which correlate to depression,
stress, anxiety and panic syndrome, further aggravated by
social isolation and the confrontation of fear and grief, may all
predispose to a higher occurrence of arrhythmias.” The possible
need for a temporary suspension of medications (3—blockers
and antiarrhythmic drugs) in hemodynamically unstable
patients, the use of vasopressor drugs with catecholaminergic
effects, and hydro-electrolytic disorders may be linked to a
higher risk for potentially fatal events. Therefore, the pandemic
period itself is a warning for the need to warrant vigilance and
orientation directed to these patients who, once harboring rare
diseases, are not well represented in clinical studies. In case of
infection by SARS-COV2, there is not enough epidemiological
data on this population to categorize them as a risk group, thus
generating insecurity for both physician and patient. In Table
1 we rank the in- and out-of-hospital general healthcare
measures that should be adopted for patients with previously
known genetic arrhythmias.

For all the aforementioned reasons, it is important to
review the main challenges faced during the COVID-19
pandemic,” specifically in this subpopulation, highlighting
congenital long-QT syndrome (LQTS), Brugada syndrome (BrS),
catecholaminergic polymorphic ventricular tachycardia (CPVT),
and arrhythmogenic right ventricular cardiomyopathy (ARVC).

Congenital Long-QT Syndrome

Overview

LQTS affects 1:2,000 individuals and is characterized by
prolongation of the QT interval on the standard 12-lead ECG
and a propensity for syncope or seizures secondary to torsades
de pointes (TdP) and sudden cardiac death (SDC)."
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Table 1 - Out-of-hospital and inpatient care during COVID-19 pandemic in patients with inherited arrhythmias

Out-of-hospital care

« Avoid emotional stress

« Practice good hygiene and physical distancing

« Check for the risk of social distancing

* Keep beta-blockers and antiarrhythmic drus, as appropriate

« Attention with alarm symptoms (syncope, presyncope and palpitations) and optimal pharmacological treatment and adherence to medication

Out-of-hospital and inpatient care

« Keep euthermia - fever should be treated early, especially in patients with LQTS2 and BrS

« Azithromycin and Hydroxychloroquine/Chloroquine must be discouraged in patients with LQTS

« Avoid the association of hydroxychloroquine with amiodarone or sotalol due to the risk of TdP

« The drugs that may lengthen the QT interval is available on www.credibledrugs.org

« Drugs interactions are available on www.online.epocrates.com

« Be aware of QT control protocols of each hospital

LQTS: Long QT syndrome, BrS: Brugada Syndrome, ARVC: arrhythmogenic right ventricle cardiomyopathy; TdP: Torsades de pointes.

LQTS is associated to defects that either increase the
sodium and calcium (respectively Ina and Ica L) depolarization
currents, or attenuate the potassium (IKs, IKr and IK1)
repolarization currents, leading to a prolonged cardiac
action potential that results in QT-interval prolongation."
Clinical peculiarities and molecular diagnosis allow for LQTS
classification into subtypes, mainly LQTS-1 (IKs channel, gene
KCNQT), LQTS-2 (hERG or IKr channels, gene KCNH?2), or
LQTS-3 (Ina channel, gene SCN5A).

The QT interval must be preferably measured from leads
DIl or V5 (Figure 1) and corrected by the preceding RR interval
using Bazett’s formula, ideally at a 60 to 80 bpm heart rate.™
The present guidelines define that QTc is prolonged when
its value is above 450 ms in men and 460 ms in women.
However, 5% to 10% of healthy individuals have a QTc >
460 ms; therefore, other clinical data are necessary to establish
LQTS diagnosis. For these cases, the use of Schwartz score
is recommended.”'* There is greater specificity for LQTS
only when QTc values are above 480 ms in the absence of
secondary causes.™ On the other hand, about 30% of the
patients have the concealed form of LQTS, represented by
genetic background and normal QT interval, so the family
history and a genetic test are relevant in case of clinical
suspicion in these patients.

The standard treatment for patients with LQTS is
B-adrenergic blockade using nadolol/propranolol, in addition
to avoiding drugs that prolong the QT interval. The indication
for left cardiac sympathetic denervation and ICD remains
restricted to cases with greater risk for potentially fatal
arrhythmic events.™

Healthcare during the COVID-19 pandemic

Cardiac ion channels are modulated by the autonomic
nervous system, since the cardiac repolarization time is
constantly adjusted by the heart rate. In a context of adrenergic

Arq Bras Cardiol. 2021; 117(2):394-403

stress, there is an increase in heart rate, with potassium channel
phosphorylation and increased opening velocity in normal
conditions. In situations of genetically-determined protein
defect, this adjustment is impaired, thus slowing channel
inactivation and allowing for an imbalanced entrance of
calcium and occurrence of early after-depolarization (EAD).
While the heart rate remains high, there may be some
inhibition of these triggers; however, when the metabolic
situation leads to bradycardia or RR interval irregularity, there is
an increased repolarization dispersion and greater occurrence
of EAD. Depending on the cell excitability threshold, EAD
gives rise to ventricular extrasystoles (or “premature ventricular
beats - PVBs”), TdP/VE™

The suspension or reduction of the chronic use of
B—blockers for the treatment of LQTS may aggravate the
occurrence of potentially fatal arrhythmias; therefore,
there should be a strict maintenance of medications for
patients treated at home, while in critically-ill patients, the
decision must be guided by their hemodynamic stability.

lon current balance depends on the cell level of those ions,
which can be dynamic in critically-ill patients. Hypokalemia,
hypocalcemia and hypomagnesemia lead to the emergence
of EAD, increased dispersion of repolarization, and TdP
occurs more easily in LQTS carriers. Keeping potassium levels
between 4.5 and 5 mg/dL might be a protective strategy.”

Sepsis or septic shock are situations associated with high
adrenergic tone due to pain/discomfort, in addition to the
inflammatory condition itself. LQTS-1 and LQTS-2 carriers
are those who present with arrhythmias triggered mainly by
adrenergic stress, being therefore more prone to such critical
situations. The presence of fever may influence the biophysical
properties of temperature-sensitive channels, particularly
the hERG channels affected in LQTS-2." Contrarywise,
hypothermia is also associated with prolongation of the QT
interval, albeit with a low risk of TdP induction.®
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Figure 1 - QT interval measurement in a patient with Long QT Syndrome.
Source: InCor-HCFMUSP collection.

Myocardial inflammatory injuries change the cell
membrane potential, generating repolarization dispersion
and susceptibility to ventricular arrhythmias.'” Furthermore,
cytokines and antibodies may link to the cardiac ion channels
and lead to inflammation-induced channelopathy, presumably
with greater severity in LQTS patients.'®

Potassium-channel (hERG) blocking drugs may further
prolong the cardiac repolarization, thus increasing the risk for
fatal arrhythmias. The indication of these medications must
be strictly weighed, especially in out-of-hospital regimens
that lack continuous monitoring. In addition, drugs that lead
to P450 3A4 (CYP3A4) cytochrome inhibition may further
increase the serum level of drugs that prolong the QT interval.”

There is a list of drugs in www.crediblemeds.org that
includes chloroquine/hydroxychloroquine and azithromycin.
In critically-ill patients, other drugs that pose risk are
often administered, such as antiemetic (ondansetron and
metoclopramide),’ antipsychotic (haloperidol), vasoactive
(noradrenaline, dobutamine), analgesic (tramadol), and
sedative drugs (etomidate, propofol).2°

The use of chloroquine and hydroxychloroquine,
associated or not to azithromycin, is controversial
in COVID-19 patients, of which efficacy has been
demonstrated in vitro,?' but still lacking support from
clinical studies. In a recent publication, Mazzanti et al.
suggested that a cumulative 2g dose of hydroxychloroquine
in 5 days, as it is adopted in 30% of all ongoing studies
of hydroxychloroquine (www.clinicaltrials.gov), leads
to mild prolongation of the QTc interval in patients
with normal baseline QTc (average increase of 20 ms),
without increasing the risk for life-threatening arrhythmic
complications.?? In another series of patients with systemic
lupus erythematosus, with mean QTc interval of 443
+ 25.3 ms (373 — 518 ms), QTc interval prolongation
occurred in 14.2% of patients using chloroquine.?’
Considering that LQTS patients already are more prone
to TdP-type pro-arrhythmias, the use of chloroquine
or hydroxychloroquine, mainly in association with
azithromycin, must be discouraged in patients with LQTS."

Polypharmacy is an issue requiring multidisciplinary caution
on the part of both physicians and pharmacists; in LQTS
patients, this becomes an even more relevant concern, due to
the risk of imminent sudden death when they are exposed to
such drugs. Specifically in these patients, one must promptly
discuss the risks and benefits of each medication.

In case of TdP occurrence degenerating into VF,
defibrillation and cardiopulmonary resuscitation are required.
TdP usually has a self-limited presentation with spontaneous
resolution; however, prevention of TdP recurrence is the
most challenging factor. Emergency measures include
minimizing pro-arrhythmic medications and suppressing
factors that give origin to early after-potentials.>*

The primary measure aimed to suppress EAD in LQTS is to
avoid bradycardia and pause episodes. In patients with acquired
LQTS it is possible to try pharmacological measures, such as
intravenous isoprenaline; on the other hand, in patients with
congenital LQTS, overdriving should only be done by atrial or
ventricular stimulation, with a temporary (transcutaneous or
transvenous) pacemaker implantation. The administration of 2g
followed by continuous infusion (3 to 10mg/min) of magnesium
sulphate is an adjunct therapy in both circumstances, aiming to
reduce the oscillation amplitude at phase 3 of the membrane
action potential. In case of refractoriness, sedation may be
necessary to cease the adrenergic stimulus.?

Brugada Syndrome

Overview

BrS affects about 1 in 5,000 people, with a male gender
predominance. The BrS diagnosis is established by the ECG,
through the presence of ST-segment elevation >2mm in at
least one right precordial lead (V1-V2), in standard (fourth
intercostal space, ICS) or superior ICS (second or third ICS),
(Figure 2) followed by a negative T-wave (type-1 pattern).
The main diagnostic and classification challenge is the fact
that this is a dynamic ECG pattern in most patients,' therefore
it may be spontaneously documented or obtained after a
provocative test using specific drugs (e.g., ajmaline).

Arq Bras Cardiol. 2021; 117(2):394-403
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In the absence of secondary causes, the presence of a
spontaneous BrS type-1 ECG pattern is sufficient for the
diagnosis. In cases of BrS induced by fever or provocative tests,
it would be necessary to add personal and familiar clinical data
to precisely define the diagnosis. Recently, a scoring system
(Shanghai score) was proposed for BrS, which may be used
as a diagnostic tool.?®

Secondary causes, the so-called BrS phenocopies, include
the use of drugs that induce the elevation of the ST-segment
(e.g. tricyclic drugs), electrolytic disorders, myocardial
ischemia, and other forms of ST-segment distortion (presence
of pectus excavatum) (Table 2).%

BrS genetics is more complex than the other primary
electrical syndromes. SCN5A, the first identified gene, still
remains a causative gene; however, all the other 20 genes
reported in the recent literature lack a genotype-phenotype
correlation.?

Therapy for BrS patients involves the avoidance of
situations that facilitate the occurrence of potentially fatal
arrhythmias (VT/VF), such as fever, use of illicit drugs, alcohol
consumption, copious meals, or drugs that increase sodium
channel blockade. Quinidine, an important | channel blocker,
seems to be safe and able to reduce arrhythmic events in the
clinical follow-up of high-risk patients.

The indication for ICD implantation is restricted to patients
that have shown documented spontaneous sustained VT,
aborted sudden cardiac death (aSCD), or as primary prevention
for those presenting with a greater risk for arrhythmic events,
like the presence of syncope. The electrophysiologic study
(EPS) can be used for risk stratification of asymptomatic
patients, with controversial results."* Radiofrequency ablation
of the BrS substrate has emerged as an adjuvant therapy for
recurrent ventricular arrhythmias and is being studied in
patients without previous arrhythmic events.?

Healthcare in the COVID-19 pandemic

The first aspect to be considered in BrS patients is diagnostic
accuracy, since this is a specific electrocardiographic pattern
vulnerable to interpretation bias. The list of diseases that can
mimic BrS ECG changes, the so-called phenocopies, must
be carefully scrutinized for adequate guidance. (Table 2) It is
possible to observe that many phenocopies may occur in an
infectious condition, such as in myocarditis, electrolytic disorders,
pulmonary thromboembolism and myocardial infarction.

Recording ECGs by placing the precordial leads at higher
ICS, as depicted in Figure 3, increases the sensitivity for
detecting Brugada-type ECG pattern, and may be preferred
over the standard lead positioning in patients with suspected
or confirmed diagnosis. It can be additionally performed in
COVID-19 patients with a VT/VF cardiac arrest during ICU
hospitalization, especially if associated with fever. On the
other hand, for the analysis of common pathologies during the
course of infection, such as myocarditis and infarction, placing
precordial leads at higher ICS should be clearly identified in the
ECG, to avoid misinterpretation related to R-wave progression,
axis and QRS amplitude. QT interval measurement may be
performed from D2 of the ECG with superior leads, since the
peripheral leads are kept in standard position.

The main measures for the management of BrS patients
in the ICU are the prevention of fever and the avoidance
of certain medications that enhance channel defects
(www.brugadadrugs.org). There are several examples
of drugs that increase the risk of sudden death in BrS
carriers, such as supportive drugs in hospitalized patients
(diphenhydramine), drugs to treat arrhythmias (amiodarone
and propafenone), anesthetic agents (propofol), and
analgesic drugs (tramadol).

The importance of fever in patients with BrS is well
established. Usually, there is an increase of the PR interval,

WW
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Figure 2 - Placement of precordial leads in a patient with Brugada Syndrome. A) Precordial leads placed at superior intercostal space to increase the
detection of Brugada type 1 pattern, as demonstrated in panel B. B) An asymptomatic 26-year-old girl, with a familiar history of sudden cardiac death.

Source: InCor-HCFMUSP collection.
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QRS duration, and the ] point. Fever also increases
the risk of arrhythmia in people older than 70 years in
whom the risk of the disease has already been reduced.*
Those considered high-risk patients, with temperature over
38.5 °C even after the administration of antipyretic drugs,
should seek medical assistance.”

BrS was the first genetic arrhythmia to gain the spotlight in
publications during the pandemic. The case of a patient who
had the electrocardiographic BrS pattern unmasked by fever
was reported. Because this was a young patient to whom the
criteria for hospitalization would not apply, the authors chose
to discharge him with LifeVet, which is not available in Brazil.*'

Hydroxychloroquine and azithromycin may be indicated,
depending on the evaluation of risks versus benefits. We suggest
measuring serum electrolytes and considering continuous
monitoring during the treatment. Prolongation of the QT interval
and dispersion of repolarization with hydroxychloroquine and
azithromycin might increase the risk for arrhythmia in patients
with BrS, even without a direct relationship of these drugs with
the depolarization channels.?*32

Table 2 - Brugada Syndrome phenocopies

The management of electrical storm in BrS intends to
increase the (depolarization) calcium channel to attain
normalization of the ST segment elevation and the reduction
of phase 2 reentries. Isoproterenol, as well as B-adrenergic
agonists, can be effective, preferably in association with
quinidine (unavailable in Brazil). The use of phosphodiesterase
Il inhibitors, such as oral cilostazol or intravenous milrinone,
have shown a decrease in arrhythmogenicity in experimental
models of BrS; however, studies on their effects in human
beings are still under way.**

Arrhythmogenic Right and/or Left
Ventricular Cardiomyopathy

Overview

The arrhythmogenic right and/or left ventricular
cardiomyopathy (AR+/LVC), for a long time known as
arrhythmogenic right ventricular dysplasia (ARVD), has
an average prevalence of 1:5,000 among the general
population.** This heterogeneous disease with various

Metabolic conditions

Adrenal crisis, metabolic acidosis, hyperglycemia

Electrolyte disturbances
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Figure 3 — ECG of a patient with Arrhythmogenic right ventricle cardiomyopathy. A 45-year-old man recovered from sudden cardiac death. Presence of epsilon
wave (arrow) and T wave inversion from V1 to V3, both major signals according to task force criteria. There is also low voltage QRS in limb leads, showing a

severe ventricular impairment.
Source: InCor-HCFMUSP collection.
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clinical presentations can have sudden cardiac death
as its first manifestation, occurring more often during
physical exercise. There is no diagnostic standard gold test
for AR+/LVC; there is a complex set of clinical tests that
comprises the clinical history, electrocardiographic changes of
depolarization and repolarization (Figure 3), cardiac imaging,
anatomopathological and molecular evaluations.*

Currently, AR+/LVC is known to be a genetically-
determined, mostly autosomal dominant condition, displaying
some rare forms of autosomal recessive inheritance, such as in
Naxos Disease*® or Carvajal syndrome.>” AR+/LVC penetrance
is incomplete, the family is affected in up to 50% of the cases,
and cases may still be underestimated due to the variant
expression of the disease.

AR+/LVC clinical manifestation frequently emerges
between the second and fourth decades of life.?*** The most
common symptoms are palpitations, syncope, aSCD and
congestive heart failure.

Mutations related to AR+/LVC typically affect genes
encoding desmosomal proteins, which are important
structures for cardiomyocyte cell adhesion, that play a
key role in its physiopathology. Desmosomes, specialized
structures of cell connection, are also important mediators
acting in the intra- and inter-cell signal transduction.*
Total loss of the complex desmosomal function leads
to rupture of the cell-cell junction, detachment of
myocytes and cell death. Fibro-fatty replacement of the
cardiomyocytes contributes to the development of slow
conduction areas that generate a scarred anatomic substrate
for macro-reentry and ventricular arrhythmias. Fibrosis
progresses from the epicardium to the endocardium,
involving mainly the right ventricular free wall and causing
its aneurysmatic thinning and dilation.*’

The treatment is focused on the AR+/LVC clinical
manifestation. There is no evidence that antiarrhythmic drugs
prevent sudden death, and ICD is the indicated management
for high-risk patients (aSCD and spontaneous VT). B—blockers
are considered to be the first-line therapy for atrial arrhythmias,
premature ventricular contractions (PVC), non-sustained
VT, besides being important adjuvants for the control of
appropriate or inappropriate ICD shocks (especially due to
atrial arrhythmias). Sotalol, amiodarone and radiofrequency
ablation may be therapeutic alternatives when B—blockers
are either ineffective or poorly tolerated.*?

Healthcare in the COVID-19 pandemic

Ventricular arrhythmias in AR+/LVC patients are often
triggered by physical and emotional stress and have an
important adrenergic-dependent component. Thus, the
increased adrenergic release related to the compensatory
response to the inflammatory syndrome accompanying the
infectious condition may induce ventricular arrhythmias. B—
blockers should be maintained for as long as the hemodynamic
condition persists in these patients and, if possible, also
the antiarrhythmic drugs (sotalol, amiodarone). Drugs with
alpha- or beta-adrenergic effects, such as vasoactive amines
(epinephrine, noradrenaline) and those with inotropic effects
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(dobutamine, milrinone) may increase the risk for ventricular
arrhythmias; however, maintaining the hemodynamic stability
is mandatory in critically-ill patients.

It is estimated that about 17% of patients hospitalized
with COVID-19 need orotracheal intubation and mechanical
ventilation for their recovery." Mechanical ventilation has
hemodynamic effects on the right ventricle, such as the
increase of the right afterload and reduction of the right
cardiac output in patients with right ventricular dysfunction
and increased central venous pressure.*

The electrolytic disturbances (hypokalemia, hypocalcemia
or hypomagnesemia) can also increase the susceptibility in
patients with the anatomic substrate as it is the case in AR+/
LVC; therefore, a thorough monitoring of electrolytes must
be maintained.

Hydroxychloroquine and azithromycin are known to
prolong ventricular repolarization. Thus, their association with
class 11l Vaughan-Williams antiarrhythmics, such as sotalol and
amiodarone, may enhance the risk for EAD-triggered activity
and TdP/VE.  An anti-viral effect of amiodarone has been
proposed.** Antivirals such as ritonavir/lopinavir do not have
the catecholaminergic effect of increasing the arrhythmic risk,
and there is no evidence of drug-to-drug interaction with 3—
blockers / antiarrhythmic drugs in patients with AR+/LVC.#

Catecholaminergic Polymorphic Ventricular
Tachycardia (CPVT)

Overview

CPVT occurs in approximately 1 in 10.000 people, affecting
mainly children in their first and second decades of life, with
syncope or aSCD related to exercise or emotion. Resting
ECG is within the normal parameters. Diagnosis is attained
by performing a stress test, after ruling out cardiac structural
disease, preferably by cardiac magnetic resonance imaging.

During the exercise test, premature ventricular beats
arise with the increment of physical effort when the heart
rate reaches 100 bpm, progressing to polymorphic VT and
sometimes to the classic bidirectional VT, which is considered
to be pathognomonic for this channelopathy (Figure 4).1°

The arrhythmia implicated in CPVT occurs through the loss
of calcium reuptake in the cytosol. Epinephrine release during
exertion promotes an additional increase in calcium release
in the sarcoplasmic reticulum during diastole. The triggering
of the sodium and calcium currents leads to a sudden sodium
inflow that can depolarize the cell and cause PVCs by delayed
afterdepolarization. The emergence of random premature
ventricular beats by the Purkinje system is responsible for the
polymorphic aspect of the VT.

Approximately 60% of the patients with CPVT have a
defective ryanodine cardiac receptor encoded by the RyR2
gene (CPVT type 1). CPVT type 2 is rarer and represents the
disease with an autosomal recessive pattern of inheritance,
caused by calsequestrin (CASQ2) mutations. Some cases
of CPVT, even though unusual, have been related to other
proteins associated with the calcium homeostasis, which give
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origin to the same ventricular arrhythmia pattern. The genes
implicated in these recent discoveries are CALM1 (encoding
calmodulin) and TRDN (encoding triadin). KCNJ2 and TECRL
mutations have been previously described.'

The main goal of the therapy is the adrenergic blockade
with propranolol or nadolol, which can be reinforced by
left cardiac sympathetic denervation in patients who remain
symptomatic or with no reduction of PCV and Non-Sustained
Ventricular Tachycardia (NSVT) burn during exercise testing.
Flecainide, which is not available in Brazil, has been recently
shown to have therapeutical benefits by inhibiting ryanodine-
mediated calcium release (perhaps propafenone might carry
a class effect.?

ICD must be indicated mainly in aSCD patients. However,
in contrast to other channelopathies, shock may induce release
of adrenaline and death by electrical storm and, therefore,
pharmacologic optimization is mandatory.“®

Healthcare in the COVID-19 pandemic

CPVT patients, even if appropriately controlled for
symptoms and ventricular arrhythmias, may present with
potentially fatal recurrences if f—blockers are withhold or
reduced; therefore, it is important to maintain the in- and
out-of-hospital medications for these patients, by assessing
the hemodynamic status of critically-ill patients.

Medications with a- or B-adrenergic effects, such as
vasoactive (epinephrine, noradrenaline) and inotropic
(dobutamine, milrinone) drugs, usually employed for
hemodynamic support, may increase the risk for ventricular
arrhythmias in CPVT patients. Epinephrine is used as
a pharmacological test in CPVT due to its potential for
unmasking ventricular arrhythmias, and so, if the patient needs
hemodynamic support, other vasoactive amines should be
preferred to epinephrine.”#

Milrinone, a phosphodiesterase-3 inhibitor, reduces
cAMP (cyclic adenosine monophosphate) degradation, thus
increasing calcium release by the ryanodine receptor, which
is the pathogenesis of CPVT. In some specific situations,
and considering the hemodynamic compromise, it may
be possible to use a low dose of B—1 receptor blocker
(propranolol).*

In the course of a severe infection, the patients may not
tolerate the chronic use of B—blockers and antiarrhythmics
and one must pay attention to hydroelectrolytic disorders
during the entire period of greater arrhythmic vulnerability,
aiming to avoid them.

Antivirals, such as Ritonavir/Lopinavir, do not show any
potential interaction with B—blockers nor a catecholaminergic
effect that may increase the arrhythmic risk in CPVT patients;
however, they may interact with Flecainide —an adjuvant drug
in the treatment of CPVT.#

QRSL

Figure 4 - Ventricular arrhythmia prototype in patients with Cathecolaminergic Polymorphic Ventricular Tachycardia. A 26-year-old girl with polymorphic
premature beats and non-sustained ventricular tachycardia during treadmill test and a family history of sudden cardiac death in the first decade of life.

InCor-HCFMUSP collection.
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Hydroxychloroquine apparently does not increase
catecholamine levels. However, there is evidence of drug
interaction between hydroxychloroquine and propranolol/
nadolol. B—blockers are metabolized through cytochrome
CYP2D6, and its inhibition by hydroxychloroquine
may result in increased concentration of the drug,
which demands careful heart rate and blood pressure
monitoring.*’ Flecainide and propafenone show a similar
interaction, resulting in a serum level increase of the
antiarrhythmic drugs and enhancing the arrhythmic risk.*
In these situations, one must weigh the individual benefit/
risk ratio to make a therapeutic decision.

Conclusion

Patients with inherited arrhythmias present with various
molecular and structural factors that predispose them to
potentially fatal events in the course of a viral infection.
The COVID-19 pandemic prompts us to keep these patients
away from the risk of infection and to reinforce measures
of isolation and hygiene, in addition to orienting healthcare
precautions by recalling the peculiarities of carriers of rare
diseases. Among the recommendations, we emphasize caution
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Introduction

Transcatheter aortic valve implantation (TAVI) is a
well-established procedure in reference centers worldwide
and is currently accepted as the method of choice in high- and
intermediate-risk patients. Although unusual, catastrophic
complications can occur before or after its implantation, such
as coronary obstruction, rupture of the aortic valve annulus,
cardiac tamponade, significant perivalvular insufficiency and
prosthesis embolization/displacement.

Data from a recently published North American registry
showed that 1,695 patients (2.8%) undergoing TAVI
required some type of mechanical circulatory support during
hospitalization. It was observed that heart failure, transapical
access, respiratory diseases, acute myocardial infarction,
cardiorespiratory arrest (CRA) and cardiogenic shock were
the factors most frequently associated with the need for
mechanical circulatory support.”

Although its use is widespread, mainly in high-risk patients,
and the main complications of the method and the underlying
disease are already known, its use in CRA is not yet indicated
and to date, rarely described in the literature." Implantation
during CRA makes the technique difficult due to chest
compressions, impossibility of assessing the immediate result
and limited time for effective expansion of the prosthesis.

In 2013, the use of mechanical compression (AutoPulse)
was described for the first time during the occurrence of CRA
after the start of TAVI as a safe and effective alternative, allowing
the procedure to be carried out until its completion.? In 2014,
another case report showed the possibility of deformation
of the prosthesis after manual CPR, which progressed with
significant paravalvular leak and subsequent death.?

Based on these possibilities of complications, there are
protocols for indicating extracorporeal membrane oxygenation
(ECMO) in patients undergoing TAVI who progress to
cardiogenic shock or even CRA. In high-risk cases, some
services have organized and managed to place patients who
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progress to CRA during TAVI on ECMO in up to 5 minutes.
This allows the rapid stabilization of the patient before the
occurrence of multiple-organ dysfunction and even carrying
out the procedure to the end.*

Thus, reports of complications and CRA associated
with TAVI have only been described during or after the
endoprosthesis expansion procedure. The aim of the present
case is to share the success and pioneering spirit of a Brazilian
reference center in TAVI performance in a patient with
pre-procedural CRA as a rescue measure.

Description

An 84-year-old female patient had started having
dyspnea at rest 6 days before. She reported a personal
history of systemic arterial hypertension, dyslipidemia and
acute myocardial infarction, at which point a percutaneous
coronary intervention was performed with drug-eluting stent
in the left main coronary artery and circumflex artery two
months before. She was initially admitted via the emergency
department of a secondary hospital. At admission, she was
in poor overall health status, with tachycardia (heart rate =
120 bpm), tachypnea (respiratory rate = 28 bpm), blood
pressure of 76x40 mmHg, and increased capillary refill time
(6 seconds). Cardiac auscultation showed rhythmic heart
sounds with systolic ejection heart murmur in aortic focus,
+3/46, and vesicular murmurs present with rales up to the
middle third bilaterally on pulmonary auscultation. Initially,
intravenous furosemide, norepinephrine and dobutamine
were started in continuous infusion, in addition to the use of
non-invasive ventilation.

The electrocardiogram did not show acute ischemic
alterations and myocardial necrosis markers were negative.
Additionally, an initial screening did not show any changes
suggestive of an infectious condition. At that time, a transthoracic
echocardiogram was requested, which showed a left ventricular
ejection fraction of 28% with diffuse hypokinesia, calcified
aortic valve, with a valve area of 0.6 cm? and a maximum left
ventricle-aorta gradient of 66 mmHgand a mean of 35 mmHg,
in addition to moderate mitral regurgitation (Figure 1).

After two failed attempts at weaning the patient from
vasoactive drugs, it was decided to transfer the patient to
a tertiary center using intensive care air transport. After the
initial assessment and based on the risk associated with the
patient, transfemoral TAVI was indicated. After 72 hours in
the high-complexity hospital, the patient showed worsening
of cardiogenic shock and the need for a progressive
increase in vasoactive drugs (dobutamine 20 ug/kg/min
and norepinephrine 0.3 ug/kg/min). Therefore, the patient
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was urgently transferred to the hemodynamics laboratory
to undergo the percutaneous procedure. The patient
was placed in the horizontal decubitus position, and the
orotracheal intubation, asepsis procedure and femoral access
were performed. At the start of the transvenous pacemaker
lead introduction, the patient showed CRA with ventricular
fibrillation rhythm with rapid degeneration to asystole.
Cardiopulmonary resuscitation (CPR) measures were initiated
in accordance with advanced cardiology life support (ACLS)
guidelines. At that moment, as a rescue measure, during
CPR and without the aid of the echocardiogram, TAVI was
performed with the Edwards SAPIEN 3 prosthesis N. 26 only
with scope visualization in the room, with a total procedure
time of 4 minutes (Figure 2). Immediately after that, the patient
returned to spontaneous circulation rhythm. During the
early post-procedure period, the patient progressed with

worsening of cardiogenic shock, requiring increased doses of
norepinephrine, use of vasopressin and intra-aortic balloon
pump. A new transthoracic echocardiogram showed a left
ventricular ejection fraction of 33% with diffuse hypokinesia,
prosthesis in the aortic position, with a maximum left
ventricle-aorta gradient of 35 mmHg and a mean gradient
of 17 mmHg, with mild to moderate peri-prosthesis aortic
insufficiency (Figure 3).

After 48 hours, the patient showed improvement in
hemodynamic parameters, and was progressively weaned
from mechanical support and vasoactive drugs and submitted
to extubation on the seventh day after TAVI, remaining
without neurological deficits. She was discharged from the
hospital after 28 days of an asymptomatic hospitalization
from a cardiovascular viewpoint.

¥ 0.14 m/:

p 0.08 mmHg|

Figure 1 - Transthoracic echocardiogram in pre-TAVI apical window showing a calcified aortic valve, with valvular area of 0.6 cm? and maximum left

ventricle-aorta gradient of 66 mmHg and mean gradient of 35 mmHg.

Figure 2 - TAVI was performed with an Edwards SAPIEN 3 prosthesis n. 26, with scope visualization only, during CPR maneuvers. A) Positioning of
catheters; B) Alignment of the prosthesis in the aortic valve annulus; C) Prosthesis shown in the aortic position.

Arq Bras Cardiol. 2021; 117(2):404-406
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Figure 3 - Transthoracic echocardiogram after TAVI, showing a left ventricular ejection fraction of 33%, prosthesis in the aortic position with a maximum
left ventricle-aortic gradient of 35 mmHg and a mean gradient of 17 mmHg, with mild to moderate peri-prosthesis aortic insufficiency.
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Unusual Finding of Rare Exuberant Xanthomatosis in Hyperlipidemia
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Introduction

Hyperlipidemia can increase morbidity and mortality.
This condition has been classified by Fredrickson into the
following phenotypes: |, lla, llb, IlI, IV and V.'* In the mixed ones,
the following conditions are present: hypercholesterolemia and
hypertriglyceridemia, phenotypes b and IlI, with cholesterolemia
and triglyceridemia of 250 to 300 mg/dL in phenotype IIb, and
500 to 600 mg/dL or more, in lll, respectively. Pancreatitis is
uncommon in both, as well as xanthomatosis in 1Ib. Xanthomas
and cardiovascular complications are more frequent in

phenotype I11.%°

We present a case of hyperlipidemia with relevant lipid
abnormalities, pancreatitis and exuberant xanthomatosis.

Case Report

Male, 48 years old, born in Manaus, retailer, with a history
of hemorrhagic pancreatitis (2004), arterial hypertension and
type 2 diabetes since 2006, grade 3 hypertensive retinopathy
and severe proliferative diabetic retinopathy. Denied family
history of cardiovascular disease or dyslipidemia and denied
consanguinity in the family. Used enalapril 10 mg/day,
dapagliflozin 5 mg/day, metformin 1000 mg/day, gliclazide
120 mg/day and NPH insulin 16 Ul/day. Denied previous use
of statin, only fibrate irregularly.

Asymptomatic and anicteric. Weight: 89 Kg, height:
172 cm, BMI: 30.1 kg/m?, blood pressure: 120/90 mmHg,
heart rate: 80 bpm. Clean lungs, normophonetic rhythmic
heart sounds, protosystolic murmur in aortic area 2/6+,
no carotid murmurs. Regular and unaltered distal pulses.
Distended abdomen with umbilical scar. Lower limbs
with no edema.

Presence of multiple extensive painless nodular lesions in
the elbows, bilateral metacarpophalangeal and interphalangeal
joints, knees and ankles, compatible with tuberous and
tendinous xanthomas (Figure 1). No striated palmar xanthoma.

Lipoprotein electrophoresis was performed: alpha fraction
6.2%, beta and pre-beta 93.8%, compatible with phenotype Ilb.
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Due to hyperlipidemia, it was decided to introduce
atorvastatin 40, after 6 months, 80 mg/day, and ciprofibrate
100 mg/day, associated with lifestyle modifications and diet
therapy. After this therapy, there was a significant regression of
xanthomatous lesions (Figure 2) and hyperlipidemia (Table 1).

Discussion

This is an uncommon finding of diffuse xanthomatosis in a
patient with the Ilb phenotype, which usually migrates to lla
and IV in clinical practice.

This xanthomatosis is rarely seen in the Ilb phenotype,
especially the tuberous form in the Achilles tendon, more
commonly found in familial hypercholesterolemia (FH).”
Echocardiogram showed calcification of the aortic valve, also
found in severe cases of FH or lipoprotein plasma elevation(a)
— Lp(a).5 However, a very satisfactory response to statin
therapy, as occurred in this case, would not be common in
FH, especially in the homozygous form."?

Marked hypertriglyceridemia would indicate phenotype IV
or V; however, lipoprotein electrophoresis showed elevations
in beta and pre-beta fractions.® However, hypertriglyceridemia
>1500 mg/dL with tuberous and tendinous xanthomas would
be compatible with mixed dyslipidemia.*®

In phenotype lll, in addition to tuberous and eruptive
xanthomatosis, there would be palmar xanthomatosis
and early atherosclerotic disease.” Furthermore, plasma
concentrations of cholesterol and triglycerides would be very
high, but almost similar. However, because the metabolic
disorders have contributed to worsening of the condition
and the xanthomas resemble tuberoeruptive xanthomatosis,
dysbetalipoproteinemia (type 1) associated with genetic
defects such as FH or Lp(a) elevation, it would be the
appropriate hypothesis to be considered.

Other ruled out hypotheses would be: cerebrotendinous
xanthomatosis, no neurological alterations,'”"" and
sitosterolemia, due to a satisfactory response with statin,'>'?
although it could be ruled out by genotyping.

Itis relevant to report the occurrence of acute pancreatitis in
2004, with consequent diabetes, more frequent in phenotype
I than in V.2¢'#In this case, diagnosis of diabetes occurred after
report of pancreatitis, suggesting relevant hypertriglyceridemia,
due to genetic or environmental causes, as the patient was
not fully following the fibrate therapy.

The dyslipidemia phenotype is not always clear, even with
complementary tests, making difficult to deliver early diagnosis
and conduct appropriate management.'®

Association of statin (high potency) and ciprofibrate
achieved the expected objective, as seen in the laboratory
results and the healing of xanthomas. If low-density lipoprotein
(LDL-c) targets were not met, the association of statin
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Figure 1 - Previous xanthomatosis: A) Right elbow; B) Left elbow; C) Second joint left metacarpophalangeal; D) Third right proximal interphalangeal joint;
E) Right knee; F) Both Achilles tendons. Source: images taken by the authors at a routine appointment.

Figure 2 - Regression of xanthomas: A and B) Interphalangeal and metacarpophalangeal joints; C) Right elbow; D) Right Achilles tendon region.

Source: images taken by the authors at a routine appointment.

with proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors or ezetimibe would be an option, as would omega-3
with fibrate to reduce hypertriglyceridemia.?

As limitations, due to unavailability in the institution, we

did not perform: coronary angiotomography to better stratify
cardiovascular risk,'® although the patient is at high risk,” and

genetic tests to assess possible mutations in lipoprotein lipase and
apolipoprotein E. Despite this, clinical and laboratory evaluation
combined with the experience of the service were essential for a
satisfactory result, avoiding an atherosclerotic outcome or a new
pancreatitis. Although increasingly present, genotyping is not
widely available in many countries and services.”'8
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Table 1 - Laboratory tests

Laboratory tests Before treatment After treatment
Triglycerides 2407 mg/dL 291 mg/dL
Total cholesterol 513 mg/dL 144 mg/dL
HDL-c 40 mg/dL 36 mg/dL
LDL-c NC 50 mg/dL
Glucose 234 mg/dL 137 mg/dL
Glycated hemoglobin 10% 7,1%
GOT 12 UL 13 UL
ALT 21 UL 7 UL
TSH 4.27 mU/L 3.62 mU/L
CPK Yl 74 UL
Creatinine 0.7 mg/dL Vi
Uric acid \ 6.4 mg/dL

HDL: High-density lipoprotein; LDL: low-density lipoprotein; NC: not calculated by Friedewald’s Formula; VI: unavailable; GOT: glutamic
oxaloacetic transaminase; ALT: alanine transaminase; TSH: thyroid stimulating hormone; CPK: creatine phosphokinase. Source: review of

medical records by the authors.

Conclusion

Despite the difficulties found in laboratory investigation,
expertise in detecting and adequately treating a rare and severe
case of dyslipidemia was essential for laboratory improvement
and to prevent potentially fatal clinical outcomes.
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SARS-CoV-2 and Myocardical Injury with ST-Elevation without

Coronary Disease
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Introduction

Throughout the SARS-CoV-2 pandemic, there have
been reports of infection leading to acute myocardial injury,
causing worse clinical outcomes. The manifestations can
include troponin elevation, imaging exam abnormalities
and electrocardiographic changes." Accordingly, ST-segment
elevation (STE) acute myocardial injury has been observed
in some patients. However, despite the electrocardiogram
(ECQ) ischemic changes, complementary exams may not
show any obstruction, excluding coronary occlusion as the
cause of the injury.?

Case Report

A 42 year-old male patient, with no previous comorbidities,
was admitted to a hospital in Curitiba, state of Parana,
Brazil, complaining of nonproductive cough for 6 days
and odynophagia for 2 days, with symptom worsening on
the previous day, including cough with yellowish sputum,
dyspnea, malaise, fever, myalgia and headache. He reported
recent contact with SARS-CoV-2 positive patients. On physical
examination, he looked well, awake, alert, oriented, hydrated,
eupneic, with a pulse of 100bpm, RR 18 breaths per minute,
SpO, 98%, temperature 36.2°C and BP 226/158mmHg.
Pulmonary auscultation disclosed crackling rales in the lower
third of the left hemithorax and the cardiovascular examination
showed no abnormalities. BP control was achieved with
Nitroglycerine and laboratory tests were requested.

On account of troponin | level at 76.1pg/mL (RV<2.3
pg/mL), an ECG was performed (Figure 1), showing sinus
rhythm, STE from V1 to V3 and LV hypertrophy. The patient
reported that he experienced episodes of stinging pain in
left hemithorax on the previous night, lasting a few minutes.

The coronary artery angiography (figure 2) showed
segmental LV dysfunction and absence of thrombi or any
significant atherosclerotic process in the coronary arteries.
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On day 2, in the ICU, Hydralazine, Nitrate, Amlodipine
and Carvedilol were administered for Nitroglycerin
weaning and BP control. The use of a nasal O, catheter
3L/min was required and Ceftriaxone, Azithromycin and
Dexamethasone were initiated.

The CT showed pulmonary opacities, suggesting lung
consolidation, air bronchogram and peripheral ground-glass
opacity associated with subpleural densifications in the left
lower lobe. The echocardiogram showed LV enlargement
with a significant concentric hypertrophy pattern and
moderate systolic dysfunction. Left atrial enlargement, mild
mitral, tricuspid and aortic regurgitation and aortic root
ectasia were observed.

A positive RT-PCR result for SARS-CoV-2 was obtained.
Diagnostic hypotheses were raised for myocarditis
associated with SARS-CoV-2, thrombosis with spontaneous
lysis, microvascular injury, heart failure (HF) due to
hypertensive or Takotsubo cardiomyopathy. The patient
was discharged with optimized HF treatment. Upon return
after 60 days, cardiac MRI (figure 3) showed: LV dilation
associated with significant global systolic dysfunction (LVEF
23%), RV dilation associated with mild global systolic
dysfunction (RVEF 43%), eccentric LV hypertrophy, left atrial
dilation and absence of myocardial necrosis.

Discussion

In this case report, acute myocardial injury, evidenced
by STE and elevated troponin, may lead to several
hypothesis: the occurrence of direct myocardial injury by
the virus (myocarditis). However, the MRI did not show a
pattern of mesocardial fibrosis, edema or necrosis, which
does not corroborate the former proposition. Because of
the late diagnosis and the fact that the coronary artery
angiography did not show thrombi or any atherosclerotic
process, another possibility is the occurrence of thrombosis
with spontaneous lysis or microvascular injury — as the
hypercoagulability seen in the pro-inflammatory state
in COVID-19 predisposes to acute coronary events.'?
Another proposition is the Takotsubo-like cardiomyopathy,
which can occur in patients with SARS-CoV-2.* However,
a cardiac ventriculography performed with coronary artery
angiography and echocardiogram did not show a pattern
compatible with this cardiomyopathy, which could also be
excluded if the myocarditis was confirmed.® Finally, there
is the possibility of association of some of the previous
hypotheses with hypertensive cardiomyopathy, as the
patient showed a hypertensive peak and probably had
undiagnosed hypertension.

As for the pathophysiology of the COVID-19, there
is the binding of the virus’s spike protein to the ACE-
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Figure 1 - ECG performed upon admission.

Figure 2 - Right coronary and left anterior descending arteries coronary artery angiography.

2 receptor, after spike activation by TMPRSS2.?> Then,
SARS-CoV-2 enters the cells through ACE-2 receptor,
present in multiple body tissues, including cardiomyocytes.
This enzyme converts angiotensin 11, an inflammatory,
vasoconstrictor, oxidative and fibrotic component, into
angiotensin (1-7), with contrasting effects. Therefore, two
main situations occur: the virus enters myocardial cells and,
as the receptors are blocked by viral proteins, there is an

increase in angiotensin Il, in addition to a massive release
of cytokines.®®

Studies also show that acute myocardial injury can occur
in COVID-19 due to myocardial ischemia or a non-ischemic
process. The injury is related to more severe conditions of
the disease, such as the development of HF in up to 23%
of patients.” In China, studies suggest that up to 17% of
COVID patients had elevated troponin levels.”?
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Figure 3 - Dynamic contrast-enhanced MRI (top) and delayed enhancement (bottom).

Troponin elevation in non-ischemic myocardial injury can
be explained by tissue hypoxia, sepsis, systemic inflammatory
response, venous thromboembolism and myocardial stress.®
If there is an obstruction, the hypothesis is that the virus
may cause instability and intraplaque hemorrhage, exposing
collagen, causing microvascular injury and thrombus
formation."3# In the absence of the atherosclerotic process,
it is possible that the imbalance between oxygen supply and
demand results in a type 2 acute myocardial infarction.’ In
addition to the direct myocardial injury mechanisms, there
are indirect mechanisms: cytokine storm and Takotsubo.
This cardiomyopathy represents almost 3% of acute coronary
syndrome suspicions and it is known that conditions such as
respiratory infection, emotional and physical stress can be
triggers, leading to transient LV dysfunction.>>”

Compared with similar cases (Table 1), Aragao et al.?
described a troponin elevation, but it differs from our patient
due to the absence of HF, verified by the significant reduction
in the left ventricular ejection fraction (LVEF). Inciardi et al.™
also described an LVEF reduction; however, it was milder.
Huyut,"" on the other hand, did not show an increase in
troponin; however, the transient reduction in LVEF suggests
cardiomyopathy."

Stefanini et al.” demonstrated that 85.7% of patients
in a case series had signs of infarction with STE as the first
symptomatic manifestation of COVID-19 and that 39.3%

Arq Bras Cardiol. 2021; 117(2):411-414

did not have any evidence of obstructive disease. Our
patient had STE, but it was not the first manifestation, in
addition to not showing occlusion in the coronary artery
angiography. Like most of their patients, ours followed a
benign pattern.'?

Conclusion

This case report described an atypical case of cardiac
manifestation of COVID-19, in which there was STE
without evidence of coronary disease, progressing to HF
with reduced ejection fraction. As previously discussed,
the hypotheses of viral myocarditis, thrombosis with
spontaneous lysis, microvascular injury, Takotsubo and
hypertensive cardiomyopathies have not been fully
established, and may even coexist. Finally, we emphasize
that the elucidation of the involved mechanisms contributes
to the earlier identification and adequate management of
patients, leading to better outcomes and understanding
of possible sequelae.
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Table 1 - Case Comparison

Cases Curitiba Aragao et al.? Inciardi et al.™ Huyut!"!
Age/gender 42/male 39/male 53/female 59/female
LVEF 23% 40% 52%
Troponin | 76.1pg/mL 25.20ng/mL 0.89* Normal
ECG STE STE Normal
RT-PCR SARS-CoV-2 Positive Positive Positive Positive
Hypokinesis Diffuse Mid-cavity anteroseptal Diffuse -

segment

*High-sensitivity cardiac troponin-T. LVEF: left ventricular ejection fraction; ECG: electrocardiogram.
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Cardiovascular Imaging in COVID-19

Rujittika Mungmungpuntitpantip’
Dr. DY Patil University,” Pune — India

Dear Editor,

We would like to share ideas on the publication “Cardiovascular
Imaging in Patients with COVID-19.”" Grossman and Lima
concluded that “nuclear cardiologists and nuclear medicine
physicians must be aware of incidental findings in asymptomatic
patients with COVID-19, and they should optimize MPI
protocols, when the procedure is necessary.”" The results in
this study are concordant with a previous report from Asia.?
Imaging can help identify both heart and lung problems that
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might asymptomatically occur due to COVID-19 or a previous
silent pathology.? An important point is the differential diagnosis
of the new lesion and the previous underlying pathology.
In tropical countries, there might be a common pathology, such
as tuberculosis, that results in difficulty in interpreting new heart
and lung problems due to COVID-19.? Since image interpretation
depends mainly on the radiologist, it is necessary for radiologists
to increase awareness and concern when interpreting clinical
images during the COVID-19 pandemic.
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Prevalence of Systemic Arterial Hypertension and Diabetes Mellitus
in Individuals with COVID-19: A Retrospective Study of Deaths in

Pernambuco, Brazil
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Introduction

In December 2019, health authorities in Hubei province,
in the People’s Republic of China, identified and reported
to the World Health Organization (WHO) an outbreak of
pneumonia with an unknown etiological agent." In early
January, the SARS-CoV-2 virus (Severe Acute Respiratory
Syndrome Coronavirus 2) was identified and the disease was
called COVID-19 (Coronavirus Disease 2019).?

On August 4, 2020, the disease has infected 18,316,072
people and caused the death of 694,715. The USA, Brazil
and India occupy the first positions in number of infected
people.?® In Brazil, the first case was confirmed on February
26" in the city of Sao Paulo. Between the first case and August
4, 2020, the country had 2,750,249 people infected and
94,665 deaths.*

Due to the global impact caused by the pandemic, there
is an urgent need to produce knowledge about the new
coronavirus. The characterization of infected people is
essential for tackling the disease and for economic recovery.
Since the beginning of the pandemic, several studies have been
published for this purpose, and have shown that the disease
affects more severely elderly people with comorbidities.>
Systemic arterial hypertension (SAH) and diabetes mellitus
(DM) are the most frequent comorbidities in people who
have died, and their pathophysiology seems to favor the
development of more severe conditions.”

COVID-19 is still expanding in Brazil and, because
of that, it is important to understand the characteristics
of infected people in the country and also in different
states, due to Brazil’s continental size and socioeconomic
differences.”® The state of Pernambuco was particularly
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affected, with a record of 98,833 cases and 6,717 deaths
by August 4, 2020."

This study aimed to describe the prevalence and the clinical
and epidemiological profile of deaths from COVID-19 in
Pernambuco between March 12 and May 14, 2020, among
people that had SAH and/or DM as previous diseases.

Methods

This is a cross-sectional observational study involving all
deaths from COVID-19 reported in Pernambuco, between
March 12 and May 14, 2020, of people that had SAH and
DM as previous diseases. We analyzed the following variables:
sex, age group, time between the onset of the first symptoms
and death, signs/symptoms, the number and type of associated
comorbidities, in addition to SAH and DM and lifestyle habits
(smoking and alcoholism). The data were obtained from the
monitoring page of COVID-19 in the state of Pernambuco
(https://dados.seplag.pe.gov.br/apps/corona.html) on May
15, 2020. After data collection, we made some adjustments
in the database, which consisted of adjustment of signs/
symptoms and comorbidities and exclusion of inconsistent
records. For statistical analysis, categorical variables were
initially described by frequencies (absolute and relative) and
continuous variables by measures of central tendency and
dispersion. The Mann-Whitney test was used to compare the
time between symptom onset and death between females and
males and the Kruskal-Wallis test was used to compare the
age groups and comorbidities with the subsequent application
of a post-hoc test. We adopted a confidence interval of 95%
and a significance level of 5%. The analyses were performed
with SPSS software version 24.0 (IBM Corporation). This study
used public domain data, in which it is not possible to identify
individuals. For this reason, approval by the Research Ethics
Committee was not necessary.

Results

Until May 14, there were 1,461 deaths in the state
of Pernambuco according to the database analyzed. We
excluded 185 cases due to low-quality data (absence and/or
inconsistency among the variables), resulting in 1,276 deaths.
According to the records, 338 (26.48%) had SAH and 252
(19.74%) had DM as previous diseases: 158 (12.4%) had
only SAH, 72 (5.6%) only DM and 180 (14.1%) had SAH +
DM. 53.3% of the individuals with SAH had DM and 71.4%
of diabetics had SAH.

Arq Bras Cardiol. 2021; 117(2):416-422
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SAH people died from COVID-19 in 56 cities, including
Recife (n=141), Jaboatao dos Guararapes (n=27), Paulista
(n=27)and Olinda (n=17), totaling 62.72% (n=212) of deaths
in the state. People with DM died from COVID-19 in 49 cities,
including Recife (n=104), Jaboatao dos Cuararapes (n=21),
Olinda (n=13), Cabo de Santo Agostinho (n=12) and Paulista
(n=12), in the metropolitan region of Recife. These four cities
accounted for 64.28% (n=162) of all deaths.

The median (in days) time between the onset of
signs/symptoms and death was 8.0 (11Q 9.0), with no
significant difference between groups of comorbidities
(p=0.633), sex (p=0.364), age group (p=0.111) and in the
comparison between elderly and non-elderly individuals
(p=0.257) (Figure 1). The clinical epidemiological profile
showed a homogeneous distribution between sexes in
the general group (n=410). However, the disaggregated
analysis showed a higher prevalence of DM and SAH in
the male population (DM — 61.3% were men and 38.9%
women; SAH — 53.2% were men and 46.8%, women).
On the other hand, considering only individuals with
both comorbidities, there was a predominance of women
(53.3%) (Table 1).

The proportion of elderly people in the studied population
also stood out (73.4% were 60 years old or older; n=301).
Of these, 85.7% (n=258) had SAH, 59.5% (n=179) DM and
45.2% (n=136) had the two comorbidities. The most frequent
signs/symptoms were dyspnea (74.1%; n=304), cough
(72.2%; n=296), fever (68.5%; n=281) and O, saturation
<95% (66.1%; n=271) (Table 1).

Regarding comorbidities/associated risk factors, it was
observed that 73.3% (n=100) of hypertensive patients and
54.2% (n=39) of diabetics had other comorbidities/associated
risk factors. In the group with SAH + DM, this percentage
was 54.4% (n=141). The most frequent comorbidities were:
heart disease (19.5%/n=80), obesity (8.3%; n=34), previous
respiratory disease (7.3%; n=30) and nephropathy (7.8%;
n=32). The prevalence of smoking (current or previous) was
8.8% (n=36) and alcoholism (current or previous), 3.4%
(n=14) (Table 1).

Discussion

The majority of deaths described in the present study
is concentrated in larger cities (Recife and Jaboatao dos
Guararapes) and may be related to the number of individuals
exposed to SARS-CoV-2 virus and the high number of people
moving around, since these are the two most populous
cities in the state. Added to this, the deaths can also be
explained by age composition and the high prevalence of
chronic non-communicable diseases.” The dissemination
of COVID-19 in Pernambuco seems to follow the pattern
of other countries: from large urban centers, it spreads to
medium and small cities."

The deaths occurred mainly among people older than 60,
especially from 70 to 79, which is similar to other countries
previously affected by the pandemic.”?® The profile of
comorbidities in the Brazilian population is also a factor to
be taken into account. The prevalence of DM is 9.4% in the

2l Comarbadmes

Time from onset of symptoms to
death (m days)
8
»—| I: |—< &=
4 »-“—l om

p=0633
SAH DM SAH DM
c} Age group
404 o o
g ° B
a

Tmne from onset of symploms to
death (in days)
o
(=

T T T T T T T
20.29 3039 4049 50.%9 60.69 T0.79  EO=

=2

= b) Sex

2

£ . .

B 2]

'8 ! e

.E.'.'\.

= ® 0

gL

5%

lg.a —_

a = =

ET o p=0.364

== : .
Female Male

d) Eldesty and noa-clderly

_ﬁ(

i .

Time from onset of symploms to

death {m days)

Edderly (= 60 years) Non-elderhy (< 60 years)

Figure 1 - Boxplot from the onset of first symptoms and death of individuals with COVID-19 and systemic arterial hypertension and/or diabetes in
Pernambuco, Brazil. SAH: Systemic arterial hypertension; DM: Diabetes mellitus.
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Table 1 - Clinical epidemiological characterization of deaths from COVID-19 with systemic arterial hypertension and diabetes mellitus
as previous diseases, in Pernambuco, Brazil.

Variable SAH (n=158) DM (n=72) SAH + DM (n=180) Total (n= 410)
Sex n % n % n % n %
Female 74 46.8 28 38.9 96 53.3 198 48.3
Male 84 53.2 44 61.1 84 46.7 212 51.7
Age'

20-29 1 0.6 2 2.8 1 0.6 4 1.0
30-39 2 1.3 1 1.4 2 1.1 5 1.2
40-49 9 5.7 4 5.6 10 5.6 23 5.6
50-59 24 15.2 22 30.6 31 17.2 77 18.8
60-69 40 25.3 13 18.1 41 22.8 94 229
70-79 38 24.1 22 30.6 55 30.6 115 28.0
80+ 44 27.8 8 111 40 22.2 92 22.4
Signs/symptoms?

Dyspnea 111 70.3 54 75.0 139 77.2 304 74.1
Cough 17 74.1 51 70.8 128 711 296 72.2
Fever 110 69.6 46 63.9 125 69.4 281 68.5
02 saturation <95% 99 62.7 57 79.2 115 63.9 271 66.1
Sore throat 13 8.2 12 16.7 17 9.4 42 10.2
Diarrhea 6 3.8 4 5.6 11 6.1 21 5.1
Vomit 4 2.5 5 6.9 6 3.3 15 3.7
Myalgia 5 3.2 0 0.0 8 4.4 13 3.2
Asthenia 6 3.7 1 1.4 4 2.2 1" 2.7
Number of Comorbidities behind SAH

and DM

One comorbidity 58 36.7 33 45.8 0 0.0 91 222
Two comorbidities 68 43.0 28 38.9 82 45.6 178 43.4
Three or more 32 20.3 1 15.3 98 54.4 141 344
Comorbidities

Cardiopathy 25 15.8 19 26.4 36 20.0 80 19.5
Obesity 14 8.9 5 6.9 15 8.3 34 8.3
Previous respiratory disease 16 10.1 3 4.2 11 6.1 30 7.3
Nephropathy 14 8.9 3 42 15 8.3 32 78
Previous neurological disease 13 8.2 6 8.3 8 4.4 27 6.6
Cancer 5 3.2 1 1.4 6 33 12 2.9
Lifestyle Habits

Current smoking 12 7.6 3 4.2 8 4.4 23 5.6
Previous smoking 7 4.4 2 2.8 4 2.2 13 3.2
Current alcohol consumption 5 3.2 2 2.8 4 2.2 1" 2.7
Previous alcohol consumption 2 1.3 0 0.0 1 0.6 3 0.7

"No records of individuals under 20.2 Signs/symptoms and comorbidities with frequency <2.0% were suppressed. SAH: Systemic arterial hypertension;

DM: Diabetes mellitus.
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general population and is even more significant with increasing
age, whose prevalence is 22.6% in the population older than
60." The prevalence of SAH is around 24.0%, and 60.9%
in the elderly population.’ Individuals with SAH and DM
are more likely to develop severe cases of COVID-19 and
sometimes it is fatal.’®

In addition to age, sex is another relevant feature. In a
review by Li et al.,"” in China, about 60% of people infected
with SARS-CoV-2 were men. Similar results were presented
by Zhou et al.,® both in survivors (59% were men) and in
individuals who died (70% men), a higher percentage of
men. The relationship between sex and COVID-19 is still
unclear, but the worst outcome in males may be related to
the greater number of comorbidities present in men or an
immune system response different from that observed in the
female population.’”

The time between the onset of symptoms and death was
shorter than that previously described in the literature (18.5
days).® In Brazil, the presence of cardiovascular comorbidities
can reduce lifespan by up to four days.'® However, the findings
of our study may be underestimated, as it is necessary to
consider a potential difficulty in recognizing the first symptoms,
especially in individuals with precarious socioeconomic
conditions and low educational level. In addition, memory
bias is a limitation of this variable.

In Pernambuco, 43.9% of the deceased individuals
investigated had SAH and DM simultaneously. In a study
carried out in New York City involving hospitalized patients,
the most frequent comorbidities were SAH (56.6%), obesity
(41.7%) and DM (33.8%), respectively.” These comorbidities
have also been described as the most frequent ones in different
investigations.®'*2° The prevalence of these diseases varied
between countries: in China, for example, the presence of
these diseases is lower than that observed in countries like
Italy and the USA.*!

So far, it is known that the SARS-CoV-2 virus binds to
the angiotensin-converting enzyme 2 (ACE-2), decreasing
the activity of this type of receptor, increasing vascular
permeability.?? This receptor has a greater expression in the
lungs and heart, being fundamental for the functioning of
these systems.? In patients with SAH and DM, there is an
increase in this type of receptor compared to the healthy
population, which may lead to the development of more
severe diseases.?> Furthermore, SARS-CoV-2 promotes
endothelial damage mainly in the pulmonary capillaries,
promoting a pro-coagulation state, inflammatory vascular state
and cell infiltrate, which may justify more severe conditions
in patients with DM and obese people.?*2¢

Additionally, individuals with DM appear to have a
response to SARS-CoV-2 with large volumes of interferon
(IFN) and a late Th1/Th17 response contributing to a more
intense inflammatory response.?” A recent in vitro study
demonstrated that the concentration of glucose in monocytes
was related to increased viral replication and production of
pro-inflammatory cytokines.?

The sum of different comorbidities in the same individual
may result in amplification of inflammatory response and
favor the rapid progression and/or worsening of the clinical
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condition, reducing patient survival.?”?® In this analysis,
the most prevalent comorbidities associated with DM and
SAH were unspecified heart disease and obesity. These
comorbidities were also observed in the New York study, in
which 18.0% of the individuals had heart disease and 41.7%
were obese.” Currently, the high prevalence of obesity has
been a serious public health problem in most countries,
including Brazil.

Lifestyle habits, such as smoking and excessive alcohol
consumption, may also aggravate COVID-19. When infected,
smokers are 3.5 times more likely to develop aggressive
forms of the disease than non-smokers.? Therefore, smoking
increases the risk of lung injury culminating in chronic
respiratory bronchiolitis, various types of pneumonia, cancer
and pulmonary emphysema,*® which, individually, are risk
factors for SARS-CoV-2 and, together, decrease lung function,
increasing virus susceptibility.

Chronic consumption of alcoholic beverages results in
increased pro-inflammatory response and reduced anti-
inflammatory defenses mediated by cytokines.?' Associated
to this, the immune system is impaired because it reduces the
ability to fight against infectious agents through innate and
adaptive immunity, exposing those infected by SARS-CoV-2
to a more aggressive forms of the disease.*'

The cumulative effects of comorbidities on aggravation
and mortality by COVID-19 is unknown. It is possible that
the sum of comorbidities may act together to facilitate both
the cellular entry of SARS-CoV-2 mediated by ACE-2% into
the cells and favor more aggressive inflammatory responses.
Studies on this aspect are strongly recommended.

Even with all the methodological precautions adopted,
this study has limitations: i. The database used is in the public
domain and was built from the COVID-19 notification forms,
without adequate standardization of variables and lack of
detailed information (glycemic levels, obesity stage, pressure
control, among others); ii. Throughout the pandemic, different
notification forms were implemented, excluding and/or adding
variables; and iii. As it is a new disease, without a clear list of
signs/symptoms, it is likely that the less common ones were
not identified by patients and registered, especially at the
beginning of the pandemic.

Conclusion

The prevalence of SAH was higher than the prevalence of
DM in individuals who died from COVID-19. In the elderly,
the prevalence was higher than that observed in non-elderly
individuals. In addition, there was an important accumulation
of comorbidities and risk factors. The clinical epidemiological
profile was characterized by elderly people, signs/symptoms
indicative of respiratory impairment and predominance of
more than one comorbidity. There was no difference between
the time of onset of the first symptoms and death in the analysis
according to sex and age group.

We recommend studies that can estimate the risk of severity
according to the number and type of pre-existing comorbidities.
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May 2019 Issue, vol. 112 (5), pages 649-705

In the “Updated Ceriatric Cardiology Guidelines of the Brazilian Society of Cardiology — 2019”, with DOI: https://doi.org/10.5935/
abc.20190086, published in the journal Arquivos Brasileiros de Cardiologia, the name of the author Felipe Costa Fuchs was
included on page 649, in the authors of chapter 6; on page 650, in the update authors; and on page 652, in the declaration
of potential conflict of interest.

May 2020 Issue, vol. 114 (5), pages 943-987

In the English version of the “Updated Geriatric Cardiology Guidelines of the Brazilian Society of Cardiology — 2019”, with DOI:
https://doi.org/10.36660/abc.20200407, published in the journal Arquivos Brasileiros de Cardiologia, 114(5):943-987, correct
the value “50-85%" in line 4, column 2, to “50-80%", according to the Portuguese version of the document.
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